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Ta1a p;KccepT~H yriiepJKp;eHa B EpeBaHCKOM rocyp;apcTBeHHOM YHHBepCHTeT~. 

HayqHMii: pyr<oBOl;J;HTeJI:&: p;oKTOp 4>H3.-MaT. Hayr< 

Oct>mi;KaJI:&H:&Ie onnoHeHTlil: 

B. M. l.J;aKaHoB (EfY, KEH,ZJ;JI HCH) 
Ji;OKTOp 4>11:3.-MaT. HayK, npo~ccop 

3. M. Jla3HeB (HHJIA) 

KaH,IJ;HTaT 4>H3.-MaT. HayK 

Bep;ym;aJI opraH~aI.i;WI: 

A. C. Bapp;aruIH (KEH,D;Jl, HCM) 
HHcTHTYT 4>H3H'lecKHx HCCJiep;oBamra HAH PA 

:3a~HTa p;11:ccepTaI.i;HH coCTOHTCH 27 MllJl 2014r. B 14.00 qacoB Ha 3acep;a1nm 

cneI.i;HaJIH3HpOBaHoro coBeTa BAK 024 "4>Ksmca s:p;pa 11: SJieMeHTapH:&IX qacrmi;" 

p;eii:crByIOm;eii: npH Haii;11:0HaJI:&Hoii: uayqHoii: Jia6opaTOpHH HM. A.H.AJIHxaHJIHa (0036, 

EpeBaH, yn. 6paT.&eB AJIHXaHl!H 2). 

C p;11:ccepTaii;11:eii: MO>KHO 03HaKOMHT:&Cl! B 611:6JIHOTeKe HHJIA. 

ABTOpeqiepar pasocnaH 26 anpens: 2014r. 

Y'leHlilli ceKpeTap:i. cneii;. coBeTa 024, p;.qi.M.H. /Z;"-- ,[(.P. KapaxlUIJIH 

OBII.J;.Afl XAP AKTEPMCTMKA P AEOTbI 

AKzyan:i.uocn TeM.&I. 

Op;HHMH H3 Ba>KHei!:nmx HanpaBJieHHH COBpeMeHH:&IX HCCJiep;oBaHHH B o6JiaCTH 

cj>H3HKH nyqI<OB 3aps:>KeHHbIX 'laCTHIJ; H yc1<opHTeJI:&HOH TeXHHKH llBJil!IOTCJI pa3BHTHe 

HOBbIX MeTOp;OB yc1<opeHHl! saps:>KeHHbIX qacrari; H reHepari;Hll BbICOKO'laCTOTHOro 

MOHOxpOMaTH'leCI<Oro H3JiyqeHHl! . .ll:ns: yc1<opeHHl! sapmKeHH:&IX 'laCTHIJ; HJIH reHepari;m:r 

H3JiyqeHHl! B BOJIHOBOp;HbIX crpy1<rypax Heo6xop;HMO o6ecne'lHTI> ycJIOBHe 

pacnpocrpaHeHHJI B crpyr<rype Mep;JieHHbIX BOJIH, HJIH BOJIH c cpa30BOH CI<OpOCTDIO 

MeHbllle CI<OpOCTH CBeTa, JIOCI<OJI.&I<y B IIYCTbIX rJia,u;KHX BOJIHOBOp;ax c Hp;eaJibH:&IMH 

CTeHI<aMH 3JieI<rpOMarHHTHbie BOJIH:&I pacrrpocrpaHl!IOTCll c cpa30BOH CKOpOCTbIO 6oJI:&IIIe 

CKopocTH cBera. Hs:eeCTH»re 11.0 HacroJ1In;ero speMeHH BOJIHOBOp;R»re crpyr<ryp»I c 

Mep;JieHHbIMH BOJIHaMH p;JIJI ycKopeHHJI sapH>KeHHbIX 'laCTHIJ; HJIH reHepari;HH H3Jiy'leHHl! 

npep;craBJIJIIOT co6oi!: p;Ha4>parM11:poBaHHbie BOJIHOBOp;bI HJIH BOJIHOBOp;bI c 

,llH3JieKTpH'leCKHM sanoJIHeHHeM . .zi;11:cIIepcHOHHbie xapaI<repHCTHI<H TaKHX BOJIHOBOp;OB 

xopOIIIO HCCJiep;oBaHbI H xapaI<TepH3YIOTCJI 6ecI<OHe'!HbIM 'lHCJIOM co6cTBeHHbIX 

Mep;JieHHbIX BOJIH, KOTOpbre B036yJKp;aIOTCll npH npoJiere peJIJITHBHCTCKOH 'laCTHIJ;bI 

Bp;OJib OCH BOJIHOBOp;a. 3TH BbICIIIHe MO)J;bI HaKJiap;bIBaIOT cym;ecTBeHHbie orpaHH'leHHJI 

Ha ':;1cJ.>4>eKTHBHOCTb ycKopeHHH sapH>I<eHHbIX '!aCTHIJ; OCHOBHOH ycKOpllrom;ei!: MO,D;OH, 

rear< c TO'lKH speHHH BosMym;eHHH caMoro npori;ecca yc1<opeHHH, Tar< H :eos6y>Kp;eHHH 

3THX MO,D; caMHM crycrKOM. 

Ms BbIIIIeH3JIQ)KeHHOrO HCHO, 'ITO HCCJiep;oBaHHe BOJIHOBO,D;HbIX CTpyI<ryp c 

ep;HHCTBeHHOH Mep;JieHHOH OCHOBHOH TM01 BOJIHOH HBJIHeTCH a1<TyaJibHOH npo6JieMOH, 

KaK ,!IJIJI pa3BHTHH ycr<opHTeJibHOH <jJH3HKH, TaK H HCTO'lHHKOB KorepeHTHOro 

MOHoxpoMaTH'leCKoro H3JiyqeHHH. 

IleJI:& pa6o™ 

l.J;eJIIO p;Hcceprari;HOHHOH pa60TDI HBJIJieTCH: 

• HccJiep;oBaHHe pesoHaHCHbIX CBOHCTB p;:eyxcJIOHHbIX BOJIHOBOAOB H 

p;HCnepcHOHilbIX xapaI<TepHCTHK co6CTBeHHbIX BOJIH B Y3KOIIOJIOCHOM 

p;HaII030He. 

• Hccnep;o:eaHHe op;HoMop;o:eo:H pesoHaHCHoi!: yCKopHrom;ei!: crpyKTf PI>I c 

Mep;JieHHO 6erym;ei!: BOJIHOH. 

• HcCJiep;oBaHHe HMrrep;aHca H KHJibBaTepHOH 4>YHKIJ;HH ,!l;JIJI 'laCTHIJ; c KOHe'lHOH 

3HeprHeii:. 
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• l1ccJiep;oBaHHe xapaKTepHCTHK H3JI)"IeHHJI c OTKpblTOro KOHn;a O;IJ;HOMO;IJ;OBOro 

pe3oHaHcHo:il: CTPYKT)'pbl p;JIJ1 YJibTpapeJIJITHBHCTCKHX '!aTHIJ; H '!aCTHD; c 

KOHe'lHOH SHeprne:il:. 

Ha)"!HaJI HOBH3Ha 

Hayq:HaJI HOBH3Ha pa60Tbl COCTOHT B CJiep;yrorneM; 

1. BnepBbie npep;Jio)l(eHa H nccJiep;oBaHa pe3oHaHCHaJI p;ByxcJioiiHaJI ycKopJ1Iom;aJ1 

CTPYKTYPa, B KOTopoii cym;ecTByeT TOJibKO op;Ha Mep;JieHHO 6erym;u 

TM01 BOJIHa. 

2. IloJiy'leHbl OCHOBHble ,D;HCnepCHOHHble xapaKTepHCTHKH Mep;JieHHO 6eryxu;e:il: 

ocHoBHo:il: TM 01 sJieKTpoMarHTHoii BoJIHbI B TaKoii CTPYKType H onpep;enena 

CHHXpoHHaH '!aCTOTa B036y)l(,D;eHHll. 

3. I10Jir1eHhl aHaJIHTH'leCKHe ¢oPMYJibI ,D;Jill pac'leTa HMnep;ancoB H 

KHJibBaTepHHX ITOJieii, B036y)l{p;aeMbIX 3apH)l{eHHblMH 'laCTHIJ;aMH B Ta1mx 

CTpyKT)'pax. 

4. IloJiyqeHbl npocTpaHCTBeHHO-yrJIOBble xapaKTepHCTHKH H3llY'leHHJI c 

OTKpbIToro KOHn;a HOBOH O;IJ;HOMO,D;OBOH ycKoplllom;eii: CTPYKT)'pbI. 

J1paICrir:'lecKalI UeHHOCTb. 

• Pe3yJibTaTbl, ITOJI)"IeHHbie B p;aHHOH pa6oTe, MOryT 6bITb HCITOJib30BQllhl /~llll 

pa3pa6oTim HOBLIX ycKoplllom;nx CTPYKTYP Ha B1>1c01mx 11acT0Tax. 

• l1cJiep;oBaHHaH CTPYKTYPa llBJilleTCJI s¢¢eKTHBHbIM KaHp;Hp;aTOM p;11J1 

pa3pa6oTKH HCTO'IHHKOB KOrepeHTHOro MOHOxpOMaTH'leCKOrO H3JIY'leHHll B 

cy6-MHJIJIHMeTpoBOH o6JICaTH ;IJ;JIHH BOJIH. 

• 

• 

IloJiyqeHHble pe3yJI1>TaTbl MoryT Jie'lb B OCHOBy HOBbIX Hepa3pyrna10m;Hx 

MeTO;IJ;OB p;HarHOCTHKH napaMeTpOB npen;H3HOHHbIX Il)"IKOB. 

0TKpb!BaeT IIIHpOKHii: ¢poHT SKcnepnMeHTaJibHbIX HCCJiep;oBaHHii: Ha 

llHHe:iiHOM ycKopHTeJie APEAJI c Jia3epHoii: B1>1coKo'!acToTHO:ii nyrnKo:ii. 

4 

1 

' 

OcHOBHI>Ie noJiollCeHmr, BblHOCHMble Ha sal!lllzy; 

1. BrrepB1>1e nccJiep;oBaHbI p;ncnepcHOHHLie xapaxTepHCTHKH H rrpep;JiolKeHa 

op;HoMop;oBaH peaoHaHcHaH p;ByxcJioii11aJ1 CTPYKTYPa c ep;HHCTBeHHO:ii 

Mep;JieHnoii: OCHOBHO:ii ycKopJ110m;eii SJieKTpoMarHHTHO:ii TM 01 BOJIHo:il:. 

2. IIoJiyqeHbI aHaJIHTH'leCKHe npep;cTaBJieHHH HMIIep;anca H npop;oJibHOro 

KHJibBaTepHoro noJIJ! ;IJ;JIJ! op;noMop;oBoii pe3onancnoii CTPYKTYPbI. 

3. l1cJiep;oBaHbI oco6eHHOCTH HMITep;anca H KHJibBaTepHbIX IlOJieii B 

O,D;HOMO;IJ;OBOH pe30HaHCHOH CTpyr<T)'pe AJIJ! 'laCTHIJ; c KOHe'IHOH sneprneii. 

4. l1cJiep;oBaHbI OCHOBHbie xapaKTepHCTHKH II3JIY'leHHe c OTKpbITOro KOHn;a 

op;noMop;oBoii pe3onancnoii CTPYKT)'pbI. 

Arrpo6aumr pa6onx: 

0CHOBHble pe3yJibTaTbI ,D;HCCepTaD;HOHHOH pa60TbI ,D;OKJia,D;bIBaJIHCb H o6cy)l(,D;aJIHCb Ha 

cJiep;y10m;Hx Kon¢epenn;Hl!X: 

1. Particle Accelerator Conference, PAC09, Vancouver, Canada, 4-8 May, 2009. 

MaTepHaJILI p;HccepTan;HH Ta1<JKe o6cy)l{p;aJIHCb na ceMHHapax B EfY H CANDLE. 

Ily6JIHKaUHH. 

Ila MaTepHaJiaM ,D;IICCepTa:n;HH orry6JIHKOBaHo 3 Ha)"IHbIX pa6oT, CilHCOK KOTopbIX 

npHBep;eH B KOHI~e aBTOpe¢epaTa. 

Cmyxrypa II o6:&eM pa6oTbl. 

,/J;1IccepTa:n;IIOHHall pa6oTa COCTOIIT II3 BBep;eHIIJ!, 'leTblpex rJiaB, 3aKJIIO'leHIIJ! II CIIIICI<a 

:n;HTHpyeMOH JIIITeparypLI. 06m;1Iii o6beM ;IJ;IICCepTan;HII COCTaBJIHeT 108 CTPaHHIJ;, B TOM 

'llICJie so pHCYffKOB, 1 Ta6JIII:IJ; II CillICKa JIHTeparypbr II3 97 HaHMeHOBaHHH. 

CO,ll;EP)KAHI1E P ABOTbI 

Bo BBE!,lfeHJ!fH cp;eJiaH o63op no TeMaTHI<e p;HccepTaD;HH, c¢opMyJIHpoBaHbl OCHOBHbie 

3ap;a'IH, o6ocHoBaHa HX aKryaJibHOCTb II Hayqnal! HOBH3Ha, a TaKx<e npHBep;eno KpaTI<oe 

cop;epJKaHHe pa60T1>r . 

B nepBoil rJIBBe rrpHBep;eHo KpaTKoe onHcanne TeopHH pac'leTa 3JieKTpoMarHHTHbIX 

noJieii B MHOrOCJIOHHbIX BOJIHOBop;ax, OCHOBaHHbIX Ha CIIIHBKe TaHreHn;HaJibHbIX 

COCTaBJilllOID;HX SJieKTPH'leKHX H MarHHTHbIX ITOJieii Ha rpaHHI~ax pa3p;eJia. TaK l!{e 

rrpHBep;eHbI onpep;eJieHHJI KHJibBaTepHHX ITOTeHu;HaJIOB H Hrrep;aHCOB, H ITOl<a3aHHa 

BalKHOCTb pac11eTOB STHX BeJIH'lHH ;IJ;JIJI CoBpeMeHHbIX ycKopHTeJieii. 
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Bo BTopo:il: qacTH rrepBo:il: rnaBI>I c rroMom;m qHcJieHHOro Mo,n;eJIHpoBaHHJI 6nmo 

HCCJie,n;oBaHO HMrre.n;aHCHble xapaKTepHCTHKH H KHJII>BaTepHHe I!OJIJI ,D;JIJI .n;Byx THIIOB 

p;ByxcJIOiiHI>IX BOJIIIOBo,n;oB Al-NEG H Ni-Cu. jl;JIJI pacq:eTOB B3JITI>I rrapaMeTp:&r 

BaI<YYMHI>IX KaMep ll;JIJI OH,D;YJIJiTOpOB rrpoeKTa lllBe:il:u;apcKoro peHTreHOBCKOrD Jiaaepa 

Ha cBo6o,n;HnIX 3JieKTpoHax SwissFEL. Ha PHc. 1 npHBe,n;eH:&r .n;eiiCTBHTeJII>HHe qacTH 

npo,n;oJII>HHX HMIIe,n;aHcoB IJ;JIJI BaKYYMHHX Ka:r._i:ep Al-Neg H Ni-Cu. 

1.E+03 

1.E+02 

'E a 1.E+01 

.:r 
1.E+OO 

~ 
c 
;f 

1.E+03 

1.E+02~ 

1.E+01 

1.E-01 +------~-~---~---~'-"" 
0.1 1 10 

Frequency [rHz] 
100 

1.f•03 1.E+04 
Frt.qi..•m:~ I GHz I 

1.1+05 

PHc. 1. ,ll;eiiCTBHTeJI&Hal! '!aCTh npo,ZJ;OJibHoro HMne,ZJ;aHca ,ZJ;JIJI BaKyyMHHX KaMep Al-Neg 

(cJieaa) H Ni-Cu (cnpaBa). 

B BOJIHOBop;e co CTeHKaMH Al-NEG rrpoBop;HMOCTI> BHYTPeHHero CJIOJI (NEG) 

MeHI>!lle rrpOBO,D;HMOCTH BHell!Hero CJIOJl (Al), a BTOpOM CJI)"Iae Ni-Cu, Hao6opoT, 

rrpoBO,!IHMOCTb BHyTpeHHero CJIOJl (Cu) 6oJII>!lle rrpoBO,ll;HMOCTH BHell!Hero (Ni) CJIOJl. 

I1ccJie,n;oBaHHJI IIOKa3aJIH, qTQ B nepBOM CJI)"Iae ,ll;J!Jl IJ;OCTaToqHQ TOHKOro BHyTPeHHero 

CJIOJI HMIIe,n;aHC HMeeT pe30HaHCHLIH xapaKTep, a BO BTOpOM CJI)"Iae ,n;a>Ke npH oqeHL 

TOHKOH BHYTpeHHeM CJIOe HMne.n;aHC He HMeeT pe30HaHCHoro xapaKTepa. 

B 3aKJIIOqHTeJII>HO:ii qacTH nepBoii rJiaBhI 'IHCJieHHO Hccnep;oBaHhI ycJIOBHJI, npH 

KOTOpb!X B ,n;ByxCJIOHHOM BOJIHOBOp;e npo,D;OJILHbIH HMIIep;aHC HMeeT pe30HaHCHhre 

CBOHCTBa. c IlOMOlll;LIO qHCJieHHOro MO,D;eJIHpOBaHHJI HCCJiep;oBaHbI HMIIep;aHCbI }J;JIJI 

pa3JIHqH[,!X napaMeTpOB ,n;ByxCJIOHHh!X BOJIHOBO,ll;OB (pHc.2). 

lxlo°' -j lO>I 

"° ~ 100 ,. 
10 

o.s u 2.0 !-.O 10020.0 ~.o 

t,1lh 

PHc. 2 ,ll;eil:cTBHTeJihHa>1 '!aCTh rrpo,ZJ;OJibHoro HMne,ZJ;aHca ,ZJ;JI>I pa3JIH'IHHX TOJill.\HH BHyTpeHoro cJio.11 

NEG ,ZJ;Jil! ,11eyxcJIOi1:Horo BOJIHOB0,11a Cu-NEG . 
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IlOJI)"IeHHI>Ie pe3yJII>TaTI>I I!OKa3I>IBaIOT, 'ITO ,!\J!Ji ,!IOCTaTO'IHO TOHKOro BHyTPeHHero 

CJIOJI, pe3oHaHCHI>Ie CBOHCTBa HMrre,n;aHca rrpOJIBJIJIIOTCJI, Kor,n;a rrpoBO,!IHMOCTb 

BHYTpeHHoro CJIOJI MeHI>!lle rrpoBO,n;HMOCTH BHell!HOro CJIOJI. 

Bo Bropoit r.JiaJJe ,n;HccepTau;HOHHo:il: pa6oTI>I HCCJie.n;oBaH pe3oHaHc B .n;ByxcJio:il:HOM 

BOJIHOBO,n;e. ~JIJI IIOCTPOeHHJI aHaJIHTH'!eCI<oro Bbipa>KeHHJI HMrre.n;aHca 6nma 

paCCMOTpeHa MO,D;eJib BOJIHOBO.n;a c H,n;eaJII>HO rrpoBOll;Jllll;HM BHell!HHM CJIOeM 

6ecKoHe'l'.HOH TOJIIIJ;HHI>I. Ha pHc.3 rrpHBe,n;eHo cxeMaTH'IecKoe H3o6pa>KeIIne 

paccMaTpnBaeMo:il: CTPYKTypnr. 

~fillJJI:, 
s, q 
-··I'= 0·-·-9--+-l'·-·-

PHc. 3 reoMeTpHJI ABYXCJIOHHOro BOJIHOBO,ZJ;a 

B 3TOM npH6JimKeHHH H ,n;mr qacTOTHo:il: o6JiaCTH a-1 <<Ix!<< d-1
, r,n;e 

X = ~- ju1µ0 m rronepeqHaJI rrocTOJIHHrui pacrrpocTPaHeHHJI BO BHYTPeHHeM CJioe 

TOJIIIJ;HHO:il: d , HMrre,n;aHc CTPYKTYPI>I B yJinTpapeJIJITHBHCTCKOM rrpH6mrnceHHH 

rrpe,n;CTaBJIJieTCJI B CJie,n;yro!lleM BH,n;e: 

Z"(m) = Z0c Aa/ + jw(w' -w;) 
n 1111' (m2 -w;)2 +A'w' 

r.n;e Z0 -HMrre,n;anc BaKyyMa, a - BHyTpeHHH:il: pa.n;Hyc BOJIHOBO,ZJ;a, m -qacToTa, 

w0 = c.J2 I ad . B ,n;HccepTau;HoHHoii pa6oTe nm<a3aHo, 'ITO .n;e:il:cTBHTeJII>HaJI qacn 

rrpo,n;OJII>HOrO HMrre,n;aHca HMeeT MaKCHMYM rrpH OJ= Olo· To eCTh Wo H eCTh pe30HaHCHaJI 

qacToTa. XapaI<TepHo, qTo pe3oHaHcHaH qacToTa He 3aBHCHT OT rrpoBo,n;HMOCTH 

BHyTpeHHero CJIOJI. 

Bo BTopo:il: qacTH 3TO:il: rJiaBI>I ,n;JIJI rrpoHcHeHHJI pe3oHaHCHI>IX oco6eHHOCTe:il: 

paCMOTPeHHOii CTPYI<TYPI>I HCCJie,n;oBaHI>I co6cTBeHHI>Ie MO,D;I>I .n;ByxcJio:il:Horo BOJIHooo.n;a 

B Y3KOI!OJIOCHOH o6JiaCTH B6JIH3H pe3oHaHCHOH qacTOTI>I. IloKa3aHO, qTo ypaBHeHHe 

co6cTBeHHbIX MO.n; ,D;JIJI qacTOTHOH o6JiaCTH a-I << lxl << d-' MO>KHO rrpe,n;cTBaHTb B BH,n;e: 

_I J, (q,..) =_I_ 
f,,, J,(q,..) k'ad 

c I!OMOlll;hlO aHaJIH3a 'IHCJieHHh!X pe!lleHHH 3TOro ypaBHeHHJI npoBe,n;eHa 

I<Jiaccm]mKau;HJI co6cTBeHHHh!X MOil; BOJIHOBO,!la H IIOCTpoeHI>I ,!IHCrrepcHOHLie I<pHBI>Ie 
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l1,JIJ£ OCHOBHbIX Mop;. Ha pHc.4 llOKa3aHa 3aBHCHMOCTb 11011epe'IHOro BOJIHOBOro 'IHCJla OT 

BOJIHOBoro 'IHCJia p;JIH 11epBhlX 4-x OCHOBHf>IX TM BOJIH (CJieBa) H ,n;Hc11epcHOHHaJ1 

KpHBaH ,!l;JIH ocHOBHOli TM01Mop;r:.r (c11paBa). 

::[-I .. -- .. ----. ·(-. -- -· -.. T_ll!~. ---- -. -•• ~·!. UI / 
/ 

2.a~ P=J..• /$=..J~2-":1 .,// 
\ // 

~ 1.5[ \ -:<k 
' &=J.:,, \ /.::.:-···p 

1.0 \ y 
\ .·>' 

\ 
.··/ 

0.51 .... ·/' 
,.··'"\ /·' 

11.H,··. \' 

}!l.. .... 
.............. -~~~3- -- - .. - - .. - -~1!_ 

11t 6 ~ }22... ... ./nI111 
J'i f ....... ....:.. Thin .. fi: .. .: -- ............................................ .. 

Jn .:Jmfo R•f11j J~i m., 

2 

k/kq 

u u 1.0 u u 
k/ko 

Pnc. 4 3aBHCHMOCTh nonepeqnoro BOJIHOBoro 'IHCJia OT BOJIHOBoro '!Hcna ,D;JIH nepBhIX 4-
x OCHOBHhIX TM BOJIH (cneBa) H ,ll;HCnepCHOHHaJ! KpHBlUI ,D;JIH OCHOBHOH TM01 MO,!J;hl (cnpaBa). 

l1ccJiep;oBaHHJI co6cTBeHHHX MO,!J; llOKa3aJIJi:, 'ITO B '!aCTOTHOH o6JiaCTH k > ko r,n;e 

{i} 
k0 = ....!L, 11011epe'IHr:.1e co6cTBeHHhle 3Ha'IeHHJI TM01 Mo,n;r:.r 'IHCTO MHHMr:.re H, 

c 

CJie,n;oBaTeJibHO, cpa30BaH CKOpOCTb pac11pocTpaHeHHJI BOJIHbl MeHr:.me CI<OpOCTH CBeTa 

vph < c. B 'IaCTOTHOM o6JiaCTH 0 < k <·k0 nonepe'IHhle co6cTBeHHhle 3Ha'IeHHJI TM
01 

MO,!l;bI !IpHHHMaIOT p;eHCTBHTeJif>Hble 3Ha'!eHHJI H cpa30BaH' CKOpOCTb BOJIHbl 60Jir:.me 

CKOpoCTH CBeTa v ph > c . Ha CHHxpOHOH 'IaCTOTe k = ko 11011epe'IHOe BOHOBOe 'IHCJIO 

TM., BOJIHhl 3aHyJ1J1eTCH H cpa30BaJI CKOpOCTb BOJIHbI paBHa' CKOpOCTlI CBeTa vph = c. 

IIpH 3TOM, 11011epe'IHhle co6cTBeHHr:.1e 3Ha'!eHHJI ocTaJir:.HHX MO,!l; Be3p;e ,n;elicTBHTeJir:.Hhle 

H HX cpa30BaJI CKopocu 60J1r:.me CKOpOCTH CBeTa. TaKHM o6pa30M, B 3TOH rJiaBe !IOKa3aHO, 

'ITO paccMaTpHBaeMaJI p;ByxcJ1oliHaJ1 CTPJKTypa npH onepep;eJieHHhIX ycJIOBHJIX 

3aMe,n;JIHeT TOJII>KO OCHOBHyIO TMOI co6cTBeHnyIO 3JleKTpOMarHTyIO BOJIHy, T.e. 

11pep;cTaBJ1J1eT co6o:ii: op;MO,!l;OByIO ycKopH10rn;y10 BOJIHOBOJi;HyIO CTPYKTYPY· 

B KOH~e 3TO:ii: rJiaBhl HCCJiep;oBaHhl KHJll>BaTepHr:.re llOJIH, B036y)l(,n;aeMhle 

peJIJITHBHCTCKHM 3apllp;OM, 11poJieTa10rn;HM B)i;OJib OCH ,n;ByxCJIOHHOro 0,!l;HOMO)i;OBOro 

BOJIHOBO,n;a. IlOJiy'IeHO aHaJIHTH'IeCKOe Bhlpa)l(eHHe ,!l;JIJI KHJibBaTepHoro llOTeH~HaJia, 
HMerorn;ero BH,!J; 

ffff(s)=- 20~ e·0'(Cos(k0s)-~Sin(k0s)) na k
0 

r,ZJ;e k0 = ~k~ -a' ,a= A/2c-KoscpcpH~eHT 3aryxaHHH. 
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IloJ1yqeHHr:.1e pe3yJir:.Tau1 n01ca3r:.rnaroT, 'ITO B HCCJ1eµ,0BaHHoli CTPYKTYPe c cpa30Boli 

CKOpOCTblO MeHI>llle CKOpOCTH CBeTa MO)l(eT pac11pOCTPaHHTr:.CJI TOJibl(Q OCHOBHaJI 

TM 01 Moµ,a, H Ha pe3oHaHcHoli qacToTe oHa CHHxpoHHa c qacTH~eli KOTopaH µ,BH)l(eTCH 

B,!J;OJib OCH co CI<opocTblO CBeTa. 

Bo xpen;eif r.JiaBe ,n;HccepTa~HOHoli pa6our HCCJiep;oBaHr:.r HMne,n;aHc1>r H 

KHJI1>BaTepH1>1e noJIH B oµ,HoMo,n;oBoli pe30HaHcHoli ycKopJ110rn;eli CTPYKTYPe ,n;JIH qacTH~ 
c KOHe'iHO:ii: aHeprHe:ii:. ,/J;JIH IIOJiyqeHHJI aHaJIHTH'IeCKoro Bbrpa>KeHHH ,!l;JIH 

KHJ11>BaTepH1>IX none:ii: Ha:il:;n;eHo aHaJIHT:inecKoe B1>rpa)l(eHHe µ,J1J1 HMne;n;aHca. 

o " e. dv'° Zo ( ' . ' ' ) Z11 =5.17794·10 _() ma,v +JC e0 r m, 
wGm 

r;n;e a -pa,n;Hyc BOJIHOBO,!l;a, d -TOJllllHHa BHyrpeHHOro CJIOH, a, -npOBOlI,HMOCTb 

,....., N+3 23 

BHemHero CJIOH, T =fly, G(w)= L;c.w• = CT(w-co;) MHoroqJieH 23-o:il: cTeneHH. 
k=O i=I 

Ha pHc. 5 npHBe,n;eH1>r peaJ11>H1>re 'IaCTH 11po;n;oJI1>Horo HMneµ,aHca ,n;JIH aHeprHH SMaB 

H 20MaB. IIpoBe,n;eHo cpaBHeHHe 110J1yqeHoro B1>rpa>KeHHJ1 c 'IHCJleHHI>IM 

MO,!l;ellHpOBaHHeM. 

:!(1 

~E J'> C: . 

;_ 10 
ff 

Ol 

-4 

800<1 

TS 60t)0 

"6 3 4'"l(l{l 

~ 

y=40 
r=IO 

~ 2t_11)() 

_____ ...._....,_.._.._ _________ ~---
-· ~ 0 2 4 

~~ ~~ 

Pnc. 5 PeanhHaR qacT& npo1101I&Horo HMne11aaca p;nR :meprm1 qacTHI\ SM<1B H 20M3B. 

l1cJ1eµ,0BaHHe HMneµ,aHCOB IlOKa3bIBaeT, '!TO npH Br:.r6paHHhIX napaMeTPax H npH 

aHeprHH SMaB HMne,n;aHc HMeeT nrnpoKO'laCTOTHI>r:il: xapaKTep, HO y)l(e npH aHeprHH 

20MaB HMne,n;aHc J3KO'iaCTOTH1>1H:. AHaJIHTH'ieCKHe pemeHHJI npH 3TOM xopomo 

COrJiaCyIOTCJI c 'IHCJieHHhIM Mop;emi:poBaHHeM. 

Bo BTopo:ii: 'IaCTH aTo:ii: rnaB1>I HCCJ1eµ,0BaHhl KHJI1>BaTepH1>1e TIOJIH. C noMorn;ro 

anpOKCHMa~HOHoro Bbrpa>KeHHH HMne;n;aHca llOJiylJeHo aHaJIHTH'!eCKOe Bbrpa)l(eHHe ,ll;JIJI 

npo,n;oJI1>Horo KHJ11>BaTepHoro 110TeH~HaJ1a. 

23 1 . (I ) (" 2 2/ pi) ·°'• 0 () C . ( )" -signs ma.ikfmk -e0r mk a 1 -J-;-' Ffli s = sign s Li 22 23 
e 

k=I 2 (GT) fl( ) - {i}k-aJ; 

v i=l,i¢k 

9 



acr Z 2 
-

C = 2.2421·1014 
--

1
-

0
-, a>; -KopHH MHOro'!JieHa G(m). Ha PHc. 6 npHBH,n;eHo 

2m/ 
r,n;e 

pacnpe,n;eJiemi:e KHJibBaTepHbIX IlOJie:ii: µ;JUI 3HeprHH 10M3B H 20M3B H cpaBHeHRe 

nOJI}"leHHOro aHaJIRTH'!ec1<0ro B1>1palKeHRJ1 c qncJieHHblMH pe3yJI1>TaTaMH. 

... 
\. 
:. 
? 
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-1.0 -0.$ o.o o.s u 
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1' 
f; 
It 
11 

r=-40 
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PHc 6. Pacrrpe,11e11errHe KHJI1>BaTeprr1>1x noTerr1.wanoB ,1111J1 :meprim qaCTHn; lOMsB H 20MsB. 

113 IlOJIY'!eHHbl.X pesyJILTaTOB BH,!l;HO, '!TO ICHJILBaTepHaJl cj>ymcn;HJI npe,n;cTaBJIJleT 

co6o:ii: 3aryxaro:w;ee nepHo,n;nqecKoe pe1IIeHHe sa Bos6yJKp;aro:w;nM sapH,n;oM. ,l(JUI 

3HeprHH '!aCTHn; B 10M3B Ha6JIIO,Z1;aeTCJl 6bICTp03aTyxaro:w;ne occu;nmrn;RH, HO npH 

3HeprHH 20M3B Ha6JIIO,Z1;aeTCJl cpaBHHTeJibHO Me,n;JieHHO 3aTyxaro:w;ne occn;RJIJln;HH. 

MsyqeHHe HMne,n;aHCOB H KHllbBaTepHbIX IlOJie:ii: ,Zl;JUI KOHe'!HO:ii: 3HeprHH qacTHn; 

noKa3aJIH, qro npH 3HeprHH 3JieKTpoHOB B 20MsB CTPYKTYPa TaKJKe o6Jia,n;aeT 

pe3oHaHCHI>IMH xapaKTepRCTRKaMR, 6JIH3KHMH ,Zl;llll CJI}"lall yJITpapeJUITHBHCTCKoro 

npH6JinlKeHHJl. IIoJI}"leHHhle pesyJI1>TaT1>1 RMeIOT npaKTH'!eCKyro n;eHHOCTL µ;JUI 

3KC1IepnMeHTallbHO:ii: np0Bep1m pe30HaHCHbl.X CBO:ii:CTB paCCMOTPeHHOH O,!l;HOMO,!l;OBOH 

CTpyKrypbI. 

B <J:eTBeproit rJiaBe ,n;nccepTan;noHoil: pa60T1>1 nccJie,n;oBaHhl xapaKTepncTHKR 

H3ll}"leHHJl H3 OTKpb!TOro KOHn;a 0,!l;HOMO,!l;OBOH pe30HaHCHO:ii: YCKOpllIOID;e:ii: CTpyKrypbl, 

o6ycJIOBJieHHoro KHJILBaTepHLIMH noJIJIMR. B nepBo:li: '!aCTR 3To:ii: rnaBhl npnBe,n;eHo 

KpaTKoe onncaHne MeTo,n;oB pacqeTa ,n;aJILHa30HHLIX noJie:li: c noMo:w;ro pacnpe,n;eJieHRll 

IlOJieii: Ha OTKphlTOM KOHn;e BOJIHOBO,n;a. 

Bo BTOpOM qacTH paCC'!RTaHbl H HCCJie,n;oBaHbI ,D;aJibH030HHbie IIOJUI P.JUI 

yl!TpapeJUITHBHTCKo:li: qacTHn;1>1. PacqeThl noKa3aJIR, '!TO R3ll}"leHne cj>opMnpyeTCll c 

noMo:w;ro ,n;Byx nocJie,n;yro:w;nx HMIIYJILCOB. IIepBL1il: RMIIYJII>C cj>opMnpyeTCJl B KOHe'!HOM 

RHTepBaJie BpeMeHR -a sin f) + R <ct <a sin f) + R , rp;e a - pa,n;Hyc BOJIHOBo,n;a, f) H R 

yroJI H ,n;aJILHOCTL roq1m Ha6Jiro,n;eHRJl cooTBeTCTBeHHO. A BTopoil: RMIIYJILC ,n;ocTnraeT 

TO'!KH Ha6JIIO,n;eHHJl B MOMeHT BpeMeHH t = a sin e + R H ,Zl;llHTCJl p;o t = 00 • Ha pHC. 7 
rrpHBe,n;eHO rrpocTpaHCTBeHHO-BpeMeHHOe pacnpe,n;eJieHHe H3JI}"leHHJl ,Zl;JUI 

cj>HKCHpOBaHoro yrJia H ,n;ncraHn;HH Ha6Jiro,n;aeMOH TO'!KH. PacqeThl IIOKa3bIBaIOT, '!TO 

qacroTa RMIIYJILCOB paBHa pe3oHaHCHoil: qacToTe. 
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PHc 7. TipocTpaHCTBerrrro-BpeMeHHOe pacnpe,11e11eHHe H3JI}"IeHHJI. 

II 
\I 

10 

TaK JKe HCCJie,n;oBaHO yrnoBoe pacnpe,n;eJieHRe H3lly<IeHHJl H IIOKa3aHo, '!TO 

R3ll}"leHHe y3KOHarrpaBJieHHoe. Ha PHc. 8 np1rne,n;eHo yrnoBoe pacrrpe,n;eJieHne 

H3ll}"leHRJl. 

~ .... 
q; 
;:; 

..................... 
0.00 0.02 . 0.04 0.06 0.08 0.10 

IJ~ l'ad 

PHc.8 YrJioBoe pacnpe.n;e11eHHe H3JIY"'IeHHJI. 

B TPeTLe:li: qacTH 3TOH rJiaB1>1 nccJiep;oBaHo noJie R3Jiy'!eHHJI B036yJK,n;aro:w;eii: 

'!acrHn;1>1 c KOHe'!HO:il: 3Heprne:ii:. IIoKasaHo, '!TO B 3TOM Cll}"lae R3llY'!eHne cj>opMnpyeTCJI 

OT TPex RMIIYJILCOB. IIepBb!:ii: RMIIYJILC o6ycJioBJieH KRJII>BaTepHI>IMH IIOJUIMR, 

orrepelKaIOID;HMH '!aCTHn;y, a OCTaJibHbie ,n;Ba HMIIYJICa aHaJIOrH'!HbI CJI}"laIO 

yJI1>TpapeJIJ1TRBHCTCKoil: qacTnn;1>1. Ha Pnc. 9 rrpnBep;eHO npocTpaHCTBeHHo-BpeMeHHoe 

pacnpe,n;eJieHne R3JI}"leHHR ,n;JUI aHepridi: '!acTnn; B SMsB H 20MaB. 

}fa Pnc. 9 Bn,n;Ho, '!TO rrpn 3HeprnH sJieKTPOHOB B SM::iB R3JiyqeHne RMeeT 

IIIHpOKO'!aCTOTHbl:ii: xapaKTep, HO rrpn 3HeprHH 3JieKTpOHOB B 20M3B H3JiyqeHHe HMeeT 

MOHOxpOMaTR'!eCKHH xapaKTep. 
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PHc. 9 ITpocTjlaHCTBeHHO-BpeMeHHOe pacnpeAeJieHHe H3JI)"leHHH AJill :mepmH 'IaCTH~ B SMaB H 
. 20Mall. 

Tai< )l{e xccJie,n;oBaHo yrJioBoe pacnpe,n;eJieHHe H3Jiy'!eHHJI. Ha P:ii:c.10 np:ii:Be,n;eHo 

yrJio:eoe pacnpe,n;eJieHHe ,n;JIJI :meprHH qaCTH~ :e SMsB H 20Ms:e. 

0.012 
t,~ .. 1.4 t 9rnu.= 0.07 

' /f\ 0.010 ' 1.2 I ~"fa(8l1' ' ' 
~ 0.008 ' -;· l.0 
;::;-
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i O.~r I ' I\ 61r= 0.02!'! 3 0.006 

s; s 0.6· 
~ 0.004 ~ 0.4 

0.002 l : W(O) 0.2 -- 0.0 ... 0.1 ·~ O..l ... 0.5 ... 0.00 0.01 O.ol O.D.1 0.04 0.-05 0.06 

9(1•11.d) IJ(n1d) 

Pnc. 10 YrnoBoe pacrrpe11eJieHHe H3JI)"leHHJI AJIJI aHepmn 'IaCTH~ B 5Man H 20MaB 

lfa aHaJIH3a yrnoBoro pacrrpe;n;eJieHHlI H3JiyqeHHJI B!>IlICHHJIOC!>, '!TO rrpH SHeprHH B 

SMsB yroJI ' npH KOTOpOM ,n;OCTHraeTCJI MaKCHMYM H3JiyqeHHJI 6JIH30K !( yrny e,, =I Ir. 
IIp:ii: sHeprHH :e 20Ms:e MaKCHMYM H3JiyqeHHJI ;n;ocT:ii:raeTCJI rro;n; yrnoM rrp:ii:MepHo B TPH 

pa3a MeHI>Ille yrna e,, = I / r . 
HcJie,n;o:eaHHlI STOH rJiaBb! IIOKa3aJIH, '!TO H3 OTKp!>IToro KOHu;a O;D;HOMO;D;OBOH 

pe3oHaHcHoii ycKopmo~eii CTPYKTYPI>I MO)l{HO rroJiyqHTI> BI>ICOKO'!aCTOTHoe 

MOHOxpoMaTH'!eCKOe H3JiyqeHHe y)l{e rrpH SHeprHH SJII<TpOHOB B 20MsB. XoTJI rrpH 

SHeprHH '!aCTHIJ; B 5Ms:e H3JIY'!eHHe He MOHOxpOMaTH'!eCKOe, HO 113yqeHHe 

xapaKTepHCTHK H3JiyqeHHlI II03BOJIHT orrpe,n;eJIHTb SHeprHIO SJieKTpOHOB H CBOHCTBa 

CTpyI<Typ!>I. 

B SBKJIIO<IeHB:H c<liOPMYJIHpo:eaHbI OCHOBH!>Ie pe3yJII>TaTI>I H B!>IBO;D;!>I. 

12 
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• 

• 

OCHOBHhIE PE3YJihTATbI )J.HCCEPTAI.l;I1H 

HcCJie,n;o:eaH!>I HMrre,n;aHC!>I H KHJIBaTepH!>Ie IlOJ!lI ;D;JIJI ,n;Byx THilOB ,n;:eyxcJIOHHblX 

BOJIHOBo,n;oB Al-Neg :ii: Ni-Cu. BI>rnBJieHhl OCHOBHI>Ie rrapaMeTpI>I ;n;ByxcJioiiHoro 

BOJIHOBO,n;a, rrpH KOTOpOM npo;n;OJI!>Hb!H HMne,n;aHC HMeeT pe3oHaHCH!>IH xapaKTep. 

HccJie,n;oBaHa o,n;HoMo,n;o:eaJI pe30HaHCHaJI ycKopHIOIIIai:r CTPYKTYPa Ha ocHoBe 

,n;ByxcJIOiiHI>IX BOJIHo:eo,n;oB. J13yqeH!>I ocHOBHI>Ie xapaKTepHCTHKH Me;n;JieHHO 

6erymeii ocHOBHoil: TM
01 

MO;D;I>I. IIoJiyqeHI>I ,n;11cnepc11:0HHI>Ie xapaKTepHCTHKH H 

qacroTa c:ii:HxpoH11:3au;11:11: ociioBHoil: MO,n;hl. IIonyqeHI>I aHaJIHTH'!eCKHe Bhlpa)l{eHHJI 

;D;JilI HMne,n;aHca H KHJI!>BaTepHOH <liYHKIJ;HH. 

HccJie,n;oBaHI>I HMrre,n;aHC H KHJII>BaTepH!>Ie IlOJ!lI, B036y)l{;n;aeM!>Ie B O;D;HOMO,!IOBOH 

pe30HaHcHoil: ycKopmoIIIeil: cTpyKType qacTHIJ;aMH c KOHe'IHOil: :3Hepr11:eil:. 

BI>IJIBJieH!>I OCHOBHI>Ie rrapaMeTp!>I, rrpH KOTOp!>IX HMne,n;aHC HMeeT pe30HaHCHb!H 

xapaKTep. BI>IBe;n;eHI>I aHaJIHTH'!eCKHe BI>rpa)KeHHJI ,n;JIH HMne,n;aHCOB H 

KHJI!>BaTepH!>IX IlOJieil: ;D;JilI KOHe'!HOH SHeprHH 'IaCTHD;. 

• HccJie;n;oBaHI>I OCHOBH!>Ie xapaKTepHCTHKH H3JiyqeHHlI c OTKpb!TOro KOH:a;a 

o,n;HoMo,n;oBoii pe3oHaHcHoii ycKopi:rro~eil: CTPYKTYPhl. IIonyqeHI>I 

npOCTPaHCTBeHHO-BpeMeHHI>Ie xapa1cTepHCTHKH H yrnoBOe pacnpe,n;eJieHHe 

H3JiyqeHHJI ,n;JIH KOHe'!HOil: sHeprHH qacT11u; H yJI1>TpapeJIJITHBHCTCKOro 

np11:6JIH)l(eHHlI. 
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6:111nmq111nuu111h qhhhp.111gmtlg: U]_]lp111m111p. h111tl111q111p.qhpmtl ]_]lgp111tJ.np.tJ.111h 
tlmub.}1qb.hp]1 mpmqmgtlmb. qmtl 6:mnmq1111iuu111h qhb.hp.mgtlmh h111tlmp 
mb.hp.mdh2m 1:; UlJlJ:U{]lu]l hmtlmqmp.qhp.mtl ummb.mt lJ:UlUlJ:UlIJ. mmp.mhtJ.IlIJ. quit! 
1m1u]1 111pmqmru1mb.]1g ¢.npp. :pmq1111]1b. mp111qmp1mb. mb.hgnIJ. 111]_]1pb.hp, p111h]1 np 
11111m111p.q h hmpru ]1qhm1111qmh uimmhp.ntJ. m]_]lp111m111p.hpmtl mmpwhtJ.IlIJ. 
q hqmpntl111qh]1umqwh mJllphhp]l :pwq1111]1h mp111qmp1mhg· tlhh 1:; im1u]1 
111p.111qmru1mh]lg: lT]lb.~ 1111dt! JllgpmtJ.nptJ.111h tlmuh]lqhhp]l mp.111q111gtl111h qmtl 
6:mn111qmJptl111h qhhhp.111gtl111b. hmtl111p. h111Jmb.]1 111Jllpmmmp. h111tl111qmpqhp qmb.lJ:UlIJ. 
m111p.111htJ.nq 111Jllpntl h111~u111b.mtl hh 11]1111:pp.mqu1111]1h q111tl q]1qhl.1mp]1qntJ. rntJ.mh 
m]_]lpmmmp.hpg: UJlJ: 111]_]1pmm111php.]1 11]1uurhp.u]1nb. pb.mrumqp.hp.g 1mtJ. 
mumtlhmu]lp.tJ.111h l;: 'lp.111hp phn1.p111qp.lj_m.tl hh 111\J.lj_hp.2 p111h111qmp1mtlp l);UlUI);UlIJ. 
mmpmhtJ.nq uhlJ.lmqmh tllll}hp.nlj_ np.nhp qp.qntJ.mtl hh J.11gp111lj_nplj_mh tl111ub.]lqg 
mn111b.gpntJ. mhghhtm chutl111hmq: Pmp.i\.p. tlnI];hp.g l:;mqmhnp.hh lJ.lnpp.111gb.mtl hh 
h]1tlh111qmb. 111p.mq111gun11 tln11]1 tl]12ngntJ. ]_]lgp111lj_np.lj_111h tl111ub.]lqhhp.]1 mpmqmgtlmh 
1:;:p:phqm]llJ.mru1mhg' }umnnp.h1ntl 111p.111q111gtl111h ghrumgpg: U1uui]lunlj_ ui111p.q 1:;, np. 

tl]lmq lJ:UlUlJ:UlI{ m111p.mhlj_nq h]ltlhmqmh TM01 111]_]1pnlj_ 111Jllp111mmp. h111tl111q111p.q]1 

mumtlhmu]lp.mp1mhg hmhl);]lu111hmtl 1:; qmp.urip.mqnlJh }ub.l);]lp. ]11.i~ui hu 
mp.111qmgmg~1111]1h :p]1q]1qw1Ji q111pq111gtl111h, 1111uuihu q qnhhp.hb.m tlnhnpp.ntlmm}lq 
6:111n111q1111rutlmb. unp 111qpjntp. utnmb.1111m hl.Utl111p: 

Umhh111}unump1mb. 111n1112]1h qJ.lumtl hhp.q1111mgtJ.h1 1:; pmqtl1112hp.m 
111]_]1p111mmpmtl ]_]lgp111lj_np.tJ.mh tlmub.]lq}l qpqn111h qhqmp.ntl111qb.]1u111q111b. 111112mhp.]1 
hm2lJ.111plJ.tl111b. hl.Utl111nnm mhumiu1mb.g: f<l'lJ.1111]1.b. tln11h1111lJ.nptl111h tl]l2ngnlj_ 
mumtlumu]lp.tlht 1:; hp.qm mhu111q}l hp.lJ.2hp.m 111]_]1p]lm111p.hp.]1' Al-NEG u Ni-Cu 
]1tluih11111uub.hp.g u l.J.]11lJ.111mhp.1111]1h 111112mhpg: 2.htnmqnmlJ.ht 1:; ui1111tl111hhhp.g np.nb.g 
11huipmtl hp.q2hpm 111]_]1pmm111p.mtl ]1tluih11111uug mhhhmtl 1:; nhqnb.111hu1111]lh 
phmp111qp.hp.: Um111glj_111h 111p.I];Jmhpb.hpg gm19 hb. m111]_]1u, np. b.hp.p]lu 2hp.m}l 
p111lj_111q111b.]lh lJ.lnpp. h111umnqu1111h 11huipmtl ]1tluih11111b.ug mhhhmtl 1:; nhqnh111hum1]1u 
phnqp, hp.p hhp.p]lh 2hp.m}1. h111IJ.llJll);111lJ.mhmru1mb.g ¢.npp. 1:; 111pm111p}lh 2hp.m}1. 
h111qnp11111q111hn1.pJmh]lg: 

bp.qpnp.I]; qJ.lumtl mumtlh111u]lplJ.hL l hp.l.J.2hp.m 111]_]1p111m111p.mtl 111n1112111gn11 
nhqnh111hug: fitlui h11111b.u]1 h111tl111p. mb.111Jllm]lq mp.m111h1111mmiu1mh um111hm1m 
hl.Utl111p. l);]ltn111pqtlh1 1:; 111Jllp111m111p.Ji tlnI];hL npmtl lj_hp.]lh 2hp.mg 111hlj_hp.2 h111um 
]111h1111111q111h h111IJ.np11]1~ 1:;: Um111glJ.h11:; ]luuih11111hu]l h lJ.]11lJ.111mhp1111]1h :pmhlJ.9]11111]1 
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h111tl111p. 111h111Jllm]lq 111p.m1llh1111mmp1mhhhp, np.nhp hl.UtlhtlwmlJ.ht 1:; rutl.1111]1.h 
tlnqh1111lJ.nptlmh u]l2ngnlj_ um111glj_111h 111p111mhphhp.]l hhm: L.mumq111p.q]l 
:phqnhmb.u1111]lu 111nmhi\.h111hmmlJ.mru1mhhhp.g ui111pqh1m h111tl111p. hhmmqnmlJ.ht 1:; 
hpq2hp.m m]_]lpmmmp.]l uhlJ.1111q111h tlnlJ:hp.g nhqnhmhu1111]lh hmD:m}umqwhm.ru1111hg 
tlnm m]lpm1iumtl: Ummglj_111h Ulpl);]nthphhpg gm19 hb. mw]_]lu, np mumtlhmu]lptlnIJ. 
hmtlmq111p.qmtl 1m1u]1 tup.mqnl.J.UJmh]lg lJ.lnpp. :Ptuqtu1]lh tupmqnt]U]Ultlp q111pnIJ. 1:; 
mtup111hlJ.h1 tl]l1111h h]ltlh111lJ.111b. TM

01 
Ulll}J!. nph q nhqnb.111hu1111]lb. 

h1116:111{umq111b.mp1tuh tlp.111 u}lb.}up.nb. l; h111tlmqmpq]1 wnmhgpnlj_ 1m1u]l 
mp111qmru1111tlp 2mp.dtJ.nq tl111uh]lq]l hhm: 

bpp.npl); qJ.lumtl mumtlb.111u]lplJ.h1 l; ]ltluih11muug h lJ.]11tlmmhpm1]1h qm2mhpg 
tl]lmun11mJ]lh nhqnb.tuuum1]1b. mp.mq111ghnq h111tl111q111pqmtl lj_hp.2111lJ.np. l:;hhp.q]l1111ntl 
tl111ub.]lqb.hp]l h111tl111p: Um111gtJ.hL l; ]ltlui hI];mhu]l h lJ.]11tl111mhpm1]lh IJ:U12Ulhp]l h111tl111p. 
111h111Jllm]lq 111pm111h111JlJllll]UJillhhhp.g: 8m19 1:; mp.lJ.h1 np um111gtJ.111h 
111pm111h111JUllllJ.itllllb.hhp.g p111lj_mq111h]lh tlhh 6:2mmp1111tlp h111tlgliqhmtl hh J.Utl.1111]1.h 
tlnIJ:h1111tJ.np.u111h u]l2ngntJ. um111gtJ.mh 111pl}]nthphhp]l hhm: Iltumtllimu]lp.ntpjnthg 
gm]g l; mtlht np. h111tl111uimm111u}u111h uiwp.111tlhmp.hp.]l IJ:hurpmu 111pIJ:hh ]luq 20lfbl 
l;hhpq]11111ntJ. tl111uh]lqhhp]l hmump h111tl111qmpqmtl 111nm2mhmtl l; 
hhrihm6:m}u111q111hm1]lh ]ltluihIJ:mhu: 

~nppnp.lJ: qJ.lumtl mumtlh111u]lptJ.h1 l; lJ.]11tlmmhp.m1]lh 111112mhp.nlj_ 
uim1u111li111lj_nptl111h tl]lmtllll}1111]lh nhqnhmhu1111]1h 111puiq111ghnri hmtl111q111p.q]l 
pmglj_111hp]lg D:wn111q1111iutl111h 11m2mhp.]1 phn1.p111qphp.g ]lu~uihu 

m1mp.111nhumm]ltl]lum]lq m1hui hu q tlhp2111tlnp l;lihpq]lm1ntl tl111uli]lqhhp]l hmtlmp: 
L.hmmqnmmJ.U1mlihhpg gnljg hh mtJ.h1 np 20lfbl l;hhp.q]l111 mhhgnri tl111uh]lqhhpg 
tl]l111tllll}mJ]lh nhqnh111hu1111]1li wp.wqwgb.nIJ. hwtl111qwp.q]l pwglj_mhp]lg 
6:wnmqw1J.Umtl hh p111pi\.p. hw6:w}uwq111hm1]1h U:nhnpp.ntlwm]lq 111]_]1p: ~h1111111h Slfbl 
l;hhp.q]l1111ntl uwuh]lqhhpg ~hh 6:wn111qw1rumtl tlnhnppntl111m]lq w]_]lp, 
w1hmmtlhhw1h]ltl 6:111nwq111]].ittlwli phnt].itlllqphp.]1 mumtlhwu]lpmp1mhg J.itillJl qmw 
npn2h1 q hqmpnhhhp.]1 l;hb.p.q]ltuh li hmtlwqmpq]l hwmqmp1mhhhp.g: 

Umhhm}ununt].it]nthnttl umwgtlwh wpl}]mliphhpg qmpllIJ. hh oqmmqnp.hlJ.ht 
pwp.i\.p hw6:w}utuqwhw1]lh hnp. wpmqmghnri hwtlwqmp.qhp]l hw}uwqhuwh, 
qnhhp.hhm unhnppntl111m]lq 6:lllnwqw1puuih wqpjntp.hhp]l hw}uwqhtlwh, lJ.lh2]1 
uiwpwtlhmphpg m{umnpn2hj_Ill hmtlmp b.np. uhrun11hhp]l u2llll.J.111tlmh hmtl111p.: 
Um111gtJ.mh mpl}]m.hpb.hpg 1m1b. llmqmm hh pmgm.tl ¢.np.i\.mpmpmqmb. 
hhm111qnmmiu1mb.hhp]l hmu111p UI'bUl qhtuJ}lb. 111pwq111gmgJiIB tlp.m: 
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SUMMARY 

One of the main tasks of current research in the area of beam physics and accelerator 
technology is the development of new methods of charged particle acceleration and the 
generation of high frequency monochromatic radiation. For the charged particle 
acceleration or to generate monochromatic radiation are necessary waveguide structures 
with slowly propagating wave or wave with phase velocity less than light velocity. 
Hence in a waveguide with smooth perfect conducting walls electromagnetic wave 
propagating with the phase velocity larger than light velocity. The disc- or dielectric­
loaded structures are most known slowly traveling wave structures. The dispersion 
properties of such a waveguides are well known and characterized by the infinite 
number of slowly propagating modes, which generated when charged particle travelling 
along the waveguide axes. The higher modes significantly limit the efficiency of 
charged particle acceleration by main accelerating mode, both in terms of the 
perturbation of the acceleration process, and the excitation of these modes by the bunch. 
So it is clear that, the study of the new type of resonant structures with single slowly 
propagating TM

01 
mode is driven by the development of both novel coherent radiation 

sources, and advanced acceleration concepts. 
In the first chapter of dissertation briefly presented the theory of calculation of 

electromagnetic fields which generated travelling charged particle in layered waveguide. 
Using numerical modeling methods the impedances and wake fields in two type of two­
layered waveguide (Al-NEG and Ni-Cu) are investigated. The conditions under which 
the impedances in two-layer metallic waveguide have a resonance nature are 
investigated. The results shows that in case of quite thin inner layer the impedance have 
resonance nature when the conductivity of inner layer is much less than of outer one. 

In the second chapter the resonance in two-layer waveguide is investigated. To 
obtain the analytical expression for impedance the waveguide model with infinite thick 
perfect conducting wall was observed. For impedance and wake function the analytical 
expressions was obtained and compared with results of numerical methods. To 
understand the resonance qualities of the structure the eigenmodes of two-layer 
waveguide near of resonances are investigated. The results show that only main 
TM

01 
mode can propagate in observed structure with the phase velocity less than 

velocity of the light and at the resonance frequency is synchronized with the relativistic 
charge, which traveling along the axis. 

In the third chapter impedances and wake fields in single mode accelerating 
resonance structure for low-energy particle are investigated. Analytic expressions for 
impedances and wake fields were obtained. The obtained expressions are in good 
agreement with the results obtained by numerical methods. Investigation shows that for 
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carefully chosen parameters the narrow-band impedance emerge in case of particle 
energy 20Mev. 

In the fourth chapter the field, radiated from the open end of single mode resonant 
accelerated structure due to wake fields, both for ultrarelativistic and low-energy 
particles are investigated. Researches show that for 20Mev particle energy from the open 
end of single mode resonant accelerated structure the radiated wave is high frequency 
narrow-directed and monochromatic. Nevertheless SMev energy particles does not 
radiate monochromatic wave, however radiation characteristics can be used for beam 
diagnostic purposes and for fixing the system properties. 

The results of dissertation can be used as for construction of a new high frequency 
accelerated structure and new coherent monochromatic sources, as well as for new 
diagnostic method without perturbation of bunch. The results open the wide front for 
experimental researches in AREAL linear accelerator. 
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