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OBlllAR XAPAKTEPHCTHKA PABOTbl 

AKTyaJibHOCTb. IlOCTO.RHHU8 HHTepec BO BCeu 1rnpe K 

ycKOplIT8JISJM THna JIHY o6t..RCH.ReTC.R TeM, 'ITO pa3BHTHe TaKo8 

o6JiaCTH YCKOpHTeJibHOR TeXHHKH KaK reaepaUH.R CHJibHOTO'IHHX 

3JieKTPOHHHX ny'lKOB H ynpaBJieHHe HX ,llBHXC8HHeM B HaCTOSIIQee 

Bper,UI nepexo,nHT B Ka'leCTB8HHO HOB YD q,a3y. H.n.eT .llH<IJCPepenuHaUHSi 

CHJibHOTO'IHHX yc1rnpHTeJie0 no o6JiaCTSIH npHHeHeHHSI. y JIY'tiW9HHe 

Ka'tieCTBa ny'lKOB, BocnpOH3B0.llHMOCTH ~T HMilYJibCa K HMilYJibCY HX 

napaMeTpoB H ucnoJib30BaHHe uawHH KaK ua.ne,rnoro, y.n.o6Horo 

HHCTpy1t:eHTa npH npone.neHHH !pH3H'leCKHX HCCJie,llOBaHHit. C 

pa3BHTH9M TaKoro HanpaBJI8HHSI MOlllHOR YCKOpHTOJlbHOR T8XHHKH 

CBSl31,lBaeTCSI B uaCTOSllll88 Bpe1rn nporpecc D pa3pa60TK8 H 

Hccne.noBaHHH npo6neu TepwoSI.nepuoro CHHTe3a, Jia3epoa Ha 

CBo6o.n.HUX 3Jl8KTpOHax (JIC3)' UOntHHX HllIIYJibCHUX renepaTopoB H 

ycHJIHTeJieR CBtl-MOlllHOCTH caHTHHeTpOBoro H MHJlJlHMeTpOBoro 

.ztHana30Ha .ztJIHH BOJIH; HCCJle.ztoBaHHH HOBUX cxeu, HanpaBJieHHHX Ha 

C03.D.aHHe BllCOKorpa.nueHTHllX ycKOpHT8Jle8 6y.n.ymero. PacwHpffeTCff 

npHMeHeHHe JIHY B npOlll:lWJieHHOCTH ,.ltJI.R ,CTepHJIH3aUHH ue.nHUHHCKHX 

HHCTpyMeHTOB H o6pa6oTRH 3KOJiorHqecKH Bpe.nHUX OTXO.D.OB a.nepuoa 

3HepreTH!tH. 

UeJib pa6oTH 3a11:n1>qanacb B pa3pa60T1te, Hccne.nonamm u 

C03.llaHHH HOBoro HH.ll.Y ltUHOHHoro yc1rnpHT8JlSl C CHJlbHUM Be.D.YlllHM 

HarHHTHUM nonew (B .no 1, 5 TJI), BllCOKHM TeunoM ycxopeHHSl 
z 

3Jl9ltTpOHHHX ny'lKOB c TOKC)H .no 1, 5 kA ( E% .llO 10 kB/CM) H 

suco1to8 o.nHopo.n.HocTbD nonea, npe.nHasuaqenuoro .nna npone.zteHHR 

HCCJ19.llOBaHHR B o6JiaCTH peJIHTHBHCTCK08 CBtl-3JI0KTpOHHKH, a 

TaK~e .llJIR npoBe.zteHHR 3KCnepHH8HTOB no ycuJieHHD CBtl-H3JiyqeHHSI 

B qepeHltOBCK08 JIBB. 

Hayqffag HOBH3Ha. Bnepsue C03.llaHa H 3KCnepHU0HTaJibHO 

HCCJie.nosaua C8KUHSI JIHY C CHJibHHH B8JlYlllHM uarHHTHHM noJieM (.n.o 

1,5 TJI) Il03B0JlSIDlllaSl peaJIH30BaTb TeMn Ha6opa 3HeprHH 10 K3B/CM 

npH T01tax 3JI81tTpOHHOI"O ny'tilta .no 1, 5 KA H .ztJIHT0JlbHOCTU IlJiaTO 

u1,mynbca ycitopsiDmero nanp.s.llCeHHSl 60 He, npe.nua3uaqeuHaS1 .nn.s. 
npoae.neHHR HCCJl8,ItOBaHH8 B o6JiaCTH peJISITHBHCTCK08 

CBtl-3Jl0KTpOHHl'CH. 

npe.nnoxeHa H peaJIH30BaHa KOHCTPYKUHR warHHTH08 CHCT8MH H 
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ycKopHTenbHoro TpaKTa nHY, 06ecneqHna10mHe nonyqeHHe sucoKoro 
ypoBHH o,nHopo,nHOCTH 3neKTpHqecKoro H MarHHTHOrO noneA. 

HaA,neHU KOppenHUHOHHUe <l>YHKUHH MarHHTHoro nong, CBH3aHHUe 

co cnyqa8HUM pa36pocoM Koop,nHHaT ueHTpos ~KycHpy10mHx ~aTymeK 
OTHOCHTenbHO OCH nHY. nonyqeHu aHanHTHqecKHe BUpaEeHHH, 

no3BOnHDmHe OUSHHBaTb o6ycnosneHHUe 3THM pa36poCOM oceA 

KaTyweK senHqHHH KorepeHTHoro yrna H aMnnHTy,nu npeueccHH 

ueHTpa Mace nepBoHaqanbHO He3aMarHHqeHHoro npHMoro nyqKa Ha 
nuxo,ne nHY B 3aBHCHMOCTH OT napaMeTpOB MarHHTHOA CTpyKTypu 

YCKOpHTenH. 
TeopeTHqecKH 

ysenHqeHHeM Te1.ma 
H 3KCnepHM8HTanbHO noKa3aHo, 

ycKopeHHH 3aMarHHqeHHoro 

qTo C 

Tpy6qaToro 

3neKTpOHHOro nyqKa ysenHqHsaeTCH speMH pa3BHTHH ,nHOKOTpOHH08 

HeycT08qHsocTH. npe,nnollCeH HOBUA cnoco6 ee no,nasneHHH c 

noMOmblO aHH30TponHoro 3KpaHa, B KOTOPOM 3anpemeHO npoTeKaHHe 
aKcHanbHHX TOKOB. 

Bnepsue B 3KcnepHMeHTax Ha nyqKe nHY ucnonb30BaH HOBHA 
THn ycHnHTeng - qepeHKOBCKaH nBB C BHCOKHM noroHHUM 

npocTpaHCTBeHHHM K03~HUH8HTOM ycuneHHH 

npose,neHH 3KcnepeMeHTU no ycuneHHD 

ceq-H3nyqeHHH c ,nnHHOA BOnHH ~=8,2 MM. 

npaKTHqecKaH USHHOCTb. 

MOmHOCTH BOnHU H 

o,nHm.i:o,nosoro ( EOl) 

npose,neHHHe uccne,nosaHHH H 3KcnepHMeHTH c co3,naHH08 

CSKUHeR nHY no3BOnHnH nonyqHTb ,naHHHe, KOTopue ucnonb3YIOTCH 

npH pa3pa60TK8 H co3,naHHH ,npyrHX nHY (MH~H. MPTH, HT3~-MOCKBa, 

HHH3~A-neHHHrpa,n), a TaKllCe ucnonb3YIOTCH npH,. pa3pa6oTKe 

KOMnaKTHoro nHY cne,ny10mero noKoneHHH Cny6Ha, OHHH), 

paccqeTaHHoro Ha pa6oTy c qacToToR .uo 400 ru H 

npe,nHa3HaqeHHoro ,nng reHepaueu MomHoro ceq-u3nyqeHHH n 

o6naCTH caHTHMeTpOBUX H MHnnHMeTpOBHX ,nnHH BOnH. 

npose,neHHUe 3KcnepHMeHTU C 8 MHnnHMeTpOBHM ycenHTeneM B 

qepeHKOBCKOR nBB TaKllCe n03BOnHnH nonyqHTb ,naHHUe, KOTopue 

Hcnonb3YIOTCH npH C03.llaHHH HCTOqHHKa MomHoro ceq-u3nyqeHHH Ha 
6a3e nHY, HBnH10merocg B03MOllCHUM BapHaHTOM HCToqHHKa 

ceq-MOClHOCTH ,nng 3anHTKH BUCOKOrpa,nHeHTHUX ,nua<1>parMHpoBaHHHX 
BOnHOBO,nOB B ycKopeTengx 6y,nymero (OHHH, ny6Ha). 
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Ha ycKopHTenHX, co6paHHUX ,H3 C03,naHHUX ceKUHA nHY, 
ae,nyTCH 3KcnepHMeHTH no penHTHBHCTCKOR ceq-3neKTpOHHKe: 

Hccne,nyeTCH pa6oTa nc3, B036yl(,!J.eHHe MarHHTHoro UHKnoTpoHHoro 

aBTOpe30HaHca H ,np. 
nonyqeHHHe TeopeTHqecKHe pe3ynbTaTH 61rnu ucnonb3oBaHu B 

pa6oTax no KoppeKUHH napaMeTpOB nyqKa 3neKTPOHOB Ha nuxo,ne 

nHY CHnYHn-20 (OHHH, ny6Ha). 
ny6neKauue H anpo6auHH pa6oTu. 
OCHOBHUe pe3ynbTaTU, BOWS.UWHe B )lHCcepTaUHIO, H3nOllC8HU B 

10 ny6nHKaUHHX, npeBe,neHHHX B cnHcKe nHTepaTypu. 

Pe3ynbTaTH pa60TU )lOKna.uuBanHCb Ha VI-oR Mel(,!J.yHapO.UHOR 

KOH<IJepeHUHH no nHHeRHl:IM ycKOPHTenHM "LINAC-86" (CTaH<t>OP.ll, 
CIIIA, 1986r. l; Ha VII-OR MellC)lyHapo,nHoR KOHtpepeHUHll no MOmHUM 

nyqKaM qacTHU "BEAMS-88" (Kapncpy3, ~Pr, 1988r.) H VIII-OR 

MeEnyHapo,nHoA KompepeHUHH "BEAMS-90" (Honoce6HpcK, 1990r.): 

Ha II-08 EBponeACKOA KOH<IJepeHUHH no ycKopHTenHM qacTHU (HHua, 
~paHUHH, 1990r. ) ; Ha IX, X H XI BceCOI03HHX cosemaHHHX no 

Y~KOpHTenHM 3apHllC8HHUX qacTHU (ny6Ha, 1984, 1986 H 1988 rr.): 
Ha VII-OM Bcecol03HOM, CHMn03HyMe no CHnbHOToqHoA 3neKTpOHHKe 

(Honocn6HpcK, 1988r.): Ha VI H VII Bceco103HHX ceMHHapax no 

BUCOKoqacTOTHOA penHTHBHCTCK08 3neKTpOHHKe (HOBOCH6HpCK, 

1988r. H cnep.unoBcK, 1,990r.), a TaKJKe Ha ceMHHapax 

YCKOpHTenbHOrO OT,neneHHH nCB3 OHHH. 

Ha 3amnTy BUHOCHTCH. 
1. Pa3pa60TKa H C03)laHHe HOBoro nHH88Horo HH,nyKUHOHHOrO 

ycKOpHTenH C CHnbHUM Be,nymHM uarHHTHUM noneM H BHCOKHM TeMnOM 

ycKopeHHH, n03BOnHIOCl8rO nonyqaTb CHnbHOTOqHue Tpy6qaTue 

3aMarHnqeHHUe 3neKTpOHHUe nyqKH ,nng 3a,naq penHTHBHCTCKOA 

cBq-3neKTpOHHKH. 
2. Pe3ynbTaTu TeopeTHqecKoro Hccne,nonaHHH nnHHHHH 

pa36poca KOOp,nHHaT ueHTpOB KaTyWeK (pacnono~eHHUX 

nepuo,nuqecKH n co3,na10ClHX Be,nymee MarHHTHoe none B ) z 
OTHOCHTenbHO remrnTpnqecKoR OCH ,iIHY. onpe,nenHIOClHe nenHqHHH 

KOrepeHTHoro yrna H aMnnHTY.llY npeuecCHH ueHTpa THllCeCTH 
He3aMarHHqeHHOro Ha KaTO~e npHMOPO sneKTpOHHoro nyqKa Ha 
BUXO,ne ycKOpHTeng H IlOKa3UBa10mue KBa3Hpe30HaHCHUR xapaKTep 
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BnHgHHg warHHTHOA CTPYKTYPH nHY Ha 
ycKopeuuoro nyqKa. 

BHXO'AHHe napaMeTpH 

3. 3KcnepHMeHTanbHOe noKa3aTenbCTBO BO3MOll[HOCTH noBHWeHHg 
BenHqHHH Hwnynbcuoro Beny11tero warHHTHoro ncng B B nHY 6e3 

z 
CHHll[eHHg TeMna ycKopeuHg 3neKTpOHHoro nyqKa C IlOMOlllbD 

3KpaHHpOBKH wenHHMH 'AHCKaMH nepwannoeBHX cepneqHHKOB. 

4. TeopeTHqecKoe H 3KcnepHMeHTanbHoe noKa3aTenbcTBo 
BO3MOll[HOCTH yBenHqeuHg BpeweHH pa3BHTHg 'AHOKOTpOHHOA 

ueycTo8qHBOCTH 3aMaruHqeuuoro Tpy6qaToro 3neKTpouuoro nyqKa' 
npH yBeneqenHH 3HeprHH HHll[eKUHH nyqKa B ceKUHD nHY H 

yBeneqeuee Tewna era ycKopeueg. 
I 

5. npenno•eHHHA MeTon cymecTBeHHOro noBHWeHH~ r 
3qxt)eKTHBHOCTH nonaBnenHg 'AHOKOTpOHH08 ueycTo8qHBOCTH 

3aMarnHqennoro Tpy6qaToro nyqKa 3neKTpOHOB C noMOlllbD 

KoaKceanbHoro UHneunpHqecKoro aHH30Tponuoro 3Kpaua, B KOTopow 
3anpe11teHO npoTeKaHHe aKCHanbHHX TOKOB, no cpaBHeHHD co 
cnnomHHM MeTanneqeCKHM 3KpaHOM. 

6. Pe3ynbTaTH 3KcnepHMeHTOB no Hcnonb3OBaHHD YCKOpeunoro 
B ceKUHH nHY c CHnbHHM BC'AYlllHM MarHHTHHM noneM Tpy6qaToro 
3neKTpouuoro nyqKa B 
nonyqeueg ycenennoro 

ycHnHTene qepeHKOBCKoro Tena nng 
onnowonoBoro (E

01
) cBq-e3nyqeueg 

MHnnHMeTpoBoro nHana30Ha nnHH Bonn C BHCOKHM npocTpaHCTBeHHHM 
K03qxt)HUHeHTOM ycHneneg MOlllHOCTH BOnHH 1,5 nB/CM. 

CTpyKTypa neccepTaUHH. 

i 

Pa6oTa COCTOHT H3 BBeneneg, Tpex rnaB, 3aKnDqeeHg H ~ 

CDHCKa nHTepaTypu, BKnDqaD11tero 91 ~aHMeHOBaHHe. neccepTaUHg 
coneplKHT 111 CTpaHHU MaWHHonecuoro TeKcTa, B TOM qecne 27 
CTpaHHU HnnDCTpHpOBaHHoro MaTepeana. ~ 

conEPZAHHE PASOT~ 
Bo BBeneHHH oxapaKTepH30BaH COBpeMeHHHA 3Tan pa3BHTHg 

nHeeRHHX HHnyKUHOHHHX YCKOpHTeneR, 060CHOBaHa aKTyanbHOCTb 
Tewu nHccepTaUHH, cq,opwynepoBana uenb pa6oTH, KpaTKO H3no•eno 
conep•auee Bcex rnaB, a TaKze 
BHHOCHMHe Ha 3alllHTy. 

npHBeneHlil OCHOBHHe nonoll[eHHg,' 

B ne~B08 rnaBe naeTcg onecanee OCHOBHHX CHCTeM 
pa3pa6oTaHHOro H co3nannoro nHY C CHnbHHM BenylllHM MarHHTHHM 
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nonew. 
B §1 onpenengDTcg OCHOBHHe 

pa3pa6aTHBaeworo nHY: Beneqeeu E 
z 

Tpe6oBaHHg K 

H B (E = 10 
z z 

CHCTeMaM 
KB/CM H 

B = 1,3+1,4 Tn); aMnnHTyna (U = 60 KB) H nnHTenbHOCTb z a 
(At=60+70 nc) ycKopgDlllero nanpg•eneg na unnyKTopax; Beneqeua 
uaKCHManbHO nonycTHMoro rpaneenTa as /oz B oTnenbHHx 

z 
nynbcauHgx H T.n. 
CHCTeM ceKUHH nHY 
ycKopgDllleA CeKUHH 

IlpHBOnHTCg o6mag CTPYKTypnag cxewa BCex 
H onHcauHe 

no1ta3aH ua 
ee 

pHC. 
KOHCTpyKUHH. 
1. Ha pHC. 

06m,H8 BH,It 
2 IlOKa3aHa 

KOHCTpyKUHg oTnenbHOro HH'AYKTOpa. 

PHC. 1. o6mu8 BHn ycKopgDmeA ceKUHH nHY. 

cymecTBYDlllHA Bcerna pa36poc (no 1,5+2-x pa3) nHnauHqecKHX 
conpoTHBnenHA 
q,opirnpoBaaHD 

nepwannoeuux cepneqnuKoB 
ueonnoponuoa earpy3KH nnH 

MOll[eT npHBOnHTb K 
01toeeqnux 1tac1tan0B 

uonyngTopa n B pe3ynbTaTe K q,opwHpoBaHHD neonnoponnoro no 
ycKopgDlllero 3neKTpHqec1toro nong. B §2 nnHHe ceKUHH 

paccwaTpHBaeTcg B03MQll[HOCTb npHMeHeHHg HeTonnKH, pa3BHT08 nng 
H3MepeeHg nenaweqecKHX xapaKTepecTHK wanora6apHTHHX 
qieppoMarHHTHHX cepneqHHKOB K Kpynnora6apHTHHM cepneqHHKaM 
nHY121

• IlpHBongTcg pe3ynbTaTH H3MepeHHH nenauuqecKHX KpHBHX 
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nepeMarHHqHBaHHH AB(QAJ (QA - npHBeneHHH8 3apHn), 

K03qxf>HUHeHTa nepeKnDqeHHH SW H npHBeneHHOro nHHaMHqecKoro 

conpOTHBneHHH r. nnH nepMannoeBHX cepneqHHKOB MapKH 50 HD. 

DoKa3HBaeTCH, qTo OTnHqHe H3MepeHHHX no BOnbT-aMnepHHM 

xapaKTepHCTHKaM 3HaqeHH8 MaKCHManbHOro H cpenHero 

nHHaMHqecKoro conpOTHBneHHH cepneqHHKOB OT HX paccqHTaHHHX 

BenHqHH He npeBHWaeT 15%. 

B §3 naeTCH onHcaHHe CHCTeMH cpopMHpOBaHHH ycKOpHDmero 

3neKTpHqecKoro nonH - MonynHTOpa, BHnonHeHHOro C npHMeHeHHeM 

HenHHe8HHX cxeM ycHneHHH MOmHOCTH nyTeM ClKaTHH 

4 3neKTpOMarHHTH08 3HeprHH BO BpeMeHH. 

Ero OCHOBHHe napaMeTpH: BHXOnHoe 

, HanpHlKeHHe Ha 3KBHBaneHTH08 Harpy3Ke 

I p=O, 75 OM no 75 KB; TOK B Harpy3Ke 

1\ I= 100 KA; nnHTenbHOCTb nnaTo 

,,,- HMnynbca 60 He; MOmHOCTb 7,5 fBT; 
l 

100 
PHC 2. 

KoHCTPYKUHH HHnYKTopa: 

1-Kopnyc; 2-nepMan­

noeBHe cepneqHHKH; 

3-KaTyWKH; 4-BHCO­

KOBOnbTHHe H30nHTOpH; 

5-KanponoHoBHe o6o8MH. 

KD.ll::: 60%. 

B § 4 naeTcH nonpo6Hoe onHcaHHe 

CHCTeMH cpopMHpOBaHHH Benymero 

MarHHTHOro nonH nHY, MelKCeKUHOHHHX 

coneHoHnoB H CHCTeMH nHTaHHH 

~oKycHpyDmHX KaTyweK, npHBOnHTCH 

pe3ynbTaTH pacqeTa 3aBHCHMOCTe8 

BenHqffH B 
z 

H BB /Bz 
z 

OT 

reoMeTpHqecKHX napaMeTpoB nepHonH­

qecKo8 MarHHTHo8 CTPYKTYPH RHY H 

BH6paHHHe 3HaqeHHH 3THX napaMeTpOB, 

o6ecneqHBaDmHe Heo6xonHMYD onHopon-
/3/ 

I HOCTb B z B ycKOpHDmHx ceKUHHX . 

DpHBOnHTCH TaKllte MeTonHKa pacqeTa 

BenHqHH B H BB /Bz B MelKCeKUHOHHHX 
z z 

coneHoHnax, a TaKlKe HX paccqHTaHHHe 

3aBHCHMOCTH OT aKCHanbH08 KOopnHHaTH 
/4/ z . 

B §5 npHBOnHTCH 3KCnepHMeHTanbHHe 

pe3ynbTaTH no ~opMHpoBaHHD B 
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npouecce MarHHTHHX H3MepeHH8 MarHHTHOro nonH Bz B CeKUHHX H 

MelltceKUHOHHHX coneuoHnax RHY. B pe3ynbTaTe noKa3aHO, qTo 

co3naHHHe y3nH MarHHTH08 CHCTeMH RHY Hee nHTaHHH cnoco6HH 

o6ecneqHeaTb npH qacToTe pa6oTH no 1 ru nonyqenHe eenHqHHH B 
BB z 

no 1,5 Tn c OTHOCHTenbHHM rpanHeHTOM ~- B; (npH r no 4 CM) 
z 

He npeBHWaDmHM BenHqHHH 8·10-3
• 3KcnepHMeHTanbHO TaKlK0 

noKa3aHO cymeCTBeHHOe yMeHbWeHHe (C 307. no 87.) BnHHHHH 

HMnynbcHoro Bz Ha aMnnHTyny ycxopHDmero HanpHlKeHHH Ha 

HHnyKTOpax C noMombD 3KpaHHpOBKH nepMannoeBHX cepneqHHKOB 

MenHHMH nHcKaMH. 

KOHCTPYKUHH MarHHTH08 CHCTeMH RHY OKa3HBaeT BnHHHHe H Ha 

npouecc ycKOp8HHH He3aMarHHqeHHHX Ha KaTone npHMHX 

3neKTpOHHHX nyqKOB. B · §6 

cymecTBYDmero Bcerna B 

cnyqa8Horo pa36poca oce8 

TeopeTHqecKH HccnenyeTCH BnHHHHe 

peanbH08 MarHHTH08 CHCTeMe RHY 

oTnenbHHX KaTyweK ~OKYCHpyDmero 

MarHHTHOro nonH OTHOCHTenbHO OCH ycKOPHTenH Ha BHxonHHe 

napaMeTpH ycKopeHHoro nepBoHaqanbHb He3aMarHHqeHHoro npHMoro 

3neKTpOHHOro nyqKa. DoKa3HBaeTCH, qTO 3TOT pa36poc npHBOnHT K 

npeueccHH ueHTpa Mace ycKopHeMoro nyqKa, yuenHqeHHD ero 

o6o6meHHOro MOM8HTa H noHBneHHD y qacTHU KorepeHTHOro yrna Ha 

BHxone ycKOpHTenH. OnpenenHDTCH KOppenHUHOHHHe ~YHKUHH 

MarHHTHoro nonH, CBH3aHHHe co cnyqa8HHM pa36pocoM oce8 

KaTyweK' H OU8HHBaDTCH BenHqffHH KOrepeHTHOrO yrna H CMemeHHH 

nyqKa B 3aBHCHMOCTH OT napaMeTpOB MarHHTH08 CTPYKTYPH RHY/5✓• 
,llanee noKa3HBaeTCH, qTo BnHHHHe Ha xapaKT8pHCTHKH ycKopeHHOro 

nyqKa KaK ero HaqanbHoro cMemeHHH Ha KaTone, TaK H cnyqa8Horo 

pa36poca B nonOlK8HHH ~OKYCHpyDmHX KaTyweK MOlKeT 6HTb 

cymecTBeHHo ocna6neHo anHa6aTHqecKHM yuenHqeHHeM B no TpaKTY 
z 

YCKOpHTenH nponopUHOHanbHO ~ ( ~ - nopeHu-~aKTOp)/~/ 

rnaua II nocBHmeHa BonpocaM ~opMHpOBaHHH H ycKopeHHH 

Tpy6qaToro sneKTpOHHoro nyqKa B C8KUHH RHY C CHnbHHM B. B 
z 

§1 naeTCH onHcaHHe 3neKTpOHHoro HCTOqHHKa (3H) C 

B3pHB03MHCCHOHHHM 3aMarHHqeHHHM KaTonoM, pa3MemeHHHM B nepB08 

TpeTH ycKopHDmeR C8KUHH ( pHC. 3) 17 /. Ka Ton ( K) H aHon ( A) 

BHnonHeHH H3 rpa~HTa. B nHone npenycMOTpeHH B03MOlKHOCTH: 
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Pee. 3. CxeMa 3KCnepHM8HTanbHOR ycTaHOBKH: 

1-ceKUHff nHY; 2-Mo,nynHTOpj 3 H 4 - CHCTeMa IlHTaHHff MarHHTHOro 

nong; 5-ycKopeTenbHaff Tpy6Ka; 6-0Tp830K THTaHOBOR Tpy6u; 

7-KaTo,no,nepzaTenb; s-neHeRHaff e 9-HeneHeRHaff q,opwepy~mee 

nHHHHj 10-MarHHTHHe 3B8Hbff czaTHff womHOCTH H 1'1-KOMMyTaTop; 

,nc-,nononHHTenbHHR coneHoe,n; nK-nepexo,nHaff Kawepa 

MezceKUHOHHoro coneHoe,na. 

H3M8HffTb ,neaweTp KaTO,Jla OT 5 ,no 20 MMj H3M8HffTb paCCTOffHHe 

aHO,Jl-KaTO,JlHOro npowezyTKa OTO ,no 15 CMj DCTHpOBKa KaTO,Jla H 

aHo,na OTHOCHTenbHO oce KaTyweK ue,nymero warHHTHoro nonH. 

HMnynbCHOe ycKOpHDmee HanpH•eHHe B 3H q,opwepyeTCff W8CTbD 

nepBHMH HH,JlYKTOpaMH C8KUHH H cyMMHpyeTCff Ha MeTanneqecKOM 

KaTo,ne (7). B036yx,neHHe nepBHX W8CTH HH,JlyKTOpOB 

ocymecTBnffeTCff OT nepBHX ,nuyx OKOHeqHHX KaCKa,JlOB wo,nynHTopa. 

B §2 OilHCHBRDTCff ,nearHOCTHqecKHe ycTpORCTBa, npHM8HffBWH8Cff 

B 3KcnepeMeHTax C Tpy6qaTHM nyqKoM: BHCOKOBOnbTHHe ,nenHTenH; 

ueneH,np ~apa,neg; nogca PoroucKoro; cnoco6 H3MepeHHff 

aBTOrpaq,oB nyqKa; MHOrocponbrOBHR ,naTqHK, pa6oTaDmHR u TOKOBOM 

pezewe e npe,nHa3HaqeHHHR ,nnff H3MepeHHff 3HepreTeqec~oro 

cneKTpa ycKopeHHoro 3aMarHHqeHHoro Tpy6qaToro nyqKa. 

B §3 npeue,neHH 3KcnepeweHTanbHHe pe3ynbTaTH no 

q,opMepoBaHHD Tpy6qaToro nyqKa 3neKTpOHOB, nonyqeHHHe Ha O,JlHOR 

8 

,t 

~ 

~ 
1 

~ 
'j 

C8KUHH C03,JlaHHoro nHY (pee. 4 H 5). H3MepeHHaff MaKCHManbHaff 

3HeprHff ycKopeHHHX B C8KUHH 3ne~TpOHOB COCTaBnffeT Eb=l,5 M3B; 

MaKCHManbHaff nonyqeHHaff MOmHOCTb B nyqKe W=2 rBT. 

rnaua III nocuHmeHa nonyqeHHD womHoro CBtl-e3nyqeHHff Ha 

,nnHHe BOnHH A=S, 2 MM B qepeHKOBCKOR nsB Ha O,JlHOR ceKUHH 

C03,JlaHHOro nHY. 

K HaCTOHmewy upeMeHH Ha 6a3e CHnbHOTOqHHX 3neKTpOHHHX 

ycKOpHTeneR peanH30BaHO ,nou9nbHO MHoro penffTHBHCTCKHX 

CBtl-reHepaTopoB pa3neqHHX THilOB. 0,nHa H3 cymecTB8HHHX 

Tpy,nHOCTeR, CTOffmHx Ha nyTH IlOBHW8HHff MOmHOCTH H qacTOTH 

H3nyqeHHff TaKHX reHepaTopoB npe coxpaHeHHH KOrepeHTHOCTH 

cerHana, 3aKnDqaeTCff B 

20Hc 

Heo6xo,newocTH o6ecneqHTb B TeqeHee 

a) 

6) 

KOpOTKOR ,nnHTenbHOCTH 

HMnynbCOB TOKa ycTaHOB­

neHHe peMHMa 3qxpeKTHB-

Hora B3aHMO,neRCTBHff 

3neKTpOHHOro IlOTOKa 

nHWb C O,JlH08 BH6paHHOR 

MO,JlOR 3neKTpO,llHHaweqec­

KOR cecTeMH. YKa3aHHaff 

npo6newa cHewaeTCff npe 

ecnonb3oBaHHH BM8CTO 

reHepaTopHHX cxew yce-

8) nHT8nbHHX. B 3TOM cny­

qae 11anaff ,nneTenbHOCTb 

HMnynbCOB He TOnbKO He 

HBnHeTcff nowexoR, HO e 

PHc. 4: a) ewny nbc cywwapHoro 

HanpH•eHHff Ha ycKOpHDmeR ceKUHH; 

no3uonHeT nonyqaTb 

oqeHb BHCOKH8 K03qxJIHUH-

6)ocuennorpawwa TOKa B ,neo,ne; eHTH yceneHHff uonHH 3a 

B)OCUHnnorpawwa TOKa ycKopeHHOro cqeT upeMeHHOA pa3Bff3KH 

nyqKa Ha BHXO,Jle C8KUHH,' H3nyqeHHff Ha BXO,Jle H 

uuxo,ne npe6opa. ,nng 

nonyqeHHff 6onbWOA HMnynbCHOA womHOCTH CBtl-H3nyqeHHff (npH 

cpaBHHTenbHO He6onbwoA cpe,nHeA MOmHOCTH) 0,JlHHMH H3 HaH6onee 

npoCTHX H 3qxpeKTHBHHX B ,neana30H8 MHnnHMeTpOBHX BOnH ffBnffDTCff 
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npH6opu. OCHOBaHHHe Ha HHnynepoBaHHOM qepeHKOBCKOM H3nyqeHHH 

npRMOnHHeAHHX 3neKTpOHHHX noTOKOB. 

none CHHXpOHHOR rapMOHHKH B qepeHKOBCKOR JIBB cnanaeT B 

nonepeqHQM OT 3neKTponeHaMHqecK08 CTPYKTypu (9nC) HanpaBneHHH 

B MaCWTa6e: 

1,5 

1~ 

~1,3 

~1;z 
1,1 

1.0 

0,9 
26L.......~30=---,3,-.4-----=-~-4~2~/R,~50=--

U3ap. KB 

PHC. 5. 

3aBHCHMOCTb 3HeprHH 

nyqKa OT HanpRJKeHHR 

Ha HaKOnHTenbHOR eM­

KOCTH MonynRTOpa. 

L.1. ::: 
A 

f3 ·'1·21r 
I 

( 1) 

rne f3 =v /c; v - aKceanLHaH 
I I I 

CKOpOCTb 3neKTpOHOB, C - CKOpOCTb 

CBeTa. no3TOMY Tpy6qaTaH ipopMa nyqKa 

o6ecneqeBaeT HaHnyqmyJO 3qxpeKTHBHOCTb 

.B3aHMoneRCTBHH C qepeHKOBCKOH JIBB, a 

BeneqeHa L.1. onpenenHeT xapaKTepHoe 

paccTOHHHe OT 3neKTPOHHoro nyqKa no 

3nc (B HameM cnyqae L.1.< 2 MM). 

OnHaKO B Tpy6qaTOM 3neKTpOHHOM 

nyqKe, ycKOpHeMOM B MarHHTHOM none, 
pa3BHBaeTCR neoKOTpOHHaR HeycToRqe­

BOCTb, npHBOnHmaR, B KOHeqHQM cqeTe, 

Kera pa3pymeHHJO (pa36HeHHJO nyqKa Ha 

OTnenhHHe TOKOBHe HHTH). C TQqKH 

ceq-e3nyqeHHH 3TOT 

3peHHH 3anaq reHepanee HnH yceneHHR 

3qxJ)eKT npHBOnHT K B036y~eHHJO nHWHHX 

napa3HTHHX Mon, a TaKJKe BcnencTBHe yMeHbWeHHH cpenHeR 

nnOTHOCTH nyqKa J K yMeHbWeHHIO reHepHpyeMOH ceq-MomHOCTH. 
z 

B §1 o6cyJKnaJOTCR Bonpocu TpaHcnopTHpOBKH_ Tpy6qaToro 

3neKTpOHHOro nyqKa B CHnbHOM npononbHOM MarHHTHOM none. 
TeopeTHqecKH H 3 KCnepHMeHTanbHO noKa3HBaeTCH' qTQ HaH6onee 

3<P<t>eKTHBHHMH cnoco6aMH ocna6neHHR nHOKOTpOHHOR HeycToitqHBOCTH 

HBnHJOTCH yBeneqeHHe KaK 3HeprHH HHJKeKUHH nyqKa B ycKOpHJOmee 

none Ez, TaK H yBenHqeHHe TeMna ycKopeHHH B ceKUHH JIHY nnH 
Toro, qTo6u Hcnonb30BaTb Haeoonee pe3KYJO 3aBHCHMOCTb 

oopaTHOro npocTpaHCTBeHHoro HHKpeMeHTa 3TOR HeycToRqHBOCTH OT 

; ( - 7 2
). Ha pHc. 6 noKa3aHH OTneqaTKH nyqKa, nonyqeHHHe npH 

E = 3 KB/CM (a) HE= 7 KB/CM (6)/9✓• 
z z • 

npennaraeTcH HOBHR cnoco6 nonaBneHHH nHOKOTpOHHOit 
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• a) 6) 

PHC. 6. OTneqaTKH 

ycKopeHHOro 3neKTpOHHOro 

nyqKa Ha nyJKeHOH JKeCTH. 

HeycToRqHBOCTH Tpy6qaToro 3neK­

TpOHHoro nyqKa C noMombJO aHH30T­

ponHoro 3KpaHa, B KOTOpOM 

3anpemeHo npoTeKaHHe aKcHanLHHX 

TOKOB. nonyqeHO MonH~HUHPOBaHHOe 

nHcnepcHOHHOe ypaBHeHHe, yqeTH­

BaJOmee B3aHMoneRCTBHe Tpy6qaToro 

3neKTpOHHoro nyqKa c aHH30Tpon-

HHM 3KpaHOM. TeopeTHqecKH 

noKa3HBaeTcH cymecTBeHHoe yBenH­

qeHHe 3~KTHBHOCTH nonaBneHHH 

nHOKOTpOHHOH HeycToRqHBOCTH C 

noMomLJO aHH30~ponHoro 3KpaHa no 

cpaBHeHHJO co cnnOWHHM MeTannHqecKHM 3KpaHOM. 

B §2 H3noJKeHa TeopeTHqecKaH Monenb nonyqeHHH MomHoro 

ceq-H3nyqeHHH B qepeHKOBCKOR JIBB. B peEHMe Manora CHrHana 

(6e3pa3MepHaH aMnnHTyna nonH cHHxpoHHOH BOnHH IFl«1) 

HapacTaHHe ycHneHHOR BOnHH onHCHBaeTCH 3aBHCHMOCTbJO: 

F 
F(z)=-o•exp( a•rr va. co z p 2 --·-) 

7
2 A ' 

( 2) 

rne K03<1Xt>HnHeHTH a Hp onpenenHJOTCH 'paccTpORKoR CHHXpOHH3Ma, 

F0 - 6e3pa3MepHaH aMnnHTyna nonaHo8 Ha Bxon JIBB 

3neKTpoMarHHTHOR BOnHH, c 0 - aHanor KnaccHqecKoro napaMeTpa 

nHpca, nponopnHOHanbHHR TOKY nyqKa Ib H conpoTHBneHHJO CBH3H 

3neKTpOHOB C BOnHoR Z: C =(Z·I ) 1
/3. 

· · 0 b 

B §3 naeTcH onecaHee cxeMH 3KcnepHMeHTa (pee. 7) H 

npHBOnHTCH nonyqeHHHe pe3ynLTaTH. 

3aMennHJOmHR BonHoBon (1) pacnonarancH B nononHHTenLHOM 

coneHoHne no ocH nyqKa C 2) H HaxonHncH B MarHHTHOM, none, 

C03naBaeMOM KaTyWKaMH nc(3). BxonHoR CHrHan Ha BOnHe A= 

8, 2 MM no.ztaBancH B 3aMennHJOmH8 BOnHOBon OT MarHeTpOHa ( 4) 

no BOnHOBOnHoMy TpaKTY (5) c ocnaoneHHeM 2 nB c noMombJO 

KBa3HOnTHqecKoro 3epKana (6), KOTopoe HMeno oTBepcTHe nnH 

nponeTa nyqKa. 3epKano c noMomLJO npHcnoco6neHHH (7) 
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Puc. 7. cxeua 3KcnepHMeHTa: 9 u 10 - BaKyyMHHe oKua; 

11 - CBq-nor~OTHTenb. 

pacuonaraJIOCb nepc)l. 3aMe,llJISllOlllHLl BOJIHOBO,llOM Ta:K. t{T061-1 YPOBe!H, 

BlI-MOll!HOCTU H3 MarHeTpoua 6un MaKCHHaJibHlUL Bom:e. ii;-\ 

MarHeTpoHa Hanpasns.nacb Ha KBa3HOnTHtiecKoe 3epr.aEo qepes 
cneuaanbHufi npeo6pa3oDaTem, ( 8), B i:o-ropou npoHcxo,rrn;rn, 

TpaHc(ilopMaUHSI THilOB BOJIH no CY.eMe B10 -l H11 -: EC1 • 

B 3KCnepHN8HTe HCilOJlb30BaJIHCb nytIKH C ~HeprHeA E = 800 K3D 
b 

< 
@ 

a) 

CD 
LO I 6) 

20HC 
PHC.8: a)OCUHJIJIOrpaMMa 

TOKa 

Ha 

3JI8KTpOHHOro 

BXO.lle B mm; 
nytIKa 

6)0CUHJI-

norpaMwa CHrHana c .neTeK­

Topa YCHJISHHoro ceq-H3Jiy­

qeHHSl. 

( f3 :::: 0, 83) i'! TOKOli ~ 4 0 0 A 

( pJc. Ba) 1101
• B COOTBeTCTBHH' C 

3KCnepHM8HTe 6HJIO pacqeTON B 

nonyqeHo norOHHOe YCHJISHHe BOJIHH 

~ 1,5 .nB/CN. IlpH 3HeprHH qacTHU, 

neJKameA B 

.llJIHTSJlbHOCTb 

6JIH3Ka K 

( pHC. 86). 

I 

nonoce ycHneHHSl, 

ceq-Hunynbca 6Hna 

.llJlHT8JlbHOCTH TOKa 

BHXO.llHOe H3JiyqenHe 

COCTOSIJIO, B OCHOBHOM, H3 BOJIHH 

Eo1· H3uepeHnas. MaKCHUaJibHaSl 

MOD1HOCTb H3JiyqeHHSl COCTaBJISlJia 

-30 MBT npH cyMMapHOM npoCTpaHCT-

B8HHOH K03lfXPHUH8HTe ycuneHHSl 

~ 35+38 .nB u KilA ~ 10%. AJIHTeJib­

HOCTb HNilYJlbCa COCTaBJISlJia -30 HC 

Ha nonyBHCOTe. 
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OCHOBH~E PE3YnbTAT~.,nonyqEHH~E IlPH B~nonHEHHH 

AHCCEPTAUHOHH08 PABOT~: 

1. Pa3pa6oTaH H C03.llaH JIHHeRHHR HH.llYKUHOHHHR ycKopeTeJib C 

HH.llYKUHE!R se.nymero MarHHTHOro IlOJISl B .no 1, 5 TJI H 
z 

Hanps.JKeHHOCTbD 3JieKTpHqecKoro IlOJISl 

D03BOJISlDD1HR ocymecTBJISlTb ycKopeuee 

E ,no 
z 

CHJlbHOTOt{HHX 

10 KB/CM, 

Tpy6qaTHX 

3aMarueqeHHHX 3JieKTpOHHHX nyqKOB .llJlSI 3a,Jlaq peJISlTHBHCTCKOR 

ceq-3JieKTPOHHKH. npoaHaJIH3HpoBaHH MeTO.llH no,naBJISHHSl 

.llHOKOTpOHHOR HeycToRqHBOCTH B Tpy6qaTOM 3JieKTpOHHOM nyqKe. 

npose.neHH 3KCnepHMeHTH no ycKopeHHK> CHJlbHOTOt{HHX. Tpy6qaTHX 

nyqKoB B C03.llaHHOM nHY, H3MepeHH 3JieKTpOT8XHHt{8CKHe napaMeTpH 

YCKOpSIDlllHX CSKUHR, napaNeTpH Tpy6qaTHX 3Jie1tTpOHHHX nyqKoB C 

ToKaMH ,no 1, 5 KA H 3HeprueR ,no 1, 5 M3B. 9KcnepHMeHTaJibHO 

peaJIH30BaHO ycHJieHHe 8,2 MM ceq-H3JiyqeHHSl B qepeHKOBCKOR nBB 

Ha 6a3e 3JieKTPOHHOro nyqKa nHY. 

2. npe.nnozeHa H peaJIH30BaHa ltOHCTPYKUHSl MarHHTHOR CHCTSMH 

H ycKopHTeJibHoro TpaKTa nHY, o6ecnequsaK>lllHX nonyqeHHe 

BHCoKoro yposusi o.nHopo.nHocTH 3JISKTpeqec1toro H MarHHTHoro 

noneR. Pa3pa6oTaHa, C03.llaHa H HaJiaJKeHa CHCTeMa ~OpMHpOBaHHSl 

se.nymero MarHHTHoro DOJISI ceKUHR nHY. 9KcnepHH9HTaJibHO 

noKa3aHo, t{TO C03.llaHHHe Y3JIH MarHHTHOR CHCTeMH cnoco6HH 

o6ecnequsaTb npH qacToTe pa6oTH v=1 ru nonyqeHHe seJIHtIHHH B 
z 

.no 1,5 TJI B anepType .llHaMeTpOM 170 MM c MaKCHMaJibHHM 

OTHOCHT8JlbHHM rpa.nHeHTOM 
r aez 
e"az 

z 
(.no pa,nuyca r=4 CM) B 

YCKOpSIDlllHX 
-3 

ceKUHSIX 2,5•10-3 H B MeJKCeKUHOHHHX coneHou.nax 

-8·10 npH OTHOCHTeJibHOR a3HMyTaJibHoR ueo,nHopo.nHocTH Bz He 

6onee 3 • 10-3
• 

3. ·enepsHe co3,naHa H 3Kcnepm,eHTaJibHO uccne,nosaHa 

ycKOpSlK>lllaSI ceKUHSI nHY C CHJlbHHM se.nymHM MarHHTHHM noneN (Bz 

.no 1, 5 TJI), Il03BOJISIDlllaSl npH ypoBHe DO.llBO.llHMOR K HH.llYKTOpaM 

HMilYJibCHOR MOlllHOCTH .no 7,5 fBT peaJIH30BaTb TSMil Ha6opa 

3HeprHH .no 10 lt3B/CM npH TOKax 3JieKTpOHHOrO nyqKa .no 1,5 KAH 

.llJlHTeJibHOCTH HMDYJibCa 60 HC. 9KcnepHMeHTaJibHO .llOCTHrHyTHR KilA 

npeo6pa3oBaHHSI no.nso.nmrnR K HH.llYKTOpaM MOlllHOCTH B MOlllHOCTb 
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nyqKa COCTaBJISieT -25%. 

4. ffaR,neuu KOppeJISIUHOHHUe ~YHKUHH MarHHTHoro OOJISI, 

CBSI3aHHU8 co cnyqa8HUM pa36poCOH KOOp,IlHHaT 

~oKycHpyJOntHX KaTyweK OTHOCHTSJibHO reoMeTpHqecKOH 

USHTpOB 

OCH RHY. ,. 
nonyqeuu auaJIHTHqecKHe BUpallteHHSI, Il03BOJISIIOll{He OU8HHBaTb 

o6ycnoBneuuue 3THM pa36pocou ocen KaTyweK uacwTa6 yBeJIHqeHHSI 

0606meuHoro woueHTa, a TaKlle BeJII1qHHlil KorepeHTHoro yrna H 

aMnJIHTy,nu npeueccHH ueuTpa wacc nepBoHaqanbHO 

He3aMarHHqeHHoro npSIMoro nyqKa Ha BUXO,Ile nHY B 3aBHCHMOGTH OT 

napaMeTpOB MarHHTHOH ~TPYKTypu ycKopHTeJI~. BJIHSIHHe Ha 

xa,paKTepHCTHKH ycKopeHHoro B nHY He3aMarHHqeuHoro nyqKa 

3Jl8KTpOHOB KaK naqaJibHOro CMenteHHSI U8HTpa TSllKSCTH nyqKa, TaK 

H cnyqaAnoro pa36poca B IlOJIOlK8HHH ~OKYCHpyJODlHX KaTyweK IdOJKeT 

6UTb cymeCTBSHHO ocna6neno a,nHa6aTHqecKHM yBeJIHqeHHeM 

HH,IlYKUHH npo,IlOJibHOro ~OKYCHpy10mero MarHHTHoro OOJISI no TpaKTY 

YCKOpHTeJISI, 

5. TeopeTHqecKH H 3KcnepHM8HTaJibHO noKa3aHO, qTQ C 

yBeJIHqenHeM HanpSimeHHOCTH ycKOpS110mero 3JieKTpHqecKoro IlOJISI E 
' z 

B C8KUHH RHY yBennqHBaeTCSI BpeMSI pa3BHTHSI ,IlHOKOTpOHHOH 

HeycTo8qHBOCTH. nonyqeHO COOTHOWSHHe, CBSl3UBaJOmee B8JIHqHHY 

ee o6paTHOrO npocTpaHCTB8HHOro HHKpeMeHTa L~ C 3HeprHeH 

HHlK8KUHH nyqKa B ce~UHJO co, ,IlJIHH08 ycKopeHHSI z H BeJIHqHHOH 

E • 9KcnepHM8HTaJibHO npo,neMOHCTpHpoBaHa 60JibWaSI ,IlJIHHa z 

TpaucnopTHpOBKH C - 1,8 M) Tpy6qaToro 3aMarnHqeunoro nyqKa 

3JI8KTPOHOB npH BUCOKOM TeMne ycKopeHHSI 6e3 cymecTBeHHOrO 

Hapywemrn ere KaqecTBa ,IlHOKOTpOHHOH HeycToRqHBOCTblO, qTo 

Il03BOJISieT ycKopSITb Tpy6qaTue 3JI8KTpOHHUe nyqKH ,no BUCOKHX 

3HeprH8, pacnonaraTb 3JieKTpoairnaMHqecKHe CTPYKTypu Ha 

60JibWHX pacCTOSIHHSIX OT ,IlHO,Ila H paCWHpHTb B03MO,XHOCTH 

3Kcnepm.teHTa. 

6. npe,nnomeH HOBUH cnoco6 no,naBJieHHSI ~HOKOTpOHHOH 

HeycToRqHDOCTH Tpy6qaToro 3JI8KTpOHHoro ny-i:!Ka C IlOMOll{blO 

aHH30Tponuoro 3Kpaua, B KoTopou 3anpemeHo npoTeKaHHe 

aKcHaJibHUX TOKOD. 

7. BnepBue B 3KcnepHM8HTaX Ha nyqKe RHY HCOOJib30BaH HOBUH 

THO ycHJJHT8JISI - qepeHKOBCKHH ( nm fl BB) C BUCOKHM noroHHI:lM 
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npocTpaHCTBeHHHM K03~HUH8HTOM ycHJieHHSI MOll{HOCTH BOJ!Hlil 

1,5 ,nB/CM. 9KcnepHM8HTaJibHO nonyqeHO O,IlHOMO,IlOBoe (Eat) 

ceq-H3JiyqeHH8 Ha ,IlJIHHe BOJIHU A=8,2 MM C MaJioA npHM8CblO 

napa3HTHlilX MO,Il (MeHbWe 15% no MOll{HOCTH). MaKCHMaJibHaSI 

MOll{HOCTb Ha BHXO,Ile COCTaBHJia A.30 MBT npH ,IlJIHT8JibHOCTH 

H3JiyqeHHSI Ha nonyBHCOTe HMnynbca -30 HC, cywwapHOM 
K03~HUH8HTe npocTpaHCTBeHHoro ycHJieHHSI 35+38 ,nB H Knn~10%. 

OCHOBHHe pesyJibTaTJil ,IlHCcepTaUHH ony6JIHKOBaHJil B CJie,nyJOll{HX 

Ea6oTax: 

1. B.C.AJieKCaH,IlpOB, H.H.rony6eB, r.e.non6HJIOB, B.H.Ka3aqa, 

r.H. KOHHOB, e.n. PaweBCKHH, B.n. CapaHU8B, A.H. CH,nopoB. 

RHHeAHHR HH,IlYKUHOHHHH ycKopHTeJib 3JieKTpOHHO-HOHHHX Koneu 

nY9K-20. Tpy,n1:,1 X BceCOI03Horo COBentaHHSI no ycKOpHT8JISIM 
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