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OomaB xapaicrepncTnica paooTbI 

AKuraJibHOCTb TeMbl. lfccne.noBaHIDI .ztHHaMHKH H yrropJl.1loqeHIDI 3apx)((eHHbIX 

qacTHU BblCOKHX JHepmii: BOIIIJIH B nocJie,llHHe fO,llbl B HOBblH nan pa3BHTHX, CBX3aHHblH 

c IlOJI)"ieHHeM H HCIIOJib30BaHHeM CBepXIlJIOTHblX cryCTKOB peJIXTHBHCTCKHX 

3apx)((eHHb!X qaCTHU B CHJlbHbIX IlOJIXX, KaK ,llJIX JKcnepHMeHTaJibHblX HCCJie,ZJ;OBRHHH B 

o6naCTH cpH3HKH JJ1eMeHrnpH1>1x· qacTHU, TRK H .11nx npHKJill,l(HbIX ueneii:. Oco61>1ii: 

HHTepec B HRCTOXIUee B(leMx npOXBJIXeTCX K na:iepaM Ha CB060.ztHb!X JJieKTpOHax (JIC3) 
KaK K HHTeHCHBHblM H nepeCTpaHBaeMblM HCTO'IHHKaM .nnx HCCJie,llOBaHHH B Me,llHUHHe, 

6HOJIOrHH H .n;p. 3a nocne.n;HHe .!IBR .necXTHJieTIDI oco6eHHO OIU)'THMble TeopeTHqeCKHe, 

JKCIIepH¥eHTaJibHbie H rrpHKJla,ZJ;Hble pe3yJibTRTbl nonyqeHbl B .llJIHHHOBOJIHOBb!X (6oJibIIIe 

O.OIMM) H KopoTKoso.JinoBJ>IX (HncppaKpacnoM, BH.l\HMOM H yn1>TPacpHOJieTOBoM) 

.UHRIIR30Hax: TeopeTH'leCKHe HCCJie,llOBaHIDI B JTOH o6JiaCTH B OCHOBHOM 

orpaHJfqHBaJIHCb JIHHeHHblM npH6JI}l)((eHHeM, rrpeHe6perax pR3JIJfqHblMH HeJIHHeHHblMH 

J:rBJieHIDIMH. 0,llHaKO, OH.n;yJIXTOpHble IIOJIX H IlJIOTHOCTH 6anqeii, HCilOJlb3yeMbie .n;nx 

o6ecrreqeHIDI npoeKTHpyeMblX MOIUHOCTeii: H .!IJIHH BOJIH (peHTreHOBCKHH ,ZJ;Halla30H), 

C,lleJianH RKTYaJibHblM B . nocne.nHHe_ fO.llbl HCCJie,llOBRHHX pa3JIHqHbIX HeJIHHeHHblX 

JIBJieHHii B .llHHaMHKe H ynopx.n;o'leHHH _6anqeii: JIC3. B HX 'IHCJie HeJIHHeii:HOCTH 

,llBH)((eHIDI 'IRCTHU B OH.llYJIXTOpe H B- aBTOpe30HaHCHOM· JIR3epe, a TaK)((e BJIHXHHe 

co6CTBeHHblX noneii 6aH'!a Ha llHHaMHKY 'IRCTHU. 

MHTepeceH TaK)((e BOIIpoc ,ZJ;HHaMHKH H ynopX,llO'!eHIDI qaCTHU cryCTKa H3-3a 

o6paTHOro BJIIDIHIDI BOJIHbl. TaKoe B03,lleHCTBHe MOlKeT 6b!Tb HCIIOJlb30BaHO KRK .n;nx 

OXJIIDK,l(eHIDI II)"iKOB, TaK H .n;nx IIOHHMaHIDI npouecCOB yCHJieHIDI B JIC3. B HRCTOXIUee 

BpeMJI OTCYTCTBYIOT 3cpcpeKTHBHbie MeTO,ll;bl OXJIR)((,ll;eHIDI II)"iKOB JIHHeHHbIX 

ycKOpHTeneii H TX)((em1x penxTHBHCTCKHX qaCTHU. Haxo)((,ll;eHHe MeTO.n;a oxnIDK,l(eHHX c 

MRJlbIM BpeMeHeM OXJIR)((,ll;eHIDI -II03BOJIHT yBeJIH'IHTb BpeMx )((H3HH nyqKa Ha op6HTe, 

CBeTHMOCTb ycKopHTenx H YMeHLIIIHTb pa3Mepbl crycrKoB. 

DOJibIIIOH HHTepec B IIOCJie.n;Hee BpeMX Bbl3b!Ba!OT HCCJie,ll;OBaHIDI ,ll;HHaMHKH H 

ynopll.llo'leHIDI qacrnu crycTKa B co6CTBeHHblX nonxx cryCTKa. Bo3MO)((HOCTb nony'leliHx 

JK30TH'leCKoro COCTOXHIDI MaTepHH - ynopx.n;o'leHHbIX H KpHCTaJIJIHqecKHX crycTKOB, 

OTKpbIBReT HOBble nyrn KRK B JIR3epHOH TeXHHKe, TaK H B .n;pyrnx o6JiaCTXX. 

lleJibfO 1mccepTaUHOHHOH paOOTbl SIBJIHeTCH 

I . PR3BHTHe TeopHH oH.n;yJixTopnoro mny'leHIDI npH HaKJIOHHOM nponeTe qacTHUbl. 

2. TeopeTHqecKoe Hccne.n;oBaHHe ,ll;HHaMHKH H ynopx.11o'leHIDI 3apx)((eHHbIX qacTHU B 

pa3HbIX nmax JIC3. 
3. J13yqeHHe Hemrneii:HblX XBJieHHH B JIC3 c yqeTOM ynopx,noqeHHX '!aCTHU B crycTKe 

KaK BO BHeIIIHHX,TaK H B co6cTBeHHblX nom1x crycrKa. . . 

4. MccJie.n;oBaHHe B03MO)((HOCTH 3cpcpeKTHBHOro oxnIDK.n;eHHJI nyqica 3apx)((eHHbIX 

qaCTHU BbIHY)((,ll;eHHblM H3JiyqeHHeM B JIC3. 

Hayqnasi HOBH3Ha pa6oThl • B xo.n;e B1>rnonHem1x pa6oTLI nonyqen1>1: 

--aHRJIHTH'ICCKOe Bblpal!CeHHC '.n;JIX HCJllfHCHHblX- KOJie6aHHH 3apJl)((CHHbIX '!aCTHU B 

CilHpaJibHOM OH.D;YJIXTOpe IIpH npoH3BOJibHOM yrne BJieTa, 

--cneKTpaJibHO-yrnoBble xapaKTepHCTHKH HHTCHCllBHOCTH OH.D;YJIXTOpHoro 113JIY'leHHJI 

npH HaKJIOHHOM nponeTe 11 ,ll;JIX ny'!Ka c MaJIOH yrnosoii: paexo.n;HMOCTblO, 
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--KoppeIDll.(HOHHLie ii>YHKU:Hll 6aHqeif 3apJIJKeHHLIX qaCTHU: BLICOKMX 3Hepmil:, 

--O.l:{HOqacniqmu1 KoppeID!UllOHHaJI «l>YHKUHJI peIDITHBllCTCKOro nyqKa B6nll3ll 

UHKnOTpOHHOrO pe30HaHca, 

-- Hen11Heil:HOe .n:mflit>epeHI..lllaJILHOe ypasHeHHe, OIIl!CblBaIOII.lee .ll:llHllMllKY crycTKa B 

none 3neKTpoMarHllTHOH BOnHLI, B6nll3ll UllKJIOTpOHHOro pe30HaHca MeTO.ll:OM 

KHHeTHqecKoro ypasHeHHJI, 

--perneHHll 3TOro ypasHeHID1: 

I. .l.IJUI Mo.n:y;rnpOBaHHOro CryCTKa, 

2. B cnyqae MaKCllMaJILHOro oxnaJK,n:eHHJI cryCTKa rrpH paBeHCTBe paCCTpOHKll OT 

llllKJlOTpOHHOfO pe30HaHCa co cpe.UHllM rrorrepeqHLIM l!MIIYJILCOM, 

3.rrpll IIOCTOJIHHOH pacc;TpOHKe MHOrO MeHLilleii cpe,n:Hero nonepeqHoro_ llMIIYJILCa 

crycTKa, 

--rrpo.n:yKTllBHblH MeTO.ll OXJiaJK,n:eHllll rryqKOB 3apJIJKeHHLIX qacTlll.l, Ha3BaHHLIM 

pe30HaHCHO- Jia3epHLIM, rrpHMeHllMblH Ha BCex Tllnax ycKOpllTeneil:, 

--aHaJillTll'leCKOe BbipaJKeHlle .llJ!ll 3ipipeKTHBHOro IIOTeHuHana 3apl!JKeHHOH qaCTllUbl B 

co6CTBeHHOM none npoCTpaHCTBeHHOro 3apJI,n:a crycTKa c yqeTOM .ll:llCKpeTHOCTll 3apll,l(OB 

npll KOMneHcau111'! cpe.n:Heii CllJILI BHel.!IHllM noJieM, 

--KoppeJIJIUllOHHLie cl!YHKU:llll B ynopJI,n:oqeHHOM {lKll.llKOM) COCTOllHllll cryCTKa B 

KJiaCCllqecKOM ll KBaHTOBOM CJiyqaJIX, 

--Q>opMii>aK'.I'OpLI II ycnOBllll KOrepeHTHOCTll ll3nyqeHIDI 0.llHOMepHo-yrropJI.n:oqeHHLIX ll 

O.ll:HOMepHO-KpllCTaJIJIHqecK11x-cryCTKOB. 

Hayquasi u npaKTuqecKasi ueHHOCTb. 

Mccne.n:osaa11e csoliCTB nnoTHLix crycTKOB JapJIJKeHHLIX qacT11u, 11x ,n:11H11MHKH, 

ynopJI,n:oqeHllJl ll 3neKTpOMarHllTHOro 113.TJyqeHIDI BaJKHLI II MOrYT 6LITL llCIIOJIL30BaHbl 

1 . IJpll npoeKTHpOBaHllll ll onTHMll3aQllll na3epoB Ha CB060.llHLIX 3JieKTpOHax: 

2. .[(mi OXJlaJK,lleHHJI nyqKOB 3apJIJKeHHLIX qaCTllQ, c uerrLIO cymecTBeHHOro 

ysenHqeHIDI era 3ipipeKTHBHOCTll. IIpe.ll:JloJKeHHLiil: Mern.n: npe,n:cTaBJllleT oco6L1ii 

l!HTepec .llJUI JlllHYCOB II YCKOpl!Terreil: peID!TllBllCTCKllX TJIJKenbIX qacTHU. 

3. Ilpll TeXHllqecKOH peaJIH3auHH HOBOro Tllna JIC3 Ha OCHOBe KOrepeHTHOro 

HJnyqeHIDI ynopl!,n:oqeHHLIX ll KpllCTaJIJillqecKllX cryCTKOB. Ilpe.n:noJKeHHblH 

JIC3 MOJKeT CTaTL BIIOJIHe KOHKypeHTOCIIOC0.6HblM fl, ,l(aJKe, cymecTBeHHO 

rrpes3oil:T11 cyruecTB)'IOIUHe no napaMeTpaM, oco6eHHO, B peHTrelloscKoii 

o6naCTll t:JaCTOT. 

HayquL1e nonoiKeHHH BbIHOCllMLie ua JaIUHTY 

1. KoppeJU1u110HHhle ii>YHKQllH aHcaM6neil: c HanpaBrreHHLIM pe.JHITHBHCTCKHM 

.UBHJKeHlleM OnllCbIBalOT ynopll.llOqeHfle crycTKOB 3apl!JKeHHLIX qaCTl!Q . 

2. ,ll;11HllMllKa 3apl!JKeHHblX qacTllU B cnHpaJILHOM OH.llYJlllTOpe rrpll HaKJIOHHOM 

nponeTe J!BJUleTCll HeJillHeHHOH. 

3. HaKJIOHHOCTL nponern qaCTHULI fl, cne.n:osaTeJILHO, yrnosaJI pacxo.n:11MOCTb 

crycTKa H3MeHJ!eT qacTOTHo-yrnosoe pacnpe.n:erreHHe HHTeHCHBHOCTH 

ll3JiyqeHl!Jl. 

4. ,ll;HHllMllKa cryCTKa B6Jlll3ll UllKJIOTpOHHOro pe30HaHca co BHernHeii _qaJepHOH 

BOJIHOH OIIllCbIBaeTCJI cpe.n:Heii CKOpOCTLIO fl3MeHeHllJl flMIIYJILCa c yqeToM 

llHTerpana .D;BHJKeHflJI. 
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5. BJaHMo,n:eil:CTBlle crycToK- BOJIHa B6JIH3H QHKJIOTpOHHoro pe3oHaHca 113MeHJieT 

rrorrepeqHLIH flMIIYJILC cryCTKa ll rrpu orrpe.n:eneHHblX ycJIOBIDIX IIpllBO.llHT K ero 

OXJiaJK,n:eHHIO. 

6. IlOTeHUHaJI qaCTHULI cryCTKa B6Jlfl3H IIOJIOJKeHHJ! paBHOBeCHJI KBa,llpaTl!t:JeH rrpH 

yt:JeTe .D;HCKpeTHOCTH 3apJ1.n:a cryCTKa H KOMileHcauHH BHYTpeHHero IIOJlll 

BHeilIHHM. 

7. PeJIJ!THBHCTCKHH crycTOK rrpocTpaHCTBeHHO ynopl!.D;Ot:JllBaeTCJI IIpH 

onpe.n:eneHHLIX IIJIOTHOCTHX H TeMrrepaTypax. 

8. IlpocTpaHCTBeHHO-yrropl!.UOt:JeHHLIH crycTOK llBJIJleTCJI rrepecTpa11saeMblM 

HCTO"IHHKOM Jla3epHoro 113JiyqeHHJ!. 

Anpo6auusi pa6oTLI PeJyJILTaTLI 3THX pa6oT o6ocHOBaHLI aHaJIHTHqecKfl H 

IIOJiyqHJIH IIOJIO)!(HTeJILHLie OT3b1Bbl Me)!(.l(yHapO.D;Hb!X CileU:H!UlllCTOB. 0HH .llOJlO)!(eHLI Ha 

MelK.LlyHapo.ilHLIX HayqHLIX KoH¢epeHQllJIX (Karlsruhe 1988, Nor-Hamberd 2001, 

FEL'2002) u ceMuHapax Ep<l>M. 

IIy6nuKaUHH OcHOBHLie pe3yJILTaTbI HJJimKeHbI B 10 ny6n11KauID1x, s TOM qucne 

t:JeTbipe CTaTbH B HHOCTpaHHLIX H OTe'leCTBeHHLIX HayqHblX )!(ypHanax, TPH .D;OKJia,n:a Ha 

Me)!(.UyHapO.llHLIX HayqHLIX KOH¢epeHUHJIX H TPH rrperrpflHTa. 

Ci:pyKTypa JlHCCepTaUHH. ,ll,11ccepTauHJ1 COCTOHT 113 BBe.n:em!Jl, t:JeTblpeX mas, 

BLIBO.llOB II CIIHCKa Jll!TepaTypLI. 

Co!lepmauHe pa60Tbt. 

Bo BBelleHHH o6ocHoBaHa aKTYaJibHOCTb TeMLI no HJyqeHlllO .mrnaM11K11 11 

yrropJI.llOt:JeHHJI B peID!TllBflCTCKHX cryCTKaX H c.n:enaH ofoop pa6oT IIO TeMaTHKe 

llllCCepTaUllll. I13JIO)!(eHO KpaTKOe co.n:epJl<aHHe pa60Tbl. 

fnasa I. Teopusi ynopH/lO'leHHH u KoppeJIHUHH 

B .n:aHHOil: rnase paccMOTpeHa np11MeHHMOCTb o6bI'IHOH CTaTMexaH11t:JecKoii TeopHH 

aHCa\16JieH t:JaCTHU K aHcllM6JIJIM pem!THBHCTCKHX 3apJ1JKeHHblX qaCTHU O)lHOro 3HaKa 

3apJ1.aa. Pa3pa6oTaH CTaTHCTHKO-MexaHHt:JeCKHH MeTo.n: OIIHCaHHJ! yrropJ!)lO'leHIDI B 

aHCaM6JIJIX t:JaCTHU, OCHOBaHHbIH Ha pact:JeTe KOppeJIJIUHOHHbIX <l>YHKUHH t:JaCTHU 

aHca~16nJ1. 

B 1. I paccMOTpeHLI OCHOBbI cTaT11cn1t:JeCKo-MexaH11t:JeCKOro paccMOTpeHHJ! 

aHca,16nefl N qacT11u s o6LeMe Q 11 c o6parnoH: TeMrrepaTypon /3 = (kTr1 
s . 

TepMO.llHHaMHt:JeCKOM npe.n:ene c HCIIOJib30Bam1eM CTaTCYMMbl QN II CB060.llHOH 

3Heprn11 FN 

QN(Q,jJ) = exp{-/JF:v(0.,/3)}. 
B 1.2 IIOKaJaHo, "ITO B cnyqae peJHITHBHCTCKHX qacTHU c HarrpasneHHbIM 1lBHJKeH11eM, 

~ - e/ - 2 2 ? 
raMttJibTOHttaH qacrn:uLI H; = c(P; - / c A;) + m; C + e<p; rrpe.ucrns11M s 

BH.lle cyMMbl KHHeTH'leCKOH E H IIOTemi:11aJibHOH u 3HeprHH, "ITO B03M0)!(H0 B cnyqae 

HarrpaBJieHHOro peJIJITHBHCTCKOro .llBHJKeHHJI Cf)'CTKa, a TaKJKe rrp11 HeKOTOpbIX t:JaCTHblX 

BH.llaX seKropHoro IIOTeHuHana, "ITO .n:aeT B03MOJKHOCTb rrpHMCHHTb CTaTMexaHH'JeCKYIO 

TeOpHIO ynopJI.llOt:JeHlifJ! K 3apJ1)!(eHHblM 'laCTHUaM Bb!COKOH JHeprn11 [7]. 
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B 1.3 c,11emm ofoop Tpex OCHOBHLIX MeTO,llOB onpe,11eJieH1fJl: KOppeJIJIUHOHHhIX 

cpyHKUHH: 

1. KOppeJIJIUHOHHOH cpYffKUHH g ( r) qepe3 ,llByxqaCTHqHyIO 

2 N ! f N-2 N-2 N N n F;(r"p"r2 ,p2 ) = dr dp pN(r ,p ) = 
(N-2)! 

= n1 
(fJ(P1 )(fJ(P2 )g(lr1 - r2 j), 

r;:ie n - IlJlOTHOCTb qacTHU, a <p(p) - 0):1HOqacT11qH!\ll cpyHKUHll pacnpe;:ieneHHll no 

HMilYJibCaM. • 

2.Ilpl!Moii KoppenJ1u110HHoi1 cpyHKu1111 c(r) = -f3(V(r) + K;v) (r)) qepe3 V-

qacTHqHble KOppeJUIUHOHHLie IlOTeHUHaJibi 

4;v)(1j,.. ·rv) = s;;:,[n(r)] 
. on(1j) ... on(1j)ln(r)~n 

3. E'.oppeJil!UHOHHOH cpyHKUHH, KaK cpe;:iHeH OT npOH3Be,lleHHll _TOKOB 

(i;Jj )
1 
= (i;(t"r)jj(t2 ,r)). 

B 1.4 rronyqeHHble KOppeJil!UHOHHb!e !}lyHKUHH qepe3 cpnyKTyaUHOHHO-

,llHCCHilaTHBHYIO TeopeMy s; (m, k) = i (i;Jj )
0 

' onpe;:ieJJJllOT MHHMYIO 
2mTs m,k 

0 

qacTb ,llH3JleKTpHqecKOH npOHHl\aeMOCTH H ,cne;:ioBaTeJJbHO, ycHJieHHe HJIH JaTyxaHHe 

3JleKTpOMarHHTHOH BOJJHbl B ;:iaHHOH cpe.n:e. 

rJiaBa 2. )1,HHaMHKa H ynopB,llO'leHHe cryCTICa B noJie CllHpaJILHOro OH.llYJIBTOpa 

B ;:iaHHOH rnase paccMaTpHBaeTc.s1 .u11HaMHKa H ynopJ1,11oqeH11e B crycTKax np11 

HaJJHqHH nep110,1111qecRoro MarHHTHOro IlOJill CilHpaJibHOro OH.llYJUITOpa[l],[3-5]. 

B 2.1 c,11enaH ofoop pa6oT B 3TOH o6nacTH H o6oCH5JBaHa aKTyan&HOCTh 

HCCJJe;:ioBaHHll cJiyqaJI HaKJIOHHOro nponeTa qepe3 OH.UYJillTOp. 

B 2.2 paccMaTpHBaeTCll .lIHHaMHKa 3ap.s1JKeHHOH qacTHl\bl MaCCbl m H 3ap.s!,lla ( -e ) 
B aKCHaJJbHOM none OH.llYJJ.s!TOpa 

H = Hm[i cos(nz +Cl>)+ )sin(nz +Cl>)], 

r.ue n = 2n I l - BOJIHOBOe q:11cno, H m ' <I> H l - COOTBeTCTBeHHO aMilJJHTY.lla, cpa3a H 

A A 

npoCTpaHCTBCHHhIH nepHO.ll MarHl1THOro IlOJlll cn11paJibHOro OH.lIYilllTOpa, i H j -
e.aHHl1qH(,Je opTbl B HanpaBJJCHHllX, COOTBeTCTBeHHO, x 11 y. BbIBO.llllTCll ypaBHeHl1.s! 

.llBl1JKCHl1ll qacTHUbl co CKOpOCTb!O fJ = v I c = ~1- r-2 
B e;:i11H11uax CKOpOCTH 

CBeTa c np11 rrp0113BOJlbHOM yrne BJJeTa B OH.llYJlllTOp c HaqaJibHbIMl1 ycJIOBl1llMl1 

6 

·f 

.. 

V0 = c{(/J11 - /JJ.)cosel>,(/311 - /3J.)sinel>,f3o}, 

/Jo=~ /J2 
-(/Jn - /JJ.)

2
' 

r.ue /311 - rrorrepeqHaJI CKOpOCTb qaCTHI.1hl, /3 J. = q Ir - aMnJJHTy;:ia nonepeqHblX 

KOJJe6aHHH CKOpOCTH qacTHUbl B OH;:iymnope, a q = eH,J /2Jrmc2 
- napaMeTp 

OH.lIYJIJITOpa. 

B 2.3 nonyqeHa TOqmui TpaeKTOpm1 B BH;:ie )JlJlHilTH'IeCKHX cpyHKUHH 51Ko6H c 

napaMeTpOM µ = 4/JJ./J11 / J3~ H apryMeHTOM U = 0.t/2 

x(~) "". x
0 

+ c(/3. - /3, )t cos <I>+ 4cf3, / µQ[si~ <I>(l - dnu) +cos <I>(u - E(u))], 

y(t) = y
0 

+ c(/3. -/3,)tsin<I>- 4cf3) µQ[cos<I>(l-dnu)+ sin<I>(u - E(u))], 

l 
z(t) = -am(u), 

7r 
3):1ecr, Q = 27rC/Jo/f - %CT0Ta KOJJe6aHHH qacnll.\hl B Off.llYJillTOpe 

B ·2.4 Ha ocHose 3TOH TPaeKTopHH rrpH MaJJOM yrne nponeTa qepe3 Q_H.llYJJllTOp 

nonyqeHr,1 · aHaJJHT11qecK11e sr,1paJKeHHJ1 .UJJll crrcKTpaJihHo-yrnosoro pacnpe.ueneHHll 

HHTeHCHBHOCTH H3JJyqeHHll c qacTOTOli (J) no.11 yrnoM [). K OCH OH.UYJJllTOpa npH 

HaKJJOHHOM rrpOJJeTe qacTHUbl ( 73 = ~ /3 2 
- /3,~ - fl~ ) 

dl e2 m2 ~ -

-- = - 2-, I ocwc1- cos 9/J - P,, sins cos s) - po.)* 
dmdQ 4Jr C p=O 

{J;C7J sin 9- /31. cos.9p/a)'+1;' /3~ + /3.'(1- sin' .9cos2 .9)­

-2/3,, cos .9(jj sin .9 - /31. cos .9 p /a) cos .9}, 

r;ie nony<1eH&1 .11onoJJHHTeJJ&Hbie. no cpas1Ic11mo c 06&1•111&1M cnyqae~1, cnaraeM&1e, KaK s 

ne.1&rn- !}lyHKl\HH, TaK 11 pll.lIOM c <l>YHKIUlllMl1 neccem1 c apryMeHTOM 

a = /3 J. m sin 9 I Q . 
'.:fra lKe TpaeKTOpHll 11Cfl0Jlb30Ba!Ja J(Jl5! llbl'IHCJJCIIHl! cneKTP!l.HbHO-yrnoBoro 

pacnpe.ueneHHll 11HTCHCl1BHOCTl1 113JIY'ICl!l1l! fl)"IKa c Ma.JIOH yrnoBoli pacX0):111MOCTblO 

OIH!Cb1Bae:-v1oli raycCOBCKOH <IJYllKllHCH pacnpCJ!CJICllHl! c J]HClleprnei1 /30. 
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paCCMOTpeHIDI B .llHCCepnmHH. 

B 3.2 paccMOTpeHa .llHHaMHKa JaMarHH'IeHHoro crycTKa B rrorre JJieKTpoMarHHTHOH 

BOJIHhl c .llJIHHOH BOJIHhl A . Ha OCHOBe HHTerpana .llBIDKeHHJI I = r - p z nonyqeHo 

ypaaHeHHe .llJIJI ycpe.n;HeHHoro rrorrepeqHoro HMIIYJihca crycTKa ( m = C = 1) 

d 2 
-(pJ.) = 2(/'f), 
dt 

r.ue ycpe.n.HeHHe npOH3BO.llHTCJI IIO cPYHKIIHH pacnpe.n.eJieHHJI c yqeTOM BHeurneii 
3JieKTpOMarHHTHOH BOJIHhl. 

B 3.3 pacCMOTpeHo yrropll.n.oqeHHe B .llaHHOM cnyqae, HCIIOJih3Yll pernemi:e 

KHHeT.HqecKoro ypasHeHHJI B6JIH3H IIHKJIOTpOHHOro pe30HaHCa 

8J= ~g3 (p1-,pz)eisrp, 

g, Q 1 
2

J~ . e at, - 1 ----=-· -;Q, = - dre-"'Q(p,,pJ.,r);Q = -- ----::-(E +-[v[kE]]), 
i(s+a) 27r 0 OJ

8 
8P OJ 

r.n.e a= (kv, -m)/ , mB = eBo/ - napMopoacKM qacroTa , r-qiroa I mB Ir 
HHTerpHpOBaHHJI H HCIIOJih30BaHa CBJl3b WB = [kE] .lllill IIOJIJI BOJIHhl. TaKOe 

)'IIOpll.llOqeHHe B 6aHqax 3apJ1)!(eHHb!X qacnfll Bb!COKOH 3HepmH CBJl3aHO c HaJIHqHeM 

,'letepMHHHpOBaHHoro rrepHO.llHqecKoro .llBHiKeHHJI '!aCTHII 6auqa BO BHeurneM IIOJie, B 

,'laHHOM cnyqae qactHIIhl .llBHiK)'TCJI no CIIHpa!IhHb!M TpaeKTOpIDIM, rrapaMetph! KOTopoii 

orrpe.n.eJIJl!OTCJI MarHHTHh!M IIOJieM. 11CIIOJib3YJI TaKyIO 0.llHoqacr!fqHyIO KOpeJIJllIHOHHYIO 

<i>YHKIIHIO HeTPY.llHO IIOJiyqHTJ, HeJIHHeHHOe ypaBHeHHe .llJIJI .llHHaMHKH cryCTKa 

(; = eEm) 

!!:_ ( 2 \ = _): Jr{J) d (l -t d ) -&_/(Pl) 
dt p J_ I <:i 2 z ( 2 \ o o e ' 

Po P1-f 

Q 
de= 2-Po -l;Q = msr. 

(J) 

MaKCHM)'M npaaol1 qactH B cnyqae MaJIOCTH (Pi J (npo.n.oJihHhIH HMnynhc 

Po 1::::: canst) .n.ocTHraeTCJI a roqKe d0 =(Pi), H ero peweimeM J1BJIJ1eTCJ1 

( 2) = c( 2 )
2 

- 27r
2 

;:2 _z_)l/2. p J_ p 1-0 ':i 2 1 2 
e /'i,Po 

9 

'! 

.~ 

(d:~Q)P. 
2 2 ao -a;/ P: sin~ 8 

em '°'e 2 - p 2 12 2 
=-2- 3

L,, . {JP(f3sin9-[JJ.-cos9) +JpfJJ_ -
47' c pzO Po sm 9 a 

/3: a; cos9 - p 
-a --+---2--a (f3sin9-/3 -cos9)}, 

P 2 sin 2 9 sin 9 P J_ a 

r.n.e a P = 1- ft COS 8 - p o/m . KaK BH.ZJ.HO, .n.eJibTa-cpyHKIIHll nepewna B 

3KCIIOHe1hy, KOTOpal!, ecTeCTaeHHO, B npe.n.ene /30 ~ 0 nepeXO.llHT B .n.eJihTa­

cpyHKIIHIO, a· Bee Bb!pmi<eHHe B l(eJIOM B H3BeCTHhJe BblpaiKeHHJI. TiorrpaBKaMH K 3THM 

Bblpa)!(eHHJIM MOiKHO npeHe6pe'!h npH MaJIOCTH 2Jrqn Pn max(f3n 'r-l) . 3.n.ech n­

q.HCJIO nepHO.llOB OH.llYJillTOpa. 

B 2.5 BhJq.HcJieHa K-0pperrJ11IHOHHaJ1 cpyHKIIHll .ZJ.JIJI crycTKa c .ZJ.HCnepcHeii Vno 
-

- [pJ_,p,,OJ 
(JJj):.k = -p,,pJ.,o ' 

0 ,0 ,1 

1C _o'/ 
P_ =-e'm2 c2 y 2 (V 2 + !J2)e /v.', k no , 

x. 

k k e _<o'I,' 
2 , Y ( )2 (V2 y i:-2) /2k,v, p = 1(-- emcy - - u e · , 

1 k2 no k2 
J_ J_ 

m:-kV 
r.ue 8 = z z ' a k J_ - nonepeqHaJI KOMIIOHeHTa BOJIHOBOro BeKTopa. AHaJIH3 

k-y 

IIOKa3hJBaeT HaJIH'!He HeycToi1q.HBOCTH Ha qacToTe 

2m 
(J)cor :::: m(l - nzf3z) = _

2 2 
, COBII!l,llaIOIIJal! C H3BeCTHOH He)'CTOH"qHBOCTb!O B 

r +a 
JIC3. 

fnasa 3 . .lJ:u11aMHKa u ynopH.llO'!euue crycTKa BbrcoKoii JHepruu s noJJe JJa3epa. 

B 3TOH mane paccMaTp1maercJ1 [2, 1 O] .llHHaMHKa H y11opJ1.!lO'leHHe 3aMarn0qeuuoro 

6auqa 3apll)!(eHHhlX qacTHII BbICOKOH 3HeprHH B IIOJie IIJIOCKOH 3JieKTpOMarHHTHOH 

BOJIHhl. 

B 3.1 c.uerrau ofoop pa6or B 3Toii o6nactH H o6ocuosana aKTyarrbuocth 
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B cnyqae , Kor,na ~o = canst 11 MHoro MeHbIUe ( p'J_) , nonyIJHM ( z -.nmrna 

B3aHMO.Uei1cTBWI ): 

( 2)=C( 2)3_;:26n
2

z~)113. p 1- p .l.O ':> 
2

A 2 D 
Po 

Oco6bri1 1rnrepec npe.ucrnsm1er cnyIJai1 crycTKa, Mo,nym1poBaHHoro c rny6HHOM 

0<c::;1 

f(p.l.,pz,rp) = fo(l- ecosrp). 
B 3TOM cnyqae ypaeHeHHe 

!!_(pJ=-&q {0·2 (l+~(pJ\ 
dt 2p0 n 

.ilMHaMl1Kl1 HMeeT Bl1.il 

a ero pernemre eCTb 

(pj_)= P1-o -&qn~. 
2,1,po 

f10.1yi,1eHHr,1e pernem!JI yKaJbiBaJOT Ha B03MOJKHocrr, yMeHr,IUeHHJI nonepeIJHoro 

11Mll)'.1bCa cryCTKa np11 B3a.i!Mo.uei1CTBl111 c 3lleKTpOMarH11THOM BO!IIIOM B6!IH311 

UHK!IOTpOHHOro pe30HaHCa. Ll:!IJI n)"1Ka c . Po = I 00 11 9 = I 0-3 
Ii co2 !laJepa c 

; = 10-
2 

,nmrna nyrH , Ha KOTOpoM (p 1-) 113MeHJ!eTcH Ha 100%, cocTasmrer 80 CM, 

npH 3T0~1 nn11Ha penaKcau1111 nopH.llKa 20cM. 

TaKOe yMeHr,rneH11e HMnynr,ca crycTKa np11MeHHM .an» pe3oHaHcuo-naJepHoro 

ox.1aJK.:reH11J1 nyIJKOB Bcex THnOB YCKOpl1Te!leM. JJ:oCTHJKHMb!e cei\qac 3HaIJeHl1JI 

napaMerpa q ~ 1 .uaIOT BOJMOll<Hocrr, Hcnorrr,JoBaTr, pe3ouaurno-,1aJepHoe 

ox:raJK.:reu11e ny'IKOB B Jll1Hei1HbIX ycKop11re.1ei1, .ilJIH KOTOpb!X OTCYTCTBYIOT KaK11e-m160 

MCT0.%1 oxrra)l()J.eH11J1. f1pH 3Heprm1x nyIJKOB THJKenr,1x IJaCTl1U y 2:: 100 
npC.'{!IOiKeHHbli1 MeTO.ll 11MeeT 3HaIJ11Te!lbHO MeHbIUee BpeMH OXJJaji(J{Cl!Hll, IJeM 
113BCCTHb!e MeTO.Llbl. 

rnasa 4 JJ:1maMHKa H ynopH,llO'leHtte cryCTKOB B co6cTBeHHLIX ITOJlHX. 

B 4.1 o6ocuosaua BaJKHOCTb pacc~mrpemrn pom1 CHJI npocTpaucrnemrnro 3apJ1.ua 11 

B3m1Mo.:reilcTe1rn Mejf()ly IJaCTHUaMH np11 6orrbrn11x nrroTHOCTHX crycTKOB. f1oKa.Jauo, IJTO 

3Tll CH.lb! yae:mIJ11Ba10TCJI 11 no xapaKTepy 803.D;eMCTBWI Ha CBOMCTBa crycTKa np11 

011pe;1c.1eHHblX ycnoe11Hx Moryr npeeJoi1ru np11MeHHeMr,1e 11 .uocT11JK11~1i.1t.: BHernH11e 

Cl1.1hl. r!p11 3TOM Ha'll1Ha!OTCJI KO!l!leI\°'fHBHbie 3cpepeKTbl H ynopJ1.llO'le1rne 113-'3a CHJibHOro 

MCiKIJaCTHIJHOro B3a11Mo.uei1CTBl1H. C.:renaH ofoop pa6oT no nrroTHb1~1 KY :1m10BCKHM 
c11cre~1a~1. 

B 4.2 HCC!IC.llOBaHo Mejf(IJaCTH'lHOe B3al1~l01lCMCTBHe B csepxn!IOTHbIX Cl')CTKax [6]. 
I lo:iyYeHa aHaJJ11THIJeCKaJI 41opMy.1a ,:i:,1H noremmarra 3apJ1iKeHHOll IJaCTl!IIhI B none 

OC'l •lilhHblX B np116nmKeH1111 Ma1b!X OTKJ10HeH11M OT nonepC'lllblX I lilOCKOCTei1 

paBllOBCCHl! llpH KOMne11cau1111 cpenHero ll0.1H crycTKa BHeIIIH11MH []0JlHMll. 
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B 4.3 paCCMOTpeH BOnpoc yrropH)lOIJeHHl! K)'JIOHOBCKHX aHCa.M6JieH Ha OCHOBe 

c)lopMyrrr,1 .il!IJI IJOTeH1.(11arra. IlonyqeHa [7] KOppe!IJ!l(HOHHal! c)lyHKl(HJI .ilJIJI 

Cl1JlbHOKopperr11poBaHHOro COCTOJIHHll B KBaHTOBOM crryqae 

(p(z)p(O)) =cos( 2n :)exp{-bvfln(z) }, 

r.ne b = Ac I a8 ~[' y 3 
11 MHOro MeHbIIIe e.LI11Hl1l(bl llJlll IJaCTHl( Bb!COKOH :meprn11. 

3.l(ecr, Ac = h I me - KOMITTOHOBCKal! 1l!ll1Ha BOJlHbl, a 8 - OTHOCl1Te!lbHblH pa;36poc 

no ::meprnH B 6aHqe. 3.n;ecr, [' - ornorneHHe noTeHQHarra K TeMnepaType. B 
Knacc11IJeCKOM cnyIJae norryqaercJ1 

[' z 
g(z) =-

2 
(1-cos(2n-)). 

2n a 
B 3TOM cnyIJaHX cpopMepaKTop KorepeHTHOCTH paBeH 

. 2 2 
F = N1 sin N1x 

sc N2 . x2 

r.l(e N1 - IJHcno IJaCTl1Q B nonepe'lHOll nnocKOCTl1, N1 - IJHC!IO nnocKOCTell pasuosec11H. 

Ilp11 BblITOJJHeHHl1 )'CJlOBHJI KpHCTa!l!ll13aJ(l111 [' > 172 ' KOr.Lia i:;rycTOK MQjf(eT 

Kp11CTaJl!ll130BaTbCJI, ero 0.l(HO'laCTH'lHal! KOppeJIJ!l.(110HHal! c)lyHKl.(11JI, 11Jll1 nJIOTHOCTb 

pacnpe,neneHHJI 'laCTHU, CTaHOBHTCJI .LieJ11>Tao6pa3HOH c nepHO.llOM a B.l(O!lb 

HanpasrreH11JI .ns11ll<eH11H (ocr, Z). ,[(!IJI TaKoro cryCTKa c)lopMepaKTop KOrepeHTHOCTl1 

paBeH (8] 

F:r 
N 2 sin2 N x =-t- I 

N 2 sin2 x ' 
KOTopoe HMeeT pe3K11e MaKCl1M)'MbI B TOIJKax x = ka =Zn, r.l(e 1-uenoe. 

TaKoM MeXaHl13M iorepeHTHOro HanpasrreHHOro 113nyqeHHH MOll<eT 6b1Tb 

HCnO!lb30BaH KaK aJibTepHaTl1BHblM Jla3ep Ha CB060.LIHbIX 3!leKTpOHax, ll03BO!lll!Oll.111H 

N 2/3 
nonyIJaTr, yc11neu11e B pa3 B cnyIJae ynopJ1.l(OIJeHHoro crycTKa 11 N pa.3 .LI!IH 

Kp11CTa!l!IH'leCKOro cryCTKa [9]. 

BbtBOIILI 

I. KoppenHUHOHH1>1e cpyHKU1111 aucaM6neM c HanpasneHHbIM peJ1J1Tl1Bl1CTCKHM 

.llBl1jf(eH11eM. OITHCb!BaIOT ynopJ1.LIO'leH11e. cryCTKOB 3apl!jf(eHHbIX IJaCT11U. 

2. Kone6aH11H 3apHjf(eHHb!X IJaCT11Q B OH)(YJIJ1Tope np11 HaK!IOHHOM nponere 

He!l11HeHHbl H BblpaJKaIOTCll qepe3 3JI!ll111Tl1'leCKHe c)lyHKl.(1111 .5IK0611. 

3. HaK!IOHHCTb nponera 113MeHJieT IJaCTOTHo-yrnosoe pacnpeneneH11e 

HHTeHCl1BHOCTH H3JIY'leHHJI IJaCTHl(bl B cnHpaJJbHOM OH.LIYJIHTOpe. Pa.3Bl1Ta Teop11H 

HJJJyqeJml! c yIJeTOM ynopJ1.UOIJeHl1ll B crycTKe Ha OCHOBC TO'JHO peweHHblX TpaeKTOpHi1 

3apHjf(eHHOH IJaCTHUbl np11 HaKJIOHHOM nponere. 
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4. ,[(HHaMHKa peIDITHBHCTCKOro crycTKa rrpH B3aHMO,l(eiicTBHH c :meKrpOMarHHTHOH 
BOJIHOH B6JIH3H UHKJIOTpOHHOro pe30HaHca OIIHCbIBaeTCJI CHCTeMOH HeJIHHeHHb!X 
ypaBHeHHH ,l(ID! cpe.nHero HMnyni,ca c )"IeTOM HHTerpaJia ,l(BIDKeHHJI. HaH.neHHb!e TOtJHb!e 
perneHHJI B Tpex tJaCTHbIX cnyqaxx .naIOr H3MeHeHHe HMnyni,ca crycTKa. 

5. ITpM onpe.neneHHbIX ycnoBHJIX cpe.uHHH rronepetJHbIH · HMrryni,c crycTKa 
yMeHbIIIaerc.sr, qTo MO)l(eT 6b!Tb HCIIOJib30BaHo .llJIJI OXJia)l(.l(eHH.sI rryqKOB Bb!COKHX 
:meprnli. ITpe.uno)l(eHHb!H MeTO,l( OXJI~eHHJI IIpHMeHHM Ha Bcex THnax ycKOpMTenetf, 
HO oco6eHHO Ba)l(eH ,l(JI.s! JIHHeHHb!X YCKOpHTeneli H YCKOpHTeneli T.s!)l(eJib!X 
peJIJITHBHCTCKHX tJaCTH!..{. 

6. IToTeHuHan qacTH[(bl cryCTKa KBa,npar11qeH no OTKJIOHeHHIO OT IIOJIO)l(eHH.s! 
paBHOBeCHJI, c YtJeTOM ,l(lfCKpeTHOCTH 3apJ1.ua 11 KOMIIeHCa[(HH cpe.ilHero non.sr cryCTKa 
BHeIIIHHM IIOJieM. ITepHOi!HtJHOCTb cpe,l(bl II03BOJIJ!eT BBO,l(HTb MO).{eJibHhlH IIOTeHimarr B 
BH,l(e KOCHHyca. 

7. Pen.srTHBHCTCKHH cryCToK npocrpaHcreeHHO yrrop.sr.notJHBaeTcJI rrpM onpe.neneHHbIX 
IIJIOTHOCT.s!X H TeMrrepaTypax, IIOCKOJlbKY a6comOTHb!H MHHHMYM :meprHH TaKOro 
aHcaM6m1 .1.IOCTHraerc.sr npH HYJieBbIX OTKJJOHeHHllX OT rrrrocKoCTeli paBHOBecH.sr. B 
yrropl!,l(OqeHHOM COCTO.s!HHH KJiaCcHqecKal! H KBaHTOBa.sI KOppeJIJl[(HOHHbie <jlyHKUHH 
crycTKa rrepHO.lllftJHbl B).{OJ!b HanpaaneHHJI .llBH:lKeHHJI. 

8. ITpocTpaHCTBeHHO-ynop.s!).{OtJeHHblli crycroK J1BJIJ1eTCJ1 HCTOtJHHKOM ml.3epHoro 
113JiyqeHH.s!. 

CnucoK ony6nHKOBaHHb!X pa6oT no TeMe ,1:1uccepTal.{HH 

I. L.A. Gevorgian, R.V. Tumanian, «Dynamics and radiation of a charged particle at 
inclined passage through the undulatorn, Radiation Effects, 91 (1986)283-286. 

2. P.B. TyMaHJIH, «YMeHI.IIIeHHe rrorrepeqHoro 3MHTTaHca penJITHBHCTCKoro 
3J1eKTpOHHOro nyqKa npH asTope30HaHCHOM B3aHMo.netiCTBHH», E<I>H-926(77)-86, 
11.HJ111ATOMHH<jJOpM, 1986. 

3. P.B. TyMaHJIH, Jl.A. reaoprnH, «BJJHllHHe HaK.10HHOCTH nponeTa 3apl!).{a qepe3 
OH.1.IYJJJITOp Ha cneKTpaJJbHble xapaKTepHCTHKH OH.l(YJIJITOpHoro H3Jly'IeHHll», 
J13eeCTHll AH ApM.CCP, <l>H3HKa, T. 21, Bhm. 1(1986)46-47. 

4. P.B. TyMaHl!H, c.r. ApyTIOiuiH, M.P. Ma1mllH. «KorepeHTHOe 113JiyqeHHe qacn1u c 
TpaeKTOpHJIMH HHBapHaHTHblMH OTHOCHTe.1bHO IIp0,l(OJ1bHb!X C.llBHfOB», )J(ypHM 
TexH. <1>113HKH, 60( 1990)59-66. 

5. P.B. TyMaH.srH, c.r. ApyrIOH.sIH, M.P. Ma11,1l!H, «KorepeHTHOe HJJiyqeHHe tJacTHU c 
TpaeKTOpHllMH mrnapHaHTHblMH OTHOCHTe.lbHO npo,l(OJibHb!X C).{BHfOB», ).{OKJ!a,Jl. 
Tpy.uLr 7-oro Me:lK.llyH. Cose11.iaH11J1 no MOUIHbIM ny'IKaM 3apl!)l(eHHbIX qacTHU, 
Karlsruhe, 1988. 

6. L.A. Gevorgian, R.V. Tumanian, "Coherent radiation of crystalline beams", Eprint: 
xxx.lanl.gov-physics/0102050. 

7. L.A. Gevorgian, R.V. Tumanian, "Effect of density correlations on the coherency of 
relativistic bunch radiation", Report, Proc. of NATO Workshop "Electron-photon 
interaction in dense media'', Nor-Hamberd, Armenia. 

8. R.V. Tumanian, "Resonant laser cooling of charged beams", E-print: 
physics/0201041. 

12 

9. L.A. Gevorgian, R.V. Tumanian, "Ordering apd coherent radiation of charged 
particle beams'', Report, Abstracts of Intern. Conference FEL'02, Chicago, USA, 
Sept. 2002. 

10. R.V. Tumanian, "Resonant laser cooling of relativistic charged-particle beams'', 
four.Opt. Soc. Of America, vol. 20, N 5, May 2003. 

uu<Dn<DUQ.tir 
Umbliwfununqa1mOo CilJ.pplJ.w6 t LP9.QWlJ.nplJ.w6 owu(lpl.j(lbpp 11pOwopl.jWJP I.. 

l.jwpqwl[nriowfJ nrin2 hwrigb(lp munulflwup(lmp1wuo: 
U2fuwmwli9nul ul.I1wgLJ.w6 hpoliwl.jwfJ wri111mfJ9(1bp[] hblilliJWLO l:ifJ. 
<bmwqnmLJ.w6 t hw1mup umwlil-llbfuwfJpl.jwl.jw(I Ii l.jnril:iuwgpnli 

ml:iunqa1mlili!:lf1P l.jppwnbLpmp1muo nu111nririt.lw6 12l:iuwl.I1pl[pumpl.j 2wrictowli 
W12l.jWJnLIC!JWU 11011.1.QntO: 

9.wpqwgl[bL t ourimuwmnriwJpfJ 6w12wqWJIC!OWfJ mbump1muo ~wpmpwCll.. 
ourimuwmnrinlJ. owulipl.jlibpp IC!b!! wugowfJ rib~9mo: 4npbuwgpnfJ :pmul.jgpwJp 
hwzl[wpl.jmllnt.l umwglJ.bL t owufJpl.jlibpp hwowtuopp wfJ4w1mump1mfJ WJli 
hw6wfunLIC!JWU LJ.pw, np[! ou11muwmnpwjpfJ - Ull.J._JUlWUOWfJ hw6wfunt!C!JWU 
ut.iwuiowop mfJp rimlltl:iflJWli 2brimo: UprJ.Jmfl.QD tflnl[pO hwoofJLtOmo t wqwui 
ttbt.iuirinufJbpnl[ LWqbpp (Ut"L) hWJU1Up UlOUnL!C!JWU hl:iui: 

4pfJbmfll.j hwLJ.wuwpowfJ tmMwop quifJlJ.l:iL t Lti02f1 opwowulipl.jwJpli 
l.jnpbuwgpnfJ :PmfJl.jgpwfJ gpl.j[nmpnfJwJpli 12bqnfJw(lup 2112wt.iwmmo 'lpw hpowli 
t.lriw 2wrictowu pliuibqf1WLP hw2t.J.w12owop uuiwglJ.bL t t.tiu2p op2pu 
[!UllLWJliwl.jwfJ pOUjnqup LtinLtintump1mfJo 01.jwriwqpnri n!-q6wJpli 
llP:P:Pbpbligpw[ hwl[wuwrimo: Q.uifJt.J.bL bu wiu hwLJ.wuwpowfJ tmomolibp[] 3 
11b~.Qbrimo: 

U12w2writ.itlbL t t.tiu2l:i11p uw12bgawfJ 12bqnOwfJuw[wqbpw1pfJ ol:ircmri. nriu wrnp 
t ofJl.jfJmo Pfl wriri1muwLJ.bmmra1wop t.. qnp6fJwl.jwfJnpbu pn1nri mbuwl.jp 
wpwqwgmgp!fJbpma 4ppw12btm hliwpwt.J.nrim1C11wop: U1u ol:iranriu wowlJ.bL 
wpctl:i9wt.J.nri t qow1flli t.. 6wfJp 12l:iuwmpl[puuip4 awufJpl.jfJbpp 
wpwqwgmgp!Cibpp hwowri: _ 

'lmpu t pbpt.lbL owufJpl.jp ~nmb(lgj1w[p wliWLPLI1P4 pwfJwClt.., t.tiu2p 
owufJpl.jfJbpp op2pu riw2uima LP9!!P ripult11b-uim1C11wu hw2LJ.w12owop t.. t.tiu2p 
llp2pfJ llW2UlU W(lUlW.QpfJ llW2Ulnl[ !bqn9wgfJb[m llbUl.QnLO: 

<l:ililwqnmt.lbL l:ifJ Ltili2bpp OPW!WLti-t.iwpqwLJ.nrilJ.w6 (hl:iriml!) Ii OPW!WLti-
PJnLfll:iriwJpli l[p6wl.j(lbp[!, qmflqtL bu l.jnpbuwgpnfJ :pmOl.jgpw~briu m 
lSw12wqWJ1C1llwfJ :Pnrio:tJwl.jUlnpfJbpo: . ' 

U12w2wpl.jlJ.w6 t unri uip~p Utl. l.jwpqwlJ.nplJ.w6 Lti02p l.jnhbpl:ifJui 
6w12wqw1raowu b11t..m1rati hpawfJ LJ.pw: 

Resume 
In the dissertation some problems of dynamics and ordering of high energy charged 

particle beams are investigated. The obtained basic results are. 
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The applicability of the .. known statistico-mechanical theory of ordering and 
correlations to high energy charged particle beam physics has been proven. 

The nonlinearity of the particle oscillations in the spiral undulator has been proven 
and trajectories in the form of Jacoby functions has been found. 

The undulator radiation theory has been developed in case of inclined passage of the 
particles through the spiral undulator. 

The one-particle correlation function of the beam close to cyclotron resonance is 
obtained by solving the kinetic equation. 

The nonlinear equation of beam transverse momentum exchange close to cyclotron 
resonance has been derived and solved in three cases. 

The resonant laser cooling of charged particle beams has been proposed. This method 
is suitable to all types of accelerators and especially for linear and heavy particle 
accelerators. 

Accounting for the beam charge discretness, the analytic formula for a particle 
potential in the averaged field of the beam has been obtained in a case of beam self field 
compensation by external field. 

- The one dimensional ordered (liquid) and one dimensional crystalline ~tates of the 
beam has been investigated. The correlation functions and formfactors of radiation has 
been-found. 

The new type of free electron laser has been proposed, based on the coherent radiation· 
of an ordered beam. 
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