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06mast xapaKmepucmuKa pa6omb1 

AKmyaAbHOCmb UCCA0.llOBa HUR 

reHepaUUll 3AeKmpoMarHUffiHOrO U3AY48HUSI C BblCOKOU llpKOCmblO B 
wupoKOM .auano3oHe .llAUH BOAH om y11.mpacpuo11ema .ao JKecmKoro peHmreHa 
llBAllemcll 0.llHUM U3 aKmyaAbHblX HanpaBA8HUU coepeMeHHoro pa3BUffiUll 
ycKopumeAbHOU cpU3UKU u meXHUKU. 8 noc11e.aHUe .aecllmb 11em HOBblU UMnyAbC 
no11y1.1u11u e Mupe pa6omb1 no reHepauuu KorepeHm1-1oro u311y1.1eHUll c noMOIUblO 
caMOuH.ayuupyeMoro Aa3epa Ha ceo6o.aHbli< 3AeKmpoHax (C/\C3) [1,2] u 
pa3pa6omKe UCffi04HUKOB CUHXpomflOHHOro U31\yt.ieHUll (CV!) mpembero 
noK011eHu11 Ha npoMeJKymo1.1Hb1e 3Hepruu [3,4]. 

Y1.1umb1Ball JKecmKue mpe6oeaHUll Ha Ka4ecmeo 3AeKmpoHHoro ny1.1Ka s 
maKUX ycKopumeASIX (3MUmmaHC, 3HepremU48CKUU pa36poc, cma6UAbHOCffib) 
B peJKuMe reHepauuu U3Ay4eHUll, oco6yio aKmyaAbHocmb npuo6pemaiom 
eonpOCbl 6011ee r11y60Koro UCCAe.aoeaHUll .llUHaMUKU 3AeKmpOHHoro ny1.1Ka npu 
B3aUMO.lleucmeuu c nAOCKOU 3AeKmpc MarHUffiHOU BOAHOU B c11y4ae C/\C3 u 
UCCAe.aoeaHUll .llUHaMUKU u cma6UAbHOCmu 3AeKmpOHHoro ny4Ka B 
HaKonume1111x 3AeKmpoHoe .llAfl reHepauuu CV! c mo1.1Ku 3peHUll pa3eumu11 
HeycmOU4UBOCmeu. 

UeAbJO AuccepmaquoHHOtl pa6omw llBAllemcsi ucc11e.aoeaHue HeKomopblX 
acneKmoe .llUHaMUKU 3AeKmpOHHOro 1Y4Ka npu B3aUMO.aeucmuu c nAOCKOU 
3AeKmpoMarHumHou eo11Hou u ucc\e.aoeaHue eonpocoe ycmou4usocmu 
31\eKmpoHHoro ny4Ka e HaKonumeAll< 3AeKmpoHoe c y4emoM 3cf:>cf:>eKmoe 
npocmpaHcmeeHHoro 3apfl.aa. 8 .auc:cepmauuu pacCMompeHbl c11e.ayioiuue 
OCHOBHble npo611eMbl: 

• ltlcc11e.aoaaHa 3a.aa4a .auHaMu1:u 3aplllKeHHou 4acmuub1 (3AeKmpoHa) e 
noAe MOHOXpoMamu1.1eCKOU :ll\eKmpoMarHUmHOU BOAHbl (Aa3epa) B 
BaKYyMe B o6iueM c11y4ae '10AllpU3auuu BOAHbl u npoU3BOAbHblX 
Ha4aAbHblX napaMempoe 1.1acrr UUbl (Koop.auHama, uMny11bc). 

• ltlcc11e.aoeaHa u npe.a110JKeHa c:ceMa pa3eepmKu 3AeKmpoHHoro ny4Ka e 
no11e nAOCKOU AUH8UHO-nOl\:1pU30BaHHOU BOAHbl, .llAll U3MepeHUll 
npo.aoAbHoro pacnpe.ae11eHuS1 1 ~acmuu e crycmKe. 

• ltlcc11e.aoeaHa nonepe1.1Hall u npo.aoAbHall .auHaMuKa u cma6ul\bHocmb 
3AeKmpOHHOro ny4Ka B HaKonumeAllX 31\eKmpOHOB npu HaAUl.IUU CBll3U 
MeJK.ay KOAe6aHUllMU, o6yCAOB/.eHHOU npocmpaHcmeeHHblM 38pll.ll0M .. 
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• ll1ccl\e.1100aHa .llUHaMUKa 31\eKmpOHHOrO nyllKa 8 6-MepHOM ¢a3080M 
o6beMe u pa3pa6omaHa Memo.11uKa aHal\u3a ycmoullu0ocmu Ha 
ocH00e MampullHoro no.axo.11a. 

Hay1.1Hafl HOBU3Ha. 

Bonpocb1 .llUHaMUKU_ 3apS1lKeHHOU llacmuub1 8 noAe nAOCKOU 
31\eKmpoMarHumHou 001\Hbl 6b11\u paccMompeHbl u peweHbl .llM pS1.11a llacmHblX 
Cl\yllae8 nOl\SlpU3auuu 31\eKmpoMarHUmHOU 801\Hbl u Halla/\bHblX KOOp.llUHambl u 
UMnyl\bCa llaCmUUbl (CM. Hanp. [5,6]). B .llUCCepmauuoHHOU pa6ome UCCAe.ll08aH 
o6iuuu Cl\yllaU 83aUMO.lleUCm8USI 3apS!lKeHHOU llaCmUUbl c nAOCKOU 
31\eKmpoMafHUmHOU 801\HOU. nol\ylleHbl aHaAUmUlleCKUe 8blpalKeHUSI .lll\SI 
mpaeKmopuu llacmUUbl, Kamopb1e 0 llacmHoM cAyllae co0na.L1atom c 
u30ecmHblMU pe3yAbmamaMu. Pa3pa6omaHHblU na.llXO.ll no30al\S1em 
UCCAe.ll08amb .llUHaMUKY 31\eKmpoHHOfO nyllKa c npoU380AbHblM Hallal\bHblM 
pacnpe.lleAeHueM llacmuu 0 crycmKe no KaOp.llUHamaM u uMnyAbCaM, u, 
coom0emc0eHHO, UCCAe.ll08amb sonpoCbl MUKpo-6aHllUp08KU 31\eKmpOHHOro 
nyllKa s noAe Aa3epa, limo st81\S1emcS1 ocHa8HblM MexaHU3MOM npu reHepauuu 
CAC3. 

Ha OCH08e no/\ylleHHblX pe3yl\bmamo8 UCCl\e.ll08aHa .llUHaMUKa 
31\eKmpoHHOro nyllKa 8 noAe nl\OCKOU l\UHeUHO-noM!pU3088HHOU 801\Hbl u 801\Hbl 
c Kpyro0ou noASlpU3auueu u npe.llAOlKeH H08btu Memo.LI pa30epmKu 
31\eKmpoHHoro nyllKa 0 nAacKocmu nonepellHoro ce1.1eHUS1. nonepellHaSI 
pa30epmKa crycmKa npu 83auMo.lleucm0uu c nol\eM l\a3epa no380l\Slem 
onpe.lleAUmb npo.1101\bHoe pacnpe.lleAeHue llacmuu .lll\SI yAbmpaKopomKux 
crycmK08. 

8 .llUccepmauuoHHOU pa6ome noAylluAu .£181\bHeuwee pa30umue 0onpocb1 
C8!13aHHoro .ll8UlKeHust llacmuu 0 HaKonumel\SIX 3AeKmpoH08 c yllemoM 
npocmpaHCm8eHHOf0 3apS1.lla. noAylleH PSI.LI H08blX pe3yl\bmamo8 KaK no 
Memo.11uKe UCCAe.1100aHUSI 3ffiUX 3¢¢eKm08, maK u no 3801\IOUUU HaKAOHa 
31\eKmpoHHoro nyLtKa 0 HaKonumeAe u ycmou1.1u0ocmu nyllKa 06Au3u 
pa3HocmHoro pe3oHaHca ropu3oHmal\bHblX u 0epmuKaAbHblX 6emampoHHbtX 
KOl\e6aHUU. ll1ccAe.1100aHbl CUHXpo-6emampoHHble KOl\e6aHUSI llacmuu nyllKa 
npu Ha/\UllUU npocmpaHcm0eHHaro 3apSl.lla u nol\y1.1eHbl 0b1palKeHuS1 .ll/\ff 
.ae¢opMauuu cenapampucb1 cuHxpompoHHblX KOAe6aHuu. 

Ha OCH08e KaHOHUl.leCKUX ypa0HeHUU .ll8UlKeHUSI llacmuu 8 HaKonume11e, 
npuMeHeH H08blU na.llX0.11 .lll\SI aHa/\U3a .llUHaMUKU llacmuu 8 6-MepHOM ¢a3080M 
a6beMe. nal\yl.leHbl aH8/\UmUll0CKUe 8blpalKeHUSI .lll\SI MampUU nepexo.11a 
om.lle/\bHblX 31\eMeHmo0 ycKopumeASI c y1.1emoM 3¢¢eKmo0 
npocmpaHcm0eHHOfO 3apMa u UCC/\e.ll08aHbl 0onpOCbl yMeHbWeHUSI 0peMeHU 
lKU3HU ny1.1Ka 861\U3U Hel\UHeUHblX pe3oHaHC08. 
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npaKmULl9CKOe 3H8Ll9HUe. 

noAylleHHble pe3yl\bmamb1 no 03auMo.11eucm0uto 31\eKmpoHHblX nyllK08 c 
nl\OCKOU 31\eKmpoMarHUmHOU 801\HOU no3801\Slm rAy6JKe UCCl\e.ll08amb npouecc 
6aHllupo0Ku nyllKa 0 noAe Aa3epa, limo olleHb 0alKHO .llASI npoeKmupyeMblX 0 
HacmOSltUee 0peMS1 ucmOllHUK08 CAC3. npSIMOU npaKmUlleCKUU 8blXO.ll 
noAylleHHblX 0 .11uccepmauuu pe3yAbmamo0 - H08blU Memo.ll U3MepeHUSI 
npo.110AbHoro pacnpe.lleAeHUSI yAbmpaKopomKux crycmK00. 

Pa6ombl no .llUHaMUKe nyllKa 8 ucmollHUKax CUHXpompOHHOfO U31\ylleHUSI 
Henocpe.11cm0eHHO c0S13aHbl c o6ecnelleHueM cma6uAbHOU pa6omb1 
ycKopumeMI, limo olleHb 0alKHO npu npoeKmupo0aHuu ucmollHUK08 Clll Ho0oro 
nOKOl\eHUSI. noAylleHHble 8 3ffiOU llaCmU pe3yAbmambl Henocpe.llCffi8eHHO 
npuMeHeHbl .llASI aHal\u3a ycmoul1u0ocmu nyllKa 0 npoeKme ucmollHUKa 
CUHXpompoHHoro U31\ylleHUSI CANDLE [7). npo8e,lleHa npaKmUlleCKaSI oueHKa 
803MytUeHUSI cenapampUCbl CUHxpompoHHblX KOl\e6aHUU, .aonycmUMble 
omKAOHeHUSI llacmom 6emampoHHblX KoAe6aHUU .111\ff npe.llom0paiueHuS1 
pe30HaHCHoro pa36yxaHUSI nyllKa u yMeHbWeHUSI 8peMeHU lKU3HU nyllKa 8 
HaKonumeAe. 

OcHOBHbte noAoJKeHUH, BblHOCUMbte Ha 3a111umy. 

Ha 3aiuumy 8blHOCS1mcst cl\e.llytoiuue noAolKeHuff: 

1. nol\ylleHO aHal\UffiUllecKoe 8blpalKeHUe .lll\SI mpaeKmOpUU llaCmUUbl 8 
nol\e nl\OCKOU 31\eKmpoMarHUmHOU 801\Hbl 8 o6tUeM C/\yllae 
OOl\SlpU3aUUU 801\Hbl u Hal.la/\bHblX YCl\08UU .ll/\ff KOOp.llUHambl u 
uMnyl\bca llacmUUbl. 

2. npe.lll\OlKeH U UCC/\e.ll08aH H08blU MeffiO.ll U3MepeHUff npo.llO/\bHOfO 
pacnpe.llel\eHUff llacmuu 8 crycmKe Ha ocH00e nonepellHOU 
pa38epmKU crycmKa 8 nol\e nAOCKOU 3/\eKmpoMarHUmHOU 801\Hbl 
l\UHeUHOU Ul\U Kpyro0ou OO/\SlpU3aUUU. 

3. no/\ylleHbl 8blpalK0HUfl .lll\fl 3801\IOUUU H8K/\OHa nyllKa, 803My!UeHUfl 
cenapampUCbl CUHXpompoHHblX KOl\e6aHUU u ycl\08USI cma6U/\bHOCmU 
nyllKa 06Au3u pa3HOcmHoro pe3oHaHca· 0 HaKonumeAflX 3/\eKmpoH08 
c yllemoM 3¢¢eKmo0 npocmpaHcm0eHHoro 3apfl.lla. 

4. nol\ylleHO aHaAUmUlleCKOe 8blpalKeHUe .lll\SI 8peMeHU lKU3HU ny1.1Ka 8 
HaKonumel\e 31\eKmpoHo8 c yllemoM 3¢¢eKmo0 
npocmpaHcm0eHHoro 3apst.11a. 
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5. lllccl\e.llOBaHa .llUHaMUKa 31\eKrnpOHHOro nyl.IKa B 6-MepHOM cpa30BOM 
o6'b eMe u noAyl.leHbl aHal\u TIULtecKue 8blpall<eHue .llMI Mampuu 
nepexo.aa npu yLteme npocmpaHcm0eHHoro 3apR.aa. 

Anpo6auu11 pa6omb1. 

0cH08Hble pe3yAbmamb1 pa6omb1 o6c:ylK.aaAucb Ha ceMuHapax, npoeo.aUMblX 
0 CANDLE, u Ha 3ace.aaHUflX HaJ'l.IHoro coeema Pa.auocpu3ul.lecKoro 
c:j:>aKYAbmema ErY. Mamepual\bl .auccep nauuu .aoKAa.11b10aAucb u 06cylK.11aAucb 
Ha Cl\e.ayiow.ux MelK.llyHapo.aHblX KOHc:j:>ep•~HUUflX u pa6ol.IUX co0ew.aHUf1X: 

1. "<l>u3uKa-2003", Tpembe HauuoHal\bHOe HayLtHoe co6paHue MOAO.llblX 
cpu3uKoe, ErY, Epe0aH, ApMeHllfl, 4-8 HoR6pb, 2003. 

2. European Particle Accelerat!lr Conference EPAC'04, Lucerne, 
Switzerland, 5-9 July, 2004. 

3. NATO Advanced Research Wo1kshop "Advanced Photon Sources and 
Their Application", Nor Amberd, Armenia, Aug 29-Sept 02, 2004. 

4. Particle Accelerator Conference, PAC'05, Knoxville, Tennessee, USA, 
16-20 May, 2005. 

ny6AUKBUUU 

no MamepuaAaM pa6omb1 ony6Au~ 00aHo 12 Hayl.IHblX pa6om, cnucoK 
KomopblX npu0e.aeH e KOHi.ie aemopec:pepama. 

J\UL!Hoe yLtacmue a0mopa 8 BblnOl\HeHuu pa6omb1 0b1pa3UAOCb e 
npoee.11eHUU OCHOBHOU 1.1acmu UCCl\e.llOBHHUU u l.IUCl\eHHOro MO.llel\upoeaHUfl .lll\fl 
KOHKpemHblX ycmaHoeoK. AemopOM paccMompeHbl ace eowe.11wue e 
.auccepmauuio aHaAumu1.1eCKue uci::Ae.aoeaHUfl no B3auMo.11eucmeu10 
31\eKmpOHHOro ny1.1Ka c nAOCKOU 31\eKmp JM8rHUmHOU 801\HOU, UCCl\e.llOBaHUfl no 
.auHaMuKe ny1.1Ka e HaKonumel\flX 31\e cmpoHoe. B 1.1acmu Hoeoro Memo.aa 
pa3eepmKu nyl.IKa aemopoM npoee.aeHbl see meopemu1.1ecKue BblKAa.aKu, 
l.IUCl\eHHOe MO.llel\UpOB8HUe U onmu111 U38UUfl napaMempoe npe.aAaraeMOU 
ycmaHOBKU .llAfl U3MepeHUfl npo.ll OAbHoro pacnpe.aeAeHUfl 1.1acmuu 
YAbmpaKopomKux crycmK00. 
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CmpyKmypa u 061,eM .auc1:epmau.uu 

.Ll.uccepmauufl cocmoum u3 eee.ae1tufl, 4emb1pex rAae, 3aKAtol.leHUfl u cnucKa 
uumupyeMou Aumepamypbl. 06'bHM .11uccepmauuu cocma0Aflem 130 
cmpaHUUbl, 8 moM l.IUCl\e 49 pucyHKOB, 2 ma61\UU u 71 AumepamypHblX CCbll\OK. 
K .11uccepmauuu npuAaraemcfl .ll•>nOl\OHeHue, 8 KomopoM npuee.aeHbl 
aHal\UffiUl.leCKUe 8blpalKeHUfl .lll\fl KOOp.llUHam 3apfllKeHHOU l.laCmUUbl 
.11eulKyw.eucfl 8 cpe.ae no.a 003.aeucrn0ueM Aa3epHoro noAfl. B .aonoAHeHuu 
maKll<e npu0e.aeHbl 31\eMeHmbl 6x6 111 ampuu nepexo.aa .lll\fl 0cex KOMnoHeHm 
ycKopumeAfl. 

OCHOBHOE CO.lll::P)f(AHV1E PA60Tbl. 

Bo sse.aeHuuo6cylK.aaiomcR ocH08Hb1e 3a.aaLtu, nocma0AeHHb1e u peweHHble 
8 .aaHHOU pa6ome. npu0e.aeHbl a1<myal\bHOCffib meMbl, Hayl.IHafl H08U3Ha 
npo.aeAaHHou pa6omb1, uel\b pa6omb1 u KpamKoe onucaHue cnoco6oe peweHufl 
nocmael\eHHblX 3a.aal.I. TaKlKe npu0e.11eHo KpamKoe onucaHue L1emb1pex rAa8, 
8Kl\I04afl OCH08Hble nOl\OlKeHUfl, BblHOCUMble Ha 3aw.umy. 

B nepsotJ rAase ucCl\e.ao0aHo 83auMo.aeucmeue 3apRlKeHHOU L1acmuub1 c 
nl\OCKOU, 31\/\Unmul.leCKU nOl\flpU308llHHOU 31\eKmpoMarHUmHOU 801\HOU npu 
npou3BOAbHblX Hal.laAbHblX napaMempax (Koop.auHama, uMnyAbc) L1acmuub1. 

npu0e.11eHbl ypa8HeHUfl .ll8UlKeHU ~ 3apfllKeHHOU l.laCmUUbl npu Hal\Ul.IUU 
eHewHero 31\eKmpoMarHumHoro noAll. .Ll.l\fl 31\AunmuLtecKu nol\flpu300aHHoro 
nol\fl noAyl.leHbl o6w.ue Bb1palKeHufl, KJmopb1e 8 .aaAbHeuweM ucnoAb3yiomcfl e 
.auccepmauuu. npu noAyl.leHuu peiueHuu eo 0cex ypa0HeHUflX .a0ulKeHUfl 
npOU380.llHble no epeMeHU t 38MeHfllOmCfl npOU380.llHblMU no 11 • r .ae T/ =OJI -kx 
onpe.aeAf!em c:pa3y 801\Hbl . .Ll.aAee npou3eo.aHafl no 0peMeHu 3anucb1eaemcfl e 
BU.Ile 

{22 2 2 2 
d 'ljmoc + Px +Py+ Pz - Px d 
-=lV ·-
dt ~m2c2+p2+p2+p2 d71. 

0 x y z 

(1) 

lllcnoAb3Yfl 3mo eb1palKeHue, n0Ay1.1e ~bl peweHUfl .lll\fl KoMnoHeHm UMnyAbcoe 
1.1acmUUbl Py u Pz • KOmopble UMetom BU.ll 
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eEyo[· . ] Py= Pyo+-- sm(1]+1Pyo)-sm(-kx0 +<Pyo) 
Ci) 

Pz = Pzo + eE,o (sin(T]+IPzo)-sin(-kxo +IJJ,o)} 
Ci) 

(2) 

.ll.Ml noAy4eHUff peweHUff .l!J\ff uMnyAbCa Px noKa3aHa cnpase.Lll\UBocmb 

coomHoweHUff 

d f22 2 2 2 
dpx vmoc +px+Py+Pz 

dt dt 
(3) 

omKY.lla cAe.11yem, 4mo 

~22 2 2 2 1 moc +px+Py+P, -px=const=-
2B 

(4) 

u BblBO.llUmCff UHmerpaA .llBUJKeHUff B BU.Ile 

E E0 . 
--px =-- Pxo =znv' 
c c 

(5) 

r.11e E - nol\Haff 3Hepruff 4acmuub1 e MOMeHm t, a E0 - 3HepruR 1.1ccmuub1 e 

MoMeHm BpeMeHu t = O. lllHeapuaHm (5) noKa3blBaem, 1.1mo npu 
B3aUMO,/leucmeuu 3apHJKeHHOU 4acmUUbl, ,/lBUJKYll.\eUCff B HanpaB/\eHUU 
pacnpocmpaHeHUff so/\Hbl, noAHaR 3Hepruu 4acmuub1 u ee npo.1101\bHblU 
uMnyAbC Px MeHfflOmCR cmporo nponopuuoHal\bHO .apyr .Llpyry. B pe3yl\bmame 

BblpaJKeHUe ,/l/\ff UMny/\bCa Px npUHUMaem BU,/l 

Px = Pxo +nl{p;- P;o)+{P;- P;o)J. (6) 

no/\y4eHHble aHal\UmU4eCKUe peweHUff .Lll\ff KOOp.llUHam U UMny/\bCOB 
no3BO/\Rtarn npoCAe.11umb 3a mpaeKmopuRMU aHcaM6AR 1.1acmuu e no/\e nAoCKou 
31\/\Unmu4ecKu no/\Rpu3oeaHou BOl\Hbl. Ha puc.1 npuee.11eH xapaKmepHblU eu.11 
mpaeKmopuu 9 4acrnuu c pa36pocoM no nonepe4HblM UMnyAbCaM e noAe BOl\Hbl 
Kpyroeou noARpu3auuu. 
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Puc. 1. TpaeKmopuu 1.1acmuu c Hal.laAbHblM pa36pocoM no uMnyAbcaM B noAe 

31\eKmpoMarHumHoll eoAHbl c Kpyroeou noARpu3auueu. 

.llaAee s pa6ome noKa3aHo, 4mo u3 noAy4eHHblX 0611.\UX eb1paJKeHuu e 4acmHoM 
Cl\y4ae l\UHeUHo-nol\ffpU30BaHHOU 801\Hbl pe3yl\bmambl CBO.llffmCff K U3eecmHOMY 
peweHuio [6]. B 4acmHoM cAy4ae .lll\ff 31\eKmpoHa, KomopblU B cpe.11HeM 
Haxo.aumcH e cocmoHHUU noKoH, pe3yl\bmambt cBO.llHmcH K mpaeKmopuu 
.aeuJKeHUH 31\eKmpoHa e eu.ae BOCbMepKu [5] . .llaAee e 3mou rAaBe .aemaAbHO 
ucCAe.aoeaH cAy4au BOl\Hbl c Kpyrosou nol\ffpU3auueu. noKa3aHo, 4mo ecl\u 
UMnyl\bC 4acmUUbl B HeKomopblU MOMeHm epeMeHU napaMel\eH MarHUmHOMY 

eE · 
nol\IO, a MO.llYAb paBeH I.DI= --0 

, mo HanpaBl\eHue uMnyAbca seer .aa 
(j) 

ocmaHemcH napaMeAbHblM MarHumHoMy noAIO, a ero MO.llYl\b 6y.L1em 
coxpaHHmbcH. B 31TIOM cl\y4ae MarHumHoe noAe He .aeucmByem Ha 4acmuuy, 
rnaK KaK OHO napaMel\bHO cKopocmu 1.1acmUUbl, a 31\eKmpu1.1ecKoe noAe 
npu.Llaem moAbKO ueHrnpocrnpeMumel\bHOe ycKopeHue, Komopoe MeHHem AUWb 
HanpaBl\eHUe CKOpocrnu 1.1acrnUUbl (Ho He MO.LlY/\b). 

PaccMompeH maKJKe c/\y1.1au e3auMo.11eucmeuH 1.1acmuub1 c BOl\HOU B 
O.llHOpo.llHOU ,/lU3/\eKmpU4eCKOU cpe.ae. nol\yl.leHbl ffBHbte BblpaJKeHUff 
UMny/\bCOB, rnor.Lla KaK BblpaJKeHUff .Lll\ff KOOp.llUHam npe.11cmaBl\fflOIT1Cff B 
UHmerpal\bHOU cpopMe. npuee.aeHbl HeCKO/\bKO npuMepoB mpaeKmOpUU B BU.Lie 
pucyHKOB. npuBe.LleHbl aHal\UIT1U4eCKUe BblpaJKeHUff ,/11\ff KB83UBaKyyMa 
(&µ -1) « 1. noKa3aHO, 4mO B Cl\y4ae cpe.Llbl maKJKe Cyll.\ecmeyern UHrnerpal\ 
.llBUJKeHUR, KomopblU ffBl\Hemcff 060611.\eHueM UHmerpaAa ,/lBUJKeHUR B BaKYyMe u 
3anucblBaerncH e BU.Lie 
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~22 2 2 2 l moc + Px +Py+ p, - cPx =canst 
vsµ 

(7) 

Bo smopotJ rAase uccAe.lloBaHa pa:;seprnKa 4acmuu, B Aa3epHoM noAe c 
Kpyrosou u AUHeuHou noAllpU3au,1.:leu. noKa3aHo, 4mo c noMOW.bJO Aa3epa C02 
MOlKHO noAy4umb pa3sepmKy cf:>eMmoceKYH.llHOro 31\eKrnpoHHoro crycrnKa B 
BU.lie .llyru oKpyJKHocmu c pa.lluycoM nopll.llKa HecKol\bKUX caHrnuMempo0. Ha 
OCH08e noAy4eHHblX pe3yl\bmarno8 npe.lll\OlKeH H08blU Memo.LI U3MepeHUll 
npO.llOAbHoro pacnpe.lleAeHUll 4acmuu >1AbmpaKopomKux crycmKOB. 06w.all 
cxeMa npe.llAaraeMot'.r ycmaH08KU npe.llCIT a0AeHa Ha puc 3. 

y 

eA&KmpOHHl>ll'J 

crycmoK / •t ........ :> 1 1 +~ 
~ ~ !.~~===r t 

Puc.3 Ycmpouceo .4All ~·a3eepmKu crycmKa 

TpaeKmopuu 4acmuu, Ha4aAbHoro c:rycmKa 0 nol\e 31\eKmpoMarHumHou 
801\Hbl UCCl\e.ll08aHbl KaK .lll\ll Cl\y4all 801\l~bl c l\UHeUHoU nOAllpU3au,ueu, maK u 
.lll\ll cl\y4all 001\Hbr c Kpyrosou nol\llpu3au,ueu. Hau.lleHbl ycl\oBUll Ha 
napaMempbl ycmaH08KU {3Heprull u .ll/\UITle/\bHocmb crycmKa, aMnAumy.lla no/\ll 
u 4acmoma l\a3epa), npu KomopblX 1Ja30epmKa no300M1ern O.llH03Ha4HO 
CBll3amb nol\oJKeHue 4acmuu Ha 3KpaHe c Ha4a/\bHblM npoAOAbHblM no/\oJKeHueM 
4aCtnUU,bl 8 crycmKe. no/\y4eHO aHa/\UrTIU4eCKOe BblpaJKeHUe .ll/\ll 
Ko3cj:>cj:>uu,ueHma npeo6pa30BaHu11 .llAUHbl crycrnKa 0 pa.lluyc oKpyJKHocmu 
o6pa3a Ha 3KpaHe noc/\e B3aUMO.lleucn0uJ1 ny4Ka c Aa3epHblM no/\eM. 8 
4acrnHocmu, K03cj:>cf:>uu,ueHm npeo6pa3c saHUll .ll/\ll l\UHeuHo-no/\llpu300aHHot'.r 
80/\Hbl UMeem 8U.ll 

L - I eE0 Llb I T/ ( JI scr - ~ --- sin_..!_. sin !JJ.. vr2 -l moc2 /3 2 2 +qJ, 
(8) 

JO 

) 

J 

1 
J 

r .lle E
0 

- HanpllJKeHHocmb nol\ll, m0 - Macca noKOll, rps - cj:>a3a no/\ll B MOMeHm 

eAema crycmKa 0 cmpyKmypy, a T/i - npocmpaHcmeeHHo-epeMeHHOU UHmepeaA 

MeJK.llY .llBYMll 3epKal\aMu: T/i = an Aem - kL;01 • 

Ha puc. 4 npuee.lleHa nonepe4Hall pa3eepmKa 31\eKmpoHHoro ny4Ka noc/\e 
e3aUMO.lleucmeull c C02 /\a3epoM. 

o.°[M]o 
Puc.4. Pa3eepmKa 3K/\eKmpoHHoro nyiiKa. 

8 pa6ome Hau.lleHa cBll3b MeJK.llY pacnpe.lle/\eHueM 4acmuu, Ha 3KpaHe noc/\e 
pa3eepmKu u Ha4a/\bHblM pacnpe.lle/\eHueM 1.1acmuu e crycmKe, 4mo no3BO/\llem 
0occmaHoeumb Ha4a/\bHoe npo.llO/\bHoe pacnpe.llel\eHue 4acmuu Ha ocHoee 
nonepe4Horo npocj:>u/\ll crycmKa Ha 3KpaHe. Cell3b 3mux pacnpe.lle/\eHuu 
3a.llaemcll coomHoweHueM 

qo (i;) = q2 (y2 (i;) ~dY2 (;)I 1 di; • 
(9) 

r.lle q
0
(i;) Ha4a/\bHOe npo.llO/\bHoe pacnpe.lleAeHUe 4acmuu 0 crycmKe, a 

q2 (y2 ) KOHe4HOe pacnpe.lle/\eHue Ha 3KpaHe. 

npoU3Be.lleHO 4UC/\eHHOe MO.lle/\upoeaHUe .ll/\11 C/\y4all rayccoBCKOrO 
crycmKa u npoee.lleH cpaeHume/\bHblU aHa/\U3 .ll/\ll cxeM c l\UHeUHO­
no/\llpU3oeaHHOU soAHou u BO/\Hou c Kpyroeou no/\llpu3auueu. 

TpembR rAasa noceJ1W.eHa HeKoppe/\upoeaHHblM (om.lleAbHO nonepe4Hble u 
om.llel\bHO npo.llO/\bHbre) 3cj:>cj:>eKmaM npocmpaHcmeeHHOro 3apll.lla. no/\y4eHbl 
aHa/\umu1.1ecKue BbrpaJKeHUll Mampuu, nepexo.llOB .llAll 3/\eMeHmoe 
ycKopumeAeu. Pa3pa6omaH Memo.LI· onpe.Ae/\eHUll yrl\a noeopoma ny4Ka e 
nonepe4HOu nl\ocKocmu. no/\y4eHo BbrpaJKeHue .lll\ll U3MeHeHUll cenapampucbl. 
Pe3y/\bmambr ucc/\e.llOBaHuu npuMeHeHbl .ll/\ll 4UCAeHHOU ou,eHKU 3mux 
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acpcpeKmoe B HaKonumeAe 3AeKmpOHOB npoeKma CANDLE. nepe4UCAUM 
3a.lla4u, paccMompeHHble e 3mou rl\aee. 

C ucnOAb30BaHUeM pa3pa6omaH11oro MameMamul.lecKoro annapama 
onucaHa CBR3b MSJK.llY cmeneHRMU ceo6 l.llbl 4acmuu e crycmKe, o6ycAOBAeHHasi 
BAURHUeM npocmpaHcmeeHHoro 3apsi.lla [BJ. 

nol\y4eHa cucmeMa .llUcpcpepeHUL aAbHblX ypaeHeHuu .LIAS! nonepe4HblX 
KOOp.llUHam, r .ll0 He3aBUCUMaJI nepeMe~ HaJI - KOOP.LIU Ha ma B.llOAb paBHOBSCHOU 
op6umb1 s . B 3mux ypaeHeHu ~x y4meHbl maKJKe co6cmeeHHb1e 
31\eKmpoMarnumHble noAJ1 crycmKet. 3mu ypaeHeHUR noAY4eHbl u3 
AarpaHJKUaHa .llAfl 3apsiJKeHHou 4acmuL,bl, noAy4eHHOro c noMOllJ,blO npuHuuna 
Monepm10u [9]. B Ka4ecmee He3a eucuMou nepeMeHHou ucnal\b30BaHa 
KOOp.llUHama B.llOl\b paBHOB0CHOU op6umbl s . 

Pewafl cucmeMy .L1UcpcpepeHuua11bHblX ypaeHeHuu .lll\fl nonepe4HblX 
KOOp.llUHam, 6blAU H8U.ll8Hbl .llBYXMepHble 4x4 MampUUbl nepe.lla4 .LIAR 
3AeMeHmoe ycKopumeAR. Pa3pa6omaHa Memo.auKa onpe.lleAeHUR yrl\a 
noeopoma crycmKa. BeAUl.IUHa yrAa uaKl\OHa 3AAunca nonepe4Horo ce4eHusi 
ny4Ka e mo4Ke s B.llOAb op6umb1 onpe.lleARemcR u3 xapaKmepucmu4ecKux 
napaMempoe 3Munca no cpopMyAe 

tan20=-2ExGx 
.::2-E2 

x y 

(10) 

r.ae xapaKmepucmul.lecKue napaMempol 3MUnca Ex,Ey,Gx B CBOIO 04epe.L1b 

onpe.L1eAJ110mcJ1 eeKmopoM cocmosiHUfl 4acmuub1 e 3a.aaHHou mo4Ke op6umb1 

z; = [x,x' ,y,y'l, ( i = 1,2,3,4) . 

Ha puc.5 rpacpu4ecKu noKarnHa 3aeucuMocmb yrAa noeopoma 
nonepe4Horo ce4eHUR crycmKa B.llOl\b O.llHoro nepuo.lla MarnumHou cucmeMbl 
HaKonumeAsi CANDLE npu pa3pewuMo( MaKCUMaAbHOU CBR3U KOl\e6aHuu e 1%. 

8[pa.ll] x10-4 

10 

8 

6 ·-

2 

-2 j l f i S[M] 
0 2 4 6 8 10 12 14 

Puc.5. 3aeucuMocmb yrAa noeopc1ma nyl!Ka om noAoJKeHUJI s e HaKonumeAe 
aAeKmpoHoe CANDLE. 

12 

.LlaAee e 3mou rAase paccMompeH EaJKHblU eonpoc 6ueHUR 6emampoHHblX 
KoAe6aHuu e ycKopume11e npu Hal\U4UL npocmpaHcmeeHHoro 3apR.Lla. 3mom 
3cpcpeKm o6ycAOBASH .ll0cpOKycupylOLUUM B03.ll0UCmeueM CUI\ 

npocmpaHcmseHHaro 3apS1.aa Ha nonepe4Hble Kol\e6aHUR u MO>Kem npueecmu K 
paCK84Ke HSAUHeUHblX pe30H8HCOB. Ha puc.6 npuee.lleHO B03MYLU0HUe 
eepmuKal\bHOU 6emampoHHOU cpyHKUUIJ e HaKonume11e CANDLE npu y4eme 
cuA npocmpaHcmseHHoro 3apfl.lla. 

'-·-.-·-
I 

24 

py[M] 

20 

16 

12 

B~·----
0 2 4 13 8 10 12 

S[M] 
Puc. 6 BosMy~eHue sepmuKal\bHOU 6emampoHHo(J cpyHKUUU e HaKonumel\e 

CANDLE npu y1.1eme cul\ npocmpaHcmeeHHoro sapR.Lla. 

lllccl\e.lloeaHa nonepe1.1HaJ1 .auHaMUKa ny4Ka e HaKonumel\e CANDLE Kor .Lia 
pa3HUua M0lK.llY 4UCl\OM 6emampOHH .1x KOl\e6aHUU B ropu3omal\bHOM u 
eepmuKal\bHOM Hanpael\eHUflX paeHJ1emcR uel\OMY 4UCAy: µx - µY = N. 

Hau.lleHbl oueHKU .lll\fl MaKcuMal\bHou 111\omHocmu 4acmuu e crycmKe, npu 
Komopou 3cpcpeKm npocmpaHcmeeHHO ·o 3apfl.Lla .llOMUHupyem npu pacKa4Ke 
pa3HocmHoro pe3oHaHca . 

.LlaAee UCCl\0.llOBaHbl 3cpcpeKmbl, CBJl38HHble c CUHxpompOHHblMU 
KOAe6aHUllMU 4acmuu. noKa3aHO, 4mO 3a C4em acpcpeKmOB 
npocmpaHcmseHHoro 3apMa npoucKo.aum .L1ecpopMauu11 cenapampucbl 
CUHXpompOHHblX KOl\e6aHUU; n0Ay1.1e1-t0 orpaHU4eHUe Ha MaKCUM8AbHYIO 
nAomHocmb 4acmuu e crycmKe, npu KomopoM 1.1acmoma cuHxpompoHHblX 
KOAe6aHUU npu61\uJKaemc11 K ero pe3C•HaHCHOMY 3Ha4eHUIO u cenapampuca 
CUHXpompoHHblX KOAe6aHUU cmaHOBUmc:JI HeycmoU4UBOU. 
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B 11emsepmou rAase paccMompeHbl nonepe4Hble u npo.llO/\bHble CBll3aHHble 
KO/\e6aHUll . .LI.All pll.lla c/\y4aes noAy4eHbl MampUUbl nepeXO.llOB .ll/\ll 3/\eMeHmos 
ycKopume/\ll. B KOHUe rAaBbl .llaHbl peJyAbmambl aHa/\umu4ecKoro BblpaJKeHUll 
COKpameHUll npO.llO/\JKUmeAbHOCmu JKU3HU ny4Ka B HaKonume/\e 3AeKmpoHOB B 
3aeucuMocmu om npocmpaHcmeeHHoro 3apll.lla. 

Vlcc/\e.llOBaHa C8ll3b MeJK.llY ropU30HmaAbHblMU 6emampOHHblMU 
KO/\e6aHUllMU u np0.40/\bHblMU CUHXpompOHHblMU KOAe6aHUllMU U3-3a 
U30rHymocmu Marnumoe. npocmpaHcmeeHHblU 3apll,ll yCU/\U8aem 3my CBll3b. 
no npU4UHe yKa3aHHOU CBll3U M0lK.llY 6emampOHHblMU U CUHXpompOHHblMU 
KO/\e6aHUllMU eo3HUKaiom orpaHu4eHUll Ha KOAU4ecmeo 4acmuu e crycmKe. 

noAy4eHbl ypaeHeHUll .ll/\ll no/\HOCmblO CKOppeAupoeaHHOfO .llBUJKeHUll. B 
3mux ypaeHeHUllX y4meHo maKJKe 8/\U.llHUe npocmpaHcmeeHHoro sap.ll.lla. 
.LI.All AUHeUHblX 3/\eMeHmOB no/\y4eHbl wecmb .auc:j:lc:j:lepeHUUa/\bHblX ypaeHeHUU 
nepeou cmeneHu . .Ll.aAee c ux noMOUJ.blO noAy4eHo O.llHO .llUcpcpepeHuuaAbHoe 
ypa0HeHue 6-ou cmeneHu, Komopoe peweHo c noMOIUblO 
xapaKmepucmu4ecKoro ypaeHeHUll. CaMo xapaKmepucmu4eKoe 
aAre6pau4ecKoe ypaeHeHue peweHo c noMOIUblO c:j:lopMyAbl Kap.llaHo. 

C noMOIUblO no/\y4eHHblX pesyAbmamoe paspa6omaH Memo.a nocmpoeHU.ll 
MampuUbl nepexo.lla. Bu.ll MampUUbl nepexo.lla .ll/\ll o6mero cAy4all, us 
Komoporo MOJKHO noAy4Umb 6x6 Mampuub1 nepexo.aa .aAll 0cex 3/\eMeHmo0 
ycKopume/\ll, npuee.lleH e npuAoJKeHuu K .llUccepmauuu. 

noKa3aHO, 4mO U3-3a npocmpaHCm80HHOfO 3apll,lla npOUCXO.llUm MO.llY/\llUU.ll 
3Hepremu4ecKoro pas6poca crycmKi:i no 6emampoHHblM KOAe6aHUllM, mo ecmb 
3Hepremu4ecKuu pa36poc crycmKa saeucum om Koop.llUHamb1 crycmKa 0 
ycKopume/\e. .LI.All cpe.l1HeKea.apamu4Horo 3Hepremu4ecKoro pa36poca 
noAy4eHo c/\e.llylOUJ,ee Bb1paJKeHue 

<M2 >= Ke;/f;(s) + Ke;p;(s) 
48a2 48b2 • 

(11) 

r .lle & x u & Y, coom0emcmeeHHo, 3MMumaHCbl e x u y Hanpa0/\eHUllX, p -
6emampoHHall c:j:lyHKUU.ll, a a u b noAyocu 31\J\unca nonepe4Horo cel.leHU.ll 
crycmKa 

VlccAe.aoeaH 3cpcpeKm coKpaUJ,eHUll epeMeHu JKU3HU ny4Ka e HaKonume/\e U3-
sa npocmpaHcmeeHHoro sapll.lla. Ha puc. 6 npuee.lleH rpacpuK saeucuMocmpu 
coKpaUJ,eHUll 0peMeHu JKU3HU om nAomHocmu 4acmuu e crycmKe .ll/\.ll 
napaMempoe HaKonumeAll 3/\eKmpoHoB CANDLE. 
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Puc.7. 3asucuMocmb COKpaUJ,eHU.ll epeMeHU JKU3HU ny4Ka B 
HaKonumeAe CANDLE om nAomHocmu 4acmuu B crycmKe. 

B 3BKAIOl/6HUU .llUCcepmauuu npu8e.ll0Hbl OCH08Hbl0 pesyAbmambl u 
BblBO.llbl, noAy4eHHble s .auccepmauuu. 

1. noAy4eHO aHa/\UmU40CKOe BblpaJKeHUe .l!All mpaeKmOpUU 4aCmUUbl B 
no/\e nAOCKOU 3/\eKmpoMarHUmHOU BOAHbl B o6UJ,eM C/\y4ae 
noAllpU3auuu BO/\Hbl u Ha4aAbHblX YC/\OBUU KOOp.llUHambl u UMnyAbCa 
4acmuub1. 

2. npe.ll/\O:>K0H U UCC/\0.llOBaH HOBblU MemO.ll U3MepeHUll npO.llOJ\bHOro 
pacnpe.ae/\eHull 4acmuu Ha ocHoee nonepe4HOU paseepmKU crycmKa 
B no/\e n/\OCKOU 3/\eKmpoMarHUmHOU 80/\Hbl /\UH0UHOU u Kpyroeou 
no/\llpu3auuu. 

3. no/\y4eHbl BblpaJKeHUll .ll/\ll 380/\IOUUU HaK/\OHa ny4Ka, B03MYW.0HUll 
cenapampl.K:bl CUHXpompOHHblX KO/\e6aHUU u YC/\OBU.ll cma6U/\bHOCmu 
ny4Ka e6Au3u pasHocmHoro pesoHaHCa 0 HaKonume/\llX 3/\eKmpoHoe 
c y4emoM acj::JcpeKmoe npocmpaHcmB&1Horo 3apll.lla. 

4. no/\y4eHO aHa/\UffiU40CKOe 8b1paJKeHU0 .ll/\ll COKpaWeHUll BpeMeHU 
JKU3HU ny4Ka B HaKonume/\llX 3/\eKmpOHOB c y4emoM 
npocmpaHCmeeHHoro 3apll.aa. 
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5. VlcCAe.LlOBaHa .llUHaMUKa 3AeK 11pOHHoro ny4Ka B 6-MepHOM cpa30BOM 
o6b eMe u noAy4eHbl aHaAumu4ecKue Bb1paJKeHUS1 .llASl Mampuu 
nepexo.11a npu y4eme npocmpaHcrmeHHoro 3apS1.11a. 
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SUMMARY 

In the present dissertation the questions concerning dynamics of ultra-short 
bunches ~studied. Motion of charged particles in plain monochromatic field, 
which describes the laser wave with great accuracy, is examined. There have 
been obtained analytical expressions for particle trajectory under laser field 
influence in homogenous medium. The opportunity to research on short bunches 
·with the help of laser field has been examined. A method to analyze very short 
(up to ferntosecond duration) bunches has been suggested. 

The existing methods allow to examine bunches with duration up to several 
tens of femtoseconds. The method will make possible to examine and to analyze 
bunches with a duration of a femtosecond and shorter. In such bunches, the 
electromagnetic fields that are conditioned by self space charge are rather big 
and can make significant modifications in bunch dynamics. 

The beam dynamics in storage rings taking into account the contribution of 
space charge is studied. There have been obtained expressions for beam titled 
angle variation caused by space charge, for beta-tuning, for distortion of 
synchrotron oscillations separatrix. There has been examined synchro- betatron 
fully coupled motion; for such motion there have been obtained six canonical 
equations for three coordinates and their canonical impulses. 6x6 transfer 
matrixes taking into consideration space charge have been obtained by solving 

. these equations. The expression for modulation of r.m.s. energy spread by beta 
function has also been derived by using these equations and matrixes. The 
decrease of beam lifetime caused by space charge has been considered as well. 
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