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OB~ XAPAKTEPMCTHKA PABOTbl 

Arryaltr.HOCl'lt 'l'Wll. 

,D;OCTmlCeHHe MaJil>XX 3MHT11HCOB SJiel<TPOHHOfO nyqn B COBpeMeHHl'>lX HflKOilHTe1IJIX 
3JleKTpOHOS oiu1eT01 0,D;HOA tu BUCHWX npo611eM An• ,ll;OCTl'DICeHH11 llWCOrtoit .11pICOCTH 
CHHXJ>OTPOHHOro H3Jl}"leHHJt, PuHOseCHl'>IH aMHTTBHC ll}"IJCa a Hu:onmenu 
aneKTpOHOll onpep;en.aeTCJI tianaHCOM pap;HaqHOHHOro 31\'ry'XllHHll: H ICBaHTOBl'>IX 
qinyrrya~ nonepet!HI>IX xonet5umit qacmo;. Bes I03~emm OCHOBHOA MarHHro­
onTH'lecxoA CHCTeMl'>l ycxopHTerul ,11;ono11HHTellliHOe pap;eao;HoHHOe u:ryxaHHe B 
CHCTeMy MOll<HO BBeCTH c IIOMO~IO cne~MliHl'>IX BHrl'Jlep MaI'HHTOB, 
ycTaaaimHBael!l.lm 1 CBOOOAffh!X npOMe)l(}"l'Kax ICOUu,a. XoTsr Tame MW'HHT1>t ycH11HBa10T 
Hemme:ihute 3C}>qleKTl'>l B a'IC:TeMe H npHBON!T B o6~M c.nyr.iae K cy>ICeHHIO 

p;HHIWH'!ecKOA anepTYPl'>I nonepe-qHwx xcme6aHHA, npH onpeAeJ?eHH:i.tx ycnoBIDIX 

B03MOXCHO 3H8'1HTe11bHOe OICaTHe nonepnHoro :!tMHTTaHca ll}"II<l c: C:OXpaHeHHeM 
p;HHaMH'lecKOA anepryp:&I xon11u,a B p;onyCTHM:&lX npeAeJiax, Hccnep;oBaHHe 
B03MOXCHOCTH np~eHeHH.11 AAMDHIU' BHrr11epoB B HlU(QfIHTeJil'>HOM XOJI:&~ "KEHM" 
mm.11eTCJ1 OUHI'> BIJ}l(H:&IM WI• AOCTroKeHWI MIICCMMaJiliHO B03MO)l(HOit .llpKOCTH 
CHHXpoTPOKHOro H3Jl)"leHH.ll. 

B nocne,D;HeM ~emH pe3ICO 1111poc HHTepec x reparepo;oBWM HCTO'IHHKaM 
HMy'leHH.11 ua-aa mHpoKoro c:nexiopa HX B03MO)l(HlilX npmreHeHd, 3TO npHBeJio 1' 

CTpemrreJibHOM}' p83BHTHIO MtTOAOB II01l)"leHHll Teparepo;oBoro ('TI'~ H3il)"leHHll. 
HaH6o11ee nepClleKTHBHl>XM c TO'ilKH spe~ napwerpoB H3JIY'HIHHll (MO~OCT:&, 
,ll;JlHTeJlbHOCT!r HMnyni;ca, MOHOXpOMITJAHOCTt.) .llBJJlleTCfl reHepan;Kll KOrepeHTHoro 

H3JIY'leHH.11 'If~ B oH,ZJ;yml'ropax Ha oCHoBe np~a caMO~pyeMoro 11aaepa 
Ha CB06oAIWX s11eKTPOHaX (CJIC3). PeanH3all;WI CJIC3 CTaBHT i£eCTJCHe orpe6o1aHH11 a: 
napmerpa?ll snelC'l'pommro nyqo1 1«1Top1>1M y,IIOBJJeTBopmoT npoet<TH111e napaMeTPJ>I 
mnreHH:oro ycxcopHTeJI.11 "APEA.Jl". IJ;eni;10 npoexTI "APEAJI" .1111HeTCll reHep~ 
yxupaKOpOTKHX sn:el<TpOHHl'>IX rrytlKOB c npep;eUHO MaJJJ.IM 3MH'l"l'llHCOllll c :nrepmeA 
sne:K'l'pOHOll AO 50 MsB. 0,D;HHM H3 nepcneICTHBHMX HaIIpaBneHHi!: pa:smmu "APEAJI" 
mm.11eTCJ1 reHepall;WI I<orepeHTHoro Teparepo;osoro H3ll)"leHWI Ha OCHOBe CJIC3. 

Cmqra;t1iHMe OHp;ym!TOpl.t HMelOT BUCHOe 311a'ileHHe B COBpeMeHH!rlX HCTO'lHHKaX 
CHHXpoTPOHHOrO mnyqeHH.11 R B JIC3. H3JIY'ieHHe "lacTHll; B ampa.nt.HWX OffAYJl.llTOpax 
HMeeT P.llA BDCHl'>IX crreqmpH'iecKHX CBOiicTB TaKHX, KaK BlalCOKa.11 HHTeHCHBHOCTI>, 
ocesaa CHMMeTPHR pacnpeAtlJ.leHHB 11110~ y:ucoHanpaBneHHl'>Iil: xapaKTep, Kpyrouaa 
no11.11p~. BonllBIHCTIO pa6oT • ~ o6nacru OTHOCll'lCll K uanyqeHHIO 
CllHpani;eoro OH,D;yJI.11ropa B ~,ll;HOM ~TBe. O;n;HaKO, B AeftCTBH'I'eliliHOCTH, 
nyqoIC p;BmteeTCJI B ~ ~ UMepe - BOJIHOBO,D;e, KOTOpi;dt 

MOAH4>~yeT no.IDI ~ 'Benpep~ cnnTP OHp;yJill'l'Opeoro H3Jlyqemm 
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npH 3TOM npeo6pa3yeTCH B AffCKPeTHI>IH cnercrp, ooyoroBJieHH1>1li coocTBeHHDIMH 

M0,!¥1MH BOJIHOBO~. IlpH onpe~emmx YCJIOBH.llX B03MO>KHO ycwxeaHe OCHOBHOA 

B03~eMOA MOp;DI BOJIHOBOAil :38 C'ieT nepepacnp~eHHll: aaepr:im H3lly<JeHH!l. 

Ba>Klloil: npo!SneMoH: npH pacClllOTPemm ,!lBIDKemm 'lacm:q B ci:mpam.HOM oa;zym1TOpe 

JIBJIJleTCJ[ TaIOKe KOJIJieKTHBHl>!e a4JcfieKTI>I, CB'13aHHJJle c B3amlOAeitc:TBHeM 'I~ 
3JieK'1'pOHHOro nytlKa c H3lly<JeHHeM, l{()TOp1>1e MOI'}'T 6JJITh HCCJieAQBaHJJl B repmraax 
I<HllhBaTepHl>IX llOTeH~OB. 

QeD1' pa6om. 

D;emo ~p~OHHOH pa6oTld .llBl1ReTCJil: 

• HCCJ1eAO:&amre B03MO)l(H()Cl'H npHMeHeHHR BHrrJiep MarHHTOB A'JIR. 

yr.rem.melUIB'. 3MHTTaHCa anercrpOHHOro rty"lKll B Ha.EOllHTellf>HOM KOJlh~ 

"KEH,1.V[" H BJIHllHHe BHrr.nepoB ea ,ZJ;HHaMH"JeCKyIO anep'l')'Py l(()JIJ.1\9.. 

• HCCJ1eAOBaHHe caMo~yeMoro n:a3epa ea CB060,ZJ;H1>1x a.ne1<'1'poaax: ea 

BlttXO.ZJ;HOM nyq:I<e yc1COpmen:.11 "APEAJI" p;ns non:yq:eHHll xorepeHTHoro 

H3Jly<JeHHR B reparep~BOM ,I1Hana30He. 

• HcCJieAOBaHHe BJIHRHWI ~~pwiecl(()ro BOJIHOBO~ Kil HSlly<JeHHe 

aneKTJ>OHOB B CDHpaJIJ.HOM OH.ZJ;yJJ:RTOpe. 

Hayau llOBlllm., 

Hayq:HaJI HOBH3Ha pa6oT&I COCTOHT B CJle,ZJ;yro~: 

1. Ilpep;no>Keaa ODTHMMl>HSJI CXeMa A'JIR. cy~TBeHHOro }'MeH!rmeHHll 

3MHTTaHCll. Jiy<JKa B HilI<ODHTeJil>HOM K()JJ:I>~ npoeKTa HCTO'JHHI<a 

cm«poTPOHHoro H3Jiy<JeHHll "KEH,1.V[" • 

2. IIoxasaaa B03MO)l(HOCTh DOJlf'IeHHll xorepeHTHoro Teparep~o:eoro H3Jiy'IeHHll 

c DHKOBOH MO~OCTl>IO AO 25 MBT B ,IIHarta301fe qacroT OT 5 lI,O 30 Tfn; Ha 

Bl>IXO,ZJ;HOM nyq:rce JlHHelaoro ycI<OpHTeJI.I "APEAJI" c DOMOl1\hl0 

caMOHff'1t~yeMoro Jiaaepa aa c:eo6ol1.Hl>IX anex'l'pOaax. 

3. Hcc:n:elI,OBaHO snruume BOJIKOBO.ZJ;a Ha Q>opMMpoBaHHe ,ZJ;HCxpeTHOro cneKTpa 

mn:yq:eHMll B cDHpan&HoM OffAYJJ:JITOpe. Bnep:ewe nonyq:eHO aHll.l'.IHTK<lec:troe 

npe,n;cTaueaae p;n.11 npo.ZJ;OJ11>aoro KWIHatepH:oro no~a TO'IetJHoro 
' ·•'.I. '. 

sap•.zlll.. l1cCJ1eAOBaH1i1 P~l.'rPi~l?~WI . x~Ji:tiaTePHhIX noTeH1\1WloB A'llR 
rayccoBCtrnX H 0'1.HOPOlI.HWX !lllerrpo~~~ll. 
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Ilparl'H'lec:su :qeHHOC'l'Jt. 

• Peayn1>TaTM, non:}'"'IeHHhte B nepao:H rJiaBe pa6oTI>I, Moryr 6mi. HCll0.7I&30Baa1>1 

µ/f..11 }'MeHtimeHHll 3MHTTaHca Df'IKa B HaKODHTe11l>HOM K01If>~ npoeKTa 

HCTO'IHHKa cmu:poorpoHHOro HSny'JeHIVI "KEHM"' 'iTO AaeT B03MO)J(HCJCTI> 
yQJm'leHHll RpKOCTH tPOTOHH&IX Dy<JKOB DO'llnt B 4 pa3a. 

• Peayn11Tam BTOpoA rna:e&1 Moryr 6wn ncnon:1>30BaH1'! wr..11 re1rep~ 

MO~ro rrorepeaTHOro H3llyqeHHll 11 Teparep~osoA o'51lacm t:1acroT ea 

ycxopme11e "APEAJI" Ha ocHose CJIC3. 
• Peayn:e.TaTlil, nonyqeHHHe B 'l'pene:H rnaae, Moryr 0&1n KCD011f>30BaHl>I AJIR 

Ol'ITHllUlaat\HH H3JIY'H!HHll CDHpaJil>HOrO OHA)'JlllTOpa B ~HlI,plAecICOM 

BOilHOJIOAe. reaep~ MOHOXpoMaTH'iecxoro H3JIY'IeHHll H HCCJie,ZJ;oBaHHll 

WIHDIHKH Dy<JI<a B OffAYJIRTOpax c yq:eroM a4>$eKTOB H3JIY'Il!HWI. 

Oc:maae llOJJOlUBD, D1110CH1111e ea~· 

1. HccnelI,OBaHa B03MOXCHOCTI> ClilCSTHH 3MHTraHca !Iy<Jll'.a B HaKODHTeJil>HOM 

ICO.lll>Ite npoeKTa HCTO'IHHKa "KEH.ll;JI". HaAlI,eHl>I onntMMl>HJJle fCIIOBWI 

A(>CTH>ICeHH.11 Manora !MHTTaHca npu coxpaHeHHH B Aonyc:nw1i1x np~ax 

WlffaMmlecKOH anepryp&l HeJIHHeAHl>IX: xone!SaHHA B K01Il>Ite. 

2. HccntlI.OBaH npo~cc CJIC3 aa B:blXOAHOM llf'IKe mmelbloro ycxopHTena 

"APEAJI" '1tJIJI nnocI<OrO H CDHpalll>HOrO OHA)'JJJITOpa. IlOKUIHI B03MO)J(HCJCT& 

reHep~u xorepeHTHOro H31If'IeHHll c nmcoBOA MOl1\HOCTllJO p,o 25 MBT s 
Tepare~oBOA o6n:acTH t,1acTOT. 

3. HccneAQBaH!rI oco6eHHOCTH pacnpeAeJieHHll B036y>ICAaeMNX MOA B 
~Hff'1tPH'JecI<OM BO.llHOBOAe '1tJ1H CDHpal'II>HOro oap;ymlTopa. IlOKa3aaa 

B03MO:llCHOCTI> H ~eHld ycnoBHll qmJI:&TP~ MOA /1,1IJI ycHJteHHJI OCHOBHl>IX 

uoalSy>K.n;aeMJilX MOA. 

4. Bneps111e nonyqea1>1 aaainrrJAecICHe np~cTaMeHHJI npoAQJI&m.IX 
KllJIHaTepHDix nott~aJJOB AJI.11 cnapul>Horo ,l:IBm«eHHJI 'IaCTHI\ s 

qHJlffff'1tPH':lecKoM BO.llHOBOP,e. Hccne,ZJ;OBaHa MO.ZJ;y~ aueprHH 'IaCTHI\ '1tJ1H 

!If'IKOB c rayccoBCKHM H pBBHOMepHl>lM pacnpep,eneHHllMH. 

~pa6oni. 
OCHoBHI>Ie pesyn1>TaT&1 AffCcepT~HHOH paOoTI>I ,n;oKJia,ZJ;1>manHc:& H OOcyx<AaJIHCI> Ha 

CJie,izyro~ rcoacpepeHQHJIX: 
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1. International Panicle Accelerator Conference, IPAC 2011, San-Sebastian, Spain, 
2011. 

2. International Panicle Accelerator Conference, !PAC 2014, Dresden, Germany, 15-20 
June, 2014. 

3. Free Electron Laser Conference, FEL2014, Basel, Switzerland, 25-29 August, 2014. 

Marepmm1>x AHCCepnu~nn TaIOICe 06~nc1> Ha ceMmmpax B EfY H MCM KEHAJI. 

n~ 
IIo MaTepHallaM AffCcepTar(HH onytSJIHI<OBaHO 6 Hllf"HblX pa6oT, cnHcoK 1<0rop&1x 
npHB~H B I<O~e llBTOpeq,epara. 

CTJJYX'IYP!l H othe¥ pat'iom. 
,zt;m:cep~HHU pa6om COCTOHT m BBe,!l;eHWI, TPex rmm, 3aK7IIO'leHHR H cnHCKa 
qHTHpyeMoit JJHTeparypI>I. 06:uudt olS'loeM AHccepTar(HH COCTilB.lIJleT 104 CTpllHlfq, B TOM 
11ucne 42 PHCYHKOB, 15 Ta6JI~ H cnHCxca nurepaTYPw m 90 Ha.HMeHOl!a!Udt. 

CO~EP)l(AHHEPABOTbI 

Bo ............ CAl!JiaH o63op no TeMaTHEe AHCCepr~. cctiopMYJIHpODIHfll OCHOBHl'>Ie 
~'IH, o60CHOBaHll m aKTYllJU•HOC:Tll n Hllf"HllJI HOBH3Ha, a TaIOJCe npm~eao KpaTKOe 
COAep:GHHe pa!SoTLI. 

B uepBOI: mue npHBeAeHO KpaTJCOe onHcaHHe AHHaMHKH SJleKTpOHOro nyqo B 
Ha.KomrremlX snerrpoHOB c ~TOM p~HHoro QKaTlfll H KBaHTOBOA pacI<a'!KH 
nonepe'!Hl'>IX KO.lleC!amm c yqeTOM Alll\'IDHHr BHrrnep Mannt:TOB. IIpnBeAeHW OCHOBH&le 
TPe6o:eaHHJ1 K MarHHTHoit CHCre.Me ycKopmena H DHrrnep MarHHTaM ~a 11onyqeHH11 

p~oHHoro OI<aTHa nyqxa B ropHSOHTaJir.Hoit lt71oCKoCTH. Tame npHBeAeHW 
OCHOBHJ>le napme'IpI>I HllKOIIHTe.ltliHOro KOJIJ>~ "KEH,zt;JI" H aapaMetp&I 'Ipex 
npoeKTHJ>IX BHITJJepoB. 

Bo BTopoA 'iSCI'H nepBOA: rnasw c DOMO~IO 'fHCJJeHHOro MOAeJIHpOBllHHa 6w:to 
HCCJieAQBaHO BJIWIHHe AamtHHr BHITJiepos Ha ropmoHTaJJJ>HJ>lA Sl\IHTTaHC H 

AHHa.MH'leCK}'lO aneprypy SJJeJCTPOHHOro nyqKa B Halromrt'eJil'>HOM l(OJIJ>~ "KEH,n;JI". 
MCCJieAQBaHM 3aBHCHMOCTH SMHTTaHCa OT MarHHTHOro DOJia H aepHO,tla AaMIIHHr 

BHrmepou (pHC. 1). IIoI<a3aHo, 'lTO ,t1Ju1 AaMIIHHr Barrnepa c noJieM 5.7 TH nepHo~oM 5 
CM B03MO)IQl0 CUTHe aMMTTaHCa n}"II<a 6oJiee 'leM II ~Ba paaa (7.6 HM-pa,z:U no 
cpaBHeHHIO C 3MH'rl'aHCOM B CHCTeMe C ayneBOH AHCIIepClreH (16 HM-paro. 
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Puc. 1. 3uHCHMocm SMHTTBHca nyq:n OT non11 ~ BHrrnepa (CJieBa) H 

nepHOAS (cnp1111a). 

MccneAQBaHl'>I BJIHa:HWI npoeKTH1>1X BnrrnepoB (BHrrnep 1 - none-2 T, aepHO,a; 17 CM, 

BHITnep 2 - none - 1.3 T, nepHOA 7CM, BMITJiep 3 - none-3 T, nepHOA 5 CM,) Ha 

AHfflMH'ieclo/10 aaeprypy SJieXl'pOHHOro nyq:t<a (pHC. 2). IloJI}"leHHNe pe3YJI1>TaT&I 
notcaalrlBaIOT, t.xTO )!MeHr.WeHHe ~aMHTf:ecKoA aneprypr.1 He npee:wmaeT 15%, 11ro 

ne)l(IiT B npeAeJllX AQnyCTHMoro. 

Z(rrm) 
Y(mm) 

24 

20 
20 --- - Without wiggler 

16 . 
' 

16 
- - -- · With wiggler 

121 '• ,' \1\ 
,'" '• 12 

' 6 : ' ' 8 
I 

• 
4.C 

0 -40 

I 
I 
I 4 
I 
I 
I 0 

• 0 10 2 4 X(rrm] 0 10 20 X(mm) 30 

PHC. 2. BnHa:HHe npoeXTHmt snrrnepoB (2 T, 17 CM - CJieBa, 3 T, 5 CM - cnpaBa.) 

Ha AHHaMH"lecK}'lO anepTYPY nyqKa. 

Hccne,zw1111m1 BJIWIHHll p13JUl'lHl'>IX ~ BHrrnepou :aa AffHQ!lllftlecKyIO 
aneprypy nyqt<a (J>Hc. 3). IIonyqeHHl>le pe3YJI1>TaT&1 noI<a3&1BaIOT, 11ro apu 'IHCJie 
nepuo,a;oB Blll'rnep MarHma nop11AD 80 (,!1;1Jmm aepHOAfl 5 cM) Ha6mo,itaeTC11 peaxcoe 

fMeH1>meHHe AHHaMm1ec1<0:H anepryp1>1 BeprHKaJJI>HhlX Kone&unm:. 
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PHc. 3. BJimnme pa3JJmtHlllX ABMIIHHI' BHrrnepoB Ha Affii8.MH'llecK)'10 anep-rypy 
nyqxa. 

B AHCcep~H noICaaaHO, TITO c TO'IICH 3peHHlil p~~OHHOro C:lDTHJI 3MHTTBHCa 

II}"!Ka H AHffilMHTJe<:ICOii: anepT)'Pl>l HaICOIIHTeJil>HOro l(QJlblijl, HaHOOJiee on:THMaJil>HblM 
sapmurroM JW1J1eTCJJ BnrrJiep c nOJieM 2.5 TH AJIHHOA oepHo,a;a 8 CM (SO nep:e:oAQB). 
Ilpn 3TOM npoeKTHl>IH 3MHTTaHC }'MeHJ>maeTCll npH6JIH3HTeJibHO B 1.4 pan 

Bo BTOpoit r.1111e AHCCepTa~OHHOH pa60Tbl HCCJieAQBaHa B03MOlKHOCTI> reHep~H 
CJIC3 B teparep~lloil: o6JiaC'(H Ha BMXO,a;HOM II}"IICe 1IHHeil:Horo yc:s:opmeJIJI "APEAJI". 

B Ha'laJie rJiaBM ~ KpaTKHA o&op COBpeMeHHbIX MeTOAQB DOJIY'lleHHll Teparepu;oBoro 

H3JI}"IeHHJI. llpHBe~HO KpaTXOe OllHCaHHe npHHD;H11a CaMOHHAYt\ff PyeMOro 1IB3epa Ha 

coo6o,a;Hl>IX :tJieKt'poHaX. llpHBeAeHl>I OCHOBH:i.1e TPe6oBaHH11, xompwM ;a;onilCeH 
yAQBJieTBOpBT!t SJieI<'l'pOHHl>Iii ny-q;ox (MaJIMii aMHTTaHC, Ma.nu AJIMTeJifiHDCTI> crycTI<B, 
MaJil>lil: sHepreTH'IecI<HH pul5poc) B ycxopmeJie All• IIOJt}"IeHWI CJIC3. 
CcliopM}'nHpoBaHlll OCHOBHhle ~a'llH ICOTOp:&Ie ffY*HO peman AJIB HCCJieAQBaHHJil 
npou;ecca CJIC3 H ,a;aHO KpaTKOe onHCBHHe nporpaMMM "rEHE311C" ,!.11111 t.i:HCJieHHOro 
MOAeJIHpOBaHH.11 npou;ecca. 

,l(an:ee B TOA )l(e rnaBe npHBeA!Hl>I OCHOBHl>Ie npoe1£T111>Je napaMeTPl>I }IHHeHHOro 

yCICopHTeJIJ1: "APEAJI" H napaMeTPM sneK'I'pOHHoro D:y'IKa. nonyqeHHwe Ha nepBOii 
CTQAHH peaJIH3B~ npoeICTa. lloxasaHO, 'ITO napaMeTpM :meICTpOHHoro nyqxa "APEAJI" 
yAQBJieTBOpJllOT 1'peOOBa.HHJJ:M CJIC3. 

3HeDTHlil 

3apsp; B CTVCTICe 250nK 
HoDMIJJH30BaHH:&IA aMHTTaac 0.3MM-MD~ 

0.4-Sncex 

0.1% 

Bo BTOpoii 1'llCTH rmull>J, c UOMO~IO 'lHCJleHHoro M0,¥1IJql0BallHSI:, 61>111a 

HCCJieAQBaHa reHep~ CJIC3 A1IJI BHXO,a;Horo aneKTpoHHoro nyqxa "APEAJI" c 
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napaMerpaMH, npHBe,a;eHHbIMll B TalS. 1. PaCCMOTJleHl>l CJI}"Ia.H IlJIOCKOro H cnHpaJI1>Horo 
OH,a;yJurropa (MarHHTHoe IIOJie - 0.75 T, napwe'l'p K- 2, AJllma- 5 M, n:epoo,1.1- 3 CM). 

Aixx ll}'f'IKa c 3Hepmeii: 35 MsB H WIHTeJil>HOCTl>IO cryC'1'1<a B 2 XICeK JIOl(ll3aHO, 1{1'0 

HaCM~HHe JIC3 npOHCXOAffT Ha WIHHe OH,a;y1ISITOpa 3.7M (pHC. 4). llpH 3TOM lJHICOBa.11 

MO~OCTI> AOCTHraeT 27 MBT c :tHeprue:A B mmynr.ce 40 MI<.nxc npu WIHHe H3JI}"IaeMOil: 
B01IHJil 10 MKM (30 Trltj. TaIC >U m:cne,a;oBaHO pacnpeAeJieHHe MO~ H31I}"IeHHll B 

npOMe)!C}'Tite A1IHTe1Il>HOCTU HMnyn11ca (pHc. 4). 

r--74 35 

30 

![ 10 25 

J1 ~ 20 

0 1 

15 

10 

5 

[ - -- . 

2 3 • 5 0 2 4 6 8 10 12 14 
zfm) 

Puc. 4. Hac1>1~He CJIC3 (cneBa), pacnpe;a;eJiemte MO~CTH BffYTPH 

crycTtCa (cnpaaa), (nyt.i:OIC - 35 MsB, 2nc), mtOCICHH OHp;y'1JITOp. 

Aixx nyr.txa c SHeprHeti 20 MsB H ;a;.'l!men:1>HOCTH aneI<1'pOHHOro cryCTxa B 3 nceI< 
HBCl>I~ CJIC3 npom:xo,a;wr Ha WIHHe oap,yaTOpa 3.4 M. IlpH 3TOM KpHTH'lecI<aJI 
MO~ocn paBHil 14 MBT c :mepmeA B Hnyn1>c:e 60 MW np:e: ,!.lnHHe H3JI}"IaeMoil: 
BOJIHhl B 30 MICM (10 Traj. HccneAQBaH TaI<>Ke cneK1'p H31I}"IeHWl WI.II ;a;ayx II}"II<OB (puc. 
5). Pe3YJ11>TllT1t1HCCJI~oBamtH1101Caa1>1BaJOT, 'ITO H311}"IeHHe xapaxTepHayeTCJ1 BblcoKOii: 

crenemIO MOHOxpOMBTH'IHOCTH. 

350 

300 

_2so 
=! 
=200 

£ 150 

100 

50 

0 
~ 

8 10 12 14 16 
i. (~1m) 

18·-20 

200,-----------·· --~ 

160 

-;;f 120 
.!!. 
~ 
0: 80 

40 

20 30 40 50 60 
l.(µm) 

Puc. 5. CnelC'I'p HSJI}"IeHHlil 31IeICTpOHHl>IX II}"IKOB c 3HeprHeii 35 MaB 
(CJieBa) H 20 MsB (cnpaBa). 
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,lVi:B crmpWII>HOI'O OH,D;yIDITOpa HaCI>I~e JIC3 IIpOHCXOAlfl' Ha ,!VIHHe OH,D;yJIBTOpa 

2.73 M (puc. 6) '/1,11.S nri:Ka c :raeprHefi: 20 MaB H c N?wreJII>HOC'l'J>IO cryCTI<a B 3 nceIC. 

IlpH 3TOM IIHKOBM MO~HOCTJi AQCTHraer 24 MBT c aHepraeii B HMllYJlllce 30 MIC)J,x< npH 

,!VIHHe H3.11)"laeMOA BOJIHJ.I II 16 MICM (18 Tru.). ,ll;JIB ny1'1Ka c aeepmeR 30 MaB H c 
,!VIHTeJll>HOCTl>IO HMnyJii.ca B 8 nceK HaCr.I~e JlC3 IIpOHCXOAffT Ha A71HHe 

OH,D;yllBTOpa B 3 M. KpHTmlecKM MO~OCTI> npu 3TOM pa:aaa 3 MBT, 3Hepm.til B uny11i.ce 

120 MIC~ npH A71HHe u:myq:aeMOA BOJlH1>1 50 MI<M (6 Tfu.). 

PONel'gnwi(lttUM 

toa10-

' /11 

II :1 
I .1: I 

11' •1, 
i' I 
I' J 

~· 
-

!l,•111: 

ltdlf~ 

tD•lf":_ 

0o o5 1 ~~Tl 2 25 1 u • o s 
'Im! 

Pee. 6, Ilpo~ CJIC3 (CJteBa) H pacnpeAeJteime MO~oCTH a e111ny11i.ce 
(cnpua) p,;u an:eICTpoHHOro nyt;11ta c aHepmeR 20 MaB B crmpMI>HOM o~y11llTOpe. 

IlOJI)"leHH:&U! pesyn:11TaTl>I nomMBaIOT, '!:TO Ha ycrtopHTeJie "APEA.11'' n03MO)l(HO 

no11ri:eT& I<OrepeHTHOe Teparepqo1oe H3JI}"leHHe a ASWiaaaee oT 6 11/J 30 Tri.\ c 
DHICOBOH MO~CTl>IO 11/J 27 MBT c ffCII0111>30BaHHeM, t<alt Il110CKHX, TaK H CIIHpaJIMlDIX 

OH,D;yIDITOpOB. 

B '1'peneA mue AJJCceprBI.\HOHHOA paOOTl>I HCCJieAOBaHM aq,.pe:i.:TllI H3JI}"leHHB 'l:aCTHJ.\ 

B crmpan11HOM OHAfJIBTOpe c J.\HJ:tKH,D;pmtecKHM B01IHOBOAQM. B nepBOA qacm rmum 

HCCJiep;ommo H3.ll)"IeHHe 3apBll<eHHOH 'laCTHI.\r.I Q .n;BH>ICy~HcB no BHHTOBOii: 

1'paeICTOpHH no ow I.\H1IHHAPH'lecKOro B011HOBOAI c u.n;ean:i.HMMH CTe!U\aMH. Ma 

Heo~opoAHJt!X ypaBHeHHH Maxcaen:n:a MeTOAQM paa.11oxceHIDI nona no co6crBeHHLIM 

MO.z!;aM B0.7IHOBOA&, HCil01Il>3YB MeTOAffKY HHTerpepOBaHUll B ICOMil.7IeKCHOA DllOCICOCTH 

DOJI}"leHhl aHaJlHTH'IeCICHe Bblpa>KeHHll NIB IIp011/J.7IlilHWX ICOMilOHeHTOB nona: 

Ez,nm = Q Juf~l11ma/b) (. . 21tB
0

b
2 

J2 (, ) Jn lnmr/b)e'(mp-m/,mt+k;,..,z) 
n-lVnm 
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) 

) 

} 

) 

H = Qa
2
ro0 iv~m J~(vnma/b) Jn(vnmr/b)ei(nrp-0,;,.1+k:m•l 

z,nm 21lh3 V~m -n2 J(vnm).J;(v,.,,,) 

~ - kA R I., ) C."i"/i:---2 ,, '/b', OJ"'" -nOJ~ + 11111111C' ( ,...,,. = v n 1-'J. - ri, ,,..,.,a k!. ..,d.c,,~ 1P.i. + f(;.,,,.,)sign(z -H)] 
a 

rl1,e b -pap;uyc B01IHOBOp;a, a -paAH)"C cmq>aJIH, OJ0 -'<!aCTOTa cmqiant:rHOro Bpaw;emm. 

Ha puc. 7 npHBe.n;ee .n;:t«:xpenurA cneIC1'p cnoHTaHHoro H3.71Y'IeHHB: aneKTPOHHOro 

crycTKa c SHeprHeA 12 Mau H 38.PBAOM 100 nK B crmpam.HOM OH,D;yJIBTOpe c Manm.TH&IM 
noJieM 0.1 T H nepuo.n;o111 8 CM. IlapaMe1'p:&I noAQISpauw TaJC, 'IT06f>t ea Bl>lXOAe 

noJI}"IHJiocr. Teparepl\OBOe H3.7If'leHHe B AffBilil30He OT 2 p,o 10 TfIJ;. IlpoBeAeHO 
cpaBHeHHe D01If"eJIHOro cneI<Tpa c Henpep1>IBHhlM cne'.KTpoM B On::yrc:t'BHH BO.!IHOBOp;B. 

~ j 
!' " ,, 

" i lot " 
. t :: 

i I ., 

20t~ :: I ' ' ' 
r I ,- '. 

IOt / ,''111\·-----.-,--., I' I, i. !11.,i • •• 10 ~-· ~ 

,.,......,, 

- - - - - - contmuom spectrum 

---dncn:tc ~mn 

•"" 

... 
11 

f"'1uaC)' ITHzl 

Puc. 7. ,l(HcxpeTHWH cneICTp H31I)"leHHB npH p11.Auycax B01IHODOp;a 10 MM ( Cl'.leBa) H 3 M1l.I 

(cnpasa). Henpep:&1BHMH cnel<Tp OHAfmITOpHOro H3.7l)IV:eHHB B nycroM npocTpaHCrse 
DO'.KMaH nyeKTffPHOA JimmeR. 

,lVi:B MMMX p~COB BOJIHOBO.n;B DOI<a3aHO, '!:TO B03lll0>1Ha qm:nJ>~ 

reaepHpye111:&:tX MOlI. c 11epepacnpep;eneHue111 SHepmu H ycrui:eHHeM oceoaHoe 

BOa6yxcp;aeMOA: M0,111>1 BOJIHOBOAI (pHC. 7). 
Bo sropoR 'lacTH sTOA rnas111 ucCJieAQBaHM ram1:r1arepaLie nore~M B 

~HHAPH'leCKOM BOJIHOBOAe Nlll ctmpaJililHOro OHAyn:llTOpa. c IJOMOUl;J>IO 

HHrerpHpOBaHHJI no op6HTe t,tacTHI.\ B ABIDKy~eb Te~eA: CHCTeMe Koop,!!;im:aT, 

CBJl3aHHOH c sep;y~ 'la.c:THqeA, IIOJI}"leHO IUWIHTH'.lecKOe Bwpam:emre NIB 
npoµ;oJI&HOro KWlllBarepHOro noTe~ana, ICOrop1>1:A: HMeeT sup;: 

w (s)=-1-RI! ~le e;z(J.,"}I +D e•:rr•· ... i•) 
s b2 .:::....~ nm nm 

1t&u 1<,m 

, ' { .R } J1!j ~lb) ~ "" • IJf'. U Hfffr.4/ c (s)= Yqf (J,.,.) fl., +Sign(s)~ ,, 2f1J'~(j ·) 
n" f3 I f ( ;,,,,.) J.,.a 1 b 11 ""' 
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D,.,.(s)=-rff Pf {PuSign(s)+~}A 1;,2~'.,,.a/b) 
/3 f(Yn.,) n -Y"., JJv • ..) 

r1J,e S- pa<:cTO.llHHe M~ sep;y~A H TeC'rOBOik 'l~, j
11
.,,vn., - l(()pHH cj>yH~ 

Bea::emi a ee npoH3BO~it IlOJIY'leHO ycnonm: WJH. He aaT)'XllO~ MOA B 
3aBMCHMOCTH OT napaMeTpOll BOJIHOBOAil H qa~: 

/32 C!: y-2 J?..m(a/b y =cl· 
J. n2 - J!,,m(a,lb )2 nm 

Ha Pm::. 8 npmep;eao pacnpe,11eneHHe I<Wll>BaTepHoA 4>YH~ lJlIH. TO'llt'IHOro aapRp;a c 
::.aepmeit 20 M3B n o~MOAOBOM H AB}'XMOAOBOM pe)ICHMe. 

u;:,-----~-..---~------ --·--· -

"' 

,, ,, r------
o ..i 

i!:. 
--i," 

... -11.i 

o~,. 
ttu :?;1111 · !t0

1u • • .. ; ... , • -- t1•1 ::1•1 :ou ~·· . ~ 

PHc 8. WJtBl.ITepHNe cPYHK~ p;ia TOt:1et:1HOro aap~a B o~MOAOBOM (C'Jleaa) H 

AB}'XMOAOIOM (cnpal!ll) peaamax. 

Ha PHC. 9 n:pme,11eHO pacnpeAtJieHHe I<HJil>Batepm.uc no11eft ~lUI rayccoacxoro 
pacnpe,n;e.'leHHll. t:1acm:o; c StKepraeA 20 Msin n o~MOAOBOM H p;ByXMOAOBOM pe)ICHMe. 
Tu me HCCJieAOBaHO pacnpeAeJieHHe KWI1>sa.repH1>IX noneA lJl1.H. 'I'pexMOAQBOro pe)I(HMa 
H AJlll: pa3JIH'llWX lJllml fayt:co:SC:EOrO ny'lKa. 

!li: 
1 

1110 

II 04 I )'S ... ,,..,,... 

-11114:. 

-It (ti 

.JtMI .::uu .;:1111 .ltMJ 

•I• 

l!:o 

0.1:~ 

0.10 

O.M 

~ 0.00 

o.o~ 

-0.10~ 

y=48 .. O":~Jtlll 

-0.l~:..' ------------'-----"--'-' 
-JOO -- -JOO -200 -100 0 100 200 

s/11 

PHc 9. Pacnpe,D;eJieHHe KHJil>BaTepHl>lX nore~oB l1lIH. fayccoscI«>ro 
pacnpeAeJieHWI B OAUOMOAOBOM(CJieBa) H AB)'XMO,ll;OBOM (cnpasa) pe>BKMax a= 5 MXM. 

12 

,naiiee B p;Hccep~ HCCJieAOBaHa MOAYIDIQIDI sHepraH BHYTPH panHoMepeoro 
crycTJ(a B cnHpaJ:U1HOM oep,yxa.rope. IImcaaaHO, T,tTO npu onpeAe11eum.u: YCJIOBHllll:, 
1IpOHCX:OAHT MO~ SHepm:H 'laCTHq Ha AJIHHe BOJIHlil H3Jl}"iileMOA MOAN. 

B KOHqe 3TOA rJIBBbI HCC1IeAOBaHO H3JI}"IeHHe 311pll:>KeHHOA 'IBC'THqbl B CllHpMl>HOM 

OH,ll;YJI.llTOpe c ~llH,ZJ;PH'lecEHM BOJIHOBOAOM co CTeHUMH KOHe':IHOA npoBOAHMOC'rH:. 

1000: 
1000 

i !'Oil i 
~ 

I 

' 
~~ 

I 

~ ! 
~ .. o: ~ o:.+-1-++++++++ 

j ~ 
I 

.s 
~· -lOO~ 

~ !'Oil: 

-1000: 

· 1000:. ·- • -·- -·~---- . ~- - -· ··-- - ~ 
~ ~ o ~ a 

____ _... --------
-"6 ·~O 40 

~/• 

PHC 10. KmtuarepK1>1e 4>YHKL\HH TO'le'IHOro aapa~ (aesa), 3HeprH11 5 MsB, ~ 
10sn-1M"1 (cmuu) , a= 1020-1M.1 (KpaCHIUI), u,n;ean1tHwa: npol!OAffHK (11epIW1). 

Om:ocHTeJir.HOe BOS,!!;eil:cTBHe llllOA (cnpaBa) TM11 ('lepHU). TM21 (:iq>acHU), TM31 (as:au). 

Ha Puc. 10 npmep,eHO pacnpeAeJieHHe XHJI1>saTepHOA ct>~ AJIH. TO•U.l"l:Moro ::iapllA!l 
c seeprneA 5 Msa JI MfJil>THMOAOllOM pe:mme lJlIJI pa3J.IH•nn.rx: npoBOAHMOCTeii C'l'eHKH. 

• 

B laKIDO'leHJDt CtPOPMYllllPOBIUU:it OCHOBHLIO pe3yJJJaTllTLI H BLI110,!:1Ll. 

OCHOBHblE PE3YJJbTATbl 'AMCCEPTA.ll;HH 

Hcc.JJe,D;oBaHO BJIHllHHe pa3JllAHhlX AQMIIHHI' amrnepos Ha paBHol.leCHM:A: 
3MHT1'11HC Jl}"lKa s muconH'l'ell1tHoM KOJI1>qe "KEH,rvl". IIoKaaaaa soSMIDKHOcn 
y-MeHl>JJieHWI: 3MHTI'aHCa AO 2 pa3a. ~eHM Om'HMi11lbHl>Xe ycn:oBHll Allll: 

PaAH~OHHOro C>I<aTHll nyqu. HcCJie,!1;0BaH111 smu:mm: npoe:rcm:r.u:: imrnepos m 
AHHaMH!leCKf!O anepTyPy D HU:ODHTeJil>HOM ICOJlllqe "KEH,lVI". Ilooaaao, '1'00 

yMeHl>UieHHe AHHllMH'leCKOA anepTyPl>I He npeBMUileT 15%. 

• Hccn:e,!l;oBaHa Bo3MoX<Hocn reHep~ caMOMH,ll;yttHPyeMoro 11aaepa aa 
CB06oAU1>1X aJieK1'pOHax aa BbIXOAffOM n:y•uce JJHHeAHoro ycxopHrem1 APEAJI AJill 
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IUIOCKOro ff CIIHpWI:&HOro OH,Il;}'.IUITOpa. Ilo:Ka3aHO, 'i!TO IlHI(OBaJI MOID;HOCTb 

Il'.OrepeHTHOro mr.ty'lemu B 25 MBT AQcnuwra B 'lacToTHOii: o6nacTH 5 - 30 Tfq. 

• lkCJie,il;OBaHO BJlWIHHe ~HHAPlAecICOro BOJIHOBO,il;a Ha H31.l}l'leHHe qacnm; B 

CllHpWillHOM'. OH,Il;}'JlJITOpe H IIOKaaaHa I03MO)l(HOCTfl ycWJeHHJI OCHOBHOH 

B036~eMoii: MOAJ>t 3a C'lleT nepepacnpe,u;enemu aHeprHH H3lt}"leHHll Me>JC.lW 

MOAaMJI BOJlHOBOAa. 

• HCCJie,il;OBllHld l.UlT.lllBaTepHMe no.IUI wur. HMf'leHHJI 'lacntl,\ B cnepan&HOM 

oH,D;yHrope c ttHJIHHAPH'Iect<HM BOJlHOBOAQM. Bnepnie no11yqeHhl 
manH'l.'H'lecme npeACTaBJieHH.ll npo,u;o111oax ICHJil>BaTepHhlX noTeHl~anos H 
HCCJie,il;oBaHa Mo,u;y11mzyrJ1 aHeprHH 'la~ B nyqxax c rayccoBCJ<HM :a 
pa8HoMepHMM pacnpe,\'le)teHHJIMH. 
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SUMMARY 

The achievement of high brilliance photon beams in advanced synchrotron light 
sources is one of the challenging issues to realize the full potential from insertion 
devices. For a high brightness radiation it is necessary to have a small emittance electton 
beam. One of the possible ways to lower beam emittance in storage rings is to install 
damping wigglers in dispersion-free straight sections in order to produce additional 
radiation damping. 

In the first chapter of this thesis the effects of the damping wigglers and i:nsettion 
devices on the electron beam horizontal emittance and the dynamical aperture of the 
CANDLE storage ring are investigated. It is shown that for the design double bend 
achromatic lattice of the ring, the maximum reduction of the horizontal emittance is 
achieved for the superconducting damping wiggler with 5.7 T magnetic field. The 
impact of the designed insenion devices and the damping wigglers on the dynami<:al 
apetture of the ring are studied. It is shown that the presence of conventional i:nsenion 
devices aimed for the generation of high brightness synchrotron radiation, decreases the 
storage ring dynamical aperture by less than 15 % in horizontal and vettical planes. It is 
shown that the most optimal option from the emittance reduction and the beam 
dynamics point of view is the damping wiggler with the magnetic field of 2.5 T and 
period length of 8 cm. 

In the past decade the THz radiation has been of great scientific interest with a 
wide range of potential applications in the field of life, materials and environmental 
sciences. 
In the second chapter of the thesis the possibilities to produce coherent THz radiation 
based on Self-Amplified Spontaneous Emission (SASE) Free electron laser principle have 
been studied. The cases of planar and spiral undulators have been studied. The results 
show that by using electron beam of AREAL linear accelerator a coherent radiation can 
be achieved at 10-30 THz with a pulse power of about 20 MW. 

The helical undulators have an essential value in advanced synchrotron light 
sources and free electron lasers by producing circular polarized intense radiation which 
has a number of important applications. The last chapter of the thesis is devoted to the 
impact of the circular waveguide on the helical undulator radiation formation. Using the 
modal expansion technique, the explicit expressions for the components of excited 
electromagnetic fields in circular waveguide are determined. The conditions ror the 
propagating modes are analyzed. It ls shown that under certain conditions (the particle 
energy and helix ?$dius) the excited mode can be filtrated and the selected waveguide 
modes can be enhanced. This energy redistribution results on the undulator radiation 
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spectrum change to sharp peaks corresponding to discrete frequencies of propagating 
modes. The analytical expression for the point charge wake potential ls obtained. The 
longitudinal wake potential defines the energy redistribution between the particles of 
the beam, The induced energy spreads for the electron beams are investigated for the 
single and multi-mode regime. Finally, the impact of the waveguide walls finite 
conductivity on the helical undulator :radiation ls studied both analytically and 
numerically. The results are compared with the case of waveguide with perfectly 
conducting walls. 

The results of the thesis can be used for the reduction of the beam emittance in 
CANDLE storage ring, generation of high power short pulse coherent THz radiation in 
low energy linear accelerators, optimization of the helical undulator radiation in 
waveguide and evaluation of radiation impact to beam dynamics. 
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