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AKrya.hbHOCTb TeMbl 

Pa3pa60TK.a HOBldX MeTOAOB ycKopeHHH H KOHcrpYJfpOBaHHe 

BhlCOKOrpi\AHeHTHbIX BOAHOBOAJibIX H pe30HdTOpHbIX CTpYKTYP 

npHBOAH'f K HeOOXOAffMOCTH C03AaHMH pacqeTIIo-Teopent:qecKHX 

OCHOB reHepa~H MOIIJ;HOro 3AeKTpOMarHHTHOro H3AyqeHHH. CTo3TOMy 

HCCAeAOBdHHe MeXdHH3Md qepeHKOBCKoro H3AyqeHHH IIAOTilbIX 

(CKAl>HOTOqHbIX) 3AeKTpOHHldX cryCTKOB B BOAHOBOAHhlX CTpYKTYPdX 

HBAHeTCH dKT)'W\bHOH 3dAaqeH: COBpeMeHHOH <f>H3HKH H TeXHHKH 

ycKop1neAeli H B pa3BHTIIH cxeMhl AByxnyqKoBoro ycKopeHHH. 

11cCAeAOBdHHH, IIpOBeAeHHbie paaee [1-5], yraepJKAdlOT TdIOK.e, qro 

Bee H3AyqeHHbie qepeHKOBCKHe MOAbl pacrrpoCTpdHHIOTCH c 

OAffHdKOBbIMH <f>a30BblMH H OAlfHaKOBbIMH rpynIIOBbIMH CKOpOCTHMH 

B 6e3AHCIIepCHOH CpeAe H, TeM CdMbIM, OHH <f>opMHPYJOT llAOTHbie 

BOAHOBhle rraKeTbl, ABH)Kym;HeCH 3a '!acnrn;eH:. TaM )Ke rroKa3dHO, lITO 

B AeHCTBHTeAbHOCTH rpynIIOBdH CKopocTh 3dBHCHT OT MOAbI, OAifdKO 

AAfJ. rrpo3pdllHldX AH3AeKTpHKOB 3Td 3dBHCHMO~ CAdOdH H CBOAHTCH 

AHlllb K He3HdqHTeAbHOMY pd3MbIBdHHIO BOAHOBOro lldKeTd. 3To 

o6CTOHTeAbCTBO AeAaeT ~eAecoo6pa3HbIM ucrroAb30BdHHe MexaHH3Ma 

qepeHKOBCKoro H3AyqeHHH AMI ycKopeHHH 3apH)KeHHblX qaCTI1~. ECAH 

3dMeTHTh IIpH 3TOM, l:JTO B CAYtJ:de AOCTdTOllHO rrpOTII)KeHHOH 

rrepHOAffqeCKOH IIOCAeAOBdTeAbHOCTK IIAOTHbIX cryCTKOB B BOAHOBOAe 

MO)KeT ObITb peW\H30BdH OAifOMOAOBhlH peJKHM reHepa~H Hd 

qacToTe HX CAeAOBdHHH c BblCOKHM 3HaqeHHeM HarrpH)KeHHOCTH IIOM, 

TO CTdHeT oqeBHAJihIM, rroqeMy YK.d3dHHhlH MeXaHH3M B AByxIIyqKOBOH 

cxeMe ycKopeHHH HBMeTCH MHoroo6em;a10IIJ;HM. 

CxeMy rryqoK-IIyqKoBoro B3dHMOAeHCTBHH, OCHOBdHHOro Ha 

MexaHH3Me qepeHKOBCKoro H3AyqeHJrn BeAym;ero llyqKd, CAeAyH 

rrpHH51TOH TepMHHOAOrHH, 6yAeM Hd3bIBdTh cxeMOH wake-field. 

BrrepBhle c TdKHM rrpe,1\1\.0)KeHHeM BbICTynHA 51. <DaID!eiepr B 1956 roAy 

Hd CHMil03HJMe 110 KOMeKTHBHbIM MeTOAdM ycKopeHH51 (6]. 

Pe3yAbTdTbl CBOHX HCCAeAOBdHHH OH H3AO)KHA 3dTeM B [7]. B 

AdAbHeHmeM HdHOOAee . IIOCAeAOBdTeAbHO TdKHe HCCAeAOBdHHH 
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rrpoBOAffl\HCh E.M. EoAoTOBCKHM B <DVIAH CCCP (8). B 80-i.ie roAhl H 

B HdCJaAe 90-hlX 80300HOBHACH HHTepec K o6CYJKAdeMOH rrpo6AeMe. 

3THM o6'bHCHHeTCH rroHBJ\.eHHe pa6oT R. Keinigs-a H M. Jons-a (9), 

M. Rosing-a H W. Gai-a ( 10], Hornrn;HX TeopmwrncKH:R xapaKTep, a 

TaKJKe 3KcrrepHMeHTaALHaH pa6oTa W. Gai-a H AP· [11) H T.A. 

l1cCJ\.eAOBaHH», rrpoBOAHMhie B AproHcKo:R MoopaTopHH Cll1A, 

OTpaJKeHhl TaKJKe B pa6oTe S. Mtingwa (12) HJ. Chiu H (13). MeJKAy 

TeM, cxeMa A13yxrryqKosoro ycKopeHIDI craHOBHTCSI oco6eHHo 

3dMaH'IHBOH H rrepcneKTHBHOH, eCJ\.H OHa peal\.H3YeTCSI B CHCTeMe c 

pa3HeceHHbIMH TpaeKTopHHMH MJl ycKop»eMoro H ycKopmorn;ero 

rryqKoB. TaKo:R cHcreMo:R »BAfleTCH 6mJ;HAflHAPHqecKHH BOJ\.HOBOA, 

3arrol\.HeHHhIH AJ13J\.eKTpHKOM. B AJICcepTa~H o6ocHOBbIBaeTCSI 

B03MOJKHOCTb peaAH3dIJ;HH AByxrryqKoso:R cxeMhl ycKopeHIDI (wake­

field) Ha 6a3e MexaHH3Ma qepeHKOBCKoro H3J\.yqeHHH B 

6HIJ;HAHHAPH11ecKoM BOJ\.HOBOAe, 06J\.aAa10rn;eM ABYMH oCHMH, BAOAL 

OAffOH H3 KOTOpbIX J\.eTHT ycKOpHIOIIJ;HH (H3J\.YCJdlOIIJ;HH) IlytIOK B BHAe 

rrepHOAHlJeCKOH IIOCJ\.eAOBaTeAbHOCTH 3J\.eKTpOHHbIX cryCTKOB c 

3dAfillHhlM 3dKOHOM pacrrpeAeAeHIDI 3ap»AOB B cryCTKe, a BAOAL 

BTopo:R -ycKopHeMLIH (BeAOMhlH) rryqoK. UeAI:.IO pa6oTbl HBAfleTCSI 

orrpeAeAeHHe O)KHAdeMbIX ycKopHIOIIJ;HX HarrpH:>KeHHH (TeMrr 

ycKopeHHH), KOTOpbie MOfYT ObITb reHepHpyeMbl B 

6HIJ;HAHHAPH11ecKoM BOJ\.HOBOAe c rrepHOAHlJeCKOH 

IIOCJ\.eAOBdTeAbHOCTbIO AOCTdTOCJHO IIJ\.OTHhIX 3J\.eKTpOHHblX cryCTKoB, 

KOTOphie rrpOAeTdlOT BAOJ\.b OCH KaHal\.a, rrpope3aHHoro B 

Aff3AeKTpHKe, 3aIIOAHHiorn;eM 6HD;HAflHAPHCJecKHH BOJ\.HOBOA. 

PacnoJ\.o:>KeHHe H pa3Mepb1 3THX KaHal\.OB (sTopo:H KaHaA MH. rrpoAeTa 

ycKopHeMoro nyqKa) o6ycAoBJ\.eHLI csoiiCTBaMH co6CTBeHHbIX 

<PYHKD;HH OHIJ;H.J\.HffAPHlleCKOro BOJ\.HOBOAa, a caMH 3TH KaHaAI:.I 

rrpope3aHbl c IJ;eAbIO YMeHLmeHH» rroMpH3a~oHHLIX (6opoBCKHX) 

IIOTeph, B03HHKdIOIIJ;HX IIpH B3aHMOAeHCTBHH 3J\.eKTpOHHOfO IlytIKd co 

cpeAOH (CM. HarrpHMep (1), (5)). 
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Hay1rnasi HOBH3Ha 

1. Pa3pa60TaHbl paCtieTirn-TeOpeTJlqeCKl'le OCHOBhl MH. onpeAeA.eHHH 

IIOJ\.eH 11epeHKOBCKoro H3AYCJeHIDI cryCTKa 3AeK'IpOHOB H 

nepHOAff11eCKOH IIOCJ\.eAOBdTeAbHOCTH cryCTKoB, ABH:>Kyrn;HXCH 

BAOAb OCH Kpyrhoro IJ;HAHHAPH'leCKOro H.l\H BAOJ\.b OAffOH H3 oce:R 

6HIJ;HAHHAPHqecKoro BOJ\.HOBOAa. 

2. l1cCJ\.eAOBaHO H3J\.ytieHHe rrepHOAJllleCKOH IIOCJ\.eAOBdTel\.bHOCTH 

crycTKoB B BOJ\.HOBOAe H orrpeAMeHLI yCJ\.oBIDI ycraHasJ\.eHH» 

OAffOMOAOBoro peJKHMa c BblCOKOH Hanp»:>KeHHoCTbIO IIPOAOJ\.bHOH 

KOMIIOHeHTbI 3AeKTpHqecKoro IIOJ\.H. 

3. l1cCJ\.eAOBaHa poAb AJICilepCHH Aff3AeKTpe:qecKOH rrpoHHu;aeMOCTH 

B pehbHblX rrpo3paqHblX cpeAax B BOJ\.HOBOAe H ee BAHHHHe Ha 

lldCTOTHblH crreKTp, H Ha OJKHAdeMble HarrpH:>KeHHOCTH IIOJ\.eH 

H3AYCJeHHH 3J\.eKTpOHHblX cryCTKOB. 

4. Pa3BHTa TeopHH 11epeHKOBcKoro H3AYCJeHHH B KpyrhoM 

D;HAHffApHlleCKOM BOJ\.HOBOAe c KaHaA.OM, npope3aHHblM B 

3aIIOJ\.HHIOIIJ;eH cpeAe, BAOJ\.b OCH BOJ\.HOBOAd. Pa3pa6oTaH MefOA 

onpeAeAeHIDI pa3MepoB M5l IIOJ\.ytieHHH OAffOMOAOBOfO pe:>KHMd 

H3AYCJeHHH. 

5. l1cCJ\.eAOBdH MeXdHH3M qepeHKOBCKoro H3J\.ytieHHH B BOJ\.HOBOAe c 

KOdKCHaA.bHO-CJ\.OHCTbIM Aff3AeKTpHqecKHM 3dIIOAHeHHeM. 

Pa3pa6oTaH MeTOA orrpeAeAeHIDI H3AYCJeHHH MJl CJ\.OHCTOH CPEW>I 

B CJ\.yt1ae MdAbIX IIO cpaBHeHHIO c A.J\HHOH BOJ\.Hhl TOAf.l\HHhl 

KOAbIJ;eo6pa3HOro 3aIIOJ\.HeHHH 

6. l1cCJ\.eAOBdHO B.l\HHHHe TOHKOro npoBOAHIIJ;ero CJ\.OH Ha 

cpopMHpoBamt:e IIOAeH qepeHKOBCKoro H3AytieHIDI; HCCJ\.eAOBaHO 

TaK:>Ke yCJ\.oBu:e BLI6opa OIITHMaALHOH KBa3HrrpoBoAH:rn;eii cpeAM 

MH. o6ecrre'leHHH YAaAeHHH sAeKTpOCTaTHqecKHX 3ap»AOB c 

IIOBepXHOCTH KaHaAa, o6ecrre'IHBM rrpH 3TOM Mdl\.ble BeJ\HIIHHhl 

3dTyxdHHH reHepu:pyeMhlX BOJ\.H. 
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11cCAeAOBaHo 'lepeHKOBCKOe H3AycI0HHe B BOAHOBOAe c 

npOH3BOAbHl>IM rronepe'lHhlM cetieHHeM, HCCAeAOBdHbl CAyciaH 

6HD;HAHHAPH'leCKOfO BOAHOBOAd H pa3pa60TdH MeTOA ycieTa 

BAHHHIUI KdHaAOB, npope3dHH1>1x BAO.l\b o6eHx 

cpopMHpOBdHHe 'lepeHKOBCKOfO H3AytieHHH H 

B036YJKAeHHH OAffOMOAOBOfO peJKHMd B BOAHOBOAe. 

oce:H, Ha 

06ecnet1eHHe 

B AlfCcepTaD;HH BLIABHHyrLI H o6ocHoBaHbI Te3Hcbl: 

• MexaHH3M 'IepeHKOBCKoro H3AycieHHH MOJKeT 61>1Th scpcpeKTHBHo 

HCIIOAb30BaH B AByxIIyqKOBOH cxeMe ycKopeHHH B BOAHOBOAax; 

• EHD;HAHHpH'IecKaH CTpYKTypa, o6AftAaroru;aH ABYMH OCHMH AAH 

BeAyru;ero H BeAoMoro nyqKoB, Mo:>KeT CAYJKHTh MoAyAeM 

ycKopHIOru;eii CTPYKTYPl>I c BbICOKHM TeMnoM ycKopemrn. 

Anpo6a:a;m1 pa6oTbl 

OcHOBH1>1e pe3yAI>Ta'I'hl AffCcepTaD;HH H3AO:>KeH1>1 B lleThlpex 

CTaThHX, TpH H3 KOTOpbIX ony6AHKOBdHbl, OAHa ompaBAeHa B ne'laTb, 

H B AByx AOKAftAax, rrpeACTdBAeHHl>IX Ha Me*AYHaPOAHOH 

KOHcpepeHD;HH EPAC-2000 (Vienna, June 26-July 2, 2000), H Ha 

ceMHHape B BESSY (Berlin, 17. 05. 2000], a TaK:>Ke Ha ceMHHapax 

Aa6opaTopHH HOBbIX MeTOAOB ycKopeHHH Ep<Dl1 H Ha ceMHHape ErY. 

CTpyicrypa H oOO.eM AHCCepTdIJ;HOHHOH paOOThl ooyCAOBAeHbl 

HaMetieHHbIMH Bhlme rrpo6AeMaMH. 0Ha COCTOHT H3 'leTbipex fMB, 

BBeAeHHH H 3aKAIO'lemrn. Pa6oTa HMeer TaK)Ke rrpHAo)KeHHH, KYAa 

OTHeceHa rpOM03AKdH lldCTh BbIBOAOB cpopMyA H rrporpaMM. 06'beM 

AHCcepTau;HH - 96 CTpaHHn;, BKAIO'IM 27 PHCYHKOB. CrrHcoK 

AHTepaTYPbI COCTOHT H3 25 HdHMeHOBaHHH. 
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CoAep:>KaHHe pa6oTbl 

B rrepBoH rAaBe AHCcepTau;HH paccMaTpHBaercH rrpo<5AeMa 

cpopMHpOBdHHH IIOAeH qepeHKOBCKOfO H3A)"leHHH 3AeKTpOHHOfO 

crycrKa H nepHOAff'leCKOH IIOCAeAOBaTeAl>HOCTH cryCTKOB B 

BOAHOBOAe, 3aIIOAHeHHOM Alf3AeKTpHKOM, c yqeroM BAHHHHH 

AHCIIepcHH. KaK MOAeAl>HaH 3ftAa'la paccMaTpHBaeTCH CAyqa:H 

KpyrAoro D;HAHHAPH'lecKoro BOAHOBOAa, AOIIYCKaIOIIJ;HH CTporoe 

dHaAHTH'leCKOe pemeHHe, II03BOAHIOru;ee dHdAH3HpOBaTh TO'lHble 

B1>1pa:>KeHHH H AeAaTh Hct1epn1>1Ba10Iu;He BhlBOAbJ. B Ka'leCTBe MOAeA.H 

Alf3AeKTpH'leCKOM rrpOHHIJ;deMOCTH HCilO.l\b3YeTCH 3KCTpdilOAHIJ;HOHHaH 

cpopMyAa Ae6aH. Pa3BHBaIOTCH ABa MeTOAd pemeHHH 3ftAd'IH: 

rrepBblH - pemeHHe rpdHH'IHOM 3ftAd'lH MeTOAOM pa3AOJKeHHH 

IIOTeHIJ;HaAOB (IIOAe:H), TOKOB H 3ap51AOB B HHTerpaA <Dypbe. 3TOT 

MeTOA OCHOBdH Ha pa6oTe B.M. BOAOTOBCKOfO (1], fAe 

paccMaTpHBaeTOI CAyciaH H3Ayt1eHHH TO'le'!Horo 3ap.HAd. B § 1.1. 

pa3pa6oTaHa MeI'OAlfKd paClleTd IlOAeH IJ;HAHHAPH'lecmx cryCTKoB, 

H3AyciaIOru;HX qepeHKOBCKHe BOAHbl. BTopoH: MeTOA - MeTOA 

pa3AOJKeHHH IIOAeH H 3dp51AOB ITO co6CTBeHHblM ¢YHKIJ;HHM rrepBOH 

KpaeBOH 3ftAa'lH BOAHOBOAa OIIHCdH B § 1.2. 3TOT MeTOA 61>1A pa3BHT B 

pa6oTe (2]. AeAo B TOM, 'ITO B cAyqae KaHa.AOB, npope3dHHhlX B 

AH3AeKTpHKe, 3dIIOAHHIOru;eM BOAHOBOA, rrpHMeHeHHe MeTOAa 

co6CTBeHHhlX ¢YHKIJ;HH 3aTpYAHHTeAbHO H Hen;eAecoo6pa3HO, eCAH He 

cKa3aTh, tITO HeBo3MO)KHO. CAeAOBaTe.l\l>Ho, pemeHHe 3ftAa'lH npH 

HdAHllHH KdHdAOB MOJKHO npoBOAHTh J\Hillb nepBblM MeTOAOM, 

HenocpeACTBeHHO pemM rpdHH'lHYJO 3ftAa'ly. B § 1.3. IIOAP06Ho 

HCCAeAOBdH crreKTp 'lepeHKOBCKoro H3AytieHHH OAlfHO'lHOfO cryCTKa c 

rayccoBCKHM pacrrpeAeAeHHeM 3ap.HAa BAOAb ero AJ\HHhl c yqeroM 

AHCIIepcHH cpeAbJ. OpH STOM paccMaTpHBaeTCH CAyciaH cpeAhl 

(TecpAOH), 3Ha'leHHe AH3AeKTpH'leCKOH npOHHn;aeMOCTH KOTopoii 

xopomo annpoKCHM.upyer01 cpopMyAoH Ae6aH B HHTepecyroru;eM Hae 

AlfdIIa3oHe 'laCTOT (A= 10cM), eCA.H Bl>I6paTb xapaKTepHoe BpeMH 

peAaKcan;HH, paBHbIM T = 7.22 ·10-13 ceK (22]. 
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0IIHCblBdeTC.fl npou;ecc oope3dHIDl CIIeKTpd (§ 1.4.) C pOCTOM 

qacro'I'bl, "qTO npHBOAJIT K KOHeqHoMy q:uCAy MOA, 3¢¢eKT.HBHO 

yqaCTByro11wx B ¢opMHp081lHHH IIOA.fl qepeHKOBCKoro H3Ayqemrn 

OAffHOqHoro cryCI'Ka. 3AeCb HAAIOCTpHpoBaHa TdK.JK.e 3dBHCHMOCTb 

H3MeHeHH.fl rpynnoBOH CKopocm OT qacTOTbl H IIOKd3dHO, qTo CIIeKTp 

qepeHKOBCKoro H3AyqeHH.fl OAHHoqHoro cryCI'Ka o6phIBaeTC.fl Ha TOH 

MOAe, rpynnoBaJI CKOpOCTh KOTopoil OA1UKe Bcex IlOAXOAHT K 

3HaqeHHIO ¢a30BOH CKopoCT.H BOAHbl v<I> =v, ocraBaJICb MeHbI.IIe 3T0f0 

3HaqeHH.fl vrp < Vq, (22). 

B § 1.4. noK.a3dHO, qTo B CAyqae nep:uo~ecKoH 

noCAeAOBdTeAbHOCTH TdKHX cryCTKoB B BOAHOBOAe reHep:upyeTC.fl 

AHI.IIb OAffd MOAa, qacTOTd KOTopoii: paBHd qacroTe CAeAOBdHH.fl 

cryCTKoB, TOfAd KdK ace OCTdAbHbie MOAhl 3aT}'XaIOT, IIOABepra.flCb 

AeCTpYKTHBHOH HHTep¢epeHJWH. 8 BOAHOBOAe ycraHaBAHBaeTC.fl 

OAffOMOAOBhIH pe.>KHM Ha qacroTe 3TOH MOAbl c O'leHb OOAblJIHM 

3Ha1JeHHeM aMIIAHTYAhl (TdK, B HameM CAyqae, T. e. Ha .l\Jrnyc-20 

Ep<l>l1 - nopHAKa J.Otp MB/M np:u 3· 104 cryCTKOB B 

IlOCAeAOBdTeAbHOCTH, H np:u 3. 109 3AeKTpOHOB B Ka.JKAOM H3 HHX, H 

qacrOTe CAeAOBdHH.fl 3 ffu;). Pe3yAbTdTbl HAAIOCTpHpyroTC.fl Ha 

pHcyHKdX. 

OCHOBHbie pe3yAbTdTbI HCCAeAOBaHHH, BKAIQqeHHhIX B nepsyro 

rAaBy, CBOA.flTC.fl K CAeAyroID;eMy: 

• B CAyqae 'lepeHKOBCKoro H3Ayqemrn nep:uo~ecKOH 

ITOCAeAOBdTeJ\bHOCTH AOCTdTO'lHO IIAO'IHhIX 3AeKTpOHHbIX cryCTKOB 

B BOAHOBOAe ycraHaBAHBaeTrn OAffOMOAOBblH peXGIM Ha '!acrore 

CAeAOBdHIDl cryCTKOB c BbICOKHM 3HaqeHHeM HanpmKeHHOCTH 

IIOMI; 

• HaAH'IHe AHCIIepcHH CBOAHTC.sl B OCHOBHOM K orpaHITTeHHIO q:uCAa 

MOA, yqaCTByrouwx B ¢opM:upoea.HHH qepeHKoBcKoro H3AyqeHH.fl 

OAHHO'!Horo H3Ayqaroiu;ero cryCTKa.. 
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Bo BTopo:H rAaBe pa.cc:MaTpHBaeTrn qepeHKOBCKoe H3Ayqett:ue 

B KpyrAOM IJ;HAHHAPH'leCKOM BOAHOBOAe c Ka.HdAOM, npope3dHHblM 

BAOAb OCH BOAHOBOAd. OpH He11ocpeACTBeHHOM B3dHMOAeHCI'BHH 

11yqKa co cpeAOH B03HHKdlOT IIOTep:u, COOTBeTCTByrouwe HyAIO 

AH3AeKTpH'leCKOH IIpOHHD;deMOCTH, KOTOphle HOC.flT Hd3BdHHe 

IIOMipH3dIJ;HOHHbIX HA.II 6opoBCKHX IlOTepb. <l>H3HKd 3T0f0 .flBAeHIDl 

OITHCaHa. B [5), a CdMO .sIBAeHHe IIpHBOAJiT K Toey, ~o H3Ayqa.10iu;M 

'laCTHu;a, Tep.sl.fl :mepr:uro, 6n1crpo TOpM03HTC.fl :u, B qaCTHoCTH, 

nepecraeT reHep:upoBa.Th qepeHKOBcKoe H3AyqeHHe. 3¢¢eKT 

OOYCAOBAeH IlOAIOCdMH B BbipaJKeHH.flX AMI IIOAeH, 

COOTBeTCTBYI-OIJWMH HyAeBoMy 3Ha'leHHIO AH3AeKTpHqecKOH 

npOHHn;aeMOCTH (5). np:u 3TOM IlOA.fl CTa.HOB.sITC.fl IIPOAOAbHbIMH H He 

MOryT COOTBeTCTBOBdTb 110.MIM H3AyqeHIDI. 00bI'lHO IlpH 

paCCMO'IpeHHH qepeHKOBCKOfO H3AYtJeHH.fl 31'.H IlOAIOCd OT6pa.Cb1Ba.IOT 

H3 paCCMOTpemrn (CM. HdIIpHMep [l), a TdIOKe pa60TY [22)). EoAee 

ecreCTBeHHbIM .sIB.MieTC.fl c03Aa.HHe KaHaAa AMI npoAeTa. 'la.CT.Hu;. Eiu;e B 

1947r. B.A. fHH36ypr H 11.M. <l>paHK [14) IIOKd~dAH, "qTO IIpH IlpOAeTe 

qaCTHn; BAO.Ab ocH KaHaAa., 11pope3a.HHoro B AH3AeKTpHKe, 

B030YJKAdeTC.sI qepeHKOBCKOe H3Ayqett:ue B OKpYJKaroiu;eli qacmn;y 

cpeAe, IIpHqeM Hd AJUIHilX BOAH, 11peBbil.IIdlOID;HX PdAHYC KdHaAa., 3TO 

H3AyqeHHe npaKTH1JeCKH He OTAH'IJdeTC.sI OT H3AyqeHH.fl B CIIAOIIIHOH 

cpeAe (6e3 KdHdAa.). 0o.MipH3dl.\HOHHbie IlOTepH npH 3TOM 

cyiu;eCTBeHHo YMeHbmaroTc.sr. 

Ka.K 61>1Ao YKa3a.Ho Bblme, HaAHqHe KaHaAOB AeAaeT 

IIpHMeHHMOCTb MeTOAd COOCTBeHHbIX <i>YHKD;HH IIpOOAeMaTHqHoH, H 

3dAa.1Ja pemaeTC.sI (§ 2.1) IIepBbIM H3 pacCMdTpHBaeMblX B 

AHCCepTa.n;:u:u MeTOAOM - pd3AOJKeHHeM IIOTeHD;HdAOB, TOKOB H 

3ap.sIAOB B HHTerpdA <l>ypne, pemeHHeM AH<t><t>epeHD;HdAbHOro 

ypaBHeHH.fl c noCAeAyroID;HM YAOBAeTBopeHHeM rpaHH'lHhIM YCAOBIDlM 

Ha CTeHKilX BOAHOBOAd H Ha rpdHHIJ;dX KdHa.Ad (23). 00Kd3a.HO, qro 

AMI ycTaHOBAeHH.fl OAff OMOAOBoro 

nepHOAH1JeCKOH IlOCAeAOBaTeAbHOCTH 

peJKHMa npH 

cryCTKOB 

H3AYtJeHHH 

HeOOXOAlfMO, 
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3iiAaBaJICb tiaCTOTOH CAeAOBaHIDI crycTKOB (tiaCTOTOH BbI6paHHOH 

MOAbl)' OITpeAeA.HTb COOTBeTCTByrow;e:H: PaAHYC BOAHOBOAa B 

3aBHCHMOCTH OT PilAHYCa KattaJ\.a B Alf3AeK'I'pHKe. Bo BTopoii rAaBe 

(§ 2.2) pa3pa60TaH dMOpHTM OITpeAeAeHIDI TaKoro PaAHYCa, KOTOphlH 

Ha3Batt HaMH "pe30HaHCHhIM
11 

PiiAHYCOM. KaK H CAeAOBaAo OJKHMTh, 

HaJ\HtIHe KdHaJ\.a ITpHBOAHT Ta:IOKe K orpaHHtieHIUO 1IHCAa MOA CBepxy, 

T.K. AAfJ. BbICIIIHX MOA MJIHa BO.l\Hbl MOJKeT CTaTb HaMHOro Kopoqe 

PilAHYCa KaHaAa H HHTeHCHBHOCTb 11epeHKOBCKoro H3AyqeHIDI 

cy:w;ecTBeHHO OCAa6.MleTC.ll. 00 IlOAyqeHHbIM B § § 2.1, 2.2 cpopMyAaM 

rrpoBeAeHbI 1IHCAeHHhie paCtieThl, pe3y.llbTaThl KOTOpbIX 

H.l\AIOCTpHpoBa:Hhl Ha rpacpHKax (§ 2.3). DoKa3aHo, tITO B rrpeAeAax 

KaHaAa pacrrpeAeAeHHe ITPOAO.llbHOH KoMnoHeHThl no.MI BAOAh PiiAHYCa 

KBa3:e:paBHoMepHoe (c MaADIM pocroM K rpaHHu;e AH3AeKTpHKa), a 

3aTeM o6paw;aeTC.ll B HYAI:. Ha MeTaAMllieCKOH CTeHKe BOAHOBOAd, 

ITpH1IeM BHyTpH KdHaJ\.a H Ha ero OCH Ha6AIOAdlOTC.ll 3Ha1IHTeAbHbie 

BeAHtIHHhl Harrp.~DKeHHOCTH ITO.MI. B CAyqae ITepHOAfftiecKo:H 

IIOCAeAOBaTeADHOCTH cryCTKOB (c rayccOBCKHM pacITpeAeAeHHeM 

3dPHAd BAOAb KaJKAOro cryCTK.a) H ITpH COOTBeTCTByrom;eM Bb16ope 

"pe30HaHCHoro" PilAHYCa BOAHOBOAa, KOfAa B BOAHOBOAe 

ycTaHaBAHBae'l'rn OAJIOMOAOBbIH pe>KHM, COOTBeTCTBYJO~H 

rrapaMeTpa.M rryqKa creHAa Ep<DH Almyc-20 Ha 11acr0Te CAeAOBaHH.11 

cryCTKOB, HaITp.ll>KeHHOCTb IlpOAOAbHOH 3AeKTpH1IeCKOH KOMITOHeHThl 

ITO.Ml H3AyqeHH.ll MO}KeT AOCTHraTb 3Ha1IeHHH - MB/M [23). TaKHe 

BbICOKHe 3Ha1IeHH.ll IIOAeH IIOATBepJKAdIOT HAeIO 06 acpcpeKTHBHOCTH 

HCIIOAI:.30BaHH.11 qepeHKOBCKoro MeXaHH3Ma B AByxrryqKOBOH cxeMe 

' ycKop~HH.11. TaKOH OCHOBHOH BblBOA MO>KeT 6b1Tb CAeAaH H3 

m:CAeAOBdHHH, BKAIOtieHHbIX BO BTopyro rAaBy. 

TpeTb.11 fAaBa IlOCB.lliu;eHa HCCAeAOBdHHIO BAH.llHH.11 KaHaAOB Ha 

cpopMHpoBrurne ITO.MI 11epeHKOBCKoro H3AyqeHIDI. B rrepBoM 

ITaparpacpe paccMaTpHBde'l'C.11 CAyqaH KOaKCHaAbHO-CAOHCTOfO 

AH3AeKTpHtiecKoro 3anoAHeHIDI. DoCAe HeCKOAI:.KO rpoM03AKHX 

pactieTOB, BilOCAeACTBHH OAffdKO CTdBillHX cpH3HlleCKH AOCTaTOqHo 

" 

•1 
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npo3pa1IHhlMH, IIOAYtIHAHCb BblpaJKeHH.11 AAfJ. rrpOAOAbHOH 

3AeKTpHqecKOH KOMITOHeHTbI IlOA.11 qepeHKOBCKOfO H3AyqeHIDI B 

Ka>KAOM H3 KOdKCHaAbHhlX CAOeB [24). Pa3pa6oTaH TaKJKe dMOpHTM 

onpeAeAeHIDI cooTBeTCTByrow;ero "pe30HaHCHoro" pffAHYca BOAHOBOAa 

B 3aBHCHMOCTH OT AHaMeTpOB KoaKCHaAI:.HhIX CAoea B AH3AeKTpHKe 

AA.II CAyqaJI rrepHOAH1IeCKOH IIOCAeAOBaTeAbHOCTH cryCTKoB, KOfM B 

BOAHOBOAe ycraHaBAHBaeTC.11 OAJIOMOAOBbIH peJKHM Ha qacTOTe 

CAeAOBaHIDI cryCTK.oB. OoAyqeHH1>1e cpopMyAI:.1 rro3BOMIIOT 

HCCAeAOBdTh cpopMHpOBaHHe qepeHKOBCKHX IIOAeH, paBHO KaK 

qacTOTHbIH crreKTp 3THX BOAH. DoKa3aHo, 1ITO B Tex CAOHX, fAe He 

BhlIIOAH.llIOTC.11 yCAoBIDI 4epeHKOBa, pacITpeAeAeHHe rrpoAOAI:.HOH 

KOMITOHeHTbl 3AeKTpHtiecKoro IIOA.11 KBd3HpaBHOMepHoe H ero 

CITilAaJIHe K rpdHHIJ;e BOAHOBOAd HOCHT cryrreHqaTbJH xapaKTep, 

ocraaaJicb KBa3Hrrocro.11HHbIM B YKa3aHHhIX o6Aacrnx [24 I. TaKOH 

xapaKTep pacrrpeAeAeHH.11 rroA.11 YAOOeH AAfJ. ocy:w;eCTBAeHHH 

ycKopeHHH cryCTKOB 3apm1rnHHbIX qaCTHu;. 

DpH rrpoxoJKAeHHH rryqKoB 3apH>KeHHhlX qacrHI::i; (3AeKTpOHOB) 

qepe3 KdHaAbl Ha creHKax 3THX KaHaAOB HaKalIAHBaeTC.11 

3AeKTpOCTaTHqecKHH 3a:PHA, IIAOTHOCTb KOToporo 6yAeT paCTH c 

rrpoXOJKAeHHeM Bee HOBblX H HOBbIX cryCTKOB. KpoMe Toro, qTO 

HdKOilAeHHhlH 3apHA 6yAeT MemaTh ITpOXOJKAeHHIO qaCTIIIJ; H 

ocy:w;ecrBAemuo npou;ecca ycKopeHIDI, OH MO>KeT rrpHBeCTH TaKJKe K 

rrpo6mIM H pa3pymeHHIO Aff3AeKTpHKa. A/JI yCTpaHeHHH 

HdKOIIAeHHOfO 3AeK'I'pOCTaTHtiecKoro 3dPHAa c IIOBepXHOCTH KdHaAOB 

IJ;eAecoo6pa3HO paCCMOTpeTb B03MOJKHOCTb HaHeceHIDI Ha ero 

ITOBepXHOCTb TOHKOfO npoBOAfl:Iu;ero CAO.ff: c IlOCAeAYJOiu;HM ero 

3a3eMAeHHeM. EcreCTBeHHO, tITO TaKoe noKphlTHe npHBHecer cBoe 

BAHHHHe Ha cpopMHpOBaHHe llOAeH qepeHKOBCKOfO H3AyqeHHH. Bo 

BTopoM naparpacpe TpeTbeH rAaBhl nocraBAeHa H pemeHa Ja:Adtia o 

qepeHKOBCKOM H3AyqeHHH 3apHJKeHHblX cryCTKOB, npOAeTdIOiu;HX 

qepe3 KaHaA, npope3aHHhlH BAOAb OCH BOAHOBOAd, 3aITOAHeHHoro 

Aff3AeKTpHKOM, KOrAa BHyTpeHmrn rroaepXHOCTb Aff3AeKTpHKa 



12 

IIOKpbITa TOHKHM IIpOBOASU:u;HM CAOeM. 3AeCb .>Ke npOBeAeHO 

HCCAeAOBdHHe qepeHKOBCKoro H3AyqeHHH B TOHKOM AH3AeKTpHqecKOM 

KOAbl.J;eBOM CAOe B BOAHOBOAe. 3To HCCAeAOBdHHe, IIOMHMO qHCTO 

npaKrnqecKoro 3HaqeHHH onpeAeAeHIDI scpcpeKTd TOAI.qHHbl CAOH, 

HMeer TdK.>Ke 1103HdBdTeAbHblH HHTepec B IIOHHMdHHH qepeHKOBCKoro 

scpcpeKTd. AeAo B TOM, qTo scpcpeKT 1-lepeHKoBa B BOAHOBOAdJC 

3aKAJOqaerCH B AOCI'H.>KeHHH cHHxpoHH3Ma Me.>KAy ABH.>KemrnM 

H3Ayqarom;eM: qaCTHu;bl H CKOpOCTblO H3AyqeHHblX BOAH. EcreCTBeHHO, 

qTo npH JMeHbmeHHH TOAm;HHbl AH3AeKTpHqecKoro CA.OH H 

yCTpeMAeHHH ee K HYAIO H3AyqeHHe .ecqe3HeT (B OTcyTCTBHH cpeAM)· 

CAeAOBdTeAbHO, B 3dBHCHMOCTH OT qacTOTbl BOAHOBOA CTdHOBHTCH 

3dIIpeAeAbHbIM, 3cpcpeKTHBHOCTh H3AyqeHIDI c JMeHhIDeH.HeM 

TOAm;HHbl CAOH CMem;aerCH B cropoHy BbICOKHX qacroT H OTCYfCTByer 

Hd OCHOBHOH MOAe, COOTBerCTByrom;eM: qacroTe CAeAOBdHIDI cryCTKoB. 

3dAaqa pemdAdCb MeTOAOM, pa3BHThIM B rrepBOM naparpacpe 

HdCTOHm;eM: rAa.Bbl (IIOAP06HOCTH cqera npHBeAeHbl B npHAO.>KeHHH). c 
IIOMOIIl;blO IIOAyqeHHblX dHdJ\HTffqeCKHX Bblpa.>KeHHM: HCCAeAOBdH 

3cpcpeKT BAIDIHHSI (3d'I'}'XdHID1) IIOAeH H3-3a HilAWIIDI npoBOASim;ero 

CAOH Ha rpdHHIJ;e AH3AeKTpHKd, B KOTopoM, co6CTBeHHO, 

B030YJKAaeTc,H qepeHKOBCKOe H3Ayqem1e npoAeTdlOIIl;HMH qepe3 KdHaA 

cryCTKaMH (15). c IIOMOIIl;blO pa3pa6oTaHHhlX B AHCCepTdl.J;HH 

nporpaMM IIpOBeAeH qHCAeHHhlH dHdAH3, II03BOASIJOIIl;HH yrsepJKAiiTh, 

qTo H npH HaAWIHH TOHKoro npoBOASfm;ero CAOJI, HaHeceHHOro Ha 

BHyrpeHHIOIO IIOBepXHOCTh KdHdAd MH yCTpaHeHIDI HaKOIIAeHHOro 

TdM CTdTffqeCKoro 3dPHAd, B CAyqae nepHOAKtieCKOH 

IlOCAeAOBaTeAbHOCTH 3dpH.>KeHHbIX cryCTKOB B BOAHOBOAe,-

ycraHdBAHBdeTCH OAffOMOAOBbIH peJKHM c BhlCOKHM 3HaqeHHeM 

IIPOAOAbHOH KOMIIOHeHThl 3AeKTpHqecKoro IIOASI Hd qacroTe 

CAeAOBdHIDI cryCTKoB npH IIOAOOpe COOTBerCTByrom;ero 3HaqeHIDI 

"pe30HdHCHoro" PdAHYCa [15]. 

TaKHM o6pa3oM, pa3pemaerrn npo6AeMa YAaAeHHSI 

CTaTHqecKoro 3apHAa Ha IIOBepXHOCTH AH3AeKTpHKd. 

l 
I 

j 

(A 
[ 
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Y:ersepTdH, 3aKA10qHTeAbHaH rAa.Ba AffCCepTdIVfH IlOCBHIIJ;eHa 

HCCAeAOBdHHJO scpcpeKTd Y:epeHKOBd B 6HIJ;HAHHAPHqecKOH CTpJKT}'Pe 

c IJ;eAblO ero HCilOAb30BdHHSI B cxeMe AByxIIy'IKOBoro ycKopeHHH c 

pa3HeceHH1>IMH TpaeKTOpHHMH BeAym;ero H ycKopHeMoro nyqKoB. B 

nepBOM naparpacpe 3TOH fAdBbl IIOAyqeHbl Bblpa.>KeHHSI MH 

qepeHKOBCKHX IlOAeH B peryASipHOM BOAHOBOAe, 00AdAd1011.J;HM 

npOH3BOAbHblM nonepeqHbIM ceqeHHeM H 3dIIOAHeHHhlM 

Aff3AeKTpHKOM. 3Aec1> KOHKpem3HpyroTCSI noA.yqeHHLie MJI 

npoli3BOAbHoro rrorrepeqHoro ceqeHHH (fA. I) BLipa.>KeHHH MJI CAY'laSI 

f'iHIJ;HAHHApHqecKoro BOAHOBOAa. AH~ecKoro pemeHHH 3i!MqH o 

OHIJ;HAHHApHqecKOM BOAHOBOAe He cym;eCTByer, H npo6A.eMa CBOAHTCH 

K pa3pa6oTKe aArOpHTMOB H nporpaMM orrpeAeAeHHH COOCTBeHHLIX 

qaCTOT H co6CTBeHHbIX cpJHKIJ;HH TdKOH CTpJKTJPhl. 3Ta npo6A.eMa 

pemilJ\dcb M.H. lllBaH.SIHOM, KOTopbIH: npeMO.>KHA MeTOA 

CHCTeMdTH3au;HH THilOB H MOA KOAe6aHHH B 6HIJ;HAHHAPKtieCKOH 

CTpJKTJPe, OCHOBdHHbIH Ha dHaAH3e "npeAeAbHblX cpopM" [15-16]. 

3Aec1> JKe 6bIAH pa3pa60TaHhI aAropHTMhl H nporpaMMhl onpeAeAeHHH 

qacroT H co6CTBeHHhIX cpYffKIJ;HH c BhlCOKOH crerreHhlO ToqHoCTH. TaK 

KdK B 3TOM CAyqae rrepeMeHHhie B norrepeqHoM ceqeHHH He 

pa3AeASIIOTCSI, KAaCCHcpHKdl.J;IDI co6CTBeHHbIX 3HaqeHHM: 

(H COOTBeTCTBYJOIIl;HX co6CTBeHHbIX <t>YHKIJ;HH) npoH3BOAffTC.SI no 

pocry HX BeAffqHH. TeopH.SI OHIJ;HAHHAPKtieCKHX CTpJKTYP [15) 

pa3BHBdAdCb B OOIIJ;eM CAyqae AA.ff IlpOH3BOAbHhlX COOTHOfileHHH 

pdAffYCOB IJ;HAHHAPOB [15-16). MbI orpaHffqHMCSI paccMOTpeHHeM 

CAyqa.SI AByx paBHbIX PaAHYCOB H BTOpoM: MO,l\bI, onpeAeASIIOIIl;eH 

CTporo aHTHCHMMeTpHqHoe pacnpeAeAeHHe noA.eii: B AByx IJ;HAHHAPax. 

KpaTKoe H3AO.>KeHHe 3THX BOIIpOCOB npHBeAeHO BO BTOpOM 

rraparpacpe rAa.BLI [26]. AaAee (§ 4.3), HCIIOAh3YH nporpaMMY MJI 

onpeAeAeHIDI co6CTBeHHbIX MOA 6Hu;HAHHApffqeCKOH CTpJKTJPhl, 

HdXO,l\SITCSI IIOAH, reHepHpyeMble nepHO,l\K'IeCKOH 

IIOCAeAOBaTeAbHOCThlO u;HAHHAPHqecKHX cryCTKoB c rayccoBCKHM 

pacnpeAeAeHHeM 3dP.SIAd B Ka.>KAOM H3 HHX. B BOAHOBOAe 
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ycraHaB.IUIBaeTCH OAlfOMOAOBbIH peJKHM (Ha }'Kd3aHHOH BTOpo:H MOAe) 

Ha qacroTe CAeAOBaHIDI cryCTKoB. AM 3HaqeHHH rrapaMeTpOB rryqKa, 

}'Kd3aHHbIX Bbime, HarrpHJKeHHOCTb BOAHbI MOJKeT AOCTifTaTh 

150 MB/M [25J26]. 

npo6AeMa }'MeHbIIIemrn IIOAflpH3dll,HOHHbIX IIOTepb pemaeTCH 

c IIOMOU\blO KdHaAOB, rrpope3aHHhIX BAOA.b o6eHX oceif 

6.HII,HAHHAPHqecKOH C'JP}'KTYPhl· c OAffOH cropOHhl, ffaAffqHe KilHaAOB 

AeAaetr rrpHMeHHMOCTb MeTOAa co6crseHHbIX <f>YHKII,HH rrorrepeqHoro 

ceqeHHH (HAH MeTOAa <f>)'HKII,HH fp1rna) rrpo6AeMaTHqHoH, a HOBOe 

pemeHHe 3dAd1IH c HeoAffopoAffhIM rrorrepeqHhlM ceqe1rneM, rAe 

nepeMeHHble He pa3AeMIIOTOI, HBAfleTCH CAOJKHOH MaTeMamqecKOH 

npo6AeMoif. C APyro:H cropoHhI, pe3yAbTaTLI HCCAeAOBilHHH, 

npoBeAeHHbIX B rAaBax I-III AAfJ. KpyrAoro II,HAHHAPHqecKoro 

BOAHOBOAil MeTOAOM pa3.l\.OJKeHIDI IlO.l\.eH H TOKOB B HIITerpaA <l>ypbe c 

rroCAeAYJOIII,HM YAOBAeTBopemi:eM rpaHffqHbIM YCAOBIDIM Ha creHKax 

BOAHOBOAa H Ha rpaHHII,ax Aff!3.l\.eKTpHKil, II03BOAHAH BbffiBHTh 

3dKOHOMepHOCTH <f>opMHpoBaHHH IlOAfl B BOAHOBOAe B 3TIIX CAyqaHX H 

OIIpeAeA.HTh BAHHHHe KdHaAOB Ha Be.l\.HqHHbI HaI1p5DKeHHOCTH IIOAeH H 

Ha 3HaqeHHe co6CTBeIIHOH lJaCTOThl BbI6paHHOH MOAbI. Ha OCHOBe 

3THX HCCAeAOBaHHH B lJeTBepTOM naparpacpe rAaBbI rrpw.araeTOI H 

o6oCHOBbIBileTCH !3KCTpdl10Aflll;HOHHdH cpopMyAa orrpeAeA.eHHH 

"pe30HaHCHbIX" PilAHYCOB 6HII,HAHHAPHqecKoro BOAHOBOAil B 

3aBHCHMOCTH OT PilAHYCa KaHaAOB. PacqeT no 3TOH cpopMYAe 

o6ecrreqHBaeT OAffOMOAOBbIH peJKHM Hil 11acr0Te CAeAOBaHIDI 

cryCl'KoB, KOTOpM COBIIilAileT c qacroTOH BTOpo:H MOAbl B CAyqae 

CII.l\.OIIIHOro 3allOAHeHIDI [18J25], 

noCAeAffHH naparpacp qe'fBepTOH rAaBbl IIOCBHIII,eH ilHaAH3Y 

qHCAeHHhIX pe3yA.bTaTOB, rro3BOAflIOIII,eMy CYAHTh 06 a<f>cpeKTHBHoCTH 

AByxrryqKOBOH cxeMbl ycKopeHHH, OCHOBilHHOH Ha MexaHH3Me 

qepeHKOBCKoro H3AyqeHIDI B 6HIJ;H.IUIHAPH1IeCKOH CTp}'KTYPe [26]. 

B 3aKAIOqeHHH AHCceprnII,HH 060CHOBbIBaeTc11 acpcpeKTHBHOCTb 

H rrepcrreKTHBHOCTb co3AaHHH ycKop1110III,ero MOAYMI B BHAe OTpe3Ka 
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6HII,HAHHAPHqecKoro BOAHOBOAa c ABYMH KaHa.AaMH, rrpope3aHHbIMH 

BAO.l\b o6eHX oceH: AAfJ. }'MeHblIIeHIDI 110AflpH3ilIJ,HOHHbIX llOTepb, H 

TOHKHM rrpoBOA51III,HM IlOKpblT.HeM BH)'TPeHHeH IIOBepXHOCTH KilHd.l\.OB 

AAfJ. ycrpaHeHHH rrpOCTpaHCTBeHHoro 3apHAa [19j25J. 

OcHoBHbie pesy.J\.hTaTbI AHCCepTan;HH 

1. B AHCcepTa:o;HH pa3BHTa Teopm.1 qepettKoBcKoro H3AyqeHHH 

eAffHffqHOfO cryCTKa H rrepHOAffqecKOH IlOCAeAOBilTeAbHOCTH 

TaKHX HAeHTJ{qHbIX cryCTKoB, ABHJKyIII,HXCH BAOAb ocH KpyrAoro 

IJ;HAHffApJ{qeCKOfO HAH BAOA.b OAlfOH H3 oceH: 6Hn;HAHHAPHl!eCKOfO 

BOAHOBOAa, 3anoAHeHHoro AHcrrepcHoH: AH3AeKTpHqecKoH: cpeAoH:. 

2. noKa3aHO, qro B CAyqae rrepHOAHqecKOH IlOCAeAOBaTeAbHOCTH 

cryCTKOB B BOAHOBOAe ycTaHdBAHBaeTCH OAffOMOAOBbIH peJKHM Ha 

qacroTe CAeAOBilHIDI cryCTKoB, eC.IUI rroAo6paTh nonepeqHbie 

pa3MepbI BOAHOBOAa TaK, ~061>1 co6cTBeHHdH qacroTa BbI6paHHOH 

MOAbI paBHSIAaCb 6bI 3TOH qacroTe llOBTOpeHHSI. npH 3TOM 

Ha6AIOAdeTCH pe3KOe yseAHqeHHe HilllpHJKeHHOCTH llPOAOAbHOH 

KOMllOHeHThl !3AeKTpHlJeCKoro TIOAH (ycKopHIOIII,ero rpaAffeHTa). 

3. npoBeAeH ilHdAH3 qacromoro crreKTpa C HCl10Ab30BilHHeM 

xopomo o6yCAoBAeHHOH MOAeAH AH3AeKTpHqecKoH: 

rrpoHHII,ileMOCTH cpeAbI, OllHCbIBaeMOH 3KCTpaIIOASIIJ;HOHHOH 

cpopMyAoii Ae6aSI. noKa3ilHO, ~o poAb AHCilepCHH B peaAbHbIX 

rrpo3paqH1>1x cpeAax B CAyqae eAffHHlJHoro H3AyqaroIII,ero crycTKa 

CBOAHTCH K orpaHHlJeHHIO 'lilCTOTHoro crreKTpa CBepxy. On;eHeHbI 

OJKHAdeMble HarrpHJKeHHOCTH llOAeH. 

4. Pa3BHTa TeopHH qepeHKOBCKoro H3AyqeHHH B KpyrAoM 

II,H.IUlffApHqecKOM BOAHOBOAe c KaHaAOM, rrpope3aHHbIM B CpeAe, 

3dl10AHHIOIII,eH BOAHOBOA, BAO.l\.b era OCH. npeAJ\.OJKeH aArOpHTM 

orrpeAeA.eHHH "pe30HilHCHbIX" PiiAHYCOB BOAHOBOAOB (B 

3dBHCHMOCTH OT paAffYCa KaHaAa), KOrAa B HHX ycraHaBAHBaeTCH 

O,A,HOMOAOBbIH peJKHM. 
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5. Pa3pa60TaH a.ArOpHTM onpeAeA.eHHH noMI qepeHKoBcKoro 

H3AyqeHHH B KpyrAOM D;HAHHAPffqeCKOM BOAHOBOAe c 

KOdKCHaA.bHO-CAOHCThIM AH::>AeKTpeqecKHM 3dilOAHeHHeM. 

l1cCAeAOBaH MexaHH3M qepeHKOBCKoro H3AyqeHHH B BOAHOBOAe c 

KoAI>n;eo6pa3HbIM AH3AeKTpHqecKHM 3anoAHeHHeM H AOKa3aHO, 

qTo TOHKHH KOAbIJ;eBOM CAOM He yqaCTByeT B cpopMHpOBaHHH 

qepeHKOBCKOro H3A.yqemrn. 

6. CTpeAA.OJKeH aA.I'OpHTM onpeAeAeHHH BA.HHHHH TOHKOro 

npoBOMIIn;ero CAOH Ha cpopMHpOBaHHe IlOAeH: qepeHKOBCKOro 

H3AyqeHHH. CToKa3aHO, 'ITO poAb TOHKOrO CAOH 3ffKAJO'laeTCH 

TOAl>KO B 3a1)'XaHHH (YMem.rneHHH aMIIA.HTYAhl) DO.Ml H3AyqeHHH, 

H, 'ITO IlOA6opoM KBa3HilpOBOMIID;eH cpeAJ>I H ee TOA.ID;HHhl MOJKHO 

CBeCTH 3TO 3a1)'XaHHe K AOnyCTHMbIM 3HaqeHHHM H o6ecneqHTb 

YAaA.eHHe MeKTpOCTaTINecKHx 3apHAOB c noeepxHoCTH KaHa:Aa. 

7. Pa3BHTa TeopHH qepeHKOBCKoro H3AyqeHHH B BO.l\HOBOAe c 

npoH3BOAI>HbIM nonepeqffbIM ce11emi:eM H ITOApo6Ho HCCAeAoBaH 

CAyqa:H OHD;HJ\.HHAPH'lecKoro BoAHoBoAa. Pa3pa6oTaHhl a.AropHTMhl 

yqeTa BAHHHHH KaHaA.OB, npope3aHHhIX BAOAL ooeHx oceil, Ha 

cpopMHpOBaHHe qepeHKOBCKoro H3AyqeHHH H onpeAeA.eHHJI 

"pe30HaHCHhlX" pa3MepoB nonepe11Horo ceqeHHH 

6HD;HAHHAPH1IeCKoro BOAHOBOAff, o6ecne1IHBaIOID;HX yCTa.HoBAeHHe 

OAHOMOAOBoro pe.>KHMa B BOAHOBOAe. 
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Resume 

Dissertation is devoted to substanation of TBA with separated trajectories in the 
bicylindrical waveguide owing two axes for radiating and accelerated beams and 
is based on Cherenkov radiation phenomenon. Two theses are defended: 
• Cherenkov radiation mechanism may be used efficiency in TBA in the 

waveguide; 
• Bicylindrical waveguide with two axes for radiating and accelerated beams 

may be served as an accelerating module with high acceleration gradient. 

Theoretical and numerical investigations are carried out on the well stipulated 
model of the bicylindrical waveguide with the canals cut along both of the axis in 
the medium the waveguide filled with for the leading and accelerating beams. 
The results of these investigations show the high efficiency of the Cherenkov 
radiation mechanism in the energy exchange problems. 

The features of the field forming mechanism are elucidated taking into 
account the disperse properties of the dielectric which is described by Debye's 
extrapolation formula. It is shown that this formula describes well the dispersion 
of the teflon in the S-band and makes the consideration to be very close to the real 
system. 
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It is shown that a single mode regime is set in the waveguide for the case of 
the periodical sequence of the bunches. Very high intensity of the 
quasimonochromatic field will be observed for this case on the frequency of the 
repetition rate of the sequence of the bunches. This field coincides with the 
second symmetrical mode if one chooses the corresponding values of the cross 
sizes of the waveguide. 

An algorithm is offered to defined the cross sizes of the waveguide in 
dependence on the canals radii. This algorithm is based on the strict analytical 
formulae having been received before for the circle cylindrical waveguide with 
the canal cut along the axis in the medium the waveguide filled with. 

The received results permit one to begin the module modeling and the 
experiments on the test facility. To release such a test facility one will choose an 
electrofmn ceramics as a filling medium and cover the canals' surfaces by the 
thin conducting layer to remove the static charge having been accumulated on 
these surfaces at the interaction with the beams. The expected values of the field 
intensity may be decreased if one takes these measures. Nevertheless, high values 
being illustrated above permit one to hope that it is possible to obtain a high rate 
of the acceleration in the real structures. 

Ull41m.flnul 

UllltCJwfununqa1mCJa CJlf.flrn.two t t'199Wlf.nnl[w6 llwuCJ'14CJtnfl 
rawCJdnm4CJtnfl tn441CJ2w1'1CJ wnwqwgllwu llfllllwn4tlwCJa tn4qtwCJw1hCJ 
wtflDWlllW('lmll l11W('lwCJ2wllll[wo htlllwqotnnl[' wnwqwgunri L. 
w11wqwgl[nri 4'1CJ2t11'1 hwllwn. hlillCil[wo itnbC.4m{JwCi 6w11wqw1pllwCi 
t..tnw: U11W2Wl'l4lf.nul L. hpllCiwl[nnl[mll b(J htlllL.JWJ. bn4m ratqbna' 

• ~bnb£J4m.lJwCi 6w11wqw1pmlla 4wntt'1 t t!l>t4l11'1lf.nntu oqlllwqnnott 
wt'1.12wlllwnc.tnmll bn4tliC.2w1'1ri Wf1wqwgtlwu hwtlwn: 

• un4qtWUWJ'1Ci hwtlw4wnqa 4wnnrt t hwri11tmWUWL 
lllwnwC.2wlllt..two htlllwqobnnlf. tn441Ci2w1'1Ci wnwqwgtlwu tln11nl[, 
WUjWhnlf.btnt.l pwl[W('IWl'I tlbompjWUp W('IWQWQ(Jnfl llW2l110!'1: 

4wlllwnl[w6 t;CJ lllbuw4wc. .L. hw2l{wn4w1'1Ci hblllwqnlllmtaJmC.CJtn 
tn4qtwCiw11iri wt'19Wlllwn'1 hwllwn, nnmtl l9t.lw6 11'1ttt4llln'14mtl 
4wCiwtribn bCJ pwgl[wo wnwqwgCinri L. wnwqwgl[nri 41ri2tf1'1 wligtlwli 
hwllwn: ll.Ju hblllwqnlllmta1muCibnf1 wn111mC.9ubna hfltlriwt..tnnmtl tri 
ibnbli4muwri 6w11wqw1ratlwri lltfuwliflqtlfl t!l>b4Lnf1l{mra1mua lflli2t11h 
llti2L. tribnqw41nfuwCiw4llwri LL1nnptbtlrit11mtl: 
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