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C ,n;Hccepran;Heli MOJKHo 03HaKOMHTI>CJI B 6H6JIHoreKe HHJIA. 

AsTOpe<J.>epar pa3oc;raH 5 Mapra 2016 r. 

Y'ieHI>rli cexperapr, cnen;. cosera A ,,,..--
,n;oKTop cpH3HKo-MareMaTH'!eCKHX HaYK • ~ KapaxaHJIH ,Zl;.P. 

OEill,MI XAPAKTEPMCTMKA PABOTbl 

~JYl..QCT_k_pjl~ 

Jla3epb! Ha cao60,11;HnIX sJieKrponax MOll\H.hJe, 

nepecrpauaaeM.bie, KorepeHTH.bie HCTO'lHmm Ii3Jiy<1eHHR, KOTOpMe 

ncrro;rh3YJOTCJI B Hay'!HOM rrcc;rep;oaannH, Harpeaaurm HJia3MhI, qnu1rne 

KOH/l,eHCHpOBaHHhlX cpep;, aTOMHOH, MOJieKyJIJipHOM H OIITJ1'JecrmM. 

cJ:in3nKe, 6nocJ:in3HKe, 6noxnMHH, 6noMe,i:i;mi;nna n T./\. B uacTnJJ111,ee 

BpeMJI JIC3 npoH3BO/l,JIT H3JIY'ieHHe B npe,i:i;eJiax OT HOJIH MHJIJJllM('Tpa, 

BTIJIOTh 110 YJibTpacJ:>HoJieToB.bIX n peHrreuoacKnx, BKJIJO'laJI 'l.acTb 

CI!CK1'pa, B KOTOpOM HHKaKHe p;pyr11e HHTeHC'HBHhle, nepecrpa1rnaeM.ble 

HCTO'iHHKH He cyruecTBYIOT. 3Ta o6;raCT.b COBpeMeHHOH HayKn llBJTl!eTCJI 

HHTepecuo:H c TO'iKH 3peHHJI cJ:iyn,11;aMeHTaJihHOro HCCJie71,0BaHMJI 11 0'.leHb 

MHoroo6erua10ruei1 ,11;JIJ1 ,i:i;aJinneM.mnx npnMeuenn:H. 

,ll,ttccepral\HJI 110CBJl!I\eHa HCCJie/l,OBaHHIO B03MO)J0!0CTe i1 C03l\iUI HJI 

HOBb!X TMilOB J1C3 OCHOBaHHh!X ·ua MCIIOJib30BaHHH nonepe'l.HhlX 

OC!l,MJIJIJIIJ;HU 3JieKrpOHOB, HMe!OII:(HX KomJmrypaIJ,HH n1na 

noTeHIJ,HaJibHOI'O napa6o;rn"<JecKoro JKeJio6a. Taxoe p;HHJKeune HMeeT 

xapaxrep Kana;mpoBaHJ1JI, a COOTBCTCTBYlOil\lle OC!l,!1JIJ!f!l\HI1 HOCJIT 

Ha3Ranne crpocJ:loTpOHH.b!X KOJie6aHHR. Ilo CROeM npupo11,e OHH. 

OTJIH.'l.alOTCJI O'J' OH/l,yJIJITOpHb!X KOJie6aurr:H, 11CI!OJ!b3YeM.b!X Jl o6nl'lHMX 

JJC:) Ha OCHO!le MarHHTHOI'O OH/l,YJIHTOpa. B ,n,11ccPp.,.an,H11 

3 



L _______ _ 

,.,. 

paccMaTpnBaIOTCH TaK)!(e n ,11,pyrHe cxeMbl C03,ll,aHHH JIC3: JIC3 6e3 

mrnepcmI, JIC3 THna CMHTa-flapceJIJia H KaHaJIHpOBaHHe Il03HTpOHOB B 

neKO'ropDix HOHHDIX KpncTannax. 

l.len::& p.!!f;ioni;; 

L\en:oIO ,11,ncceprnu;uonnoli pa6oTDI HBJIHeTCH Hccne,11,oBanrre 

xapaKTepncTuK pa3JIH'!HhIX THIIOB Jia3epoB Ha CB060,11,HDIX ::ineKTpoHax. B 

'l~~THOCTH: 

• HaXO)!(,ll,CHHe CllCTeM, B KOTOpoIX c ITOMOII\b!O BHeIIIHMX IlOJie:ii: 

MO)KHO C03,ll,aTh ycJIOBliH )J;JIH KaHaJIHpoBaH!fH 3JieKTpOHOB. 

• Yfay<IeH!fe CITOHTaHHOI'O H3Jiy'leHHH H ycrrJieH!fH B TaKHX 

CHCTeMax Ha OCHOBHOH pe30HaHCHOll 'laCTOTe n na ee Bb!CIIIHX 

rapMOHMKax c yqeTOM TaKHX peaJibHO cyll\eCTBYlOII\HX H 

nprruu;rrnHaJibHO Ba)l(Hb!X <PaKTOpOB KaK B03MO)l(Hb!e 

neop;Hop0,11,HOe yrnHpeHHe ll nepeKpb!THe JIHHHR. 

• l1co1ep;oBaHHe BJIHHHllH ueop;uopop;HOCTH ITOJIH naKa'!KH B 

CTOH'leli CBeTOBOll BOJIHe Ha cneKTpaJibHb!e oco6eHHOCTli 

yc1rneu1rn rrprr KaHaJIHpoBaHHH 3JieKTpOHOB B liHTeHCliBHOll 

CTOH'leli BOJIHe. 

4 

• l1ccne,11,0Bamre BJIHHHHH HeO,ll,HOpO,ll,HOCTH MarHHTHOro ITOJIH 

nnocKoro Bnrnepa Ha cneKTpaJihHoe pacnpe,11,eJieHne n Ha 

Ko::i<Pqmu;HeHT ycHJieHHH. 

• J13yqeHne ycHJieHHH il Jla3epax Ha CB060,11,HhIX 3JieKTpouax 6e3 

HHBepcHH. 

• J13yqeuHe ycmreHHH B Jla3epax Ha CB060,11,HDIX 3neKTpoHax 

Tnna CMHTa-flapcceJIJia. 

• J13yqemre KaHaJIHpoBaHHH MaJI03HepreTH'!eCKHX IJ03HTPOHOB B 

'•·' '· '1 

HeKOTOpb!X liOHHb!X KpHCTaJIJiaX. 

HayqHaJI HOBH3Ha p;aHHOll pa60TDI COCTOHT B TOM; 'ITO B Hell nony'leHbI 

CJiep;ylOII\He pe3y JihTaTDI: 

• BnepBDie npe,11,JIO)l(eH peJIHTHBHCTCKHli cTpocjJoTpOH B Ka'leCTBe 

aJihTepnaTHBHOll cxeMbl p;JIH JIC3 [1-4]. 

• BnepBoie rrpep;JIO)l(eHa HHTeHCllBHaH CBeTOBaH CTOH'laH BOJIHa 

)J;JIH I<aHaJIHpoBaHHH 3JieKTpOHOB B u;eJIHX C03,ll,amrn: JIC3 [5,6]. 

• flony'leHDI BDipa)l(eHHH p;JIH cneKTpan:oHoro pacnpep;eneHHH 

CITOHTaHHOro ll3JIY'!eHHH n Ko::i<P<Pm;;neHTa ycHJieHHH c y'leTOM 

Heop;nopo,ll,HOCTH MarHHTHOro IIOJIH IlJIOCKOro BlffJiepa [7-9]. 
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r1011y'IeHO Bh!pa)!(eHire ,ZJ;JIJI nopora Jia3epHOH MO~HOCTH B 

Jfa3epax Ha CBOOO,ZJ;HbIX 3JieKTpoHax 6e3 HHBepcHH [ 10-14] . 

f!pe,11;11mKeHa H uccJiep;oBaHa cxeMa Jia3epa Ha cBofio,n;HhIX 

:JJICKTpoHax Ha ocHoBe 3tJ.:ltjJeKTa CMHTa-ITapcenJia [ 15-19]. 

Doi<a3atca BOlKMO)!(HOCTh oceBoro KaHa11upoBanm1 II03llTpoHoB 

B HeI<OTOph!X nrnax llOHHhIX KpllCTaJIJiax [20-23 ]. 

f:layq~_H .IIp~!!;'leCKa.JI ueHHOCTh 

flpaKTIPICCKaJl n;cmIOCTh pa60Thl 06yc1IOBJieHa aKTyaJibHOCThIO TeMh! 

1\HcccpTaJ.\HH. ITpm1e,n;ennh!e B pa6oTe TeopeTH'IecKHe Hcc11e,n;oBaHHH u 

pa:1pa60TaHHble \1eT0,1J;bl MoryT 6nITh Henocpep;CTBeHHO llCIIOJI.b30BaH.b! 

upn 1rnairn:poBaHHH :JKcnepHMeHTOB no JIC3. 

QCHOBIJJ>Ie J):Ql!_Q_)l(~HHJI B&IHOcm.u.Ie Ha 3lllll~ 

• ripu onpcp;e;rcu11.b!x ycJIOBHJIX ,ll;BHlKeHHe 3JieKTpona nonepeK 

li!I'l'CHCHBHOH CTOJI'IeH 3JieKTpoMarHllTHOH BOJIH.bl HMeeT 

xapaKTep r<ana1nrpoBaHllH B nepuo,n;H'IecKOM noTenu;1rnJie. 

• Ko:itjJtJ.:imwe11T ycuJieHllJI !I CllCTeMe peJIJITHBHCTCKHH 

crpotjJoTpon npe,n;cTaBJIJieT co6oH: coBoKynnocTh 60JI.1>llloro 

6 
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• 
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• 

• 

'IHCJia 3KBll,ZJ;llCTaHTHh!X JIHHHH. 1:!HCJICHHO K03tjJtjJlllT,HeHT 

ycuJieHllJI B TaKoH: cucTeMe He MaJI B HK ,n;uana3oHe. 

Bhl'IllCJieHue BepoHTHOCTeH: aHHHru.i:iHIJ;HH n03HTpoHa c 

3JieKTpOHOM cpep;.b! npll KaHaJIHpOBaHllll Il03HTpOHOB B 

HOHHhlX KpllCTaJIJiax. 

B CllCTeMe c llHTeHCHBHOH CTOJl'IeH BOJIHOH OCHOBaHHOe Ha 

3tjJtjJeKTe KananupoBaHHJl yc1rnenHe hOpJI,n;l<a 1 % B HK 

,ll;Hana30He MO)!(eT 6.b!T.b o6ecne'ICHO Ha O'ICH.b KOpOTKHX 

pacCTOJ!HllJIX (nopll,D;Ka lMM) npH BeC.bMa MaJIOH 3Heprun 

3JICKTpOHOB (MeHblIIC 100K3B) ll 3Heprllll B Jia3epHOM 

llMITYJI.bCC HaKa'IKH nopH,n;Ka 1,ll;iK. 

y 'ITeHO BJillJIHlle HeO,D;Hopo,n;HOCTH Mar!IllTHOro IlOJIJl 

IlJIOCKOrO mrrJiepa Ha cneKTpaJI.1>Hoe pacnpe,n;eneHHe 

CilOHTaHHOrO H3JIY'ICHHJI ll Ha K03tjJqmn;uenT ycHJie.HHJI .. 

B JIC3 Tuna CMuTa - ITapceJIJia uccJie,n;oBaHnI 3a~u'ci1M:ocTH 

TeMna pocTa OT TaKllX napaMeTpOB 

peJIHTllBllCTCKllH tjJaKTOp . 

. . ' 
KaK yroJI Ha6mo,n;eirHH, 

On;eHeH nopor yrJia OTKJionenuH B nepBOM oH,n;yJIJITope B 

Jia3epax Ha cBo6o,n;Hhlx 3JieKTpoHax 6e3 HHBep'cHu. 

7 
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MaTep11aJih[ f\HCcepTau;:i-m 6brnH rrpe,n;cTaBJieHhr R ,!IOKJiap;i,rnaJIHCh Ha 

Me)!(,n;yHapO,!\HblX KOHcpepeHil,HlIX: 

· Physics of Quantum Electronics , 2009; 2010 

- Central European Workshop on Qµantum Optics 

Turku 2010 

Belgrade 2009; 

t.1 

International , Laser Physics Workshops Trieste 2004; Kyoto 2005; 

Lausanne 2006; Trondheim 2008; Barcelona 2009; Sarajevo; Calgary 

2012; Prague 2013; Sofia 2014; Shanghai 2015 

·· FEL New York 2013 

· IPAC, New Orlean 2012; Shanghai 2012; Kyoto 2011; 

·· NAPAC, Pasadena, 2014 

· SPIE & Photonics, San Diego 2014 

· NCTS Workshops on Critical Phenomena and Complex Systems, 

Taipei, Taiwan, 2000-2011. 

MaTepnaJibI ,!\HCcepTau;nu ,n;oKJia,!\hIBaJIMCh rn!Ol{e na ceMunapax 

Hau;uonaJii,noii HayqHoH Jla6opaTOpHR RM.· A.VI. AJiuxaHHHa 

(EpeBaHCKHii C!>H3H:qecKRH I1ncTHTYT); I1HcTn:TyTa <Pn:3MKH, AKa,!\eMRR 

C11HHKM, Taiirreli, TaliBanh; : :Ynirnepc11TeTa, HMo 

MeKcuKo(An6yKyepKye); YHn:BepcnTeTa An:M KoJIJie,!l)J( CTenIIIeHa 

(Texac); YmrnecnTeTa CeBepHero Texaca (,ll;eHTOH); EpyKxeBeHcKoii 

Hau;uoHaJihHOH JlaBopaTOpuu (Hhro MopK); Jla6opaTOpn:h '' ToMaca 

,JJ;)!(ecpcpepcotta. 
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Ily6JIHIWlH.K.. 

ITo TeMe ,ri;m_.. •:prnu;uu orry6JIHKoBaHo 23 crnTeH B peu;eH3ttpyeMbIX 

)J(ypHaJiax . 

C'fPYX'l'YPa llHCCeJ,ITIUJM'1J'... 

,ll;11ccepTau;1rn COCTOHT H3 BBe,!\eHJrn, IIIeCTH rJiaB, 3aKJiroqeHmI; CO,!lep)J(HT 

204 CTpaHH:u; rreqaTHOro TeKCTa, BKJiroqaH 23 pucyHKa, H CIIHCOK 

JIH:TepaTypbl H3 17 4 HaMMeHOBaHH:H. 

CO)zy:P>KAHHE P ABOThl 

B fJiaBe 1 orrncaHa cncTeMa cocToJirn;aJI H3 6oJihIIIoro q11cna crreu;uani,Ho 

rro,n;o6paHHblX ll ycTaHOBJieHHblX MarHHTHblX l<Ba,!lpyrroJihHb!X JIHH3 B 

KOTopoii ,ll;Bll)J(eHMC 3JieKTpOHOB CTa6HJihHO' ll KOTOpaH MO)J(eT 6hITb 

HCIIOJlh30BaHa ,!\JlJl co3,n;anm1 JIC3. B KaqecTBe ·yrrporn;eHHOH MO,!leh:n 

TaKOll CllCTeMhl rrpliHJlTa H HCCJie,!\OBaHa MO,n;e)Ih IIJIOCKOI'O ' 

rrapa60JIH:qec1<0ro )J(eJio6a. 
' ~ t i ; -~·1 ! i : 
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PHc.1. Mo,n;enb unocKoro rrapa6oJIH'IecKoro )!{eJio6a ,ZJ;JIH JICJ. 

PaccMoTpeno ,z:i;aH)!{eHHe 3JieKTpOHOB a 3JieKTpH'IeCKOM H MarHHTHOM 

no1rn:x cTpocpoTpona. 

Bb!'lHCJieHO crreKTpaJibHOe pacrrpe,z:i;eneHHe CIIOHTaHHOro H3JiyqeHHH 

3JieKTpOHOB ABHlKYill,HXCH B IIOJIJIX CTpocpoTpoHa. IloKa3aHo, 'ITO rrpH 

cpaBHHTeJibHO 60JibllIHX 3HeprHHX 3JieKTpOHOB 10-50M3B B CHCTeMe 

peJIJITHBHCTCKHH CTpocpoTpOH crreKTpannHoe pacrrpe,n;eneHHe 

CIIOHTaHHOro H3Jiy'leHIUI HMeeT BH,z:\ 60Jibl!IOrO 'lHCJia 3KBHIJ;HCTaHTHbIX 

JIHHHH, IIOJIOlKeHHe KOTOpb!X 3aBHCHT OT Ha'!aJibHOH Koop,z:i;HHaTbl 

3JieKTpoHa. IlpH 6oJibllIHX 3HeprHHX HMeeT MeCTO CHJibHOe 

Heo,n;Hopo,n;Hoe yumpeHHe H rrepeKpbITHe JIHHHH. 

10 

de 

dw 2wres 

- ( 2 2 ') w,.,., - r' xon +a 
I+- 2 

2r2n 

de= lcm 

nT>>l 

2wres 

~( 
;t:.Q/ X0 =0 

(J) 

32 
d; > ~~ ~ 'n2wT · 

& 0 =10-2 cm 

PHc.2. 3aBHCHMOCTb crreKTpaJibHOro pacrrpe,n;eJieHHH CIIOHTaHHOro 

H3JIY'!eHHH 3JieKTPOHOB B peJIHTHBHCTCKOM CTpocjJoTpone OT 'IaCTOTbl. 

IIpoH3Bep;eHo ycpe,n;HeHHe crreKTpa H3Jiy'IeHHH no pacrrpep;eneHH~o 

3JieKTpOHOB a rry'!Ke. 

fmllle 2 I10CBHI11,ena aorrpocaM BnIHy)!{,z:i;eHHOro H3JIY'!eHHH B JIC3 THIIa 

peJIHTHBHCTCKoro CTpocjJoTpona. I1oKa3l!HO, 'ITO rrpH cpaBHHTeJibHO 

60JibllIHX 3HeprHHX 3JieKTpOHOB 10-50M3B B CHCTeMe peJIHTHBHCTCKHH 

CTpocpoTpon H3MeHeHHe 3HeprHH rrpH B3aHMo,z:i;eii:CTBHH c BOJIHOH 

11 
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pacnpocTpaHHIOJI\liHCJ! BIJ;OJlb rryq:Ka UMeeT Blip; 60JibIIIOf0 'lliCJia 

3KBlill;liCTaHTHLIX JlliHlill, IlOJIO)KeHUe KOTOpb!X 3aBliCliT OT Ha'laJibHOH 

KOOpp;uHaTbl :3JleKTpoHa. 11pu 60JibIIIHX 3HeprliJ!X liMeeT MeCTO CliJ!bHOe 

tteo11ttopop;Hoe ynmpettue H rrepeKpbrnre JIHHliM. 

rloC'rpoeHa HeJmHeliHaJ! TeOpliJ! ycliJieHliJ! B CliCTeMe peJIJ!TlfBliCTCKliH 

C'rpocpoTpoH. floKa3aHo 'ITO K. rr. TJ.. cucTeMhI o6paTHO nporropu;uoHaJieH 

HOMepy rapMdHHKH OCHOBHOH pe30HaHCHOH 'laCTOTbl. 

l1oC'rpoeHa KBaHTOBaJ! TeopHJ! ycirneHHJ! B JIC3 Tlilla peJIJITliBliCTCKOro 

CTpocpoTpoua. l1ccJielJ,OBaHbl ycJIOBHJ! rrpH KOTOpb!X Bp3M0)KH0 

3cpcpeKTifBHOe yc1rneHue Ha Bb!COKliX rapMOHifKax OCHOBHOH 

pe30HaHCHOH 'IaCTOTbl. 

I1oKa3aHO, 'ITO B CHCTeMe peJIJlTliBHCTCKliH CTpocpoTpOH ycuJieHlfe B 

11K-lJ,Hana30He MO)KeTb ,1\0CTliraTb neCKOJ!bKliM ,1\0JIJ!M npou;eHTa. 

B fJiaBe 3 HaliTJ.eHhI pe3oHaHcnaJI qacToTa H Ko3cpcpuu;uenT ycirneHliJ! 

npu KaHaJiupoBaHHH 3JieKTpOHOB Ha HHTeHCHBHOH CTOJ!'leH BOJIHe. 
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Puc. 3. CxeMaTli'lecKoe rrpelI,CTaBJiemi:e JIC3 co CTOJ!'leli 

3JieKTpoMarHHTHOM BOJIHOH (a) Ii 3cpcpeKTHBHaJI IlOTeHu;HaJibHaJ! 3HeprHJl 

3JieKTpona B IlOJie CTOJ!'leli BOJIHbl (6) . 

Y'!Tena npocTpancTBeHHaJI HeOTJ.HOPOTJ.HOCTh rroJIJI npuBOIJ;JlJI\aH K 

Heo6bl'lHOH crreKTpaJibHOH CTPYKType K03ipcpu!i.M:eJ;:Ta ycuJieHliJ! B 

3aBHCHMOCTH OT 'laCTOTbl ycHJIHBaeMOH BOJIHbl: OH co,n;ep)KHT . 'MHoro 

IllfKOB cryII(aIOII(liXCJ! no Mepe yMeHbll!eHHH 'laCTOTbl. I1oKa3aHO 'ITO B 

TaKOH ClfCTeMe ycHJieHue nopHp;Ka 1 % B I1'.K ,1\Hana3oHe Ha O'leHb MaJib!X 
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,ll;JllUiax uop.11,n;Ka lMM rrpH BeCbMa HH3KOH ::meprHH :rneKTpOHOB rrop.11,n;Ka 

100K3B. 
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P:acA, CrreKTpaJibHa.11 3aBHCHMOCTb Ko3¢qrnu.:aeHTa yc:aJieHM.11 ~ CJiy'Iae 

o,n;Hopo,n;Hott (1reBb!H p:ac.) H Heo,n;Hopo,n;Hoil: (rrpaBbIR p:ac,) rroJieii:. 

floKa3aHo, 'ITO np:a IlOMOilJ,H TaKOH CHCTeMbl c 3Hepr:aeif B Jia3epHOM 

HMITYJibCe nopJI,n;Ka lK,ll,JK MOJKHO ocyllJ,eCTBHTb nepexo,n; H3 

mr¢paKparnoro p;:aarra30Ha A = 9.6 MKM B BH,ll;HMb!R (A =0.56MKM c 

ycmrerrneM nopJI,n;Ka 1 % rrp:a r =5) lf B YJibTpa¢:aoJieTOBbIH (A 

=0.18MKM c YCHJieHI!eM nopJI,n;Ka 0,2% rrpH r =10). 

BbI'IMCJieHbI cneKTPaJibHOe pacnpe,n;eJieHlfe CITOHTaHHoro H3Jiy'IeHM.!! 

3JieKTpOHOB, !~BHlKY!lJ,HXCJI B IIJIOCKOM BHmepe ( OH,ll;YJIRTOpe) c 

14 
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Heo,n;Hopo,n;HhIM MarHHTHb!M noJieM lf Ko3¢¢:au.aeHT ycaJieHtt.JI. 

IloKa3aHO, 'ITO 3JieKTp0Hbl COBepIIIaIOT CJIOJKHOe ,D;BHJKem1e, COCTOJI!lJ,ee 

H3 Mep;Jie1rnoif (cTpo¢oTpOHHOH) H 6bICTpoil: (oH,n;yJIJITOpHoil:) 'IaCTeif. 

y cpe,n;HJIJI ypaBHeHM.11 /:i;BlflKeHHJI no 6b!CTpoif 'IaCTlf, IIOJiy'IaeM 

ypaBHeHHJI ,ll;JIJI CBJI3aHHOro ,ll;BHJKeHHJI. IloKa3aHo, 'ITO y'IeT 

Heo,n;Hopo,n;HOCTH MarHHTHOro IIOJIJI npHBO,ll;MT K IIOJIBJieHMIO 

,D;OIIOJIHMTeJibHbIX IIHKOB B crreKTpa1IbHOM pacnpe,n;eJieHHH CIIOHTaHHoro 

H3Jiy'IeHHJI H B Ko3¢<j_)HD,MeHTe YCHJieHMJI, 113 MHOJKeCTBa 3THX IIHKOB c 

IIOMOII~b!O M3BeCTHOro MeTo,n;a CHHXpOHM3alJ,HH MO,n; MOJKHO IIOJIY'IlfTb 

YJibTpaKopoTKHe HMIIYJibChI. IlHKH crreKTpa1IbHOro pacrrpe,n;eneHHJI 

CIIOHTaHHOrO H3Jiy'IeHM.!! lf K03<l_}<j_}MD,HeHTa yc:aJieHMJI JIOKaJIJf30BaHbf Ha 

KOM6HHaD,HOHHb!X 'IaCTOTaX He'IeTHbIX rapMOHMK OH,ll;YJIJITOpHOH 

pe30HaHCHOH '!aCTOTb! H '!eTHb!X rapMOHI'!K CTpo¢oTpOHHOH 

pe30HaHCHOH 'IaCTOTb!. 

B fJia:ee 4 o6cyJK,n;aeTcJI B03MOJKHOCTb peaJm3aD,Hlf JIC3 6e3 HHBepcnH. 

11,n;eJI co3p;aHHJI na3epoB Ha CBo6o,n;Hb!X 3JieKTpoHax. 6e3 HHBepc1rn 

(JIC3Bl1) 6brna rrpe,n;JioJKeHa BrrepBbre B pa6oTe (1], H 3aTeM pa3BH:Sa1lac1> 

H coBepmeHCTBoBaJiacb B pa6oTax [2-4]. KoHKpeTHble cxeMb! peaJIH3alJ,HH 

JIC3Bl1 rrpe,n;JiaraJIHCb lf paccMaTpHBaJIHCb B pa6oTax [5,6], 0,n;HHM H3 

KJIIO'IeBb!X MOMeHTOB B CXeMax peaJIH3aD,Hlf JIC3Bl1 JIBJIJieTCJI 

rrpe,n;JioJKeH:ae 06 HCIIOJib30BaHHlf neKOJIJIHHeapHoro pacrrpocTpaHeHHJI 

31IeKTpOHHoro rry'!Ka H ycHJIHBaeMoro lf3Jff'IeHHJI, B o6bl'IHbIX 1Ia3epax 

Ha CBo6o,n;HhIX 3JieKTponax (JIC3) TaKHe cxeMbl H3BeCTHbl H 

06cyJK,n;a10TcJI ,n;aBHO [7], fipHMeHHTeJibHO K JIC3Bl1 c 1\BYMH 
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OH/WJIJITOpaMH OCHOirnaJI l!p;eJI COCTOHT B TOM, 'ITO rrpl! 

HeKOJIJil!HeapuoM B3aHMOp;ei1:CTBHH Jia3epnoro If 3JieKTpOHIIOro rry'fKOB 

y 3JieKTpOHOB IIOCJie rrepBoro oup;yJIJITOpa B03Hl1KaeT pa36poc ITO 

rronepe'IHbIM CKOpOCTllM, a 3Ha'fHT If no yrJiaM, If 3TOT pa36poc 

uanpJIMylO CBJI3aH c rrpHpOCTOM 3HeprnH 3JieKTpOHOB. Ilo3TOMY 

ceJieKI.J;Iill 3JieKTpOHOB no uanpaBJi:eHHJIM B Me)!(OHIJ;YJIJITOpHOM 

npoMe~TKe OKaJh!BaeTCJl 3KBHBaJieHTHOH CeJieKJ:J;HH no 3HeprHH. 3To 

II03BOJIJieT H3MeHJITh KOHTpoJI11pyeMhIM o6pa30M p;JIHHY nyTH 

3JieKTpOHOB c pa3Hb!MH 3HeprnJIMH B Me)!(OHIJ;YJIJITOpHOM rrpocTpaucTBe 

H pacrrpep;eJietme ITO 3HeprHJIM ua BXOp;e BO BTOpoM: OHAYJIJITOp. EcJIH 

yc-rpoilcTBa B Me)!(OHIJ;YJIJITOpHOM rrpoMe)!(YTKe 06Jia11;a10T CBO.HCTBOM 

01·piui;aTeJihHOH p;11crrepc11H (T. e. 6oJiee 6hlCTpb!e 3JieKTpOHbl TpaTJIT 

60J[bU!e BpeMeim Ha rrpoXO)!(IJ;eHHe Me)KOHIJ;YJIJITOpHoro rrpocTpaHCTBa, 

'feM Mep;;reHHb!e), TO HHTerpaJibHblH (no 3HeprHJIM 3JieKTpOHOB) 

Ko::icp¢nii;HeHT yc11JieHHJI G( (!)) MO)!(eT 6h1Th cii;eJiaH IIOJIO)!(HTeJihHhIM 

npaK'rH'feCKM BO BceH: o6naCTH H3MeneHHJl 'faCTOTbl (!) ycMJIMBaeMOH 

BOJIHhI B oKpecTHOCTH pe3ouaucuoH: 'faCTOThl ou11;yJI11Topa. 3To H ecTb 

J[C3EI1. 

·' 

'16 

0.4 

0.2 
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.' Gain 

1i1.srsr2.s o 2.s s 1.s io 

FELWI 

Jc(n)dn>o 
PHc.5. 3aBHCHMOCTb K03cpqm:ii;HeHT ycHJieHHJl OT paccTpOHKH 

pe3ouauca, KOTopaJI xapaKTep113yeT OTKJioueuHe cKopocT11 3J,I~KTpoua 

MJIH Jia3epuoi1: 'faCTOTbl OT pe30HaHCHoro ycJIOBHJl IJ;JlJl o6bl'fHOro JIC3 

(JieBhIH pHc.) If IJ;JIJI JIC3 6e3 HHBepc1111 (rrpaBh!H p.11c.). 

,ll;aHHb!H MexaHM3M MO)!(eT pa6oTaTh TOJibKO, eCJIH pa36poc ITO 

yrnaM a , B03HHKalOIIJ;HH B pe3yJibTaTe B3aMMOll;dlcTBHJl 3JieKTpOHOB C 

rroneM oup;yJIJITopa 11 yc11n11BaeMoil BOJIHhI 6oJihll1e, 'feM ecTecTBeHHhlH 

pa36poc /j,,al1)''10k' ITO uarrpaBJieHHJIM CKOpOCTH B 3JieKTpOHHOM rry'fKe. 

IlpaKTH'feCKM /j,,any•iok' ue MO)!(eT 6,b!Th cp;enaua ~eHbI!le ., .. ere¥ 

1 o-6 pa,II, . y CJIOB.He a > a,,)',OK rrpHBOIJ;MT K. B03HMKHOBeHMIO rropora 

peaJIM3aii;rrn JIC3EH JIH6o ITO HHTeHCHBHOCTH ·11a3epHoro M3JIY'feHHJI, 

JIH60 ITO l.IJIOTHOCTH 3JieKTpOHHOrO rry'fKa. ' 

IloKa3aHO, 'ITO B03M0)!(HOCTb C03p;airMJI 'Jia3epoB Ha .. CB066ji;1ih1X 

3JieKTpoHax 6e3 mrnepc.1111 (JIC3EH) M:MeeT rropdroBDIH xapaKTep !10 
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lfHTeEIClfBHOCTlf ycmIMBaeMOH BOJIHbl. ,ll,aHO OIIlfCaHlfe rroporOBb!X 

ycJIOBlfll KaK B 0/J;HO'!aCTlf'!HOM TaK 11' B KOJIJieKTHBHOM 110/J;XO/J;aX. 

IloKa3aHo, qTo nopor Ha6JIIO/J;eHHJI ycnJieHHJI 6e3 HHBepcHH ,l.IOCTaTO'!HO 

Bb!COK, q'fo MOlKeT cyw;ecTBeHHO 3aTpyll;HHTb B03MOlKHOCTb 

3KC1Iep1rneHTaJibHOH peaJIH3all;HH JIC3EI1. 

1~m•: 
..,..-· 

ahe;1m 

P11c.5, CxeMaT11qecKoe H3o6paJKeHHe ny'!Ka 3JieKTpoHoB nocJie Bb!XO/J;a 

H3 rrepsoro OHf(YJIHTopa B JIC3 6e3 HHBepc:im. 

,ll,amlblll MexaHH3M MOJKeT pa6oTaTb TOJibKO, eCJIH pa36poc ITO yrnaM 

L\a' B03HHKaIO"UJ;HH B pe3yJIDTaTe B3aHMO/J;eHCTBIDI 3JieKTpOHOB c 

l!OJieM onp;ymrTopa H ycHJIHBaeMOH BOJIHbl, 60JibIIIe, qeM ecTeCTBeHHblll 

pa36poc aheam ITO HarrpaBJieHHJIM CKOpOCTH B 3m~KTpOHHOM rryqKe. 

Ou,fCHeH yroJI OTK1roii:e1prn. B ,r~epsoM BFmrepe. 

I1oJJy'leHnoe 3Ha'lemi:e rropora AJIH MO"UJ;HOCTH 11a3epHoro FrnJiyqeHHH 

HBJJHe?-"~H ,,,BepxJ;leii: rpaHnn;eii: B ycJIOBMHX cJia6oro yornemrn. Ka!\ 

CJJell;yeT H3 npHBe/J;eHHb!X BDIIIIe qu;eifOK pea11usan;HH. JIC3EI1 B. 
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op;uoqacTifqnoM pelKHMe co c11a6DIM ycmreHHeM k''L < < 1 BCTpe'laeT 

6oJibIIIl1'e rrpo611eMbI, '!TO IIO-BH,D;HMOMY, rrpHBO,D;lIT K npaKTHqecKOH 

HeB03MOlKHOCTH ero peaJIH3an;HH B p;aHHOM pelKHMe B TOM BapnaHTe, B 

KOTOpOM OHO paccMaTpHBaJIOCb. I1MeeTCH /:\Ba Bb!XOp;a H3 3TOH CHTyau;HH. 

Ilepsoe, 3TO HCIIOJib30BaHHe paMaHOBCKoro pelKHMa ycHJieHHH. KaK 

rroKa3aJIO '!HCJieHHOe MOp;emi:poBaHHe [8] B p;aHHOM pelKHMe H/J;eJI 

JIC3EI1 HMeeT 60JibIIIHe B03MOlKHOCTH. BTopoe - 3TO FICIIOJ!b30BaHHe 

CUJibHOI'O ycuJieHUJI Ha ,l.IJ!HHe k''L >> 1 B TOMCOHOCKOM pelKUMe. KaK 

rrepsoe TaK ll BTOpoe Tpe6yeT UCIIOJ!b30BaHne rryqKoB 60JiblIIOH 

IIJIOTHOCTU . 

B fmuie 5 B paMKax p;ucrrepcnoHnnrx ypasHeHHli Hcc11e,zi;osaHo 

u311y'!eHue CMnTa Ilapce1111a pe11HTHBHCTCKHX 3JieKTpOHOB 6e3 

pe3oHaTopa. HaMn rrpep;110JKeH TeopeTH'leCKuii: IIOl:\XOA peJKuMa c11a6oro 

ycu11eHUJ1 B JIC3 Tuna CMHTa - I1apce11Jia. AHaJiuTn'!ecKoe BnrpaJKeHue 

rro11yqeHo /J;JIJ! TeMrra poem Hecrn6u11nHOCTH CMnTa - Ilapce1111a. 

AHaJiu3uposaHnI 3asucuMoCTU TeMrra pocTa OT pe11HTUBUCTCKoro 

¢aKTopa rry'!Ka OT BDICOTDI rry'!Ka AO pemeTKn, OT yr11a ua6mop;eHIDI. 

Mnr HaIIIJIH '!TO /J;HCIIepcnoHHOe ypasHeHue OIIHCbIBaIO"UJ;ee 

BnIHYJKAeHHYIO HecTa6m1bHOCTb CMnTa - I1apce1111a KBall;paTnqHo no 

qacTOTe. I1oKa3aHO, '!TO ycJIOBHJI AJIH B036ylKp;eHHJI TOMCO~~BCKOI'O' H 

paMaHOBCKoro HeycToliqusocTeii: He 3aBHCHT OT TOKa IIY'!Ka, a 3aBHCHT OT 

pacCTOJ!HHH nyqKa 1:\0 peIIIeTKH. PocT TeMrra B o6oHx c11yqaJ1x 

rrporropu;HOHaJieH KBap;paTHOMY KOpHIO OT TOKa nyqKa. ',ll,li:ii:' 
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l. 

rrpu:MeHeHlfll rronyqeHHbIX HaMll pe3yJibTaTOB, KaK BalKHblll rrpu:Mep, 

BblqllCJieH TeMIT pocTa /];JIH Jie3 TllITa err AJIH rrpHMOyroJibHOll peIIIeTKI:!. 

HaIIIll pe3yJibTaTbI coBrrap;aIOT c 3KCnepu:MeHTaJ!bHbIMH p;aHHbIMH 

IJOJ!y<l:eHHb!Mll B ,l.l,apTMYTCKOM KOJIJiep;lKe [9]. 

y 

Sht'<(•t elocnon beam 

k' / 

/~g lAt> 

b 

x 

Pu:c.6. CxeMa Jie3 TllITa err. rrJIOCKllll 3JleKTpOHHbIH rryqoK B 

IIJIOCKOCTll Y = b. e yroJI Ha6JIIO/];eHllH, f'1b TOJIID;llHa rryqKa, d 11 h 

rrepu:op; If aMIIJ!llTY/:\a pemeTKH, COOTBeTCTBeHHO. 

B fJia:ee 6 TioKa3aIIa B03MOlKHOCTb Kanami:poBamrn 

Hli3K03HeprenrqecKllX peJIHTllBHCTCKHX II03HTpOHOB BOKpyr OT/];eJ!bHbIX 

KpHCTaJIJ!OrpaqmqecKHX oce:i1: c KOaKCHaJibHOH CllMMeTpHe:i1: 

OTpHu;aTeJibHbIX HOHOB B HeKOTOpbIX THITax KpHCTaJIJIOB. ,l.l,eTaJ!bHO 

113yqeH rrpou;ecc aHHHI'HJ!Hl\llll II03HTPOHOB c 3JleKTponaMH cpep;bI. 
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Ha:i1:p;eHo BpeMH lKH3HH IT03HTpoHa B pelKHMe KaHami:poBaHHH (10-6 

ceK), KOTopoe B 10"9-10"8 pa3 60J1bIIIe, qeM B o6brqHbIX cJ1yqaHx. 

Q,")O~P 
'- \.._.,> 

,, 000 p 
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000 /> 
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J .. ' 
I' --.J 

01 ~r -Pu 

P11c.7. a) PemeTKa Kp11cTaJ1J1a esel , b) Hqe:i1:Ka pemeTKll , c) 

3cpcpeKTHBHblll IIOTeHu;HaJI KaHaJ111poBaHHH II03HTpOHOB BOKpyr OCH 

OTp11u;aTeJ1bHO 3apHlKeHHbIX llOHOB er IIOKa3aH B/];OJ!b pap;11yca p , 

KOTOpblll B 06J1aCTH JIOKaJIH3au;HH II03HTpoHa OIIHCbIBaeTCH 

noTeHu;HaJIOM Mopca. 

HamH llCCJ!ep;oBaHHH IIOKa3aJill, qTQ rrpo6J1eMa, CBH3aHHaH c KopoTKOH 

AJ!HHOH p;eKaHaJ111poBaHHH, peIIIaeTCH, eCJill. pacCMaTpHBaTb 

rrnHaJIHpoBaHHe II03HTpOHOB c 3nepme:i1: 5-20 M3B'. ii qac-rf!ocrn, B 

HOHHb!X KpHCTaJIJ!aX TllIIa esel B/];OJ!b HOHOB XJ!Opa (ocb <100> ). B 3TOM 
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CJIY'Iae B Kp.HCTaJIJie o6pa3yeTCJI ~yMepHaH peJIJIT.HB.HCTCKaJI 

II03.HTpOHHaJI C.HCTeMa (ITC), KOTOpaH c ¢oHoHaM.H ITO,!J;C.HCTeM.bl perneTK.H 

rrpaKTIPieCK.H He B3a.HMO,!l;eHCTByeT. Bee ,n;pyrrre THII.bl B03,!J;eHCTB.HJI Ha 

ITC, a .HMeHHO: CTOJIKHOBeHHJI c 3JieKTpoHaM.H cpep;.1>1, pacceJIHHe Ha 

,!l;HCKpeTHOCTJIX pemeTK.H If T.,n; .• JIBJIJUOTCH B03Mym,eH.HHM.H. ,ll;pyrttM.H 

CJIOBaMH, B.bIIlleyrroMJIHYT.bIM crroco6oM c B.b!COKOH ,!l;OJieii BepoJITHOCT.H 

MOlKHO C03p;aT.& 2D peJIJIT.HB.HcTcKyro ITC B cpe,n;e co BpeMeHeM lK.H3H.H 

60JibIIIe, '!eM 1 o-6 -1 o-? CeK. ::ho 03Ha'IaeT, 'ITO perneHa OCHOBHaH 

npo6JieMa co3p;aH.HJI HaHooH,n;yJIJITopoB, .HMerorn;rrx 60JI1>rn.He BpeMeHa 

)Klf3HH. 
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BbIBOW>l 

• Mbr rroKa3aJin B03MO'lKHOCTh ncrroJib30BaHllH peJIHTllBllCTCKoro 

CTpo<PoTpOHa ,ll;JIH co3,n;aHllH Jla3epoB Ha CBo6o,n;HblX 

3JieKTpOHaX. 

• Mbr. npnBeJill cncTeMaTn'lecKoe nccJie,n;oBaHne KaHannpoBaHllH 

3JieKTpOHOB Ha llHTeHCllBHOH CTOH'leil CBeTOBOll BOJIHe ,ll;JIH 

C03,ll;aHllH JIC3. 

, I 

1 I 

• Mhl Hanum aHaJillTll'!ecKoe Bblpa'lKeHne ,ll;JIH cneKTpaJibHoro 

pacnpe,n;eJieHllH CITOHTaHHOrO ll3JIY'leHllH ll K03cpqmu;neHTa 

I 

i11 

ycnJieHllH c y'leTOM Heo,n;Hopo,n;HOCTll MarHllTHOrO ITOJIH 

mrocKoro snrnepa. 

• Mb! HaIIIJill orpaHll'leHllH ,n;JIH ycTOil'lnBoil pa6oTbI Jla3epos Ha 

cso6o,n;HbIX 3JieKTpoHax 6e3 llHBepcnn. 

• Mb! HaIIIJIH 3aBllCHMOCTH TeMna pocTa B JIC3 Tnna CMHTa-

IlapceJIJia OT napaMeTpOB CH'CTeMbl. 

• Hail,n;eHbI sepoHTHOCTH anHHrnnHu;Htt no3HTpona c 

3JieKTpOHOM cpe,n;hl Ha O,ll;HH li Ha ,n;sa raMMa cpoTOHa npH 

KananttposaHH'li Il03HTpOHOB B liOHHblX KpHCTaJIJiaX .. 
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• 5nL]g I; Ulp.l{_wo gwlJp. l:hhpqpw1ntl nhtwlilptl_PuUlplJ. 

Uj_nq]llilpnbbt.p.p mnwbgpUI]plt lj_Ulltwtwgtiwh 

hlm1pmtl_nrmLJ.UJillUJ:l np.n2 ]mhmqmu p]mµhqlthpmtI: Uhhp 
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lilhl{nqmru1mh hi{ npnhp qmrnq hh ql:iqwtl_mrtlh1: 

SUMMARY 

In conclusion we enumerate the main results obtained in the thesis. 

• Relativistic strophotron is investigated as an alternative scheme 

for Free Electron Laser. Spectral intensity of a spontaneous 

• 

emission and the gain of an external wave in the strophotron 

are found by a superposition of contributions from emission or 

amplification at different (odd) harmonics of the main 

resonance frequency {!)res ( X0 ) . 

Comparison is done to indicate features of the strophoton 

FEL differentiating this device from the usual undulator FEL. 

• Channeling of electrons moving across an intense standing 

light wave is described. This effect is proposed to be used for 

the c:rcation of Free Electron L<iser. Its linear. gairyis, calculated 
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and estimated. Estimates indicate that the gain should be 

sufficient for the construction of a freecelectron laser operating 

in the infrared range. 

• We have shown that as a result of the allowance for magnetic 

field inhomogeneity, some additional peaks appear in the 

spectral distribution of spontaneous radiation and in the gain. 

Out of the multitude of these peaks one can obtain ultra short 

pulses using the well-known mode-locking method. The peaks 

in the spectral distribution of spontaneous radiation and of the 

gain are localized at combied frequencies of the odd harmonics 

of (2n+ l)rores,und undulator resonant frequency and even 

harmonics of 2mrorcs,str strophotron resonance frequency. 

• Taking into account the finite sizes of the beams, the value of 

the threshold laser power at the entry of the first undulator of 

FEL WI, above which the selection of electrons via the 

transverse velocity in the drift region is possible, have been 

obtained for an FEL without inversion (FEL WI). 

• We have used the framework of the dispersion equation to 

study coherent Smith-Purcell (SP) radiation induced by a 

relativistic magnetized electron beam in the absence of a 

resonator. We have found that the dispersion equation 

describing the induced SP instability is a quadratic equation for 

frequency; The growth rate of the instability in both cases is 

proportional to the square root of the electron beam current. 
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No feedback is needed to provide the coherent emission. As an 

important example of the application of our obtained results 

the growth rate of SP FEL in the case with a rectangular grating 

was calculated. The calculated results are consistent with the 

experimental data obtained by J. Urata, M. Goldstein, M. F. 

Kimmitt, A. Naumov, C. Platt, and J.E. \Valsh, Phys. Rev. Lett. 

80, 516 (1998). 

• A possibility of channeling of low-energy relativistic positrons 

in some ionic crystals with axial symmetry with coaxial 

symmetry around separate crystal axes of negative ions in some 

types of crystals, is shown. We solved the main problem of 

creation of nanoundulators, which have very large lifetimes 

and by which we can control. 
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