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OBmAfl XAPAKTEPMCTMKA PABOThI 

AlcryaJIDHOCTD Te:MM. 

Pa3Jili'IHLie THilLI lH3JI)"'ieHH:li:, B03HHKarom;He rrpH B3aHMo,n;e:ikrBHH 
3apJIJKeHHI>IX <raCTHD; BLICOKHX ::meprHtt c Bem;ecTBOM H 3Jie:KTpOMarHHTHLIMH 
IIOJillMH, npe,D;CTaBJillIOT HHTepec KaK c '!HCTO Ha}"IHOM TO'IKH 3peHIDI, TaK H )\JUI 

IIOJI)"'ieHmI HHTeHCHBHLIX <J?oTOHHLIX Il}"IKOB, Heo6xo,zi;HMl>IX ;D;JIH npa:KTH'ieCKOI'O 
npHMeHeHHJI (<J?H3HKa, Meµ;mvma, reHeTHKa, 6HOJIOrHH H ;zi;p.). 

,l:t;HCCePTaIJ;HOHHaH pa60Ta IIOCBJilll;eHa aK'cyaJibHOH rrpo6JieMe BLIHBJieHHJI 
oco6eHHOCTeH xapaKTepHCTHK KaK CIIOHTaHHoro, TaK li KOrepeHTHOro 
OH,D;YJIJiTOpHoro H3JI)"'ieHHH B pa3JIH'IHLIX o6JiaCTJIX 'iaCTOT: cy6MHJIJIHMe1JlOBOH, 
yJI1>Tpa<J?HoJieTOBOH H pemreHOBCKo:li:. 

11,zi;eJI HCIIOJih30BaHIDl H3Jl}"IeHIDr OC~HpyIOlll;HX pemrrnBHCTCKHX 3JieKT]JOHOB 
,D;JUJ. reHepan;mi: pa;zi;HOBOJIH pe.rurrHBHCTCKHMH 3JieKT]JOHaMH 6i.ma Ilpe,ll;JIO)KeHa 
fHll36yproM [1]. B Ha<ra:n:e 50-x ro;zi;oB Marn;oM [2] H, He3aBHCHMO Jlau.u;eKepoM [3] 61>mH 
npoBe;zi;eHI>I 3KCIIepHMeHTaJILin.re HCCJie;D;OBaHHH H3Jl}"IeHIDr, o6pa30Bammro rrpH 
npoxo)l{,ll;emm pemrrHBHCTCirnX 3JieK'fllOHOB qepe3 BHenrn:ee npocrpaHCTBeHHO­
nepHO;zi;H'lecKoe MaI"HHTHoe noJie (oHp;ymrrop). KopxMa3J1HOM [4] 6i.ma pa3ilH"ra TeOpHJI 
peHTreHOBCKOro H3JI}"leHIDI, o6pawmnmoro B BaK)'YMHOM OH,Zzymrrope, a coBM:ecnm c 
reooprHHOM [5] B OH,lzyJlllTOpe, 3aIIOJIHCHHOM cpe;zi;oH:. Y'ier BJIID.IHHI[ IIOIDipH3fili,ml: 
cpe;zi;LI Ha o6pa:mmume H3JI}"leHIDI npHBO,zi;m K Blt:il<HbJM <J?mH'lecKHM 3ip<peKTIIM [ 6]. 

B Ha<raJie 60-x ro;zi;oB, B pe3yJibTaTe '!HCJieHuoro Mo;zi;eJIHpoBa:HIDJ npm~ecca 

IIpOHlflCHOBeHWI 6bIC1JlLIX HOHOB B MOHOKpHCTaJIJI, Po6HHCOHOM H 0)'3HOM [7], H 
He3aBHCHMO, BHJiepoM H Becxo [8]. 6i.rno 3aMe<reHo, 'ITO rrpH onpe,zi;eJieHHbIX 
opHeHTan;IDIX KpHCTamra )l;JIHHa npo6era 61>1crp1>IX HOHOB B MOHOKpHCTaJIJie 
aHOMaJibHO B03paCTaCT. 11BJieHHC IGlHaJIHpOBaHHliI 3apJIJKeHHI>IX <racrm:i; B KpHCTaJIJJax 
6i.rno 06'bJICHeHO JlHH;zi;xap;zi;oM (9], 3aMeHo:li: IIOTeHD;HaJIOB OTp;eJibIDJX aTOMOB 
KpHCTaJIJia IIOTenu;uaJIOM, ycpe,zi;ueHHLIM TIO HX rrpo,zi;OJibH:&IM KOop;zi;HHaTaM. DhlJIO 
onpe;zi;eJieHO KpHTlf'leCKOe 3Ha<reHHe yrJia rra;zi;eHHJI B KpllCTaJIJI, npH KOTopo111 em;e 
MO)KeT HMeT:& MCCTO KaHaJIHpOBaHHe (yroJI JlHH;zi;:xap,zi;a). 

K}'MaxOB (10] npe,zi;cKa3aJI HHTeHCHBHOC CIIOHTaHHOe peHTreHOBCKOe H faMMa­
H3JrfqeHHe npH xaHaJIHpoBaHHH. PemreHoBcKoe H3JI)"'ieHHe npH KaHamrposamm 
6:&rno 3KCnep:e:MeHTaJI:&Ho Ha6Jiro,zi;euo Ha mrne:i1:HOM ycxopHTeJre B CTeu<J>op,n;e 
(SLAC) rpynnoii: a111epHKaHCKllX ll COBeTCKHX cpH3HKO~ [11]. 

B xpHCTaJIJIH'ieCKHX ou,11;ymrropax KpOMe H3JIY'lemrn npH KaHam1:poBautt11, 
o6pa3yeTCll TaK>Ke on,n;ymrropuoe H3JiyqeuHe [12].TeopHJI 3Tor6 H3JI)"JCHWI 
pa3pa60TaHa B 113] 6e3 y<J:eTa, a B (14] c yqeTOM rromipman;llH cpe,zi;hI. B pa6oTe [JS] 
HCCJIC;zJ;OBlllihI oco6erumcTH cnom:nrnoro H CTHMYJIHPOBaHHOfO ll3JI}"leHT111 B 
KpHCTaJIJIH'ieCKliX H mrnory6H:&IX OH;zi;ymrropax. 

3 



B pa6ore [16] 6i;mo noKasairo, 'ITO acmmerpH'lllOCTL pacnpe.u;eJiemu1. cryCTKa 
npmm,ZJ;IIT K 'laCTH'IBO KOrepeHTHOMy H3ny'leHHIO B OOJia.CTH ,lVIIDI BOJIH, HaMHOro 

Memnrnx npo,ll;OJILHOro paaMepa c:ryCTKa. 3ro SIBJieHHe 6LIJIO IIO,n;TBep)l(,ll;eHO B 

3KCIIepHMeHTaJIJ:.HOH pa6ore [17). 
KorepeHTaoe ycHJieHHe MMeeT MecTO TaIOKe, eCJIH IIJIOTHOCT:L 3JieK·rpoHHoro 

crycTKa MO,ll;yJIHpoBaHa m13epHLIMH BOJIHaMH 6HeHHSI (JIBE). 0TMe'laJIOCL 

cym;eCTBOBaJIHe pe30HaJICHOH 'laCTOTLI, Ha KOTOpoH Ilpo,ll;OJI:LHLIH q,opM-<j>aKTOp 

Mo,n;y11HpoBaHHoro crycrKa He no,n;asJIHeT KorepeHTHOCTh H3JIY'leHHSI. EcJIH c:rycTOK 

HanpaBHTb HaBCTpe'IY JI33epHLIM BOJIHaM 6HeHHH, TO reHepHpye-rcs.c KOrepeHTHOe 

oH,n;ym1TopHoe H3JIY'leHHe B cy6MHJIJIHMeTPOBOM ,n;Hana3oae. B [18] 3TO JIBJieHHe 

rrpe,n;JiaraeTCSI HCilOJIL30BaT:i; p;JIH reHepan;HH KorepeHTHOrO H3ny'leHHSI 3JieKTPOHHOro 

crycTKa LCLS, no,n;Bep:>KeHaoro B KOHI-'e SLAC XFEL Mo,n;y~H IIJIOTHOCTH c 

nepHO,!l;OM, paBHLIM p;JIHHe BOJIHLI reHepHpOBaHHoro H3ny'leHIDI. 0,n;HaKo 

KOrepeHTHOCTL H3JIY'leHHSI Ha pe30HaHCHOH 'laCTOTe MO>KeT no,n;aBJISITLCJI 

nonepe'IHLIM <j>opM-<l>aKTopoM. 3TO IlO,li;aBJieHHe MO>KHO o6oiITH B1>16opoM 

pe30HaJICHOH 'laCTOTLI B6JIH3H HH>KHeH rpaHHD;LI p;orryCTHMoro HHTepBaJia 

H3JIY'laeMLIX 'lacTOT, IlOSIBJIHIOm;erocH H3-3a ITOIDipH3a1-'HH cpe,n;:LI. IlpH 3TOM MO>KHO 

orrpep;eJIHTL Ba:JKHLIH napaMeTp - rJIYGHHY MO,ll;YJIH~ IIJIOTHOCTH c:rycTKa 

3apH>KeHHLIX 'laCTm:i;. 

Uem. pa00rn. 

I.l;eJI:LIO ,ll;HCCePTaIJ;HOHHOH pa6oTLI SIBJISleTCSI: 

• TeopeTH'leCI<oe HccJie,n;oBaHHe oco6eHHocre:H: rrpon;ecca oa,n;yJIHTopHoro 

H3JIY'leHHJI, o6pa30BaHHOro 3apH>KeHHLIMH 'laCTHD;aMH BLICOKHX 3HeprHH B 

pa3JIH'IHLIX OHp;yJIHTopHl>lX CTpyKTYPax: CHCTeMl>I H3 ,ll;Byx cmi:paJILHl>IX 

OHp;YJIHTOpOB, pas,n;eJieHHI>lX rrpoMe~KOM H COBOKynHOCTH H30rayTLIX 

MOHOKpHCTaJIJIOB C IlpDMe>KyTKaMH. 

• 

• 

• 

IlocTpOeHHe KHHeTH'leCKOH TeopHH IlJia3MLI, B3aHMo,n;eil:cTByrom;e:H c 

Jia3epHI>IMH BOJIHaMH 6HeHHH. 

MccJiep;oBaHHe KorepeHTHo~o oa,n;yJIHTOpHoro H3JIY'leHHJI, o6paaoBaHHoro 

3JieKTPOHHLIM crycrKOM c MO,ll;YJIHpOBaHHOH ITJIOTHOCTLIO. 

VlcCJie,ll;OBaHHe B03MO>KHOCTH reHepan;HH 

MOHOxpOMaTH'leCKOrO 

MHKpo6aH'IHpOBaHHI>IM 

ny'IKa peHTreHOBCKHX 

B SASE FEL Il03HTPOHHLIM 

HHTeHCHBHOro 

<l>oTOHOB 

crycTKOM B 

KpHCTaJIJIH'leCKOM OH,ll;yJIHTOpe . 

. ijaymms: HOBH3Ha. 

HaY'l:HaH HOBH3Ha pa60TLI COCTOHT B c11e,n;yrom;eM: 

• IlOJIY'l:eHI>I cneKTpaJILHHe xapaKTepHCTHKH H3JIY'leHHH peJIHTHBHCTCKOI'O 

3JieKTpOHa B CHCTeMe OH,ll;yJI.llTOpoB. 
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• 

• 

• 

• 

• 

• 

• 

BLIHBJieH1>1. yc110BHJ1, npH KOTopi;rx noB1>1maeTcH ::iq,qieKTHBHOCTL Jiasepa aa 

CBOOO,ll;HLIX ::meKTPOHax Hs-sa KOHCTPyKTHBHOH HHTep<j>epeHD;HH no11e:li: 

H3JIY'leHHJI, o6paaoBaHHl>IX B no,n;o6HLIX CHCTeMax. 

B paMKaX KHHeTH'leCKOH TeOpHH IIOJIY'leHLI BLipa:JKeHIDI p;JIH cneKTpaJILHOH 

¢YHKn;HH pacrrpe,n;eJieHHJI IIJIOTHOCTH H TeH3opa ,!l;H3JieKTPH'leCKOH 

rrpOHHn;aeMOCTH IIJla3MLI, B3aHMOp;e:li:CTBYIOm;eil: c naaepHl>IMH BOJIHaMH 

6HeHHH. 

fH,n;po,n;HHaMH'leCKHM MeTO,lJ;OM IlOJIY'leH 3aKOH H3MeHeHHSI IIJIOTHOCTH 

CHJILHOTO'IHoro 3JieI<'rpOHHOro ny'IKa B pe3yJILTaTe B3aHMO,n;e:HcTBHSI c JIBB. 

BLIHBJieHO HaJIH'IHe pe30HaHCHOH 'laCTOTLI, Ha KOTOpoH KOrepeHTHOCTL 

H3JIY'leHHJI He ITO,ll;aBJIHeTCSI rrpo,n;OJlbHLIM cpopM-<PaKTopoM IIY'IKa. 

IIOKa3aHa peaJILHaH B03MO>KHOCTb KOrepeHTHOro H3JIY'leHHJI Il03HTpoHHOro 

crycrKa c Mo,n;yJIHpoBaHHo:H: B rrpon;ecce SASE FEL ITJIOTHOCTLIO B 

KpHCTaJIJIH'leCKOM OH,ll;yJIHTOpe. 

c Y'leTOM BJIHJIHHJI noJIHpH3aIJ;HH cpe,n;LI Ha crreKTPaJILHOe pacrrpe,n;eJieHHe 

H3ny'leHHJI o6Hapy>KeHa B03MO>KHOCTL, HCKJIIO'laIOID;aH IIO,li;aBJieHHe 

KorepeHTHOCTH peHTreHOBCKOro H3JIY'leHH.ll Ha pe30HaJICHOH 'laCTOTe 

nonepe'IHLIM <j>opM-<PaKTOpOM c:rycTKa c MO,!l;yJIHpOBaHHOH IIJIOTHOCTLIO. 

BJJIHBJieHa B03MO>KHOCTJJ reaepan;HH HHTeHCHBHoro 

CBepXMOHoxpoMaTH'leCKOro IIY'IKa peHTreHOBCKHX ¢0ToHOB. 

IlpaI<.TH'lecIWI neHH:<>CTh. 

• 

• 

• 

McrroJib30BaJIHe OH,ll;YJIHTOpoB c npoMe~KaMH IIOBI>ICHT 3<j>cpeKTHBHOCTh 

Jiaaepa aa CBo6o,n;mrx 311eKTPOHax. 

3JieKTPOHHl>IH IlY'l:OK, IJJIOTHOCTL KOToporo MO,li;YJIHpOBaHa Jia3epHI>IMH 

BOJIHaMH 6HeHHH H3JIY'laer KorepeHTHO B cy6MHJIJIHMeTpOBOH 0611aCTH 

,ll;JIHH BOJIH. 

IlosHTPOHHJJm crycToK c Mop;yJIHpOBaHHo:H: B npon;ecce SASE FEL 

IIJIOTHOCT:LIO B KpHCTaJIJIH'IeCKOM OH,ll;yJIHTope H3JIY'laeT KorepeHTHO B 

peHTreHOBCI<OH 0611acTH ,li;JIHH BOJIH. 

0CHOBHl>Ie IIOJIOlKeHHH. BJJIHOCHMI>Ie Ha ;yimmy. 

1. <l>opMa JIHHHH CilOHTaHHoro H3JIY'leHHH, o6pa30BaHHOro peJIHTHBHCTCKHM 

3JieKTpDHOM B CHCTeMe, COCTOSim;e:H H3 p;Byx CIIHpaJil>HbIX OH,ll;yJIHTopoB, 

cy>KaeTCJI no cpaBHemno c ou,n;yJIHTopoM 6ea rrpoMe~Ka. Ilo::iToMy 

KO::i<i><l>m:i;HeHT ycHJieHHSI BlJiffY)l(,ll;eHHOro H3JIY'leHHH 3JieKTPOHHoro 

c:rycrKa yBeJIH'IHBaerCH. 

2. MnTepqiepeHD;HH rroJie:H: oHp;yJIHTopHoro H3JIY'leHHJI, o6pasoBaHHoro 

KaHaJIHpOBaHHJJIMH Il03HTPOHaMH B pa3JIH'IHLIX ceKr.µrnx 

KpHCTaJIJIH'leCKoro OH,ll;yIDITOpa, KOHCTpyKTHBHa npH orrpe,n;e11eHHOM 

3Ha'leHHH ,li;JIHHLI rrpoMe~Ka Me>K,ll;y MOHOKpHCTaJIJiaMH. 
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3. HpHMeIUIH. pe3yJThTanr noC'rpoeHHOH KHHeTH'ieCKOH reopHH 

B3aHMOp;eil:CTBHH rura3Ml>I c Jia3epH&IMH BOJIHaMH 6HeHHH, UOJIY'ieH 3aKOH 

MO,D;YJUIIJ;HH TIJIOTHOCTH CHJlbHOTO"l.HOrO ::meKrpOHHOro crycrKa. 

4. Cym;ecrByer pe30HaHCHaJI p;mrna BOJIHDI, Ha Koropoli H3JIY'i€HHe 

KOrepeHTHO B cy6MHJIJIHMeTpOBOM ,D;HaJia30He f);JIHH BOJIH. IlpH STOM 

pe30HaHCHaH ,ll;JIHHa BOJIHbI, rrpO,D;OJibHbIH xapaKTepHDIH paaMep crycrKa H 

p;JJHHa MO;Lzy.IDIIJ;HH yp;oBJieTBOpBKlT ¢oPMYJie TOHKOH JIHH3l>I. 

5. B pemreHOBCKOH 0611acrH -qacror KorepeHTHOCT& H3JIY'ieHHB rryqxa 

MHKpo6aa'IHpOBaHHOro B rrpon;ecce SASE FEL nyq:Ka Ha pe3oHaHCHO:li: 

'lacrore rrop;aB.IDieTCB nonepe'IH&IM cpopM-cpaKropoM. Y'leT BJIIDIHHJI 

11om1pH3aii;mi: cpe,n;&r rrpH o6paaoBaHHH H3JIY'ieHHH II03H!pOHHoro cryC"rKa 

B KpHCTaJIJIH'ieCKOM OffAY.IDITOpe BblllB.IDieT cpopMHpoBaHHe H3JIY'ieHHB nop; 

HYJieB&IM yrJioM TaK X<e MHrKHX cporoHoB. 

6. BDI6opoM pe30HaHCHo:li: qacror&I s6JIH3H HHX<Heil: rpaHH'IHO:li: 'iacror&I 

£I03BOJIHeT He:li:rpaJIH30BaTb nop;aBJieHHe KorepeHTHOCTH H3JIY~IeHHH 

rronepe'IHDIM cpopM-cpaKropoM. Ec11H rJIY6HHa MO,Dj'.IDID;HH He CJIHIIIKOM 

MaJia, TO MO)l(J{O IIOJIY'iHTb csepXMOifOxpoMaTH'leCKHH rry'iOK 

peHTreHOBCKHX cpOTOHOB. IlpoBep;eHHe r.cpep;JiaraeMoro SKCnepHMeHTa 

rro3BOJIHT onpep;eJIHTI> B~rn&ril: rrapaMerp - rny6miy Mop;y.IDID;HH 

IIJIOTHOCTH crycrKa B npon;ecce SASE FEL. 

.Arrpo6anHB pa6orl>I. 

OcHomu.1e pe3yn&rar1>1 p;Hccepran;HOHHOH pa6or1>r p;oKJiap;DIBaJIHCh H o6cyX<p;aJIHCb 

Ha cnep;yrom;HX MeX<,D;}'Hapop;HbIX KOHcpepeHD;HHX: 

1. Charged and Neutral Particles Channeling Phenomena (2004, 2006,2008, 

2012) 
2. International Symposium on Radiation of Relativistic Electrons in Periodic 

Structures, RREPS (1997,1999, 2013, 2015) 

MarepHaJII>I p;Hccepran;HH raIOKe 06C)r)Kp;a11Hc1> Ha ceMHHapax B Ep<l>ll. 

Ily6mncamm. 
Ho MarepHaJiaM ,ll;HCceprau;HH ony6mi:KoBaHO 8 HayqHbIX pa6or, cnHCOK KOTOpbIX 

npHBe,n;eH B xomi;e aBropecpepara. 

C~a H o6'heM pa6oThI. 

,LJ;Hcceprau;HoHHaH pa6ora COCTOHT H3 BBe,n;eHlill, rpex rJia.B, 3aKJIIO'leHHH H cnHCKa 

l\HTHpyeMOH JIHTeparypbI. 06m;Hil: o6'beM p;Hcceprai:i;HH COCTaB.IDieT 110 crpaHHD;, B 

TOM 'lHCJie 8 pHCYffKOB H CIIHCKa JIHreparypbI H3 110 HaHMeHoBaHHH. 
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CO}J;EP)l{A.HllE P ABOTbl 

Bo B:BeJIE!HHH rrpe,n;craBJieH KparKliH o63op ocHOBHI>IX pa6or no rrpo611eMe, 

IIOCTaHOBKa 3aµ;aq, o6ocHOBaHa aKT}'aJibHOCTb TeMl>I, orrpe,n;eJieHa n;eJib, nayqHaH 

HOBH3Ha, npHl(Jlap;Hoe 3Ha'leHHe no11yqeHHl>IX pe3yJI1>TaTOB H OCHOBH&Ie IIOJIO)KeHHB, 

Bl>IHOCHM:&Ie Ha 3am;ffTY. 
fJllllla I IIOCBHm;eHa HCCJiep;OBaHHIO oco6eHHOCTeH CilOHTaHHOrO 

OHf!;y.IDITOpHoro H3JIY'ieHHB, o6pa30BaHHoro pe.IDITHBHCTCKHMH qacrmi;aMH B 

rrpocrpaHCTBeHHO nepHO,D;H'leCKHX crpyt<rypax, a HMeHHO, B CIIHpaJil>HOM 

OHp;y.IDirope, pa3,n;eJieHHOM rrpoM~KOM, H B xpHCTaJIJIH'lecKoM OffAYJIHrope, 

COCTOHID;eM H3 or,n;eJil>HbIX, H30rHyTbIX no ,n;yre oxpy)l(J{OCTH MOHOKpHCTaJIJIOB. 

B §1.1 rrpoBep;eH aHaJIH3 oco6eHHOcre:li: reHepan;HH peHTreHOBCKHX cporoHOB 

3apa>KeHH:&IMH pe.IDITHBHCTCKHMH qaCTHD;aMH B llJIOCKHX, CUHpaJil>H:&IX H 

KpHCTaJIJIH'leCKHX OHp;y.IDITopax. 

B §1.2 orrpep;eJieHa rpaexropHH p;BHX<eHHB pe.IDITHBHcrcxoro sJiexrpoHa B 

CHCTeMe, COCTOJIIn;e:li: H3 p;Byx op;HHaKOBbIX cnHpaJI&HblX OffAY.IDITOpDB KIDK,llilDIB 

AJIHHOH L, paap;eJieHH&IX rrpoMeX<YTt<OM sL. Pacc'IHTaHO C)'MMapHoe no11e 

H3JIY'ieHHH. 
B §1.3 noxamlHo, 'ITO qacroTHo-yrnoaoe pacnpep;eJieHHe 'IHCJia KBaHTOB 

H3JIY'ieHHJI B AHIIOJibHOM rrpH6JIH)KeHHH HMeeT CJie,D;yIDID;HH BHµ;: 

d 2N dxd:~ = 4rraq2n 2x[(2u2x - 1)2 + 1] · Fs(z) , F5 (z) = cos2 ((s + l)z )F(z), 

sin
2
z [ (1 )] ~ F(z)=---;z· z=rmx u 2

- x-Q , Q=-yl+q2 
• 

r,n;e x = w/(2ily2) -6eapaaMepHaH 'laCTOTa, u =ye, a - llOCTOHHHaH TOHKO:li: 

crpYKTYP:&I, q - napaMerp oHp;y.IDiropa, n - 'IHCJIO BHTKOB B KIDK,lliOM H3 

OffAY.IDITOpOB, W H 8 - 'laCTOTa H IlO.IDipHbIH yroJI H3JiyqeHHH, il - 'laCTOTa 

Bpam;eHHH snexrpoHa no cnHpa11H oH,n;y.IDITopa, y - JlopeHn;-cpaKTop, F5 (z) - cpopMa 

JIHHHH CllOHTaHHOrO H3JiyqeHHH, 3aBHCBID;aH OT napaMerpa s. 
B §1.4 HCCJiep;oBaHO cnexrpa111>Hoe pacnpep;eJieHHe 'lHCJia H3JIY'ieHH&IX cporoHoB 

no,n; eyJieBl>IM yr110M 

d
2Npnl 2 2 ( 1) 

Ns(x) = dxdu2 u=o = 81Taq n xF5 (z0 ) , z0 = 1TTlQ x -Q . 

MaKCHMaJI&Hoe 3Ha'leHHe 'lHCJia cporoHOB crroHTaHHoro H3JIY'ieHHH Ha 'lacrore 

Wo = 2ilyff2 (Yu= y /Q) COBnap;aeT c aHaJIOrH'lHbIM BnipaX<eHHeM IIpH s = 0 p;.IDI 

oHp;ynHTopa ,n;JIHH,oli · 2L. Ha plic.1 · rrpHBep;eH&I <)JopM1>r JIHHH:il: . cnoHTaHHoro 

oH,n;y.IDiropHoro H3JIY'ieHHH no,n; ffYJieB&IM yr.iJ:oM µ;JIH paa:n:wrn:i.IX 3Ha'leHHH 

~ap~erpa s. IIIHpH~a <jJopM:&I JIHHHH. BOKPYr 3Ha'leHHH z0 = 0 cpca.ercH B (s + 1). 

paa. 
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Pnc.J. <PopMa JIHHHHCIIOHTaHHorons.nyczeHHJI IlOl{yr.JioMB = 0 IIpHS = 0, 1, 2. 

B §1.5 Hccne;zi;oBa.Ho H3.JIY'IeHHe peIDITHBHCTCKoro no3:HTpOHa, o6pa30BaHHoe B 

KpHCTaJIJIH'IeCKOM OH;D;yJIHTOpe, COCTOHm;eM H3 H30rHyrbIX 2n MOHOKpHCTaJIJIOB 

;zi;nHHOH L H pa;D;HYCOM KpHBH3HbI R, pacnoJIO:lKeHHbIX CHMMeTpH'IHO OTHOCHTeJibHO 

ITJ!OCKOCTH YOZ Ha paccroHHHJIX pJ?. H cMem;eHHbIX B;D;Ollb ocH OZ Ha BeJIH'IHHY 

pl (pHc.2): 

x '":-.r_' 
~.:-. 

;, 

1.: ~:. 

Pnc.2. CxeMaTHVJioe paCIIOJIOJKeHHe HSOI'HJIT.hIX MOHOKpHCTaJIJIOB, IIpe,JJ;CTBBJieHHhIX 

B BH,l(e ;zyr oKpJ?KHOCTH AoBoC0, A~Cv A;J1zC2 H T.l{. 

y cpep;HeHHaK TpaeKTopHlI KaHaJIHpOBaHHbIX II03:HTpOHOB IIOBTOplleT 

<J.:>opMy JIHHHH KaHaJia MOHOKpHCTaJilJH'leCKoro OH;D;yllif.TOpa. 3aBHCHMOCTb 

norrepe'IHOH KOOp,ll;HHaTbI OT npop;OJThHOH KOOp;D;HHaTJ:iI rrpep;cTaBJIJieTCH B BH;D;e: 

Xj(O = (-1)1J?,[p+[jt-8a2[(-2j(l+p)J2-jt-80
2
]] , 
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-1 + 2j(1 + p) ::;; (::;; 1 + 2j(1 + p), j = O; 1; 2; ... ; Zn -1, 
r,11;e R = L/280 , a 80 -MaKCHMaJibHbIH yron HCKpHBJieHIDI MoHoKpHcraJIJia OT OCH 

OZ, ( = 2vfft/ L, v 11 - cKopocrb npo,n;OJibHOro ,ll;BHJKemra no3HTJ>OHOB, t - BpeMJI. 

B §l.6' no.JIY'IeHa <J.:>opM)'Jia ,ll;llif. cneK'IpaJibHO··yrnoBoro pacnpep;eJieHIDI 'IHCJia 

<j>oTOHOB c yqeTOM BJIWIHlill nOIDf.PH3aJJ;HH cpe,D;bI: 

d
2 
Nph 2 ( 2 ) 2 r

2 

dxdu2 = anq Fp(x, u)8 u - <pp(x) , <pp(x) = (1 + p)x Q - xz 

Fp(x, u) =~[[~sinµ· V(µ)u2x - V(2µ) f + V2(2µ)] , 

sinµ re Wp 2L Yv 
V(µ)=---cosµ µ= , r=-=-=-

µ ' 2(1+p) Qy ilpY Y 
r,n;e x = w/(Qy2

), Q = rcv0/L, u = y8, Wp (ilp)- nJia3MeHHaK 'IaCToTa (,ll;JIHHa 

BOJIHbI) cpe,n;bI, Q = y f Yn = .J 1 + q 2 /3 npH ,n;BIDKeHHH no3HTpoHa no OKpp<HOCTH. 

B § 1. 7 ,ll;llif. -qacTOTHoro pacnpe,n;eneH1m 'IHCJia <j>oTOHOB nocne mrrerpHpOBaHlliI 

no yrny H3.JIY'IeHwr no.JIY'IeHo cne,n;yioru;ee Bbip(l)KeHHe 

d:;h = anq2 Fp(x) , Fp(x) = H ( 1/Jp(x) - V(Zµ) )
2 
+ V2 (2µ)} , 

µ = .. ,~ ~ --~ , 1/Jp(x) =~sinµ· V(µ) (ci ! p) - Qx - r:), 

r,n;e 'IaCTOTa H3.JIY'IeHlill x HllXO,ll;HTCH B cne,n;yiom;eM HHTepBaJie c rpaHH'IHbIMH 

'IaCTOTaMH Xo H Xe: 
1-.J~i---Q-r-2-(1-+-p)-2 1 +.ft - Qr2 (1 + p)2 

Q(l + p) · = x0 ::;; x::;; Xe = Q(l + p) 

B OTcyTCTBHH npoMeJKyrKa Me>K,D;y MOHOKpHCTaJIJiaMH 

F0 (x) = [1/Jo(x) -1]2 + 1 . 
Ha rpailH'IHbIX 'IacToTax x0 H Xe (H3.JIY'IaIOT no,n; eyJieBbIM yrnoM) HMeeM <(Jp(x0 ) = 
<{Jp(Xe) = 1/Jp(x0) = 1/Jp(Xc) = 0. Cne;zi;oBaTeJibHO, 

Fp(x0 ) = Fp(Xe) = 2(1 + p)V2 
( 1 : p) . 

<I>aKTop KOHCTPYKTHBHOH HHTep<J.:>epem:i;HH, onpep;eIDf.eMbIH OTHOmeHHeM 

BepOHTHOCTH H3.JIY'IeHlill, o6pa3yeMoro B CHCTeMe H3 MOHOKpHCTaJIJIOB, pa3p;eneHHbIX 

npoMeJKyrKOM, K BepOHTHOCTH, KOr;zi;a 3TOT npoMeJKyrOK OTcyrcrByeT, ,ll;JilI KpailrHe 

MllfKHX HJIH :lKecTICHX <j>OTOHOB HMeeT BH,11; 

.'b(p) = Fp(Xo) = Fp(Xe) = (i + p)V2 (_!!__). 
Fo(Xo) Fo(Xc) 1 + P 

<I>axrop Jj (pHc.3) CBOe MaKCHMaJibHQe 3Ha'IeHHe paBHOe 1.35 rrpHHHMaeT npH 

3Ha'IeHHH napaMeTpa p = 1/3. 
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Pnc.3. 3aBHCHMOCTh <j>aKTOpa KOHCTp}'KTHBHOii HJITep<j>epeHI(HH :h(p) OT 

rrapaMerpa p' xapaxrepnsyio01ero paCCTOJIHHe Mexqf}' MOHOKpHCTaJI.JiaMH: 

q = 0.8(Q = 1.1), r = 0.5. 
Ilpli:MeHeHHe KpHCTaJIJIH'leCKOro OH,ll;yJIJITopa c npoMe)K}'Tl{3.MH 110,lJ;HHMeT 

s<l><l>eKTHBHOCTb ;rnaepa Ha CBo6o,n;mrx sJXeKTPOHax. 

B §1.8 pacCMOTpeH npon;ecc BbI~eHHoro OHp;yJIJITopHoro H3JIY'leHHH H B 

pe)l{HMe reHepan;HH pacC'IHTaH Kos<l><l>Hii;HeHT ycHJXeHHli H3JIY'leHHll, onpe,n;eJll!eMbrn 

c TIOMOm;b:ib I1pOH3BOIJ;HOH <l>opMbl JIHHHH F(z) CTIOHTaHHOro H3JIY'lemm. ,lJ;Jll! 

JIHHeHHOrO ,n;H<l><l>epeHD;HaJlbHOrO Kos<l><l>Hn;HeHTa ycHJXemm H3JIY'leHHli HMeeM 

_ 12 q
2n2

LNb ( dF(z)) 
g=3.54·10 2 3 --d- . 

0"110".L y z 
r,n;e 2a.L li 2a

11 
xapaKTepmre nonepe'IHbIH H npo,n;oJibHbIH paaMepbI crycTKa c 'IHCJXOM 

'!:acTHn; Nb. Pas,n;eJXHB o,n;HHO'iHbI:li: oH,n;yJIJ1Top ,Zl;JXHHOH 2L Ha p;Ba o,n;HHaKOBbIX 

OHIJ;YJll!TOpa c IlpOMe:>K)l'l'KOM sL Me)f(,ll;y HHMH, TIOJIY'!:HM yBeJIH'IeHHe Kos<l><l>Hn;HeHTa 

ycHJieHIDI B (s + 1) pas: 

aF5 (z) aFs=o(z) 
gs: gs=O = a;:-; az ~ S + 1 • 

g,lzl 
4 

4 

.. -, .. -.......__ --...... 
' -:---.,..__,.,,. . .-... . 

7-•·•'-z=~c~ ... -.. 3 

Pnc. 4. Ko3<J><P~neHT yCHJieHHJI BhIH}QK.4eHHoro H3.fIY'£eHHJI ~JIII CHCTeMM 

OH/U'lIIITOpOB Il]JH pa3Hh1X 3Ha"CJ:eHHRX napaMerpa s B OTHOCHTeJihHMX e~mm~ax 
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0IITHM3JibHoe 3Ha'leHHe KOs<l><l>Hn;HeHTa ycmreHHli H3JIY'leHHJl OH,D;yJlHTOpHOH 

CHCTeMbl onpe,n;emreTCH H3 ycJIOBHli JIHHe:li:HOCTH pe)!{HMa reHepan;HH H TeM, 'ITO 

ecTeCTBeHHaH illHpHHa JIHHIDIC H3JIY'leHHli npH CBOeM cyJKemrn )J;OJIJKHa 6bITb 

OOJibme, 'leM BCHKHe Heo,n;Hopo,n;m1e ynm:peHHJI JIHHHH. 

f.!IaJ!a II TIOCBHm;eHa npo6J1eMe MO,!J;YJIHD;HH IIJIOTHOCTH 3JleKTPOHHOH TIJia3MbI 

HJIH CHJibHOTO'IHOro 3JleKTPOHHOro crycrKa npH B3aHMO,n;ei1:cTBHH c Jla3epHbIMH 

BOJIHaMH 6HeHH:li: (JIBB). B naparpa<t>e §2.1 iq>aTKO H3JIOJKeHbI KHHeTH'leCKH:li: H 

rH,n;po,D;HHaMH'leCKHH cnoco6bI HCCJie,D;OBaHHH TIJla3MbI. 

B §2.2 B paMK3X KHHeTH'leCKoro MeTO,n;a 11pe,n;CTaBJ1eH npon;ecc B3aHMO,D;e:li:cTBHH 

TIJla3MbI C JIBB. 

B §2.3 peIIIaH 6ecCTOJIKHOBHTeJibHoe KHHeTH'leCKoe ypaBHeHHe BJ1acona, 

onpe,n;eJll!eTCH CIIeKTPaJibHaH . ¢ym<n;IHll pacnpe,n;eJleHHll 'laCTHii; c Y'ieTOM paa6poca TIO 

CKOpocTHM. IlpR MaJil>IX TIJIOTHOCT.llX SJieKTPOHHOH IIJia3Mbl B co6cr:semi:oii CHCTeMe 

KOOp,!J;HHaT BbrpaJKeHHe ,D;Jll! ClleKTPaJibHO:li: <l>ymcri;irn pacnpe,n;eJieHHH 'lacTHD; HMeeT BH,!J; 

( .. - ) afo e2Eo
2 

fp,k,w =fo(p)-Aoa-p, Ao=. ? ' 

r,n;e, k, ltJ - BOJIHOBOH BeKTOp H 'laCTOTa BOJIH, p - HMIIYJlbC SJleKTpOHOB IlJia3MbI, 

e, m - SJieKTPH'leCKHH sapH,n; H Macca SJieKTpOHa, Wo. Eo - 'laCTOTa H HanpH)l(eHHOCTb 

SJieKTPH'IeCKoro IlOJIH Jla3epHOH BOJIHbl, Vph ~ c - <t>aaoBaH CKOpOCTb TIJla3MeirnbIX 

KOJie6aHHH, fo (jJ) - <l>YHKii;Hli pacnpe,n;eJieHHJl SJieKTPOHOB TIJia3Ml>I ,n;o 

B3aHMO)l;eHCTBHH. Ha:li:.n;eHo BI>IpaJKeHHe AJIH TeH3opa ,n;mmeKTPH'IecKoii: 

npOHHD;aeMOCTH IIJla3MbI: 

(- ) 4ire
2J vi a ( afo) ~ 

eij k, w = oij - -- ::;:;----:;-- fo - Ao- dp. 
W kV - uJ apj apz 

r,n;e oij - CHMBOJI KpoHeKepa. Pacc"<IHTaHHbrli TeH3op ,n;HsJieKTPH'lecKOH 

npoHHD;aeMOCTH TIJla3MbI II03BOJIHT npoBO)l;HTb B ,!J;aJil>He:H:meM HCCJie,D;oBaHHe 

CTieKTPOB npo,n;OJil>Hl>IX H 11011epe'IHbIX BOJIH, pacnpocrpaHJIK>m;HXCH B IlJla3Me. 

B §2.4 TIOKaaaHO, 'ITO npH HaXO)K,ll;eHHH IlpOCTpaHCTBeHHOH IIJIOTHOCTH 

pacnpe,n;eJieHHll SJieKTPOHHOH TIJia3Mbl Heo6xo,n;HMO Y'leCTb IlpOCTpaHCTBeHffYIO 

,!l;HCIIepcmo TIJia3MeHHOH Cpe,D;bl. 

B §2.5 B m,n;po,n;HHaMH'IeCKOM npH6JIHJKeHHH HCCJie,n;oBaH npon;ecc 

JIBB H TIOJIY'leHO ' BbipaJKeHHe ,Zl;Jll! B3aHMOIJ;eHCTBHll XOJIO,n;HOH IIJla3MhI C 

MO,D;YJIHpOBaHHOH TIJIOTHOCTH. 

B §2.6 noJIY'leHo BbipaJKeHHe ,1l;Jll! 'MO,D;yJIHpOBaHHO:li: IIJIOTHOCTH 

pelli!THBHCTcrmro sJieKTPOHHoro crycrr<a. KaK IIOKa3bmaeT, rH,D;pO,n;HHaMH'ieCKoe H 

KHHeTH'lecKoe pacCMOTpeHHe 3ap;a'IH, rro,n; ,!J;eHCTBHeM TIOH,n;epoMOTOpHOH CHJibI cpy1mn;mI 
pacIIpe,n;eJ1eHHJ1 ,Zl;Jll! HeorpaHH'IeHHOro SJieKTPOHHoro cryCTKa, ,!l;BHJKYm;erocH mmCTpe'IY 

Jla3ePHbIM BOJIHaM 6HeHH:li: B 3ap;aHHbI:li: MOMeHT BpeMeHH HMeeT BH,!I; 
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f (z) = 1 + ZfkrZ sin(2krz) , r = 4qL 2 , 
Y11 

r,n;e kr - peJIHTHBHCTCKoe IIJla3MeHHOe BOJIHOBOe 'IHCJIO, qL - JiaaepHI>IH rrapaMeTp. 

EcJIH xapaKTepH1>1H: npo,n;oJibHI>IH . paaMep crycTKa a HaMHoro rrpeBI>IrnaeT 

peJUITHBHCTCK)'IO IIJia3MeHH)'IO ,ll;JIHtty BOJIHI>I (a» Ar= ApYn 112), TO B peayJII>TaTe 

MO,ll;yJUID;HH 3JieKTPOHH»lli crycToK paa6HBaeTCJI Ha a/ Ab MHKpOcrycrKoB, r,n;e 

Ab = Ar/2 - ,ll;JIHHa MO,D;yJUID;HH. 

B fJI!U!e III paccMOTPeHa aa,n;a'Ia o KorepeHTHOM H3JIY'ieHHH rry'iKOB aapJDKeHHI>IX 

'l:aCTHD; Bl>ICOKHX 3HeprHH c Mo,n;yimpoBaHHOH IIJIOTHOCTI>IO. 

B §3.1H3JIO)l{eH s¢4ieKT '!aCTH'iHO-KorepemHoro H3JIY'ieHIDI KopOTKHX BOJIH, 

o6paaoBaHHbIX IIy'iKOM c aCHMMErpH'iHI>IM rrpO,ll;OJlbHl>IM pacrrpe,n;eJieHHeM 

SJieKTPOHOB. 

.B §.3.2 HCCJie,D;OBaH scJ?cJ?eKT KorepeHTHOCTH H3JIY'ieH1rn CHJII>HOTO'IHOro 

SJie.K:rpOHHoro 'crycTKa c MO,ll;yJIHpoBaHHOH JiaaepHI>IMH BOJIHaMH 6HeHHH 

IIJIOTHOCTI>IO H IIOJIY'ieHI>I BI>Ipa)l{eHHJI ,ll;JIJI. Koscl>cJ?Hn;HeHTa YCHJieHIDI, KOr,n;a 

HCXO,n;Hoe pacrrpe,n;eJieHHe crycTKa pasHoMepHoe H rayccoBcKoe. B CJIY'iae 

Hc:xp,n;Horo pasHoMepHoro pacrrpe,n;eJieHIDI KoscJ?¢Hn;HeHT yc1meH1UI H3JIY'ieHHJI 

1rnn;1reTCJI OCn;HJIJIHpyIOll\eH cl>yHKn;HeH. B o6JiaCTH KOpOTKKX ~JIHH BOJIH B CJIY'fae 

rayccoscKoro pacrrpe,n;eJieHIDI BI>!pa)l{eHHe ,n;:rur. KoscJ?cJ?HD;HeHTa ycHJieHJra HMeer 

CJie,D;yIOID;HH BH,!l; 

(
rca)2 (2rca ) G(x)=l+Nb Ab f

2
cp2 ~(1-x) , 

A ( u2) x = ; , rp(u) = uexp - 2 . 

0rMeTHM, 'iTO KoscpcpHn;HeHT ycHJieHHH B ,n;Byx CJIY'ial!X eCTb BeJIH'l:HHa o6paTHO 

nporropn;HOHaJil>HaH IIHTOH crerreHH saepnm sJieKTpOHHoro crycTKa. 3ToT peayJI1>TaT 

YKa3i.rnaeT Ha IIOJIH)'IO H,ll;eHTH'iHOCTb scJ?cJ?eKTa KOrepeHTHOCTH c JIC3. 
B §3.3 Bl>IBBJieHO c~eCTBOBaHHe pe30HaHCHOH '!aCTOTI>I, Ha KOTOpoH: 

rrpo,n;OJibHI>ll cJ?opM-cpaKTOP cryCTKa He IIO,!l;aBJIHeT KorepeHTHOCTb H3JIY'feHHJI. 

KoscJ?cpHn;HeHT ycHJieHIDI H3JIY'ieHHJI 1meeT cJie,n;yroll\ee MaKCHMaJII>Hoe 3Ha'!eHHe 

zNb a q 
( )

2 4 

Gmax = TC - 1 -5 
e "P Y11 

Ha pe30HaHCHI>IX ,n;mrnax BOJIH H3JIY'ieHHH 

Arez = Ab(1 ±A) , 
r,n;e e - 'IHCJIO 3H:Jiepa. KorepeHTHOe ycHJieHHe CIIOHTaHHOro H3JIY'IeHHH 

rrpoHcxo,n;HT Ha ,n;mrne BOJIHI>I AH3n = Ab. ( l - A) , a KorepeHTHoe rror JIOll\eHHe Ha 

p;JI1me Auor.ff = Ab( 1 + A), r,n;e A= .itifi. 271'8) -11IHpHHa JIHHHH KorepeHTHoro 

H3JIY'ieHIUI (rrornom;eHHH). lloJIY'ieHo Bl>lpa)l{eHHe aHaJIOI'H'IHOe cJ?OPMYJie TOHKOH 

JIHH3:&I B OIITHKe 
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) 

j 

1 1 1 
--+-=+--, 
Arez Ab - Zrca 

r,n;e cpoxycH:i.m paccTOHHHeM HBJIJI.eTCJI seJIH'!HHa xapaKTepHI>IH paaMep crycTKa 2rca, 
paCCTOHHHe ,n;o rrpe,n;MeTa - pe30HaHCHaH ,n;JIHHa BOJIH:bl H3JIY'feHHJI Arez H 11,0 

Hao6pa)l{eHIDI - ,n;JIHHa Mo,n;yJIHn;HH crycTKa Ab. 
B §3.4 IIOKaaaHa B03MO)l{HOCTh reHepan;HH MOID;HOI'O HaIIpaBJieHHoro 

OH,ll;yJIJiTOpHOI'O MOHoxpoMaTH'IeCKOrO cy6MHJIJIHMErpOBOrO . H3JIY'ieHHll, 

reHepHpOBaHHOI'O 3JieKTPOHHI>IM rry'iKOM c MO,D;YJIHpOBaHHOH JiaaepHI>IMH BOJIHaMJi! 

6HeHHli IIJIOTHOCTblO B CIIHpaJII>HOM OH,n;yJIJI.TOpe: 

t;l~<bPQl. .. CO:Zl$~~r,(A:1}.· . . <i ... · . . . .··. 
(J..._:.,.;o·· ·;.:...·· -"-"'-...;;b--~l-ica"'::;1 ..... uild:-:;zu1;::at::<>r;-. -..--. •... l.·~ ~O!ilaset,tbl ·. 

.. ·•', 

'II!> 

llcIIOJib3YH BI>Ipa)l{eHHe ,ll;JIJI. '!aCTOTHOrO pacrrpe,n;eJieHIDI 'IHCJia cJ?OTOHOB 

cnoHTaHHoro H3JIY'ieHIDI, KoscpcpRn;HeHTa ycHJieHIDI H IIIHpHHI>I JIHHHH ·· A 
KOrepeHTHoro H3JIY'ieHIUI, ,!l;JIJI. 'IHCJia cJ?OTOHOB KOrepeHTHOro H3JIY'ieHHJI BOKpyr 

pe30HaHCHOH '!aCTOTI>I IIOJI~eM 

dNcoh(x) = dNsp. ( ) = arcNb 
2
nq

2
qi 

4 (1- x)
2 (-(1- x)2

) 
dx dx G x (8ti)2y4 !),, exp !),, 

110JIHOe 'IHCJIO cpOTOHOB MQ)l{HQ IIOJIY'iHTf>, YMHO)l{aJI MaKCJi!MaJif>HOe 3Ha'Iem1e 

'!aCTOTHoro pacrrpe,n;eJiemrn Ha 1IIHpHtty /J.: 
3 

rc2aN 2nq2q 4 (1 + q2)2 Ntot _ b L 
coh - 9 

2eApy2 
,ll;JIH 06ec11e'IeHHJ1: JIHHeHHOCTH rrpon;ecca Heo6xo,n;HMo, 'ITOmI H3JIY'ieHHaH 3HeprHll 

6I>IJia HaMHOro MeHI>Jlle :meprHH 3JieKTPOHa. lfa 3TOI'O ycJIOBIDI IIOJIY'iaeM 

orpaHH'IeHJi!e Ha JiaaepH:i.lli rrapaMerp qL. 
Ilpe,n;JiaraeTcK rrpose,n;eHJi!e sKcrrepHMeHTa ,ll;JIH reHepan;HH cy6MHJIJIHMerposoro 

KOrepeHTHoro OH,n;YJIHTOpHoro H3JIY'ieHIDI, eCJIH HCIIOJil>30BaTb C02 Jia3epI>I c 

,D;JIHHaMH BOJIH H3JIY'feHHH Al = 10.2MKM H A2 = 10.6MKM H O,ll;HHaKOBI>IMJI 

MOll\HOCTJiMH w = 1.2 . 1013BT (qL = 0,1); IIp:H 3TOM Mo,n;yJIHPYeTCll HI'OJib'laTI>IH 

3JieKTPOHHI>IH crycTOK c .'IHCJIOM 3JieKTpOHOB 1012 (Jlp = 205 MKM)',, ,n;irn:HOH a= 
1 CM, pa,n;HycoM 80 MKM H 3Heprneii: SMsB (y = 9.78), · KOTop:i.ill' ,n;B1uKeTCJI B 

CIIHpaJibHOM OH,ll;YJIJITOpe c IIapaMeTpaMH: q = 1, n:::: so, l = 2:6cM; paP;liyc CIIHpaJIH 

OH,n;yllirropa r = 0.4 Cl\{. . I ' 

Ka)l{,ll;I>.m. 3JieK:rpOH crycTKa ... 6y,n;eT H3.JIY'IaT1> 4·106 MOHoxpoMaT~CKHx 
cpOTOHOB c 3HepmeH: S · 10-~~B c p~~6I~~c~M 4 · 10-3• ri pe3yJII>TaTe RrdiiI>'IaT:i.IH: 

3JieKT{JOHH:i.ili. crycTCiK 6y,n;er H3JIY'fi:rh rr0loK <j:>oTOHOB H3 4 . 1018' 'lHCJia ..Jat1:H:n; B 
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cy6MWIJIHMeTp0BOM ,!l;HaIT3.30He ,!l;JIHH BOJIH (Arez = 270MM). IlpH 3TOM crycTOK 

Tep.11eT Bcero 0.4% cBoe:H sHepnm. 

B §3.5 rrpe;n;naraeTc.11 HcrroJib30BaTb MHKpo6aH'IHpOBaHH1>rn B SASE FEL 
Il03HTPOHHbrli cryCTOK ,!l;JI.ll reHepan;1m KorepeHTHOro H3.1I)"leHH.lI B 

KpHCTllJLIIH'IecKOM OH,D;yJI.llTOpe Ha pe30HaHCHOH ,!l;JIHHe BOJIHbI. IlpH STOM C'lliTaeM, 

'I.TO rrJIOTHOCTb crycrKa MO,D;yJIHpOBlIBa no 3aKOHY 2b1 cos(2rrz/A.rez), r;n;e b1 -

rny6HHa Mo;n;ymm;HH IlJIOTHOCTH, Arez - ,!l;JIHHa BOJIHbI KOrepeHrHoro H3.1I)"leHH.ll JI 

SASEFEL. 
"tfaCTOTHo-yr JIOBOe pacnpe,u;eJieHHe KOrepeHTHOro H3.1I)"leHH.lI 'lHCJia cjxrrOHOB, 

o6pa30BaHHblX B KpHCTaJIJIH'IeCKOM OH,!l;yJI.lITope MO:>KHO npep;craBHTb CJiep;yrom;HM 

BbipaX<eHHeM: 

d2Ncoh 2 d2N1 
d'1Jd9 = NbF('1J,B) dwd9' 

r;n;e nocne,u;aHH: MHO)Kl{TeJI:& ecTJ> aHaJiorwrnoe pacnpep;eneHHe p;JI.ll ep;HHH'ffioro 

Il03liTpOHa. ,ll;JI.ll CII€KTPaJibHO-yrJIOJIOro pacrrpep;eJieHIDI 'IHCJia cpOTOHOJI, 

o6pa30JlaHHblX KaHa}IHpOBaHHbIM B KpHCTaJIJIH'IecKOM OH,D;yJI.llTOpe Il03liTpOHOM, c 

)"IeTOM BJIIDIHH.lI IIOJI.IIPH3an;HH cpe;n;bl B ,D;HrrOJibHOM npH6JIIDKeHHH B rrepeMeHHblX 

( = '1J/ (Oy2) Hu= y() IIOJI)"leHa CJie;n;yrom;aH <J?opMYJia 

d2N1 = naq2 u[l + (1-u2()2]o(u2 - c/>CO), c/>CO = Q ({-{1)((2 -O 
d(du rzl 

.finAu q 2 q 2 2nAur 
ri=--, Q= 1+-= 1+-' q=--, 

~ 2 r 2 l 
r;n;e, Q = 2nv0/ l, q -rrapaMeTP OH,D;yJI.llTOpa, ~ - rrJiaaMeHHaH ,Zl;JIHHa BOJIHJ>I 

cpe;n;1>1, Au -aMilJlffTY,Zl;a KOJie6a1urn II03HTpoHa B KpHCTaJIJIH'IeCKOM OH,Zl;YJI.llTOpe, a 

rrepeMeHH1>1e r H l BBep;eHJ>r paaee B §1.6 , (1 H ( 2 - rpaHH'IHble 'IaCTOTbI 

H3.1I)"leHIUI: 

Ff .Jl-r2Q 
{1.2 = Q . 

<l>opM-cpaKrop F(w, 9), KOTOpblH: eCTb rrpoH3Be;n;eHHe npop;oJI1>aoro H norrepe'IHOro 

<J?opM-cpaKTopoJI [16], KaK <PYHKI~H.lI o~ nepeMemrx {Hu HMeeT CJie,11yiom;HH BH,ZI; 

F((, u) = Fi1COF.1({, u) = b/exp{-[A({ - sr)2 + B(2u 2)} . 

(
2ny•01 )

2 
(2nya )2 . A = - 1-

0 
, B = --z-1' , rp;e Sr = Wr/(Qy 2

). 

B1>ipaX<eHHe ;n;JI.11 crreKTPaJI:&Ho-yrJioBoro pacrrpe,n;eneHIDI <IHIJia cpOToHoB 

KorepeHTHOTO H3.1I)"leHH.lI, o6pa30BaHHoro JI KpHCTaJIJIH'IeCKOM OH,ZJ;YJI.llTOpe 

II03liTpOHHbIM crycTKOM 

d2N naq2 
d(~~h = -,:zrNa2

b/u{l + (1- (u2) 2}exp{-[A(( - {r)2 + B(2
u

2
]}o(u

2 
- c/JCO) 

0KOH'!aTeJibHO, crreKTpaJibHOe H yrJIOBOe pacrrpe;n;eJieHH.ll KOrepeHTHOro H3.1I)"leHH.lI, 

rrpHBe;n;eHHbie Ha e,1111Hmzy ,Zl;JIHHbI KpHCTaJIJIH'leCKoro . OH,llyJI.lITopa, HMeIOT 

CJiep;yiom;HH BH,ZI; 
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dNcoh na (Nbb1q)2 
[ 8

2
] --= - -- exp -- exp[-A(( - { 1 ) 2] 

~ l r A ' 

d~:h = 27~(Nb:111)2 uexp[- ~2]exp[- A(144u4J' .. 

<l>opMyJia ,Zl;JI.lI pacqera IIOJIHoro 'IHCJia cporoHoB KOrepeHTHOro H3.1I)"leHH.lI HMeeH Blf,ll;: 

N _ n
3

1za (N8b171)2 [-82
] 

coh - L../A r exp A 

"tfliCJieHHJ>Ie pactrel.'bI Il03BOJI11l<7r 3alOIIO'IHTb, 'ITO lJ.JI.lI reHepan;HH peHTI'eHOBCKoro 

CBepXMOHoxpoMaTH'IecKOTO ~emrn B KpHCTaJIJIH'lecKOM OH;n;ymrrope Heo6xop;HMo 

BbIDpaTb CJie,D;yrom;He TiapaMeTpbI 3a,Zl;a'IH: 

1. II03llTpoHH1>m crycroK c rrapaM~aMH LCLS XFEL: 
Nb = 1.56 X 10

9 ,E = 13.6 faB, hWr = 8.3 I<SB, CTz = 9 X 10-4CM, CTr = 6.12 X 10-4CM 

2. KpHCTaJIJI Si CU (110) c Me:>KIIJIOCKOCTHJ>IM paccTOJIHHeM d = 0.192 HM. 

3. KpHCTaJIJIH'IeCKHH OH,D;yJI.llTOp c ttpocTPaHCTBeHHbIM nepHop;oM l = 20. 7MKM 
+ 

11 Au= 3 RM; p;JIHHa ;n;eKaHaJIHpOBaHH.lI L~eK"" 8160 MKM ropaa;n;o 6oJI:&me, 'IeM 

,Zl;JIHHa KpHCTaJIJia L = 310 MKM. 

IlpH 3TOM noJIHoe 'IHCJIO cpOToHoB paBHO Ncoh = 1.2b1
2 ·1010• O~ocHTeJI:&HaH 

nrnpHHa JIHHHH H3.1I)"leHHH nopH;n;Ka 5.3 -10-6 Csr "" 3.8 • 10-4), 'ITO Ha 3 nop.111J.Ka 

MeH1>me, 'IeM aHanorH'IHa.H BeJII-PrHHa SASE XFEL. 

Ha p11c. 8 npelJ.cTaBJieHbI crreKTpaJI1>Hoe H yrJioBoe pacrrpe;n;eJiemfii · 'iHCJia 

cpoTOHOB KorepeHTHoro peHTreHOBCKOro H3.1I)"leHH.lI B KpHCTaJIJIH'IeCKOM OHlJ.YJI.lITOpe 

,Zl;JI.ll yKaaaHHbIX napaM~OB. 

1.4 1J9l dN/dl; 

IQ 
1.10 

o.u/S 

uJa 
t; 

dN/du • 
s.ido 
fi.1401 

II 

0.05 0.1 0.15 0.1 0.25 

• dN. h dN h 
PHc.8 3aBHCHMOCTb -7- (a)) H _£!!.... (6)) 'lHCJia KorepeHTHO H3.1I)"leHHJ>IX cpOTOHOB 

d, du , 

OT 6eapa3MepHbIX napaMeTpOB { H u. 
TllKHM o6pa:iOM, rrOCJie rrpoBe,D;eHHH npe,!l;llO)l(eHHoro SKcrrepHMeHTa 11 cpaBHeHIDI 

TeOpHH C SKCIIepHMeHTaJIE,HJ>IMH ,llaHHbIMH, eCTb B03MOlKHOCTb O~eJ.IHTb BID!CHDIH 

napaMeTp r.ny6HHJ>r Mo,u;y~ ITJIOTHOCTH Il)"IKa b1 . EcJIH 3Hll.'Ifurne STOro IIapaMerpa 

OKa)l(eTC.lI He CJIHIJ.JKOM Ma.JlbIM, TO 6y,11eM HMeTb CBepxMOHoxpoMaTH'leCI<ltii: II)"IOK 

peH'ITeHOBCKHX qJaroHOB. 
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3AKJIIOt:IEHHE 
~ccepT~HOHHaH pa6oTa IlOCB~eHa aicryaJibHOH npo6JieMe BbIJIBJieHJUI 

oco6eHHOCTeH xapaKTepHCTHK KaK CIIOHTaHHOro, TaK H KOrepeHTHOro 

OH,ll;YJIJITOpHoro H3JI)'"'IeHHll B pa3JIH'IHbIX o6JiaCTJ'IX 'laCTOT: cy6MHJIJniM'eTpoBOH, 

yJI1>TPa<l>HoJieTOBOH H peHTreHoBCKo:ii:. 

Bo BBe.Ilemm npe,n;CTaBJieH KpaTKHH o63op OCHOBHbIX pa6oT IIO rrpot:5JieMe, 

IlOCTaHOBKa aa,n;a'I, o6ocHOBaHa aKTYaJibHOCTb TeMbI, orrpe,n;eJieHa n;eJib, HayqHa.11 

HOBH3Ha, npHKJia)l;HOe 3Ha'leHHe IlOJIY'IeIIHl>IX pe3YJibTaTOB H OCHOBHbie IlOJIOiKeHIDI, 

BbIHOCHMbie Ha 3llJD;HTy. 

~ IlOCB~IIn;eHa HCCJie,n;oBaHHIO oco6eHHOCTeH CilOHTaHHOro OH,ll;YJIJITOpHoro 

H3JI)'"'IeHIDI, o6pa30BaHHOro peJIJITHBHCTCKHMH -qaCTHD;a.MH B rrpocrpaHCTBeHHO 

rrepHo,n;H'ieCI<HX CTPYKTYPax, a HMeHHO, B CITHpaJibHOM oH,n;yJIJITope, paa,n;eJieHHOM 

rrpoMeiKYTKOM H B KpHCTaJIJIWleCKOM OH,n;YJIJITope, COCTOJUD;eM H3 COBOKYITHOCTH 

OT,D;eJThHbIX MOHOKpHCTaJIJIOB, H30rffYTl>IX no ,n;yra.M OKpYil<HOCTlI. 

B fJ1!l!!e II Hccne,n;oBaH rrpon;ecc B3aHMo,n;eHCTBH.lI Il1Ia3MbI c mraepHbIMH BOJIHaMH 

6HeHHH (JIBB). B pe3yJI1>TaTe B3aHMo,n;e:ii:cTBHll noJ1BJIJ1IOTCJ1 pa3JIWIHhie HeJIHHe:ii:Hbie 

rrpon;ecc1>1. IlolI)'"'IeHHoe BbipaJKeHHe ,ll;lf.lI TeH3opa ,n;mmeKTPH'l:eCKOH rrpoHHn;aeMOCTH 

Il03BOJIHT HCCJiep;OBaTb crreKTpbI rrpo,n;OJibHbIX H inorrepe'l:HDIX BOJIH; 

pacrrpocTpaHllIOID;HXCJl B IIJia3Me. 3TO B3aHMO,!l;eHCTBHe np:irno,n;RT K MO,D;YJIJID;HH 

IIJIOTHOCTH IlJia3MbI c JIHHeilHo B03pacTaI01:u;eil: aMIIJIHTY,!l;OH. lIJIOTHOCTb 

peJIJITHBHCTCKoro 3JieKTPOHHoro IIyqKa Tal<iKe MO,!l;yJIHpYeTC.lI npH B3aHMo,n;eliCTBHH c 

JIBE. H3JiyqeHHe rryqKa c Mo,n;yJIHpOBaHHOH nJIOTHOCTI>IO KorepeHTHo B 

KOpOTKOBOJIHOBOH o6JiaCTH. 

B r.mme m pacCM~HbI B03MOiKHOCTH KOrepeimmro H3.JIY'ieHHll II}"IKOB 3apl!il<eIIHbDC 

'1acTHIJ; BbICOKHX 3HeprH:ii: C MO,!l;yJIHpOBaHHOH IIJIOTHOCThIO. H3JIOiKeH :3<J?<l>eicr 'laCTH'IHO­

KOrepe1mmro H3JI)"leimJI Koponrnx BOJIH, o6pa30BaHHbIX II}"IKOM c aCHMMeTpH'l:HhIM 

rrpo,n;oJII>HbIM pacnpep;eJieirneM sJieKTPOHOB. Orrpep;eJieHbI crreicrpam>HI>Ie H yrJIOBble 

pacrrpep;eJieHHll HlfreHCHBHocreH KOI'epe!ITHOm____ OH,n;yJIJITOPHDrO H3JI)"leHHll, 

rei1epHpyeMOro II)"IKaMH 3ap.lDKeI1HblX 'laCTHn; c MO,n;yJIHpOlruni:o:ii: JIBE IIJIOTHOCThlO, K3l< B 

OObl'IHhIX, TaK H B KpHCTaJIJIH'lecKHX OH,n;yJill.TOpax. 

OcHoBHbie pe3YJibTaTbI ,tµ1cceyr~oHHo:ii: pa6cm.I CJ1ep;yio:ome 

~ Orrpe,n;eJieHo noJie H3JiyqeHIDI, o6paaoBaHHOe peJillTHBHCTCKHM sJieKTPOHOM 

B CHCTeMe, COCTO~eii: H3 ,n;Byx CilHpaJibHbIX OH,ll;YJillTOpOB, paa,n;eJieHHbIX 

npoMe)!(}"fKOM. IloJiyqeHo crreKTPaJII>Ho-yrJioBoe pacrrpep;eJieHHe 'l:HCJia H3JiyqeHHI>IX 

<l>oTOHOB. IlbKMaHO, 'ITO IIO,ll; ayJieBbIM yrJIOM <t>opMa JIHHHH CilOHTaHHoro 

H3JiyqeHIDi cyiKae'rCll H3"3a HHTepcJ?epeHD;HH IlOJie:ii: H3JiyqeHIDI. 

~ · MccJie'.zi;oi3aiI1J1 xapaKTepHCTHKH oa,n;yJIJITopHoro mnyqeHIDI rrpH 

KaHaJIHpOBaHHH II03HTpOHOB B KpHCTaJIJIH'leCKOM OH,ll;yJIJITope, . COCTOJIID;eM H3 

COBOKYITHOCTH H30rHYTbIX no ,n;yre OKPYiKHOCTH MOHOKpHcraJIJIOB, paa,n;eJieHHbIX 

rrpoMe)!(}"fKaMH. 
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~ BbIJ1BJieH1>1 YCJIOBHJI, rrpH KOTOpbrx B HCCJie,n;yeMbIX nepHO,!J;H'l:ecKHX 

crpyicrypax HMeer MeCTO KOHcrpyxrHBHall HHTepcJ?epeHn;Hll IlOJleH H3JI)"leHH:ii:, cJ?aKTOp 

KOTOpDH HMeeT MaKCHMYM rrpH Orrpe,!l;eJieHHOM 3Ha'lemm p;JIHHbI IlpOMe)K)"I'lCa ME!)K,lly 

MOHOKpHCTaJIJiaMH. 3ror pe.3yJibTaT BaiKeH ,!l;Jlll HCCJie,ll;OBaHHll ::icJ?<J?eKTHBHOCTH 1Ia3epa fill 

CBo6o,ZJ;HbIX 3JieKTPOHax. 

~ IlQCTPOOHa KHHeTH'IeCKall TeOpHll B3aHMO,ll;eHCTBHll IIJla3Mbl c Jia3epmIMH 

BOJIHaMH 6Hemm. PemeHo KHJrerH'iecKoe caMocornacoBaHHoe 6eccroJIKHOBHTeJII>Hoe 

ypaBHeHHe BnacoBa. IIo;cyqeHo BbipIDKeHHe ,D;JIJI CIIeKTpaJibHOH ~ 

pacrrpe,n;eJieHHll c yqeroM paa.6poca IIO CKOpDCTJIM 'laCTHn; IlJia3Mbl. 

> IlOJiyqeilbI BbipIDKeHHll ,!l;Jlll pacn:pe,n;eJieHHll IIJIOI'HOCTH -qacnrn; IlJia3Mbl H 

reH30pa ,Z1;H3JieicrpH'iecKo:ii: rrpoHHD;aeMOCTH. TeH30p ,Z1;H3JieicrpH'lecKOH rrpoHHn;aeMOCTH 

Il03BOJIJleT HCCJie,D;OBaTh crreicrpbl rrpo,n;OJII>HbIX H nonepe'l:Hb!X BOJIH, 

pacrrpocrpaHllIOID;HXC.lI B IIJia3Me. 

~ BblJIBJieHI>I YCJIOBIDI npHMeHHMOCTH m,n;po,ZJ;HHaMH'lecr<oro Mero,n;a. Ha:ii:,n;eH 

crroco6 ,!l;Jlll KoppeKTHoro rrepexo,n;a or KHHerH'lecKoro K rH,n;po,lJ;HHaMH'lecKOMy Mero,n;y. 

IloJI)"leHO BblpaiKeHHe ,!l;Jlll IlpO,Zl;OJThHOH IIJIOTHOCTH peJillTHBHCTCKOl'O 3JieKTPOHHOro 

cryCTKa rrpH B3aHMO,D;eHCTBHH c 1Ia3epHbIMH BOJIHaMH 6HeHH:ii:. 

~ PaccMo~a 3a,n;a-qa o6 H3JI)"leIIHH XOJIO,n;Horo CHJibHOTO'IHOro sJI~oro 

ny-q:Ka, ,ZJ;BIDK)'lll;eroCK HaB~'l)' JIBB B OH,n;yJIJITOpe. fny6HHa MO,!l;yJIJID;HH IIJIOTHOCTH 

nyqKa JIHHeHHo B03pacraeT B 3aBHCHMOCTH ar ,ll;JIHHbl B3aHMO,!l;eHCTBHll. 

~ B o6JiaCTH ,Z1;JIHH BOJIH, r,n;e rronepe'IHbI:ii: cJ?opM-cJ?aKTOp ae IIO,ll;aBJIJleT 

KorepeHTHOCTh H3JIY'leHHll, BblJIBJieHO cyxn;eCTBOBaHHe pe30HaHCHO:ii: ,n;JIHHbI BOJIHbI, Ha 

KOTOpo:ii: rrpo,D;OJibHbrn cJ?opM-cJ?aKTop TaKiKe paBeH e,n;HHHD;e. 

~ IlpH 3TOM pe30HaHCHall ,ll;Jllllia BOJIHbI, p;JIHHa MO,D;yJIJID;HH IIJIOTHOCTH ny-q:Ka H 

ero xapa.KTepHbI:ii: npo,n;oJibHbI:ii: pa3Mep y,n;oBJieTBOpllIOT cJ?opMyJie TOHKOH JIHH3bl. 

IloKa3aHO, '!TO TaKHM CilOCoOOM MO:>KHO peam130BaTh rei1epan;mo HHTeHCHBHOl'O 

MOH0XpOMaTH'l:eCKOro H3JiyqeHIDI B cy6MHJIJIHMerpoBOM ,ZJ;HllIICl30He ,Zl;JIHH BOJIH. 

~ ,[(ml 3KcnepHMeHraJII>Hoii nposepKH :rroro ::i4i<l>eKra pacc'lHTa.Hbl napaMerpi.1 C02 
na3epou, cnMpaJibHOro mmymrropa, 3Ha'leHIDI 3Hepnrn H nnOTIIocm ::irreKTj)ommro cryCTKa. 

)- B peHTreHOBCKo:ii: o6rraCTH 'l:aCTOT HCCJiep;OBaHa rrpo6JieMa KorepeHTHOCTH 

H3JI)"leHHJl, o6pa3oBaHHoro Mmqx>6aH'IHpoBaHHbIM B rrpon;ecce SASE FEL crycrKoM B 

KpHCTaJIJIH'lecKoM OH,n;yJillTOpe. Y'leT BJIHllHHll rroJIJIPH3~ cpe,n;bI orpaHH'IHllaeT 

'la.CTOTHbI:ii: HHTepuan cnOHTaHHoro H3JI)"leHHll. IIo,n;aaJieirne ::i<J?cJ?eKTa KorepeHTHOCTH 

H3JI)"lemrn norrepe'IHbIM cJ?opM-cJ?aKTopoM crycrKa MOiKHO H36aBHTbCJl, eCJIH BbI6paTb 

pe30HaHCHYIO -qacrory 6JIH3KOH !( HHiKHe::ii: ,n;onyCTKMOH rpaHH'IHOH 'laCTOTe. 

~ lIOJIY'leHbl aHaJIHTWieCKll.C BblpIDKCHIDI Kfil<: ' ,L(JIJI 'l8CTOTHOro H yrnoBoro 
pacnpe.n:enemtil, TaK H nonHoro 'lHcrra KorepeHTHO ll.3JIY'leHHI>rx <t>oroHoB. 

~ IlpH 3KCIIepHMeIITaJibHOM IlO,ll;TBepiK,ll;eHHH 3TOrO ::icJ?<l>eKTa MOiKHO onpe,n;e.lIHTb 

TaKiKe Bail<Hbrn napaM~ rJIY6mn.r MO,!l;yJIJID;HH IIJIOTHOCTH cryCTKa. lIOKa3aHO, 'ITO ecJIH 

3TOT rrapaM~ He CJIHillKOM MaJI, TO MOiKHO reHepHpoBaTb ,n;OCTaTO'l:HO MOID;HbI:ii: 

CBepXMoHoxpoMaTH'ieCKHH H HarrpaBJieHHbI:ii: IIyqOK peHTreHOBCKHX cJ?oroHOB. 
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Shamam.yan Anahit 
Peculiarities of the undulator.radiation of charged particles and beams with 

modulated density 
Summary 

The thesis is devoted to the actual problem of identifying featurt>.s of the 
characteristics of both 11po11taneous and coherent undulator radiation in different 

frequency regions: sub-millimeter, ultraviolet and X-ray. 
In the Introduction the actuality of the problem, objective of the work, scientific 

novelty, scientific,and practical applications of the results as well as the presentation 

of~ results are given briefly. 
· , 11ie first ~pter is devoted to the researching peculiarities of spontaneous 

undulator radiation formed by relativistic particles in a spatially periodic 
structures, namely, in the spiral undulator separated by a gap and in the crystalline 
undulator consisting of a set of individual single crystals curved along arcs of a circle. 

The second chapter is devoted to the study of plasma interaction process with the 
laser beat waves (LBW). Different nonlinear processes in plasma are appear as a result 
of the interaction with LBW. The resulting expression for the dielectric permittivity 
tensor allows to the study spectra of longitudinal and transverse waves propagating in 
the plasma. This interaction leads to the modulation of plasma density with the 
linearly ·increasing amplitude. Density of the relativistic electron beam is also 
modulated by the interaction with LBW. The radiation of beam with modulated 

density is coherent in the short-wavelength region. 
In the third chapter the spontaneoUS and stimulated :radiation of particles produced in 

crystalline and nanotube undulators is investigated taking into account the influence of 
the medium polari7.ation as well as the parameters of the particle beam and undulators. As 
the numerical calculations show the intensity of such radiation exceeds the intensity of 

usual undulator and and channeling :radiation in X-ray region. 
The folloouing results are obtained in the dessertation. 

)> The radiation field which formed by the relativistic electrons in a system 
consisting of two helical undulators separated by a interval is defined. The 
spectral and angular distribution of emitted photons is obtained. It is shown 

that a zero angle shape of the spontaneous emission line narrows. 
)> The characteristics of the undulator radiation in the channeling of positrons 

in the crystalline undulator consisting of a set of curved along a circular arc 

single crystals spaced by intervals are reseived. 
> The conditions, under which in the investigated periodic structures occurs the 

constructive interference of radiation fields from different parts of periodic 

structures are rev~~ factor of constructive interference has a maximum 
at a certain value of the gap length between the single crystals. This result is 
important for the study of the efficiency of a free electron laser. 
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)> The kinetic theory of plasma interaction with the laser beat waves is 
constructed..The self-consistent collisionless kinetic V1asov equation is 
solved. An expression for the spectral distribution function taking into 
aecount the variation of the velocity of the plasma particles is reseived. 

)> The expressions for the distn"bution of particle density and tensor dielectric 
permittivity are obtained. The tensor dielectric permittivity allows 
exploring the spectra of longitudinal and transverse waves, which are 
propagating in the plasma. 

)> The conditions of applicability the hydrodynamic method are revealed. 
Way for correct the translation from the kinetic to the hydrodynamic 
method is found. The expression for longitudinal density of the relativistic 
e1ect:ron bunch by reacting from laser beats ofwaves are received. 

)> The problem of radiation the cold, high-current electron beam, which is 
moving toward LBW in the helical undula~r is considered. Modulation 
depth of beam density linearly increases depending on interaction length. 

)> In the wavelength region, where transverse form factor not suppress 
coherency of radiation, existence resonant wavelength, on which is 
longitudinal form-fitctor is also equaled one, detected. 

)> Thus the resonant wavelength, the length of the beam density modulation 
and its characteristic longitudinal dimension satisfy the formula of thin lens. 
It is shown, that in such a way can realize the generation of intense 
monochromatic radiation in submillimeter wavelength range. 

> For experimental verification of this effect it is calculated. the parameters of 
the two C02 lasers, a helical undulator, the values of energy and density 
of the electron bunch. · 

)> In the X-ray frequency range the problem of coherent radiation, formed by of 
microbunching in SASE FEL process bunch in crystalline undn]ator, is 
investigated. The influence of the polarization of the medium is limits the 
frequency interval of the spontaneous radiation. Suppression effect coherent 
radiation transverse form filctor of the bunch does not take place, if to choose 
resonant frequency is close to the lower permism'ble limiting frequency. 

> Analytical and numerical results are obtained of the angular and spectral 
distributions of the number of photons as well as on the total number of the 
photom of the coherent X-ray crystalline undulator radiation produced by 
microbunched. beams. 

)> E:xperlmental CODiirmation of this effect, give a chance to determine the 
important pmmeter of the modulation depth of the bunch density. It is 
shown, ff th.fa parameter is not too small, it can generate powerful enough 
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