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06U!AH XAPAKTEPlilCTVIKA PA60Tbl 

AKmyaAbHocmb meMbl. Pa3sumue cpu3uKu Bb1c0Kux 3Hepruu, ttayK 
o )l(U3HU u cmpoeHu1 • tieLUecmsa Ha coepeMeHHOM amane mpe6yt0m 
pa3pa6omKu a.apoHHblX u 31\eKmpoHHblX ycKopumel\eu c npe.aeAbHo 
M8AblMU 3MUmma1-1caMU, no3BO/\lll01.UUMU .llOCmULfb BblCOKUX 
csemuMocmeu scmpeL1Hb1x nyl.IKOB a cmoAKHoaumeM1x Ltacmuu uAu 
BblCOKOU RpKocmu cpomoHHblX nyl.IKOB B ucmol.IHUKax 
CUHXpompOHHOfO U31\Y40HUR. npu 3ffiOM oco6yl0 Ba)l(HOCmb 
npuo6pema10m sonpocb1 uccAe.lloBaHUR cma6uAbHocmu ny1.1Ka, 
speMeHu )l(U3HU ny1.1Ka, .llecpopMauuu cpa3oeoro pacnpe.aeAeHw1 
Ltacmuu u m . .a. HeAUHeUHble acpcpeKmb1 .llUHaMUKU ny1.1Ka so 
BH0WH0M M8fHUmHOM noAe RBl\lllOmCR Heomb 0MA0MOU LfacmblO 
amux uccAe.aosaHuu, Komopb1e onpe.aeARIOrn KaK Ka1.1ecmso caMoro 
ycKopumeAR, maK u yposeHb nposo.llUMblX ucc11e.aosaHuu. 

L.leAblO .llUCCepmauuu RBARemcR UCAl\0.LlOB8HUe H0AUH0UHblX 
acptj:>eKmOB cjJU3UKU nyl.IKOB 3apR)l(0HHblX l.lacmuu .LlAR noAyLfeHWI 
8.llpOHHblX u 31\eKmpOHHblX nyl.IKOB c npeUU3UOHHblMU napaMempaMU. 

Memo.ab• peweHUR HeAUHeUHblX 06blKHOBeHHb1x 
.llUcpcpepeHUU8/\bHblX ypaBH0HUU 6bl/\U UHUUUUpoeaHbl 
UCCA0.Ll0B8HURMU cmauuoHapHblX op6um .ll8U)l(0HUR nAaHem B 
He6ecHOU MeXaHUKe. AHaAumul.leCKUe u LIUC/\0HHble MemO.llbl 
He/\UHeUHOU .l\UH8MUKU noAyl.IU/\U CBOe .aa/\bHeuwee pa3BUmue B 
meopuu .LlBU)l(eHuR nyl.IKOB 3apmKeHHblX L1acmuu s ycKopumeARX s 
cepe.llUHe npOW/\OfO BeKa. L.lUK/\UlleCKUe u /\UHeUHble ycKopume/\U 
ocma10mcH a LIUC/\e Hau6oAee sa)l(HblX u Heo6xo.LLUMblX 
UHCmpyMeHmOB cpyH.llaMeHma/\bHOU u npUK/\a.llHOU HayKU. 
PaccMompeHHble B .llUccepmauuu npo6AeMbl u no.llXO.llbl 
npO./lUKmOB8Hbl cospeMeHHblMU mpe6osaHURMU K ny1.1KaM 
3apR)l(eHHblX L1acmuu u HaXO.llRmcsi s pycAe aKmyaAbHblX npo6AeM 
cpu3UKU nyl.IKOB 3apR)l(eHHblX l.lacmuu. B .auccepmau.uu uccAe.lloBaHbl 
npo6AeMbl HeAUHeUHOU tj:>U3UKU nyl.IKOB .llAff mpex munos 
ycKopumeAeu: peuupKyARmopos .llAR oxAa)l(.lleHuR npomoHHblX u 
UOHHblX nyl.IKOB; HaKonumeAeU 3AeKmpOHOB .LIAR reHepauuu 
CUHXpompOHHOfO U3AylleHUR u l.l,UKAUl.leCKUX CUHXpompOHOB. 

B nepsou rAase .auccepmauuu npuso.llumcsi o63op 
aHa/\UffiU40CKUX u l.IUC/\0HHblX Memo.aos 8H8/\U3a HeAUHeUHOU 
.llUHaMUKU nyLIKOB B ycKopumeARX u 06cy)l(.Lla10mCR o6Aacmu 
npuMeHeHUH amux Memo.lloB c aKueHmoM Ha npuMeHeHue 
cuMnAeKCHblX UHmerpamopos npu mpaccuposKe ny1.1KOB. B amou )1(0 
rAase o6cy)l(.aaemcH B03MO)l(Hocmb npuMeHeHUH MameMamuL1ecKux 
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nporpaMM B ycKopumeAbHou cj:>u3uKe u npuBoA.umcfl onucaHue 
KOMnbtomepHoro KO.lla .ll.Afl UCCA0.llOBaHUSI H0AUHeUHblX 3cj:>cj:>eKmoB 
BblCWero nopfl.llKa .ll.UH8MUKU ny4KOB B UUKAU4eCKUX ycKopumeAflX. 

KaK O.ll.UH u3 cnoco6oa npeo.lloAeHUfl orpaHU4eHuu, Bb1meKaiomux 
u3 meopeMbl /\uysuAAfl o coxpaHeHuu nAomHocmu 4acmuu B 
cj:>a30BOM npocmpaHcmse, B KOHL.le 60-x ro,lloB 6y.aKepoM c 
compy.llHUKaMu s Hosocu6upcKe 6b1Aa npe.llAO:>KeHa, a nomoM u 
3KcnepuMeHmaAbHO no.amsep)l(.lleHa 6Aecmflmasi U.llesi 
3AeKmpoHHoro oxAa:>K.aeHusi - yMeHbWeHUfl cj:>a3osoro o6b eMa 
npomOHHblX u UOHHblX nyLIKOB npu ux B38UMO.lleucmsuu c 
"xoAO.llHblM" 3AeKmpoHHblM nyLIKOM. Bo smopou rAase .llUccepmauuu 
paccMompeHbl npo6AeMbl OXA8)1(.lleHUSl npomOHHblX nyLIKOB Ha 
BblCOKUe 3Hepruu c nOMOW.blO 3/\eKmpOHHblX 6aHL!UpOBaHHblX ny4KOB 
Ha cpe.llHUe 3Hepruu. lllccAe.llOBaHbl OCHOBHble npUHUUnbl u 
Memo.llbl, Ae)l(aw,ue B ocHoae pa3pa6omKu cj:>u3ul.fecKux napaMempos 
peuupKyA.Rmopa, a maK:>Ke UCCAe.llOBaHa .llUH8MUKa ny4Ka B 
peuupKyAsimope c y4emoM scex mpe6osaHuu u orpaHU4eHuu, 
HaAaraeMblX Ha 3AeKmpOHHblU ny40K .llMl nOBblWeHUSl 
acj:>cj:>eKmusHocmu npouecca oxAa>K.lleHusi. Pe3yAbmamb1 
npoBe.lleHHblX UCCAS.llOBaHUU AerAU B OCHOBY pa3pa6omKu 
peuupKyAsimopa .llA.R oxAa)l(.lleHusi npomoHHoro ny4Ka B ycKopumeAe 
PETRA (DESY) . 

.Ll.MI noAy4eHU.R UHmeHCUBHOro U3Ay4eHU.R c BblCOKOU flPKOCmbto 
ucmOllHUKa, 3AeKmpOHHblU ny40K B HaKonumeAbHblX KOAbUaX 
.llOA)l(eH 6blffib Ol.leHb BblCOKoro Kal.fecmsa: c M8AblM 3MUmmaHCOM, 
.llAUmeAbHblM speMeHeM >KU3Hu u BblCOKOU cma6UAbHocmbto. Bee 
3mu mpe6osaHusi, nopou npomusope1..1aL11.ue .llpyr .llpyry, npuBo.llsim 
K ol.feHb )l(ecmKUM mpe6osaHUflM Ha MarHumHyto cucmeMy 
HaKonumeAbHblX KoAeu. 0.LlUH u3 Ba>KHblX acneKmos ycmou4usoro 
.LlBU:>KeHUSl nyl.IKOB B HaKonumeASIX CBfl3aH c BAUflHUeM 
HeAUHeUHocmeu MarHUmHblX noAeU, KaK OCHOBHblX MarHUmOB, maK 
u OH.llYAflmopoB c MaAblMU anepmypaMU u CBepxnpoBO.llSILl1.UX 
surrAepoB c 6oAbWUMU nOAflMU. 
B mpembeu rAaBe .auccepmauuu uccAe.LloBaHbl HeAuHeUHble 

acj:>cj:>eKmb1 .llUHaMUKU ny4KOB B HaKonumeAflX 3AeKmpoHOB. CIO.Lla 
BXO.llflm UCCAe.LlOBaHue maKUX moHKUX cj:>U3Ul!eCKUX 3cpcpeKmoB, KaK 
B/\UflHUe KpaeBblX noAeu .LlUnO/\bHblX u KBa.llpynOAbHblX MarHumoB Ha 
.llUHaMUKy ny1..1Ka, y4em KUHeMamu1..1eCKUX nonpaBOK, acpcpeKmbl 
KpUBU3Hbl mpaeKmopuu, HeAUHeUHble CUHXpompoHHble KOAe6aHUfl u 
m.n. Pa3pa6omaHbl HOBbte nO.LlXO.llbl K UCCAe,llOBaHUIO amux 
3cpcpeKmOB, no3BOAfllOL11.UX M8KCUM8AbHO npu6AU3Umb pe3yAbmambl 
meopemu1..1ecKoro aHaAu3a HeAuHeUHblX npoueccoa B HaKonumeARX 
aAeKmpoHoa K peaAbHou .llLIHaMuKe 1..1acmuu s L1eucmsy10L11.eu 

'• 
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MaWUHe. Tpembfl rAaBa BKAI04aem maK:>Ke UCCAB.llOBaHWI u 
pa3pa6omKy maKUX Ba)l(HblX c npaKmULIBCKOU m04KU 3peHWI 
cucmeM .LlASl pa6omb1 MaWUHbl, KaK cucmeMbl BBO.lla, 
KOppeKmUpOBKU paBHOB8CHOU op6umbl u CBfl3U nonepe4HblX 
KOAe6aHUU. Pe3yAbmambl UCCAe.llOB8HUU npuMeHeHbl .llAfl aHaAU3a u 
KoppeKUUU HeAUHeUHblX 3cpcj:>eKmOB B HaKonumeAe 3AeKmpoHOB 
ucmo4HUKa CANDLE. 
4emsepmaR rAaaa .LlUccepmau,uu nocBRW.eHa pa3pa6omKe 

cj:>U3U4eCKUX OCHOB Mar Hum HOU cmpyKmypbl 6ycmepHoro 
CUHXpompoHa-UH)l(eKmopa .LlAR cospeMeHHblX ucm04HUKOB 
CUHXpompOHHoro U3Ayl!eHU.R, UCCAe.llOBaHUIO AUHeUHblX u 
HeAUHeUHblX acj:>cj:>eKmOB .llUHaMUKU ny1..1Ka B npou,ecce BBO.Lla, 
ycKopeHUSI u BblBO.lla 1..1acmuu,. Pa6ombl AerAU B OCHOBY pa3pa6omKU 
6ycmepHoro cuHxpompoHa, cAy)l(all.(ero UH)l(eKmopoM .LIAR 
HaKonumeAbHoro KOAbUa CANDLE. Oco6eHHocmblO 
pa3pa6omaHHoro sapuaHma 6ycmepa .RBM1emcR MaAblU 3MumaHc 
ycKopeHHoro ny1..1Ka, 1..1mo no3BOARem cyL11.ecmseHHO YAY4WUmb 
acj:>cj:>eKmUBHOCmb BBO.lla 4acmuu B OCHOBHOU HaKonumeAb u 
u36e)l(amb nyAbcauuu napaMempos ycKopeHHoro nyLtKa om 
UMnyAbCa K UMnyAbCy. noAy4eHHble pe3yAbmambl OC06eHHO 
aKmyaAbHbl B cseme cospeMeHHblX mpe6oaaHuu K ucmo4HUKaM 
CUHXpompoHHOro U3Ayl.leHUfl, KaK K KB83U-Henpepb1BHOMY 
ucm04HUKY cj:>omoHOB c BblCOKOU RpKOCffiblO. .LlaHHa.R rAaBa 
BKAI04aem maK)l(e pa3pa6omKy cucmeM BBO.lla/BblBO.lla ny1..1Ka .llAR 
6ycmepa, AUHUU mpaHcnopmupoBKU ny1..1Ka om AUHeuHoro 
ycKopumeAR K 6ycmepy u om 6ycmepa K HaKonumeAIO. 

UE/\b 111 OCHOBHblE 3A,llAL1111 111CC/\E,ll0BAHll1fl 

U.eAbto .LlUccepmau,uoHHOU pa6omb1 flBAsremc.R : 
• lllccAe.LloBaHue u pa3pa6omKa cucmeMbl oxAalK.lleHust 

npomoHHblX nyl.IKOB Ha BbtCOKUe 3Hepruu c nOMOW,blO 
6aHL!UpoBaHHblX 3/\eKmpoHHblX ny4KOB Ha cpe,LlHUe 3Hepruu 
U peaAU3aUUS1 Ha am OU OCHOBe 3A8KmpOHHOrO 
peuupKyAsimopa .llASl OX/\a>K.LleHU.R npomOHHblX ny4KOB B 
ycKOpumeAe PETRA (DESY). 

• lllcc/\e.llOBaHUe He/\UHeUHblX acpcpeKmOB cj:>U3UKU ny4KOB B 
cospeMeHHblX HaKonumeAstX 31\eKmpoHoB c npe.lleAbHO 
Ma/\blMU 3MUmmaHCaMU. npuMeHeHUe pe3y/\bmamOB 
UCC/\e.LlOBaHUU .ll/\Sl oueHKU H8/\UHeUHblX 3cpcpeKmOB B 
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HaKonumeAe 3AeKmpoHos ucmo4HUKa cuHxpompoHHoro 
U3Ayl..leHWI CANDLE. 

• npe.LJ.AO)KeHUe U pa3pa6omaKa HOBblX nO.llXO.LlOB K 
6ycmepHblM CUHXpompoHaM Ha BblCOKUe 3H9pruu c Ma/\blM 
3MUmmaHCOM .Ll/\SI cosp0MeHHblX ucmol..IHUKOB 
CUHXpompOHHOro U3AY49HUSl. lllcc/\9.llOBaHU9 H9/\UH9UHblX 
3cpcp9KmOB npu BBO.ll9, ycKOP9HHUU u BblBO.Lle ny4KOB. 
Pa3pa6omKa 6ycmepHoro cuHxpompoHa .Ll/\SI npoeKma 
CANDLE. 

OCHOBHble 3a.aal.fu AUCCepmau.uoHHOU pa6ombl CAe.llYIOIUUe. 

I. VlccAe.aoeaHue eonpocoe oxAa)l(.lleHUH npomoHHblX nylfKOB 
BblCOKUX 3Hepruu c nOMOIJ.lblO 6aHL1upoeaHHblX 31\eKmpOHHblX nyl.fKOB 
Ha cpe.llHUe 3Hepruu. Pa3pa6omKa MarHumHou cucmeMbl 
peu.upKYAHmopHoro KOAbu,a 3AeKmpoHHoro nyLIKa AAH npoeKma 
31\eKmpoHHoro oxAa)l(AeHUH npomoHHoro nyLIKa KOAbU.eeoro 
ycKopumeAJI PETRA (DESY, raM6ypr) u UCCJ\0.LlOB8HUe ,ilUH8MUKU 
3.1\eKmpoHHoro nyLIKa e peu.upKyAJ1mope. B Auccepmau.uu 
npuee.LJ.eHbl OCHOBHble nO.LlXO.Llbl u pe3yAbmambl UCCAe.LlOB8HUU, B 
l.facmHocmu: 

• npe.LJ..l\O:>KeHUe U pa3pa6omK8 KOAbU.eBOU .LlOpO:>KKU 
peuupKyMlmopa c y4emoM Hal\Ul.IUSl .lll\UHHoro COAeHOU.Lla B 
oxAa)K.LJ.a101Ueu ceKuuu, c coxpaHeHueM xapaKmepucmuK 
CBfl38HHoro .llBU:>KeHUSl KpyrAoro nyl.IKa. 

• npe.Lll\O)KeHUe U pa3pa6omKa KOMnbt0m0pHOU nporpaMMbl 
.LlASl MameMamul.f0cKoro MO.lleAuposaHUSl MarHumHoro noM1 
B.LlOAb mpaeKmopuu 4acmuub1, a maK>Ke uccAe.aosaHUfl 
pa3AU4HblX acneKmos J\UHeUHOU u Hel\UH9UHUU .LlUHaMUKU 
nyl..IKa s peuupKyAsimope; 

• AHaAu3 .LlUHaMUKU nylfKa s peuupKyAsimope s pe>KuMe 
U30XpOHHoro KOAbU,a. 

• 111ccAe.aosaHue eo3MOlKHocmeu pa6omb1 peuupKyAsimopa, 
KaK B 6e3.auccn0pcuoHHOM sapuaHme, maK u c yl.lemoM 
.LlUcnepcuu e ceKuuu oxAa:>K.Ll9HUfl nyl..IKa, r .ae npoucxo.LJ.um 
3cpcpeKmUBHOe B3aUMO.Llet'.Jcmsue 31\eKmpOHHOro u 
npomoHHoro nylfKoe; 

• 111cc/\e.LJ.oeaHue B/\UflHUH npocmpaHcmeeHHoro 3apsi.LJ.a Ha 
.LlUH8MUKY nyl..IK8, 8 m8K)l(e 3cpcpeKmOB BHympunyl..IKOBoro 
pacceffHUSl c ueAblO onpe.aeAeHUfl npe.LJ.e/\bHoro l..IUCA8 
uupKyAupytoll.lUX s KOAbUe l.facmuu. 

~ 
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II. VICCJ\0.40B8HUe He.l\UH0UHOU AUHSMUKU 3.1\eKmpOHHOro nyL1Ka B 
HaKonumeAbHblX KOl\bU.8X c yL1emoM H01\UHeuHocme(J OCHOBHblX 
MarHumHblX 3.1\eMeHmoe MarHUmHou cucmeMbl, a maK)l(e 
He.l\UHeUHOcmeu, BHOCUMblX MarHUmHblMU no.l\RMU OHAY.l\SlffiOpoe u 
eurrAepoe, ycmaHOB.l\eHHblX B np.RMO.l\UHeUHblX y4acmKaX 
HaKonumeAR. 
.LlMI peweHUSI nocm8B/\eHHblX 38.484 6bl/\U BbtnOAHeHbl C/\9.LlYIOll.lUe 
pa6omb1: 

• M8meM8mul..leCKU npoMO.LleAupos8Hbl M8rHumHb1e noAsi 
OCHOBHblX 31\eMeHmOB (.LlUnoAeu u KB8.LlpynoAeU), 
M8rHumHou cucmeMbl HaKonum0AS1 c y4emoM peaAbHoro 
pacnp0.L10A0Husi Kp89BblX noAeU paccesiHusi; 

• 

• 

• 

MameMamu4ecKoe MO.lleAupoBaHue mp0xM0pHb1x 
MarHUffiHblX noA9U OH.LlYASlmopos c M8/\b1MU M9lKnOAIOCHblMU 
3a3opaMU u cs0pxnposo.Ll.R11.lUX surrA0pos c cUAbHblMU 
MarHUffiHblMU nOASlMU, r ,lle HeAUH9UHOCmU urpalOm 
CYl1.l9CmBeHHYIO pOAb; 
uccAe.LlOB8HUe B03MYl1.leHU51 c0napampUCbl He/\UHeUHblX 
CUHXpompoHHblX KOAe6aHUU u ux KOpp9KUUSI; 
pa3pa6omKa aAropumMa u KOMnbtomepHou nporpaMMbl .llASl 
UCC/\9.Ll0B8HUSI .LlUH8MUl..leCKUX 3cpcpeKmoe, CBfl3aHHblX c 
H9/\UHeUHOCffiJIMU MarHUffiHblX no/\eU. 

Ill. npe,41\0JKeHUe U pa3p860mKa 6ycmepHoro CUHXpOmpOHa .Ll.l\SI 
H8KonumeAbHoro KOAbU.8 CANDLE e npuHu.unU8AbHO Hoeou 
KOHU.enu.uu, Kor .Ll8 o6a KO/\bU.a pacno.l\O)l(eHbl e O.LlHOM myHHe.Ae, 
.LlASl 4ero 6b1Aa: 

• pa3pa6omaHa MarHumHafl cucm0M8 6ycm0pHoro 
cuHxpompoHa, omse4a10w0ro mpe6osaHUflM MaAoro 

• 

• 

• 

3MummaHca 3AeKmpoHHoro ny4Ka .LlASl 3cpcpeKmusHou 
UH)l(eKUUU ny4K8 c HOMUHa/\bHOU 3Heprueu 3 138 B 
HaKonumeAbHOe KOAbUO u B03MO:>KHocmu pa6ombl B 
KBa3UHenpepb1BHOM (top-up) pe:>KUMe; 
UCCAe.LloBaHa /\UHeuHaSl u HeAUHeUHaSl .LlUHaMUKa ny4K8 B 
6ycmepHOM cuHxpompoHe a pe)l(UM9 ycKopeHusi; 
uccAe.LloBaHO BAUSlHUe moKOB ct>yKo, UHLlYUUPOBaHHblX B 
cmeHKax saKyyMHOU KaMepbl B npouecc0 ycKopeHuR; 
pa3pa6omaHbl MarHumHble cucmeMbl: AUHUU 
mpaHcnopmuposKu nyl..IKa u3 /\UHeuHoro ycKopum0ASl K 
6ycmepy, UH)l(eKUUU ny4K8 B 6ycmep u BblBO.Lla ny4Ka U3 
6ycmepHoro cuHxpompoHa, AUHUU mpaHcnopmupoBKU 
nyl..IKa u3 6ycmepa K HaKonumeAIO, a maK)l(e UHlK9KUUU 
nyl..IKa B HaKonumeAbHOe KOAbUO. 

1 
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METOAbl VICCAEAOBAHVIH 

npu peweHUU nocmasl\eHHblX 38.Ll84 6bll\U UCOOl\b30B8Hbl 
pa31\U4Hble meopemul.leCKUe nO.LlXOA.bl : 3mo MemO.Llbl Kl\aCCUl.leCKOU 
u KBaHmoso(J 31\eKmpOA.UHaMUKU, aHal\umul.leCKOro u llUCl\eHHOro 
peweHUfl 3a.lla4 Hel\UHeUHOU A.UHaMUKU, s 4acmHocmu npuMeHeHue 
CUMnl\eKCHblX UHmerpamopos u al\re6pbl Au .lll\fl raMUl\bmOHOBblX 
cucmeM, 6b1cmporo npeo6pa3osaHUfl cpypbe u Memo.LI l.lacmomHblX 
Kapm AacKapa, Kpumepuu LlupuKosa .LlMI xaomu4ecKoro .llBU>KeHUfl, 
meopuR ycmo(J4usocmu AHnyHosa u KAM-meopeMbl .lll\fl 
H01\UHeUHblX cucmeM. 

HAYLIHAH HOBlll3HA PA60Tbl 

1. npeA.l\0)1(0Hbl U pa3pa6omaHbl npUHU,UnUal\bHble nO.llXO.llbl .llMI 
MarHumHuu cucmeMbl peu,upKyl\HmopHoro KOl\bu,a s cxeMe 
MarHumU3UpOBaHHOro 31\eKmpoHHOro OXl\a)l(.ll9HUff npomOHHblX u 
UOHHblX nyl.IKOB 6aH4UposaHHblMU 31\eKmpoHHblMU ny4K8MU B 
cpe.llHUX o6Aacmffx 3Hepruu. 
2. npe.lll\O)l(eH U pa3pa6omaH meXHU49CKUU npoeKm 
peu,upKyM1mopa 31\eKmpoHHoro nyl!Ka cucmeMbl 31\eKmpoHHoro 
oxl\a)l(.lleHUfl npomoHHoro nyl!Ka KOl\bU.esoro ycKopumel\fl PETRA 
(DESY). Onpe.llel\eHbl OCHOBHble napaMempbl MarHUmHOU cucmeMbl 
peu,upKyARmopa, KaK s 6e3.llUcnepcuoHHOM sapuaHme, maK u npu 
H81\U4UU .llUCnepcuu B ceKU,UU OXl\8)1(.ll9HUfl. 
3. Aemal\bHO u3y4eHa Hel\uHeuHaff .llUHaMUKa 31\eKmpoHHoro ny4Ka 
npu H81\U4UU .lll\UHHblX COl\eHOU.llOB B MarHUmHOU cucmeMe 
peu.upKyARmopa, noAylleHbl ou.eHKU sel\UllUHbl u,upKyAupyJOwero 
moKa 31\eKmpoHOB c y4emoM sHympuny4Kosoro pacceRHUfl u CUI\ 
npocmpaHcmseHHoro 3apff.lla. 
4. npe.lll\O)l(eH U pa3pa6omaH KOMnbJOmepHblU KO.ll, n03BOl\fllOWUU 
.11emal\bHO UCCl\e.llOBamb H91\UHeUHYIO .llUHaMUKY ny4KOB B 
HaKonumel\ffX B pe)l(UMe mpeKuHra, a maK)l(e KOMnl\eKcHoro 
peweHUSI .llpyrux 3a.lla4 ycKopumel\bHOU cpu3UKU. 
5. npe.lll\O)l(eHa U pa3pa6omaHa MemO.llUKa Bbll.lUCl\9HWl 
3cpcpeKmOB KpaeBblX MarHumHblX nol\eU Ha .LJ.UH8MUKY nyl!Ka c 
y4emoM peal\bHoro pacnpe.lleAeHUSI MarHumHoro noM1 B.LJ.Ol\b 
mpaeKmopuu 1.1acmuu,b1. 
6. Pa3pa6omaHHasi Memo.LJ.uKa npuMeHeHa .lll\SI Bbll.lUCl\eHw1 
cMew,eHw1 l.lacmom 6emampoHHblX KoAe6aHuu s HaKonumel\e 
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CANDLE, noAylleHa .llUarpaMMa Hel\UHeLIHblX pe3oHaHcos Bb1cwux 
nopSl.llKOB, nol\yl.leHa 3asucuMocmb 4acmom 6emampoHHblX 
KOl\e6aHuu om aMnl\umy.llbl ocu,Ul\l\SIU.UU 1.1acmuu,b1 u npose.LJ.eH 
aHal\u3 Kapmb1 l.lacmom. 
7. Hau.LJ.eHa so3Myw,eHHaSI cenapampuca cuHxpompoHHblX 
KOl\e6aHUU B HaKonumel\bHblX KOl\bU,aX U3-3a Hel\UHeUHOcmeu 
npO.llOl\bHblX KOl\e6aHUU. Pa3pa6omaH MemO.ll KOppeKU,UU 3mux 
Hel\UHBUHblX OCU,Ul\l\f!U,UU. 
8. Pa3pa6omaHa Hosasi KOHu,enu.usi .LJ.l\SI npoeKmuposaHUfl 
6ycmepHoro cuHxpompoHa-UH)l(eKmopa s cospeMeHHblX 
HaKonumeAbHblX KoMnAeKcax mpembero noKol\eHuSI. 
9. Pa3pa6omaH mexHul.leCKUU npoeKm 6ycmepHoro 
cuHxpompoHa- UH)l(eKmopa .lll\SI HaKonumel\bHoro KOl\bu,a CANDLE, 
a maK)l(e l\UHUU mpaHcnopmupoBKU nyl!Ka om l\UHeuHoro 
ycKopumeASI K 6ycmepy u om 6ycmepa K HaKonumel\IO. 
10. l/ICCl\e.LlOBaHbl U3M9HeHUSI OCHOBHblX napaMempos {3MumaHC, 
pa36poc no 3Hepruu, onmul.lecKue cpyHKU.UU u m . .ll.) 31\eKmpoHHoro 
ny1.1Ka 8 pe)l(UMe ycKopeHUff B 6ycmepHOM CUHxpompoHe, Bl\USIHUe 
moKOB cpyKO Ha LlUHaMUKY nyl!Ka. 

nPAKTVILIECKAH UEHHOCTb PE3YAbTATOB PA60Tbl 

1. Pa3pa6omaH KOMnbJOmepHblU KO.LI .LJ.l\SI UCCl\9.llOB8HUfl 
HBl\UHeUHOU LlUHaMUKU nyl.IKOB B HaKonumel\bHblX KOMnl\eKcax 
{rAasa1). 
2. Pe3yAbmamb1 pa6omb1, npe.llcmasAeHHble s rAase 2, Aer/\u B 
OCHOB MarHUffiHOU cucmeMbl peu,UpKY/\Slmopa 31\eKmpOHHOro nyl!Ka 
.Ll.l\SI 31\eKmpOHHoro OX/\8)1(.ll9HUR npomOHHOro nyl!Ka 
ycKopumel\bHoro KOMnAeKca PETRA (DESY). 
3. Pa3pa6omaHHaR Memo.llUKa pac4ema 3cpcpeKmos KpaeBblX 
MarHUmHblX nol\eu 6bll\a npuMeHeHa .ll/\SI l.IUCl\eHHOU ou,eHKU 
cMew,eHUR 4acmom 6emampoHHblX KOAe6aHuu HaKonume/\R 
CANDLE, 1.1mo no3BOl\Rem ocywecmsumb moHKYIO HacmpouKy 
pa601.1eu mol.IKU MawuHbl u, meM caMblM, .L106umbcR cma6uAbHocmu 
.llBWKeHUSI u yBe/\U4eHUSI )l(U3HU ny1.1Ka B HaKonume/\e (r l\asa 3). 
4. Pe3y/\bmambl pa6ombl, npe.11cmaBl\eHHble B r /\aBe 4, no3BO/\Ul\U 
pa3pa6omamb MarHumHyJO cucmeMy 6ycmepHoro cuHxpompoHa­
UH)l(eKmopa HaKonumel\bHoro KoMnAeKca CANDLE, BKAIOllasi 
cucmeMbl BBO.lla/sbtBO.lla u mpaHcnopmupoBKU ny1.1Ka. 3mu 
pe3yl\bmambl noc/\y)l(Ul\U OCHOBOU Ll/\ff C03.llaHUfl mexHU49CKOU 
.LJ.OKyMeHmau.uu, KaK om.llel\bHblX 31\eMeHmos 6ycmepa, maK u 
6ycmepa s u,e.l\oM. 

1 
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HA 3Alll111TY BblHOCflTCfl: 

1. OcHOBHble KoHuenuuu peaAu3auuu MarHumHou cmpyKmypbl 
peuupKyAS1mopHoro KOJ\bUa s cxeMe MarHumu3uposaHHoro 
3J\eKmpoHHoro OXJ\a:lK.LleHUfl 6aH4UpOBaHHblMU 31\eKmpoHHblMU 
ny4KaMU. 
2. Bnepsb1e Hau.LleHo peweHue .LlJ\fl corAacosaHHoro .LlBWKeHUfl B 
nosopomHblX y4acmKax peuupKyM1mopa, r .Lle npoucxo.Llum nepexo.Ll 
4acmuub1 U3 o6Aacmu npO.LlOJ\bHoro MarHumHoro noMI (coAeHOU.Llbl) 
s o6Aacmb nonepe4Horo noAfl nosopomHblX MarHumos c UH.LleKcoM 
n==1/2. 
3. HOBblU aHaJ\umulleCKUU nO.LlXO.Ll .Ll/\fl MO.LleAuposaHUfl KpaeBblX 
MarHLimHblX noAeu. 
4. Memo.LluKa pac4ema B/\UflHUfl He/\UHeuHblX MarHumHblX no/\eu 
KaK om 31\eMeHmOB MarHLimHOU .LlOPO>KKU HaKonumeJ\fl, maK u 
scmaBHblX MarHumos (OH.LlYAflmOpOB u BUrrJ\epos), Ha .LlUHaMUKY 
nyl!Ka B KOJ\bUeBblX ycKopumeJ\flX. 
5. noJ\yl!eHHOe ypaBHeHUe HeJ\UHeUHblX CUHXpompOHHblX 
ocuuAflLlULI a HaKonume/\bHblX KOAbuax u cnoco6 KOppeKuuu 
UCK8)1(eHUfl cenapampUCbl cpa30BblX KOJ\e6aHUU. 
6. Hosafl KOHuenuufl .LlJ\fl npoeKmuposaHufl 6ycmepHoro 
CUHXpompoHa-UH)l(eKmopa B cospeMSHHblX ucmOL!HUKaX 
CUHXpompOHHOro U3J\Y40HUfl mpembero noKOJ\0HUfl .LlJ\fl noAy4eHUfl 
31\eKmpOHHblX ny4KOB c Ma/\blMU 3MUmaHCaMU. 
7. noJ\yl!eHHble pe3yJ\bmambl 6bJJ\U pea/\U30BaHbl: npu 
npoeKmuposaHuu u pa3pa6omKe MarHumHou cucmeMbl 
peuupKyAflmopa 31\eKmpoHHoro ny4Ka s npoeKme 31\eKmpoHHoro 
OXJ\a)l(.LleHUfl npomoHHoro nyl!Ka PETRA (DESY); npu 
npoeKmuposaHUflU u pa3pa6omKe Mar Hum Hou cucmeMbl 
6ycmepHoro cuHxpompoHa - UH)l(eKmopa HaKonumeAfl CANDLE; 
npu npoeKmuposHuu HaKonumeAbHoro KO/\bUa s KOMAeKce 
CANDLE. 
7. Pa3pa6omaHbl cucmeMbl BBO.Lla/BblBO.Lla u mpaHcnopmuposKu 
nyl!Ka .LlAfl HaKonumeAbHoro KOMnAeKca CANDLE. 
8. Pa3pa6omaHHblU KOMnblOmepHblU KO.Ll .LlJ\SI UCC/\e.LlOB8HUfl 
HeJ\UHeUHOU .LlUHaMUKU nyl!KOB B HaKonumeAbHblX KOJ\bU8X. 

AnPOEAUlllfl PAEOTbl 

0CHOBHbl0 pe3y/\bmambl pa6ombl .llOKJ\8.LlblB8AUCb u o6cy)l(.Lla/\UCb 
Ha: IV EsponeucKou KOHcpepeHuuu no ycKopumeAflM (/\oH.LloH, 

I. 

~ 

J 

l 
I 

f 
f 

~ 

t 

I 

I 
I 

_J 

11 

1994r.), VII EsponeucKoU KoHcpepeHuuu no ycKopume/\flM (BeHa, 
2000r.), Me)l(.llyHapO.LlHOM coseiuaHuu no 31\eKmpoH-cpomoHHOMy 
B3aUMO.LleucmsulO s nAomHblX cpe.Llax (Hop-AM6epm, 2001), 
Me)l(.LlyHapo.LlHOM cuMno3UyMe no ucmol!HUKaM csema cpe.LlHUX 
3Hepruu (WaHxau, 2001), VIII EsponeucKou KoHcpepeHuuu no 
ycKopume/\flM (napwK, 2002), IV Me)l(.L1yHapo.L1HOU KOHcpepeHuuu no 
MUKp03J\eKmpoHUKe noAynpoBO.LlHUKOB ( L.laXK8.Ll30p, 2003), 
Me)l(.LlyHapo.LlHOM coseiuaHuu no HaKonumeAflM (.Llapec6epu, 2003) , 
IX EsponeucKou KOHcpepeHuuu no ycKopume/\flM (/\10uepH, 2004), 
Me)l(.LlyHapo.llHOM coseiuaHuu no ucmol!HUKaM cpomoHoB u ux 
npuMeHeHUfl (Hop-AM6epm, 2004), a maK)l(e Ha ceMUHapax Ep<P111, 
CANDLE, <Pll1AH u DESY. 

nYEJ\lllKAUllllll 

Pe3yAbmamb1 .LlUccepmauuoHHou pa6omb1 ompa)l(eHbl a 32 
Hay4HblX ny6AuKallUflX, 31 U3 KomopblX ne4amHb1e, B moM LIUCJ\e 
0.llHO U306pemeHUe. 
7 pa6om ony6AuKosaHbl 6e3 coasmopos. 
28 pa6omb1 ony6ALIKOB8Hbl nocAe 3aw,umb1 KaH.llU.llamcKou 
.LlUccepmauuu. 

CTPYKTYPA Ill OEbl'::M PAEOTbl 

.LJ.uccepmauufl cocmoum U3 BBe.LleHufl, L1emb1pex r/\as, 3aK/\IOL!eHUfl 
u cnucKa uumupyeMou Aumepamypbl. TeKcm co.Llep)l(um 193 
cmpaHuu. Ko/\u4ecmso cpuryp - 85, ma6Aull - 39. 
Bo BBe.LleHUU o6ocHOBaHa aKmyaJ\bHOCmb meMbl .LlUCcepmauuu, 
U3/\0)1(0Hbl H8Y4H8fl HOBU3Ha, OCHOBHb10 H8Y4Hbl0 pe3y/\bmambl, 
BblHOCUMble Ha 3aw.umy u npaKmU4eCK8fl 3Ha4UMOCmb pa6ombl . 
r J\888 1 §§ 1,2 nOCBfllU0Hbl KpamKOMY U3J\0)1(0HUIO aHaJ\UffiU40CKUX 
MemO.LlOB meopuu B03MYIU0HUU .Ll/\fl He/\UHeUHblX cucmeM ' a maK)l(e 
4UC/\eHHblX Memo.LlOB UHmerpuposaHUfl o6blKHOBeHHblX 
.llUcpcpepeHUU8/\bHblX ypaBHeHUU c aKueHmOM Ha npuMeHeHue B 
UCC/\e.LloBaHUflX He/\UHeUHOU .llUHaMUKU ny4KOB B 
31\eKmpoMarHumHblX nOMIX. 

AHaAumu4ecKue Memo.llbl (Memo.Ll ycpe.LlHeHufl 6oro/\106osa-
Kpb1/\osa, Memo.Ll KaHOHU4eCKUX npeo6pa3oBaHuu nepeMeHHblX, 
npaKmu4ecKal! pea/\u3auufl KomopblX onupaemcfl Ha 
ucnO/\b3088HUe Pll.LlOB LI npeo6pa30BaHUU /\u, UAU Memo.Ll 
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HOpMa/\bHblX cj:>opM, u .LIP) npuMeHUMbl .ll/\fl cucmeM c Ma/\blM 
napaMempoM, m.e. npu cAa6b1X He11uHeuHocmAx. LlucAeHHbre 
MemO.llbl l'IB/\fliOmCA cpaBHUmeAbHO 60/\ee ffi04HblMU u no3BO/\fll0m 
Bbt4UCAUmb mpaeKmopuu 1.1acmuu. s cucmeMax, KaK co cAa6ou, maK 
u c CU/\bHOU HeAuHeuHocmf!MU. B 1.1acmHocmu, Memo.LI aHaAU3a 
Kapmbt 1.1acmom /\acKapa no3BD/\Rem onpe.lleAumb HeAuHeUHbte 
pe3oHaHcbt Bbtcwux nopA.llKOB u ux wupuHy. BMecme c 
uHmepnoAAu,ueu 6btcmporo npeo6pa3osaHUfl ct>ypbe, 3mom Memo.LI 
.llaem B03MO)KHocmb onpe.L1eAeHw1 1.1acmom 6emampoHHblX 
KOAe6aHUU c BblCOKOU cmeneHblO ffi04HOcmu nymeM 
uHmerpuposaHUl'I ypasHeHuu mpaeKmopuu 1.1acmuu,b1 moAbKo .ll/\ff 

.llecHmKoB o6opomos B KDAbU.eBblX ycKopumeAS1x. 
B §4 o6cy)K.llaemcA sa)KHocmb ycAOBUA cuMnAeKmu1.1Hocmu 
npuMeHl'leMblX MemO.llOB .ll/\l'I pa3pa6omKU 4UC/\eHHblX aAropumMOB. 
3mo ycAosue urpaem 6oAbWyro poAb npu mpaccuposKe 1.1acmuu. B 
me1.1eHue MHorux o6opomoe s KOAbU.e. 0Ho f!BAHemcR 
MameMamu1.1ecKuM npoHBAeHueM meopeMbl /\uyBUMA o coxpaHeHuu 
nAomHocmu mpaeKmopuu B cj:>a3osoM o6b eMe (o6o6w.eHueM 
ycAOBUA paseHcmea e.llUHUU.bl .llemepMUHaHma Mampuu,bl nepexo.lla 
.ll/\l'I AUHeUHblX cucmeM), u no3BDAAem u36elKamb noABAeHUl'I 
uccKycmseHHblX 3cj:>cj:>eKmos pacwupeHUA U/\U C)KamuH cj:>a3DBblX 
mpaeKmopuu B cj:>a3osoM npocmpaHcmee npu mpaccuposKe 
1.1acmuu. s me1.1eHue 6oAbworo 1.1ucAa o6opomos. 
B §5 nepeou rAaBbt npuso.llumcf! .llemaAbHOe onucaHue 
pa3pa6omaHHoro KDMnbromepHoro Ko.aa. Vl.LleH cocmoum s 
ucno/\b30B8HUU aAropumMOB peweHUl'I o6blKHOBeHHblX 
.ll.Ucj:>cj:>epeHU,U8/\bHblX ypaBHeHUU .ll/\l'I 4UC/\eHHoro UHmerpuposaHUl'I 
mo4HblX ypasHeHuu mpaeKmopuu 1.1acmuu.b1 s MarHUmHou cucmeMe 
HaKonumeAeu . 

.Ll.AA Bbl4UC/\eHUl'I .llUH8MU4eCKOU anepmypbl B pa3pa6omaHHOM 
no.axo.ae ucnO/\b3yemcA Kpumepuu 3KcnoHeHmbt /\AnyHosa, a .ll/\A 
nocmpoeHUA rpacj:>uKos 3asucuMocmu nomepb 1.1acmuu. om 1.1ucAa 
o6opomoe ucnoAb3yemcA .llUCKpemHblU aHaAu3 pe3yAbmamos 
mpaccupoBKU 1.1acmuu.. Llacmoma He/\UHeUHblX 6emampoHHblX 
KO/\e6aHUU Bbl4UCJ\fli0ffiCl'I no MemO.LlUKe UHmepnOAl'IUUOHHOro 
6brcmporo npeo6pa3osaHul'I ct>ypbe. 
Memo.Llbl ucnoAb3yeMbre npu ucc11e.lloBaHuu .llUHaMUKU 1.1acmuu. 

ABAAromcA cuMnAeKmU4HblMU, u .llonycKarom aHaAumu1.1ecKoe 
npe.llcmasAeHue flKo6uaHa 3a.lla4u .llAA nosbrWeHUA Ha.lle)KHOcmu 
noAy4eHHblX pe3yAbmamos u yMeHbWeHuA KOMnbromepHoro speMeHu 
.ll.AA npose.ll.eHUfl Bbl4UC/\eHuu. K npuMepy, .llMI HaKonumAebHblX 
KoAeu. speMA 3amyxaHUA aMnAumy.ll 6emampoHHblX u 
cur-rxpompOHHblX KOAe6aHUU cocmaBAAem HeCKO/\bKO MU/\/\UCeKyH.ll.bl, 
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maK 1.1mo uHor .lla .llocmamo1.1Ho npou3secmu mpeKuHr 1.1acmuu. .llO 
comHu o6opomos, Lfmo6br c.ileAamb 3aKAI04eHue o xapaKmepe 
cma6U/\bHOCffiU .llBU)KeHUl'I. 

r/\aea 2 nocBAW.eHa onucaHuro cxeMbt u pa3pa6omKe MarHumHou 
cucmeMbl peu.upKyAAmopa .ll/\A 31\eKmpoHHoro ny1.1Ka B npoeKme 
31\eKmpoHHoro OX/\8)1(.lleHUfl npomoHHOro nyl.fKa PETRA (DESY) u 
uccAe.ll.oBaHuro .llUHaMUKU 31\eKmpoHHoro ny1.1Ka s HeM. B Ta6A.1 
npuee.ll.eHbl OCHOBHble napaMempbr 31\eKmpor-rHoro u npomoHHoro 
nyLIKDB, a a Ta6A.2 npuBe.ll.eHbl ocHOBHble napaMempbr 
peuupKyAAmopa. 

Ta6Auua 1 
napaMempbl 3AeKmpoHbl 
MarH.noAe s CO, B [le] 630 
HopM. 3MummaHc EN [M] 3.3 x 10-0 

6ema cbVHKU.Wl,f3x. v lMJ 16 
Pa3Mepbr crycmKa,crx, y [MM] 6 

~P/P 10-" 
.Ll11uHa crycmKa crz [MMj 500 
npuBe,lleHHaf! 3He_f>rUl'I y 19.2 
L!UC/\O crycmKOB 3 

M 

no11e s nosopomHblX 
Marnumax<T) 
VlH.lleKc MarHumHoro 
no1111 
Marr-rumHoe noAe e 

3Hal.feHue 
97,89 
47,46 
0,25 
0, 139 

0,5 

0,063 

1,69 
1,32 
0,25 
1.2 
2.155 

npomOHbl 
630 
4 x 10-0 

200 
6 

4 x 10-4 

500 
19.2 
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Ha <l>ur.1 noKa3aHo cxeMamw .. 1ecKoe u3o6pa)l(eHue MarHumHou 
cmpyKmypbl peuupKyMtmopa c yKa3aHueM om.LleJ\bHblX ee 
3J\eMeHmos (Macwma6 He coxpaHeH). HaAULIUe coAeHOU.LlOB B 
MarHumHou cucmeMe peu.upKyAflmopa npo.LluKmosaHo 
Heo6XO.LlUMOCITTblO noBblW9HUff meMna OXl\alK.LleHUff nymeM 
npuMeHeHUH, maK Ha3blBaeMoro, MarHumu3upoeaHHoro cnoco6a 
3J\eKmpOHHoro OXl\alK.LleHUff. 

-6-E~~~~~~~+.~~~~~~~~i~~:~~~~;~~~~~~~~~~~}·fn-; ·· 
IM .. Ll ~ 
lill ~ ~ !I! ll' 
iH:! 
) ~ ~ 
i< l 

!'•i !••· 

~; ~.l i t: ~~; 

S1 LJ: L .. i f L .. J S1 QO QF QO 

~]····E.~H:~1~:)j~~-~~2'.:~~~-f :i--EH:l-e?t~~;~~f~=i~-~-;~~~~}-·f:7 
L1 L1 SM(n=1!.!) 

Schematic layout of recirculator 

<l>ur .1. CxeMamuL1ecKoe u3o6pa)l(eHue peu.upKyAHmopa. CS -
ceKU.UH OXJ\alK.LleHUH, S1, S2-coAeHOU.Llbl, QD-QF-QD-mpunAem 
KBa.LlpynoAeU, L2-npHMOl\UHeUHble yl.lacmKU .lll\ff BBO.Lla u BblBO.lla 
nyLIKa, SM- nosopomHble MarHumb1 c UH.lleKCOM n=0.5. 

OcHOBHbte mpe6osaHUff K MarHumHou cucmeMe peu.upKyAHmopa 
MO>KHO ccpopMyAupoeamb CJ\9.llYIOW.UM o6pa3oM: 

• 3J\eKmpOHHble LI npomOHHble nyLIKU B ceKU,UU OXJ\8>K.Ll9HUff 
(CO) .llOJ\>KHbl UMemb 0.llUHaKOBble pa3Mepb1, 

• omcymcmsue .aucnepcuu B CO, L1mo6b1 u36elKamb BJ\UHHUH 
BHympunyLIKosoro pacceHHUff L1acmuu. Ha nonepeL!HblU 
3MUmmaHC 3J\eKmpoHHoro ny4Ka (KJ\aCCU49CKUU BapuaHm), 

• noL1mu U30XpOHHYIO MarHUmHylO .llOPO>KKy, L1mo6b1 
U36e)l(amb .lle6aHL1UpOBKU nyL1Ka. 

Cyw.ecmsy10w.uu myHHeAb HaKonumeAH PETRA no3BO/\Hem UMemb 
CO .ll/\UHOIO npu6Au3umeAbHO 50M c nosopomHblMU y4acmKaMu 
npu6Au3umeAbHo 1,5M. TpunAem KBa.LlpynoAeu B npHMOAUHeUHOM 

I~ 

~-

~ 

I 
I 
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yL1acmKe no3BO/\Hem uMemb cso60.aHb1e yl.lacmKu .llAUHou 60/\bWe 
2M .ll/\H pa3MeW.eHUH cucmeM sso.aa u BblBo.aa ny4Ka. rpa.aueHmbt 
KBa.llpynoAeu no.llo6paHbl maKUM o6pa3oM, 4rno6b1 corAacosamb 
onmuKy KpyrAoro nyLIKa y BXO.llOB u BblXO.LlOB C0/\9HOU.LlOB, BHympu 
KomopblX .asu>KeHue nyLIKa onpe.aeAHemcH meopeMou 6ywa. 1/13 
meopeMbl E>ywa HaU.LleHo peweHue .LlMt noKa3ameAH cna.aaHUH noAH 
s noeopomHblX MarHumax, KomopblU OK83blBaemcH paBHblM n=0.5. 
npuBe.LleHHaff Ha Puc.1 cxeMa peu,upKy/\Hmopa .aonycKaem cpe.aHIOIO 
.Llucnepcuto B ceKuuu oxAa>K.LleHUH ( D) = 3m. 

3mom eapuaHm peu.upKyAHmopa npe.llcrnaBAHem oco6b1u uHmepec 
s cseme noHsuewuxcH B nocAe.LlHee epeMH meopemul.lecKux u 
3KcnepuMeHmaAbHblX pa6om no .llUccnepcuoHHOMy 3.1\eKmpoHHOMy 
OX/\8>K.ll9HUIO . 
.Ll.Aff KAaccu4ecKoro 6e3.LlUccnepcuoHHoro sapuaHma 
peuupKyAflmopa coAeHOU.llbl B nosopomHblX y4acmKax 
peuupKy/\ffmopa 6b1Au 3aMeHeHbl mpunAemaMu KBa.llpynoAbHblX 
MarHumos. Onmu4ecKue cpyHKU.UU .ll/\ff 3mux yL1acmKoB npuse.LleHbl 
Ha Puc.4. 

~1 

~ 
~o 

0. 

x -1 

-2 

-3 

-1.6 -0.8 0 0.8 1.6 
x [mm} 

Puc.2. npoeKU,WI cpa30Boro o6b eMa Ha n./\OCKOCmb( X, x' ). To4Ka 
Ha6Ato.aeHUff Haxo.Llumcsi B u.eHmpe cpoKycupytowero KBa.llpynoAR. 
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Particle trajectory 
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x 10~- .-- . : _:· _ ..:- _ !______ _ r ·: 
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~ o-J.-· 

:e 
Q..-1 

~ 
-2 

--3 
0 

-~~~-'-. : ~('./. 
__ ;_ ---./ 

_ .. -. .---/2 
..... ,,/ 0 __., 
~ -2 X10 

100 -4 amplitude [m] 

Puc.3. Cnup8AbH8ff mp8eKmopusi 48cmuu,b1 B peu,upKyMmope 
noc/\e O.LlHOro o6opom8 BOKpyr KO/\bU.8. 

(m) 
2.5 

2.0 

1.5 

1.0 

0.5 

,--, ' , ' , ' \ 

\, '1f3rx 
\ 

' 
~17. \ _,.--·····-.. , \ _ .. -····· 

/ "- I / 

""
\ /" 
' . \ I 
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, 

Dx 
,/ 

\~\ // ,,---­,' 

\ I 

ot=r== ' \V/ 
23.8 I I ,'/ 

I I ----..,.1 
24.2 24.6 25 

s (m) 

Puc.4. Onmu4eCKUe cpyHKU.UU B noeopomHb1x y48cmKax .Ll/\ff 
6e3.LluccnepcuoHHoro B8pU8Hm8 peu.upKyM1tnop8. 

(' 
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Bb16op M8rHumHou cucmeMbl c coAeHOU.Ll8MU, 06ecneLtuBa10LUeu 
onmuKy KpyrAoro B nonepe4HOM ce4eHuu nyl.fK8, no3BO/\ffem 
ycnewHo 6opombcff c 3cpcpeKm8MU npocmpaHcmseHHoro 3apS1.Ll8 u 
BHympunyl.fKOBoro p8cceffHUSl u .L106umbcst HaKonAeHUSJ 
M8KCUM8/\bHOrO 31\eKmpOHHOro moKa. npu nOMOlllU KB83U­
C8MOCOr/\8COB~HHOrO no.llXOA.8, Kor .ll8 y4umb1saemcsi 
nepepacnpe.lleAeHue 4acmuu. BHympu 31\eKmpoHHoro nyl.IKa nocAe 
npoxo:>K.lleHUff Ka:>K.lloro 3AeMeHm8 MarHumHou cucmeMbl, 6b1Ao 
Bb14UC/\eHO MaKCUMa/\bHOe 4UCAO 4acmuu. B 0.LlHOM crycmKe 

31\eKmpOHHOro ny4K8, Komopoe cocm8B/\ffem N = 2.8 · 1010 
. 

noK838HO, 4mo npu 3ffiUX 3H~L!eHUffX 4UC/\a 48CffiUU B 0.LlHOM 
crycmKe, cMeLUeHue 6emampoHHblX L18cmom u3-38 CUA 
npocmpaHcmseHHoro 3apsi.ll8 cocmaBAffem 

LiQr = -0.097, LiQ,. = 0.017 .ll/\ff ropU30HmaAbHOU u 

sepmuKa/\bHOU MO.LI, coomsemcmseHHO. 

Ta6Auu,a 3. 
napaMemPbl 3Hal.leHUff 
3Heprust E (138) 3 
nePUMemp (M) 216 
ToK I (MA) 350 
BLJ L18cmoma (Miu,) 499.654 
lapMOHU4eCKOe LIUC/\O 360 
LJUC/\O nePUO.llOB 16 
npffMO/\UHeUHblU V4acmoK (M) 4.8 
Tun MarHumHou .llOPO)l(KU OBA 
Pa.lluyc KPUBU3Hbl p (M) 7.385 

roou3oHm. L!acmoma Ox 13.22 
Bepm. 4acmom8 Ov 4.26 
.Ll.uccn. npffM. y4acmoK 17 (M) 0.18 

lopU30Hm. 3MummaHC (HM) 8.4 
Bepm. 3MummaHc (HM) 0.084 
Pa36ooc no 3HeprusiM (%) 0.104 
Ko3cpcp. ynAomHeHWl op6um a 0.002 

lopU30Hm. XpOMamU4HOCmb ¢x -18.91 

Bepm. xpoMamu4Hocmxb ¢x -14.86 

l 
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r l\aBa 3 § 1 nocesnueH U3/\0}l(eHUIO MemO.llOB UCC/\e.llOBaHUll 
He/\UHeUHOU .LlUHaMUKU ny4KOB B HaKonume/\bHblX KO/\bUax. KaK 
ucmo4HUKU He/\uHellHocmeu, paccMampusat0mcH MY/\bmuno/\u 
MarHUffiHblX no/\eU OCHOBHblX 31\eMeHmOB MarHUmHOU cucmeMbl 
(.llunoAu, KBa.llpyno/\u u ceKcmynoAu), a maK}l(e MarHumHble no/\H 
CU/\bHblX BUff/\epoB u OH.llY/\HmopoB c Ma/\blMU Me.lt<nO/\IOCHblMU 
3a3opaMu. Memo.LlUKa, pa3pa6omaHHast B .llUccepmauuu, 6b1/\a 
npuMeHeHa .llMt noAy4eHuH 1.1uc/\eHHblX pe3y/\bmamos .ll/\ll 
HaKonume/\bHoro KoMn/\eKca CANDLE, OCHOBHbte napaMempbt 
Komoporo npuBe.LleHbt B Ta6A.3. 
Kapma 1.1acmom 6emampoHHblX KO/\e6aHuu 4acmuub1 B 
HaKonume/\e CANDLE .Ll/\st 2000 Ha1.1al\bHblX 3Ha4eHuu BHympu 

npHMoyroAbHUKa x = (-7; 7) MM, y = (-3; 3) MM, npe.acmaeAeHa 

Ha Puc. 5, r.Lle cpe.LlHUu ocmpoeoK 1.1acmom soKpyr pa6ot.1eu moLtKU 
coomsemcmsyem aMnAumy.LlaM BHympu npHMoyroAbHUKa 

X = (-3; 3) MM, y = ( -1; 1) MM. 

~ ::: ~----
ro -·· - .. c. 
(ii 0.26 · .. c:: . 
0 • 

~ 
Jg 0.24 

;>,. 
0 

0.22 

(2; -9) 

• i~"i: ~-;-~~' ;.=:-~ :: ~ -
~t~"i;~~J;.'.•--·Ti: -5 > 

·.-: .. : :_:- .. ~. >·· .. '.:~. ... 
... 

0.20 ~---~-------~--~ 
0.215 0.22 0.225 0.23 0.235 

Ox, fractional part 
Puc.5. Kapma t.1acmom 6emampoHHbtX KOAe6aHuu (.apo6HaH Ltacmb) 
Ltacmuu B HaKonumeAe CANDLE .Ll/\SI 2000 Ha4a/\bHbtX 3HaLteHuu 

BHympu npsiMoyrO/\bHUKa x = (-7;7) MM, y = (-3;3) MM. 

Ha pucyHKe LtemKo BU.LlHbl pe3oHaHCHble /\UHUU (1 ;-5) u (2;-9), 
U.lleHmucpuuupoBaHHblX maKJKe Ha pe3oHai-fcHou .auarpaMMe Puc. 8. 

I 

fl 
I~ 
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i 
.f 

~· 

\ 
i~ 
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Dynamic aperture 

16 

12 

1--- ··-···· dp/p•O%, with hard edge 

:::-~-::;:~ ··~- dp/p=O%, with fringe field 

""~ .. -~ ... - ......... .::::.~ - - dp/p=2%, with fringe field 

',, \~. -·~-· dp/pz-2%,withfringefield " \ ~ .. ,M .... ~'li .......__.-"'\. 

'''\ .......... 
'E 
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\ ' ........ ·\:. \ ' 
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\ \ 
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\ ' 
0 \ ~ 

O 5 10 x,[mm] 15 20 

Puc.6. YMeHbWeHue .LlUHaMULtecKou anepmypbl ny1.1Ka B HaKonumeAe 
CANDLE U3-3a KpaeBblX no/\eu, npu pa3/\U4HblX 3HaLteHUHX 
pa36poca no 3HeprusiM. 

x10"~ 

2 s· 

~ 
--:o 
x ... 

-2.5 

-S-t-----,-------.-----,---
.. 4 -2 Ox. [m] 2 x10" 4 

1 

2·1~12.:3_, __ .. -.-· .................. - ..................... -· 
. ~ I ·:·, .... I 

j :\~~Q?:\{' ~ 
.Q 

x" 

..2l ~-··' 
-0.015 -0.01 -0.005 0 0.005 0.01 0,015 

x.lml 

3 
x10·4 

2 

1.5

1
.10" 

__<?·5 • :. : , :_,.~~~~~,:~~::it;\~:\~~;:.{~: -~ . . . __ .1 

l I . : ·: .-'.;7:·.;,;·-;(';\:•.-·"<·. . l 0 · <·~~'~lji:;~;, 
::1.~,:~0~:!~~~· .. J ~:, __ , 

-8 -4 0 4 8 -2 
y, ImJ x10·3 y. !m] x10·3 

Puc.7. <Pa30Bb1e nopmpemb1 ropu3oHma/\bHblX (eepxHuu pH.a) u 
eepmuKa/\bHblX (HU>KHUU pH.a) KO/\e6aHuu B HaKonume/\e CANDLE 
npu aMn/\umy.aax I Ocr (AesaR KOAOHHa) u 70cr (npaBaH KOJ\OHHa) 
noc/\e 2048 o6opomos B KOAbUe. 
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Q.281 "Q <II( I \I Y --1 ) I 

:c·0.27 
~ 
(ii 
c: 
0 
t5 0.26 
"' !!::. 

ct 
0,251 \U> -· 'j{ 'i ~' 

0.24 I ---== I I ·.-r-: \ I I \ I I 
0.2 0.21 0.22 0.23 0.24 0.25 

Ox. (fractional part) 
Puc.8. .LJ.uarpaMMa HeAuHeUHb!X pe3oHaHcos Bb1cwux nopR.llKOB .LIAR 
HaKonumeAR CANDLE. 

Ha Puc. 6 noKa3aHo yMeHbWeHue .auHaMU4ecKou anepmypbl L1acmuu, 
B HaKonumeAe CANDLE u3-3a HeAUHeuHocmeu MarHumHblX noAeu 
Ksa.apynoAeu, BKAIOLlaR MYAbmunoAu 4emsepmoro nopsi.aKa npu 

3Ha4eHURX pa36poca no 3HepruRM 8=0;±2%. KaK su.aHo u3 

pucyHKa, Hau60AbWee cy)KeHue (OKO/\O 5 MM) .llUHaMULteCKOU 
anepmypbl npoucxo.aum s ropu3oHma/\bHou n/\ocKocmu .lll\R Ltacmuu, 
c8=2%. 

Ha Puc. 7 u3o6pa)l(eHbl cpa30Bb1e nopmpemb1 

60/\bWUMU HaLtaJ\bHblMU aMn/\umy.aaMu 1 Ocr u 
.Lll\R 1.1acmuu, c 

70cr s u,eHmpe 
npRMO/\UHeUHblX y1.1acmKOB .Lll\R ropU30Hma/\bHblX u BepmuKa/\bHblX 
KO/\e6aHUU noc/\e 2048 o6opomoB. KaK BU.LlHO U3 pucyHKOB, 
L1acmuu,b1 nona.aa10m B o6Aacmb xaomuL1ecKoro .llBU)l(eHuR s nepsy10 
o4epe.ab B sepmuKa/\bHou nAOCKocmu. 

VlccAe.aosaHue acpcpeKmos KpaeBblX no/\eu (§2), Komopb1e 
npORBJ\RIOmCR y)Ke B /\UHeUHOM npu6J\U)KeHUU, noKa3aAo, Limo .llJ\R 

soccmaHOBJ\eHUR pacl.lemHou pa60L1eu mo4KU (13.22; 4.26) 
Heo6xo.LluMo npou3secmu moHKYIO HacmpouKy 4acmom 
6emampaHHblX KOJ\e6aHUU npu noMOlllU U3MeHeHUH tj::>oKycupylOWUX 
CUI\ KBa.LlpynoJ\eu: 0.39 % .Lll\R QFC, 0.67% .Lll\R QF u 1.48% .LIAR QD. 

B §3 r /\a Bbl 3 npuBe.LleHbl pe3yAbmambl UCC/\e.llOB8HUU 
H8J\UHeUHblX 3cpcpeKmos, BHOCUMblX MarHUmHblMU nOJ\HMU scmaBHblX 
ycmpoucms (BY) - OH.LlYARmopos u surrAepos. Vlcc/\e.aosaHusi 
npoBO.LlUJ\UCb npu noMOll!U pa3pa6omaHHOU nporpaMMbl c y4emoM 
peaAbHaro mpexMepHoro pacnpe.LleAeHUR MarHUmHoro noAR s BY. B 

21 

ocHosy 6paAucb napaMempbl munuL1Hb1x BY, npuse.aeHHblX s Ta6A.4, 
r .ae noKa3aHbl maK)Ke 4UCAeHHble pe3yAbmamb1 B/\URHUH 
pa.LlU8U,UOHHblX u CU/\OBblX 3cpcpeKmos Ha .L1UH8MLIKY ny4Ka. 

KaK BU.LlHO U3 Puc.9, 6ueHuR 6emampoHHblX KO/\e6aHuu 
npOl:ICXO.LlHm B OCHOBHOM, B sepmuKa/\bHOM HanpaBJ\eHUU, r.Lle 
6Aaro.LlapR Ma/\OMY Me)l(nO/\IOCHOMY 3a3opy cy1UecmseHHYIO PO/\b 
urpa10m He/\uHeUHble noAR. 0.LlHaKo, 3mo U3MeHeHue aMnAumy.a 
sepmuKa/\bHblX KoAe6aHuu npoucxo.aum B .LlanycmuMblX npe.aeAax u 
.lll\R BOCcmaHOB/\eHUR OCHOBHblX onmul.leCKUX cpyHKIJ,UU 
.aona/\HumeAHble napbl KBa.apyna/\bHblX /\UH3 He mpe6y10mcR. 

Ha Puc.10 noKa3aHo yMeHbWeHue .auHaMU4ecKou anepmypbl 
4acmuU,bl U3-3a .aeucmBUR OH.LlY/\Rmopa. KaK BU.llHO U3 pucyHKa, 
He3Ha4Lime/\bHOe U3MeHeHue npOUCXO.LlUm B OCHOBHOM B 
nepucpepuuHou 4acmu .auHaMu4ecKou anepmypb1. 

Ta6/\UUa 4 
Insertion Device Wiggler Undulator Undulator 

I I II 
N 23 72 79 

A0 (cm) 0.17 0.022 0.05 

LJD(m) 3.91 1.58 3.95 

B 0 (T) 1.98 0.7 0.3 

K 31.4 1.43 1.4 

!:!..Q, 0.027 0.032 1.4 1 a-~ 

tl./3/P. (%) 
3.9 1.99 0.01 

/3, 

U-U 0 (%) 9 0.46 0.2 

(/ 0 

0 1.05 -0.17 -0.08 
CJE -CJE 

(%) 
0 

CJ E 

!:!..&~' (%) 
0.56 -0.21 -0.13 

Ha Puc.11 npu8e.L1eHb1 rpacpuKU sasucuMocmeu speMeHu JKU3HU 
ny4Ka no TyweKy B cAyl.lae "roAou" cucmeMbl (cnAowHaR /\UHLIR) u 
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npu pa6ome B MarHumHou cucmeMe HaKonumeMt OH.LlyAsimopa 
(nyHKmupHaSI l\UHUSI), .Lli\SI nol\OBUHbl MarHUmHOU .LlOpo:>KKU, r .Lle 
Ha6At0.LlaemcS1 yMeHbweHue speMeHu )KU3HU ny4Ka no TyweKy s 
cpe.LlH0M om 38 4acos .LlO 35 4acos. 

Betafunctions [m] 
20~~~~~~~~--~~~~~~~~~~~~~~ 

:~~:::~Bare Labce l=~--\ fly /~--~-~~~\ 

10 

......... With ID i / \ \~j ! t \ \ 

/1 \x // \0 . 
ri ,i ,.. ,, " I 

~~,::o,-l \~::l- \ I 
0 

0 

Puc.9. V13MeHeHue 
ycmaHOBKOU BUrAepa 
CANDLE. 

16 

12 

Y[mm] 

' ' \ / 
\ __ / 

/ ·-·' 

5 10 

_J 
13.Sm 

onmulfeCKUX cpyHKUUU, Bbl3BaHHblX 
B MarHumHylO cucmeMy HaKonumeAsi 

--- " ,r...j, 
: 

\ ,/ 
' , ,_, 

I 
I 
I 
I 
I 

' 

8 --Without ID ' 
' ' - - - - - With undulator 1 

4 

0 

0 5 

Puc.10. V13MeHeHue 
ycmaHOBKOU BUrAepa 
CANDLE. 

10 X [mm] 15 

.LIUHaMU40CKOU anepmypbl, 
B MarHumHylO cucmeMy 

' ' I 
' 

20 

Bbl3BaHHOe 
HaKonumeMt 

40 
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o 10 20 30 40 50 60 70 · 80 90 100 s [m] 

Puc. 11. lll3MeHeHue speMeHu )KU3HU ny1..1Ka no TyweKy B HaKonumel\e 
CANDLE, Bbt3BaHHoe ycmaHOBKou surAepa s MarHumHylO cucmeMy 
HaKonumeMt CANDLE. 

1/13 npoBe,lleHHbl.X UCCl\e.LlOBaHUU MO)KHO c4el\amb 3aKl\I048HUe, 4mo 
U3MeHeHue onmuKu nyl!Ka B MarHumHou cLicmeMe HaKonumeM1 
ocmaemCSI B .LlOnycmUMblX npe.Llei\aX nptJ 3a3opax OH.LlYASlniOpOB .LlO 
8MM. npu MeHbWUX 3a3opax npUXO.LlUmCSI ucnOl\b30Bamb 
.LlOnOAHumel\bHble cp0Kycupyt0wue 31\eMeHmbl .Lll\SI soccmaHOBAeHUfl 
pac1..1emHou onmuKu ny1..1Ka. 

§§4,5 r l\aBbl 3 nOCBSILUSHbl UCCl\e.LlOB8HUIO HSl\UHeUHblX 
CUHXpompOHHblX KOAe6aHUU u CBSl3U CUHXpo-6emampoHHblX 
KOAe6aHUU Ha OCHOBe r 8MUl\bmOHUaHa 

eV,f 
H(cp,t:5) = [coscp-coscps +(cp-cps)sincps] 

To ·E·o 

1 2 1 3 
- OJ . [- n t:5 - - a t:5 - ~ . t:5] rj 2 "le 

3 
I '::> 

B cAy1..1ae, Kor .aa a 1 =t:. 0 u i; =t:. 0 , Mbl noAy4aeM .LlBe 

cmauuoHapHble mOLIKU cma6UAbHblX KOl\e6aHUU u .LlBe 
cmauuoHapHble mo1..1Ku Hecma6uAbHblX KOAe6aHuu, Komopb1e 
coomsemcmsyt0m . noRBl\eHUIO smopou 3PHbl cma6uAbHoro 
.LIBU>KSHUSI Ha cpa30BOU nAOCKOcmu npp,LlOl\bHblX KOAe6aHUU (CM. 
Puc. 12) B .LlonoJ\HeHue K mo1..1KaM cma6uAbHocmu ALIHeUHblX BLJ 
KOAe6aHUU. 
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L1.M1 MarHumHou onmuKu CANDLE Mbl UMeeM a 1 = 0.0109, 

(/3,.) = 5.1 m, (PJ') = 10.42 m, (rx) = 1.49 m-
1
, (r .. ) = 1.34 m-1 u 

¢ \. = 0.33·10-8
. .LlMI cmaLJ,UOHapHblX molleK Bmopou 30Hbl 

noAyllaemcsi 8 2 = 1lc I a 1 = -0.187 (cM. Puc.12). 

Ha Puc. 12 u3o6palKeHo HecuMMempUllHOe pacnpe.llel\eHue 
cpa3oBblX mpaeKmopuu c noAolKumeAbHblMU u ompuu.ameAbHblMU 

omHocumeAbHblMU omKAOHSHWIMU 3Hepruu g+ = 0.022 u 
g- = -0.025. 

5~ 1 

-0 · <~3~:~~sI~~:::::j 
?!<. -5 r-~~---~--~~ 
w 

w-10 ---- ----------a --------------- ------~----

-~~~~ 
-20 .. --------

2 4 6 8 
<Pa3a [pa.a] 

Puc.12. cl>a3oBaR .auarpaMMa npo.aoAbHblX KOAe6aHuu 

Li.AH moro, llm06b1 He/\UHeUHble BO~Myw,eHUR He npuBe/\U K 
yMeHbWeHulO aHepremw..iecKoro aKcenmattca, .llocmamol.IHO 
BblnOAHeHue yc/\OBUR !J.L / L

0 
< 9. l · 10-4 , limo coomsemcmsyem 

npe.lle/\y cma6UAbHocmu 84 llacmombl J~f,:1 J < 40.SkHz. 

B §6 npuse.aeHbl pe3yAbmambl UCCAe.llOB8HUU CBff3U 6emampOHHblX 
KOAe6aHUU .llMI peaAbHOU MaWUHbl, noKa3blBalOW,Ue, limo 3HalleHue 

KOacpcpuu.ueHma CBR3U k = 1.6% HaXO.llUmCR B .llOnycmUMOU 
o6Aacmu. 
Pa3pa6omaHa cucmeMa BBO.lla nyllKa B HaKonumeAb (§7), KomopaR 
He 3asucum om pa6olleu mollKU MaWUHbl u 06ecne1...1u0aem 
3cpcpeKmUBHYIO UHlKSKL.1,UIO nyllKa. 

-------· 
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§§8,9 noCBHW.8Hbl UCCl\8.llOBaHUIO .llUHaMUKU nyl.IKa B peaAbHOU 
MawuHe c y4emoi'vl HemollHocmeu MarHumos u owu6oK ux 
ycmaHOBKU. npoMO.ll8AUpOB8Hbl OKOAO ema pa3HblX BapUaHmOB CO 
cAyllaUHblM pacnpe.lleAeHueM owu6oK u HemollHocmeu. Ha 6a3e 
SVD aHaAU3a pa3pa6omaHa acpcpeKmUBHaR cucmeMa 
pacnpe.lleAeHUH MarHumHblX KoppeKmopos, Komopasi no3BOAstem 
noAyllumb 3HalleHUff .ll/\ff cpe.llHUX ocmamol.IHblX cMew,ettuu 
paBHOBSCHOU op6umb1: 50MKM B ropu3oHmaAbHOU u 7MKM B 
BepmuKaAbHOU nAOCKOCmRX. npu amoM MaKCUM8AbHOe 3HalleHue 
omKAOHRIOWeu CUl\bl KOppeKmopa paBHO 0.2 Mpa.ll. 
r AaBa 4 nOCBHW.eHa U31\0lK8HUIO cpU3Ull8CKUX npUHU,UnOB, AelKaW,UX B 
octtose npoeKma 6ycmepHoro cuHxpompotta HaKonumeAbHoro 
KOMnAeKca CANDLE, a maKlKe uccAe.llOBaHURM no .llUHaMuKe nyllKa B 
6ycmepe c yllemoM ycKopeHust. B ocHosy npoeKma 6ycmepa 6b1Au 
noAolKeHbl cAe.aytow.ue mpe600aHusi (§ 1 ): 

• CUHXpompoH Ha HOMUHaAbHYIO 3Hepruto 3 laB; 
• MUHUMaAbHOe BpeMH UHlKSKL.l,UU c B03MOlKHO 601\bWUM 

moKOM; 

• MUHUM8AbHblU 3MUmaHC .lll\R 3cpcpeKmUBHOU UHlKSKL.l,Uu; 
• .llAUHHble 6e3.auccnepcuoHHb1e npRMble y1...1acmKu .LIAR 

cucmeM BBO.lla/BblBO.lla u ycKopsttow.ux 84 pe3oHamopos; 
• yMepeHHble, .llUnOAbHble noAR .. (MaAble nomepu Ha 

U3AylleHue) u HU3KUe llacmombl riosmopeHUR UUK/\OB 
UHlKSKLl,UU (211..l). ' 

B cAyllae Heo6xo.lluMocmu MarHumHb1e cucmeMbl 6ycmepa u AUHuu 
mpaHcnopmuposKu nyllKa om 6ycmepa K HaKonumeAto no3BOAR10m 
BblBO.ll u mpaHcnopmuposKy nyl.IKa B aKcnepuMeHmaAbHblU 3aA. 
OcttoBHble napaMempbl 6ycmepttoro cuttxpompoHa u 

3AeKmpoHHoro nyl.IKa npuse.lleHbl B Ta6A.5 u cxeMamullecKoe 
U3o6palKeHue npoeKma 6ycmepa noKa3aHo Ha Puc. 13. 
MUHUM8AbHOe paccmoRHUe M8lK.llY .llBYMff KOl\bl..l8MU B myHHel\e 
cocmaBAHem OKOAO 3M, a MaKCUM8/\bHOe- OKOAO 4M, Limo 
o6ecnel.lusaem HopMa/\bHYJO pa6omy MaWUHbl 6e3 spe.llHblX 
B3aUMO.lleucmsuu .asyx ycKopumeAeu. MarnumHast cucmeMa 
6ycmepHoro cuHxpompoHa ocHoBaHa Ha KOHU.enu.uu, maK 
Ha3b1saeM010, "He.llocma10w.ero" .llUno/\R (cM. Puc.13). 
B §2 npuse.aeHbl pe3yAbmamb1 ucc/\e.lloBaHw1 .LlUHaMuKu nyllKa s 
6ycmepe KaK npu 3Hepruu UHlKeKu,uu 100M3B, maK u npu 
HOMUH81\bHOU 3Hepruu BblBO.lla 3 138. 
ll13MeHeHue xapaKmepucmuK OCHOBHblX .llUH8MUll8CKUX napaMempos 

nyllKa, maKux KaK 3MummaHc, pa36poc no 3HeprustM, .ll/\UHa nyllKa u 
m.n. UCCl\e.llOB8Hbl B §4 Ha OCHOBe .llUcpcpepeHLJ,Ua/\bHOro ypaBHSHUff 
6aAattca U3Ayl.leHUR u ycKopeHUR 4acmuu,bf· 
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d'A E. P 55 'h·c·y 3 ·P 
_n:_=-A·(-+J·-r)+--· r 
dt E E 32.Jj p·E 2 

r .Lle ycKopeHue npoucxo.Llum no 3aKoHy 

E(t) = E 0 ·(a - cos(m0 • t)) 

c 4acmomou nosmopeHusi 2 ru. 

Ta6Auua 5 
neouMemp (M) 192 
3Heorw1 UH:>KeKUUU (M3B) 100 
3Heorusi BblBO.Lla (138) 3 
.LlAUHa nDSIM. ¥LlaCmKa (M) 2.6 
4acmoma nosmopeHusi (lu) 2 
Tun MarHumHou .llOPOJKKU FODO 
I oeu3.3MUmmaHC (HM ea.ll} 74.9 
Pa36ooc no 3HeprusiM 6.9 10-4 

MaKCUM. f3x, /Jy , Dx (M) 8.5; 12.2;0.48 

4UCAO neoUO.LlOB 4 
.LlunoJ\bHoe noAe CT) 0.7272 
Pa.llUVC KDUBU3Hbl (M) 13.751 
laDMOHULleCKOe LIUCAO 320 
B4 4acmoma (Miu) 499.564 
6emamo. 4acmomb1 Cr.ls.) 9.19/6.24 
XooMamu4Hocmb (roo./seom) -11.19/-8.63 
Ko3cbcb. YnAom.op6um 1.55 10-" 

27 

30 r. . ...~~;;~~,3·~~~·~-•·-·~J· .. :~si~i~~ , . 

! /~ . . ~' 
20 " .:tf/ ,,,,., 

I rf" -~'. 
i~ t 
i~ ~' 10:r . l 

,:~~ ) 
20~ ·~, . •,if-1 

30 .. ......... '"~,:~:°':.:'~~/•·:c~E:iLct': 1\"]!7 ~·\=\~:~~~~;~~~ ......... . 
-30 -20 -10 0 10 20 30 

Puc. 13. CxeMamuL1ecKoe u3o6paJKeHue 6ycmepHoro cuHxpompoHa. 

Ha Puc.15 npuse.aeHbl rpacpuKu 3asucuMocmeu 3MummaHca nyL1Ka 
u .llAUHbl crycmKa om 3Hepruu s npouecce ycKopeHusi. Bu.aHo, Limo 
pasHosecue Hacmynaem npu 3Hepruu nopS1.L1Ka 1.5 l3B . 

BeaM envelope~ [Mf'll 

i 
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Cx = -11.1999 CZ = -8.6265 AI = o.oi554 

Puc.14. Oru6a10LUUe 6emampoHHblX KoAe6aHuu B 6ycmepHoM 
CUHXpompoHe npu HOMUHaAbHOU 3Hepruu 3 l3B. 
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Puc.15. lt13MeHeHue 3MummaHca u .Lll\UHbl crycmKa B npouecce 
ycKopeHU!I B 6ycmepHOM CUHXpompoHe. 

npu .Ll81\bHeUWeM pocme 3Hepruu 3MUffiffi8HC pacmem U npu 
HOMUH81\bHOU 3Hepr'uu Ha BblXO.Lle 3MummaHC. ycKopeHHOro ny4Ka 
cocmaBl\!lem 75 HM, 4mO n03BOl\!lem nJ)OU3Becmu 3cpcpeKmUBHYIO 
UH>KeKUUIO ny4Ka 6e3 nomepb. 
B §5 npuBe.LleHbl pe3yAbmamb1 uccAe.LloBaHuu Bl\U!IHU!I moKoB 4>yKo, 

UH.LlyuupoBaHHblX B cmeHKaX BaKyyMHOU KaMepbl B npouecce 
U3MeHeHU!I MarHumHoro noA!I, Ha .LlUHaMUKY ny4Ka B 6ycmepe. B 
Ta6/\. 6 npuBe.LleHbl OCHOBHble xapaKmepucmuKU BaKyyMHOU KaMepbl 
6ycmepHoro cuHxpompoHa. 

Ta6A.6 
Mamepual\ Hep>K. cmaAb 
Tol\WUHa cmeHbl (MM) 0.7 0.7 
Pa3Mepb1 KaMePbl (MM) 30x20 30x20 
3a3op MarHuma (MM) 30 30 

L.Jucl\o nosmopeHU!I, fo (ru) 2 3 

Ko3cpcp. pocma no/\!!, F 0 (t) 2.65 2.73 

MaKc. ceKcmvn. cul\8 (M.") 0.07 0.11 

lt13MeHeHUe MarHUmHoro no/\!! 3KBUBal\eHmHO nO!IBl\eHUIO 
ceKcmynoAbHou KoMnoHeHmb1, seAu4uHa Komopou .LIA!! napaMempos 
CANDLE npu 48cmome nosmopeHU!I 2ru cocmaBl\!lem 0.07 M-3, 
4mo He npUBO.LlUm K Heo6xo.LlUMOCmu ycmaHOBl\eHUfl 
KOMneHcupyiowux ceKcmynoAeu. ToKu 4>yKo npuBO.Ll!lm maK>Ke K 
U3MeHeHUIO rpa.L1UeHmOB KBa.Llpynol\eU, 4ffi0, B CBOIO 04epe.Llb, 
!IBl\!lemc11 ucmo4HUKOM U3MeHeHU!I 4acmom 6emampOHHblX 
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KOAe6aHuu. .LI.A!! napaMempoB CANDLE 3mo CMeiueHue 4acmom 
cocmaBASlem OKOl\o -0.12%. 

B §6 npuBe.LleHbl pe3yAbmambl uccl\e.LloBaHuu B03MO>KHocmu 
pa6omb1 HaKonumeA!I B KBa3unocmo!IHHOM pe.lKUMe (top-up) u 
CB!l38HHble c HUM pa31\U4Hble MO.Lib! UH)K8KUUU ny4Ka. 

6b1Au maK>Ke pa3pa6omaHbl cucmeMbl BBO.Lla/BblBO.Lla (§7) ny4Ka 
.LIA!! 6ycmepa, cucmeMbl mpaHcnopmupoBKU ny4Ka U3 l\UHeuHoro 
ycKopumeA!I K 6ycmepHoMy cuHxpompoHy u u3 6ycmepa K 
HaKonumeAIO (§8), a maK)Ke cucmeMbl KoppeKmupoBKU paBHOBecHou 
op6umb1 .LI/\!! 6ycmepa. 

B KOHUe KaiK.LlOU rAaBbl npuBe.LleHbl OCHOBHble BblBO.Llbl u 
38Kl\I04eHU!I .Lll\!1 .Ll8HHOU fl\8Bbl. 

OCHOBHblE PE3Y/\bTATbl PA60Tbl 

B Hacmo11iueu .LlUccepmauuoHHou pa6ome noAy4eHbl Cl\e.L1y10iuue 
OCHOBHble pe3yl\bmambl. 

1. Pa3pa6omaHbl OCHOBHble KOHUenuuu MarHUffiHOU cucmeM,bl 
peuupKyA!lmOpHoro KOl\bUa B cxeMe MarHUffiU3UpOB8HHoro 
31\eKmpoHHoro oxAa>K.L1eHu11 B cpe.llHeu o6Aacmu 3Hepruu. 
2. Pa3pa6omaH mexHU4ecKuu npoeKm u npe.ll/\O>KeH8 MarHumHa!I 
cucmeM8 .lll\!I peu,upKyA11mopa 3/\eKmpoHH0ro ny4Ka .Lll\!1 
31\eKmpoHHoro oxAa)K.LleHU!I npomoHHoro ny4Ka PETRA, KaK B 
6e3.llUCcnepcuoHHOM BapU8Hme, maK u npu H8/\U4UU 38.L18HHOU 
.LlUCcnepcuu B CeKUUU OXl\8)1(.LleHU!!. 
3. H8U.LleHo peweHue .Lll\fl nAaBHoro nepexo.lla ny4Ka B nosopomHblX 
y4acmK8X peuupKyA11mopa u3 o6Aacmu aKcual\bHo-cuMMempu4Horo 
no/\11 coAeHOU.Lla B nonepe4Hoe noAe cuHxpompoHHoro MarHuma c 
noK83ameAeM cna.L18HU!I 0.5. 
4. lt1ccl\e.LlOB8HO Bl\USIHUe KpaeBblX nol\eU, a maK)Ke HSl\UHeUHblX 
MYAbmunol\eU MarHumoB Ha .LlUHaMUKY ny4KOB B HaKonumel\bHblX 
KOAbUax. Pa3pa6omaHHa!I Memo.LlUKa 6b1/\a npe.LlAO>KeHa .Lll\H 

mo4Horo onpe.L1el\eHu11 4acmom 6emampoHHblX KoAe6aHuu, 
ym04HeHU!I .LlUH8¥U4eCKOU anepmypw, H8XO>K.LleHU!I Hel\UHeUHWX 
pe30H8HCOB BblCWUX nop!!.LlKOB u .Llpyrux Hel\UHeUHblX 3cpcpeKmOB B 
HaKonumeAsix. 
5. npe.Lll\O)KeH 81\ropumM U pa3pa6omaH KOMnb10mepHblU KO.Ll .Lll\SI 
UCC/\e.LlOBaHU!I HSl\UHeUHOU .L1UH8MUKU ny4KOB B HaKonumeAbHblX 
KOMnl\eKcax. 
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6. lllccAe.llOBaHO UCKa>KeHue cenapampUCbl npO.llOAbHblX KOAe6aHUU 
B 3aBUCUMUcmu om HeAUHeUHblX B03MyUleHUU u npe.llAO>KeH MemO.ll 
KOppeKmupoBKU smux UCKa>KeHUU. 
7. npe.ll/\O}l{eHbl U pa3pa6omaHbl OCHOBHble npUHUUnbl .llU3aUHa 
6ycmepHoro cuHxpompoHa- UH)l(eKmopa u ero MarHumHou cucmeMbl 
.LIAS! COBpeMeHHblX ucmo4HUKOB CUHXpompOHHoro U3Ay4eHWl 
mpembero noKoAeHWl, Komopb1e 6bt/\U pea/\u3osaHbl npu 
npoeKmuposaHuu 6ycmepHoro cuHxpompoHa HaKonume/\bHoro 
KoMnAeKca CANDLE. 
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