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YcICopHTeJib JU1Y-30 cocTOHT H3 HH:>KeICTOpHoro yqacTICa (11Y), B KOTo

poM nyqoIC ycICopHeTcH ,no :mepruu 3 M3B B coneHOH.D;aJibHOM MarHHTHOM 

none, H nHTH ycICOpHTeJibHblX yqacTKOB, Ka:>K.D;bIH H3 KOTOpbIX ,naeT npupa

meHHe 3HeprHH OICOJIO 5 M3B npH TpaHcnopTHpOBICe nyqKa B CHCTeMe nepuo

,nuqecICOH cpoICyCHpOBICH (Cil<I>)' o6pa30BaHHOH ICOpOTICHMH COJieHOH,naMH. 

Ha 11Y 6bIJIH nonyqeHbl npoeICTHbie napaMeTpbl nyqKa: aMnJIHTy,na HMnynbca 

TOICa 250 A npH 3HeprHH 3 M3B H .D;JIHTeJibHOCTH HMnynbca Ha noJiyBhlCOTe 

500 HC 11 I • .UattHaH pa6oTa noCBHIUeHa pe3yJibTaTaM HCCJie,noBaHHH no TpaHC

nopTHpOBICe nyqICa B Cil<I>. 

IlepBbie OnbITbl no npOBO,nKe nyqKa B Cil<I>, paccqHTaHHOH Ha TpaHC

nopTHpOBICY JiaMHHapHoro COOCHoro C ycKOpHTeJibHbIM TpaKTOM nyqKa, 

oICoHqHJIHCb Hey,naqHo. qepe3 nepBhIH ycICopnTeJibHhIH yqacToIC (lYY) ,nnu

HOH OICOJIO 40 M y,nanocb npoBeCTH nyqoK c TOKOM He 6onee 20 A npH YICO

poqeHHH AJIHTeJibHOCTH HMnynbca ,no HeCKOJibKHX ,neCHTKOB HaHOCeICyH,n. 

,Unn yToqHeHHH Tpe6oBaHHH IC napaMeTpaM Cil<I> H KaqecTBY nyqKa 6hma 

npoBe,neHa cepHH pacqeTOB ,nHHaMHlCH nyqICa B Cil<I>, B OCHOBY KOTOpbIX 

6bIJIH nono:>KeHbl AOCTHrHyThie Ha BbIXO,ne l1Y napaMeTpbl nyqICa: 3M'.!TTaHC, 

3HepreTHqecICHH cneICTp, aMnJIHTy,na ICOrepeHTHbIX KOJie6aHHH 121 . 

KaIC cne,nyeT H3 pacqeTOB H 3ICCnepnMeHTaJibHbIX AaHHbIX, O,nHOH H3 

OCHOBHblX npuqnH, npHBOAHIUHX IC noTepHM nyqICa npH ero TpattcnopTH

pOBICe no npOTH:>KeHHOMY ycICOPHTeJibHOMy TpaICTY' HBJIHeTCH CMemeHHe 

ueHTpa TH:>KeCTH nyqICa OTHOCHTeJibHO OCH 3JieICTpOHOnpoBo,na, T .e. Kore

peHTHbie ICone6attHH (KK). 

KorepeHTHhie ICone6attHH npe,ncTaBJIHIOT co6oii npeueccHIO ueHTpa TH

mecTH nyqICa OTHOCHTeJibHO oceH cpoKycupyromux ICaTyllleK •. OHM B03HH

ICaIOT H3•3a HeCOOCHOH HH:>KeICUHH H HapaCTaIOT npH npoxo:>K,neHHH CMemeH

HbIM OT OCH nyqICOM yqacTICOB C pa,nHaJibHbIMH COCTaBJIHIOIUHMH 3JielCTpH

qecKoro H MarHHTHOro noneH. Hatt60Jiblllee BJIHHHHe Ha pOCT aMnJIHTYAhl KK 

oICa3hIBaIOT nepeICOChI H HecoocHOCTH OT,nenbHhIX KaTyllleIC. CymecTBeHHYIO 

pOJib B HeycToHqHBOCTH KOrepeHTHOro .D;BH:>KeHHH MO:>KeT HrpaTb B3aHMO,neH

CTBHe nyqICa C 3apH,naMH H TOICaMH H306pameHHH. YpaBHeHHe ABH:>KeHHH 

ueHTpa TH:>KeCTH nyqKa Mem,ny KaTyllIKaMH Cil<I> C yqeTOM 3TOro 3cpcpeKTa 

H npH cpaBHHTeJibHO MaJibIX OTlCJIOHeHHHX OT OCH MO:>KHO 3anucaTb B BH,ne 131: 



rne I - TOK nyqKa; ·Y H /3z - pemITIIBIICTCKIIH cpaKTOp H OTHOCIITeJihHaH 

CKOpOCTh 3JieKTpOHOB; f E , f H , RE H RH - K03<pq>IIQIIeHThI II panIIyChI 

3KpaHIIpOBaHIIH 3JieKTpIIqecKoro II MarHIITHoro nonH; Io ;; 17 KA. B JU1Y-30 

npoeKTOM npenycMOTpeHa B03MO:lKHOCTh ycTaHOBKII KaK ceKQIIOHIIpOBaH

HhIX MeTaJIJIOKepaMIIqeCKHX ycKOpIITeJihHhIX Tpy6oK, TaK II Tpy6oK C pe3H

CTIIBHhIM noKphITHeM. 3TH Tpy6KH pa3JIHqaIOTCH no CTeneHII 3KpaHIIpOBaHHH 

3JieKTpIIqecKHX H MarHHTHhIX nonett. B Tpy6Kax C pe3IICTHBHhIM noKphITIIeM 

3apHnh1 HHnyUIIPYIOTCH B 3JieKTponpoaonmueM noKphITIIII BHyTpem1ew no

BepXHOCTII Tpy6oK, npenHa3HaqeHHOM nnH CTeKaHIIH 3apHna npII nonanaHIIII 

nyqKa Ha CTeHKY, a TOKI! - B 3JieMeHTax KOpnyca IIHnyKTOpOB. IlpII 3TOM 

f E ~ f H ~ l, RH > RE II BhlpIDKeHIIe B CK06Kax ypaBHeHIIH ( 1) nnH ceKQIIII 

JIHY-30 cocTaBJIHeT -0,72. 

B ceKQIIOHIIpOBaHHOH Tpy6Ke ntt3JieKTpIIqecKaH noaepXHOCTh 3alQII1QeHa 

OT nyqKa MeTaJIJIIIqecKIIMII 3JieKTponaMII, IIMeIOlQIIMII KOHTaKT C BHyTpeHHeH 

qacThIO o6MOTKII IIHnYKTOpa. IlpII 3TOM 3JieKTpIIqecKOe II MarHIITHOe none 

B 3HaqIITeJihHOH CTeneHII 3KpaHIIpyeTCH 3JieKTponaMII Tpy6KII • .[lnH Tpy6KII 

JIHY-30 K03<pq>IIQHeHThI 3KpaHHpOBaHIIH f E II f H' onpeneneHHhie no cpop

MyJiaM/3/' paBHhI COOTBeTCTBeHHO 0,99 II 0,75, a Bhipa:>KeHIIe B CK06Kax 

'ypaBHeHIIH ( 1) COCTaBJIHeT - 0 ,2 7. HcxonH 03 ypaBHeHIIH nBII:>KeHH.fI QeHTpa 

TH:lKeCTII nyqKa (1), MO:JKHO cnenaTh BhIBon, qTo B YCKOPIITeJie JIHY-30 

npII HaJIIIqIIII ceKQIIOHIIpOBaHHhIX ycKOPIITeJihHhIX Tpy6oK TOK I, npIIBOnH

lUIIH K 3a}];aHHOMY npeneJihHOMy CMemeHIIIO nyqKa OT OCII, 6yneT B -2,7 pa-

3a 60JihIIIe, qeM nnH pe3IICTHBHhIX Tpy6oK, n03TOMY Cil<l> paccqHThIBaJiaCh 

Ha TpaHcnopTIIpOBKY nyqKa a ceKQIIOHIIpOBaHHhIX Tpy6Kax. 

0nTIIMII3aQIIH CTT<l> Benach no MIIHIIMaJihHOMY pocTy aMnJIIITYnhI Kore

peHTHhIX KOJie6aHIIH B nOJIHX, 06ecneqI1BaI01QIIX OrII6aromyro nyqKa C MaK

CIIMaJihHhIM panIIycoM 1,75 CM (panIIyc 3JieKTpOHOnpoaona 3,75 CM). 

KorepeHTHOe nBII:>KeHIIe IICCJienoBaJIOCh Ha 3BM MeTonoM CTaTIICTIIqecKoro 

MonenIIpOBaHIIH no cneQIIaJihHO pa3pa60TaHHhIM B HHI13<l>A nporpaMMaM 

C yqeTOM npIIT.R:>KeHII.fI nyqKa K CTeHKaM. MaKCIIMaJihHhIH ypoBeHh nepe

KOCOB ocett JIIIH3 npIIHHMaJIC.fI nop.RnKa 0,02 pan, a HeCOOCHOCTeH - 1 MM. 

HcnOJih30BaJICH rayccOB 3aKOH pacnpeneneHH.fI cnyqaHHhIX BeJIIIqIIH. 0rII-

6amman nyqKa paccqIIThIBaJiaCh KaK a napaKCIIaJihHOM npII6JIII:>KeHIIII, TaK 

II no pa3pa6oTaHHhIM B HHI13<l>A nporpaMMaM141 , yqIIThIBaiomnM BHYT

peHHIOIO CTPYKTYPY nyqKa. Pe3yJihTaThI onTIIMII3aQHII npencTaBJieHhI Ha 

puc.1 II 2. Ha pIIc.1 noKa3aHO Il3MeHeHIIe paCCTOHHIIH Me)K}];y IIMnyJihCHhIMH 

JIIIH3aMII no nnIIHe. YCKOPIITeJihHhIX yqacTKOB, a Ha pIIc.2 - nOJIH B HHX. 

BttnHO, qTo Ha ycKOpIITeJihHhIX yqacTKax Tpe6yeTCH OKOJIO 120 JIIIH3, nOJIH 

B KOTOphIX MeHHIOTCH OT 1 no 3,8 Krc. 

B pe3yJihTaTe CTaTIICTIIqecKoro MonenIIpOBaHIIH npouecca pocTa aMilJIII

TynhI KorepeHTHhIX Kone6attIIH a nattHott CTT<l> 6hIJIO nonyqeHo, qTo oTKJio

HeHne a 1,5 CM OT OCII nocTnraeTCH a cpenHeM Ha pacCTOHHIIII nopHnKa 11 M, 
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Pttc.1. PacCTOJJHWI MelKAY IlliH33MH, 
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Pttc.2. 11.HAYKL\WI qJOKyc1-1py10mero MaI'HliTHO

ro non11 B IlliH3aX C npOTHlKeHHOCTblO non11 

Ha nonyBblCOTe KpliBOH pacnpeAeneHWI 10 CM. 
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tfl'O.JIIllllh B 2 pa3a MeHbIIIe, qeM nnH aHaJIOrIIqHhIX pacqeToB no TpaHcnopTH

pOBKe nyqKa B HenpephlBHOM none, no3TOMY cpoKycnpyromaH CHCTeMa C He

npephIBHhIM noneM He IIMeeT npIIHunnttaJihHoro npeIIMymecraa nepen nn

cKpeTHOH B nnatte ynep:>KaHIIH KorepeHTHhIX Kone6aHIIH B KaHaJie JIHY-30. 

B o6onx cnyqaHX nnH npoaonKII nyqKa Tpe6yeTCH ycTaHOBKa KoppeKTO

pOB nOJIO:>KeHIIH nyqKa. 

I13MeHeHHe 3HeprHH 3JieKTpOHOB B TeqeHIIe HMnyJihCa npnaonnT K H3-

MeHeHHIO nepnonoa KOJie6aTeJihHhIX npouecCOB a . nyqKe n npOHBJIHeTCH 

B H3MeHemm cpa3hl KorepeHTHhIX KOne6aHHH 3JieKTpOHOB B nyqKe H KOJie-

6aHHH orn6ruomeif nyqKa B IlJIOCKOCTH Ha6nroneHHH. l13MeHeHHe cpa3hl orn-

6aromeif npIIBonIIT K H3MeHeHHIO MaKCIIMaJibHOro pannyca nyqKa B CTT<l>, 

TaK KaK yqaCTOK cornaCOBaHHH Me)K}];y cpocycnpyromeif CHCTeMOH C COJie

HOH}];aJihHhIM noneM H CTT<l> HaCTpanaaeTC.fI no MHHHMYMY MaKCHMaJihHOro 

pannyca nyqKa B CTT<l> nnH onpeneneHHOH cpa3hI orn6ruomeif Ha axone yqacr

Ka corJiaCOBaHIIH. KaK noKa3hlBaIOT pacqeThI,}];JIH nepBhIX nayx ycKOpHTem.

HhIX yqacTKOB 3a cqeT 3TOro 3cpcpeKTa MaKCHMaJihHaH aMnnIITy.tia orn6ruomeif 

B CTT<l> MO)KeT B03paCTH B oTneJihHhIX apeMeHHhIX CJIOHX HMnyJILca no 1,6 

HOMIIHaJihHOro 3HaqeHII.fI. 

I13MeHeHHe cpa3hl KorepeHTHhIX KOJie6aHHH npoHBJIHeTCH B a3HMYTaJih

HOM npeifcpe nyqKa a TeqeHHe HMnyJihCa a IlJIOCKOCTH Ha6nroneHHH. Ecnn 

yron noaopoTa nyqKa npeBLIIIIaeT 2rr/3' TO npH HCnOJib30BaHHH KOppeK

TOpOB oTnenhHhie yqaCTKH nyqKa no nnnTeJihHOCTH HMnyJihCa 6ynyT OTKJIO-
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HHThCH He K OCH, a OT Hee, lJTO MO,KeT npHBecTH K HX oce.n;aHIU0 Ha CTeHKax 

TpaKTa. TaK KaK HaH60JibWee OTJIHtJHe no :mepnrn :meKTPOHOB Ha6mo,n;aeTCH 

B Ha'la.Jle H KOHI.~e HMnyn1,ca, KOr,n;a MeHHeTCH Harpy3Ka y HMnyJibCHbIX re

HepaTOpOB ycKopHIOI.Uett CHCTeMbI JU1Y, TO 3cpcpeKTbl, CBH3aHHbie C H3Me

HeHHeM q>a3bl Kone6aHHH, 6y,n;yT npHBO,!l;HTb npe,K,n;e BCero K yKopotJeHHIO 

,!l;JIHTeJihHOCTH HMnyJibCa. 

H3MeHeHHe COOTHOWeHHH Me,K,n;y 3HeprHett 3JieKTpOHOB B OT,!l;eJibHbIX 

BpeMeHHbIX CJIOHX HMnyJibCa no ,!l;JIHHe YCKOPHTeJIH 3aTpy.n,HHeT onpe,n;ene

HHe ,n;onyCTHMoro 3HepreTHtJeCKoro pa36poc~ B nytJKe / 1/. PaCCMOTpeHHbie 

3cpcpeKThI, o6ycJIOBJieHHbie 3HepreTHtJeCKHM pa36poCOM 3JieKTpOHOB, MO,KHO 

oxapaKTepH30BaTb poCTOM 3cpcpeKTHBHOro (HHTerpaJibHoro 3a npeMH HM

nynbca) nonepetJHoro cpa3onoro 061,eMa, paBHoro nnoma.n:H, 3aHHMaeMOtt 

npe,n;cTaBJIHIOI.UHMH TOtJKaMH acex 3a apeMH HMnyn1,ca tJaCTHI.J; nytJKa Ha 

cpa30BOH IlJIOCKOCTH. AKcemaHc q>OKYCHpy10meu CHCTeMbl ycKop11TeJibHbIX 

ytJaCTKOB ,n;oJI,KeH 6hITh 6on1,we 3cpcpeKTHBHoro cpa3oaoro 061,eMa. KaK no

Ka3bIBaIOT paCtJeTbl ,!l;HHaMHKH nytJKa B pa3pa60TaHHOH Cil<I>, BbIIlOJIHeHHbie 

C ytJeTOM H3MeHeHHH cpa3bl orH6a10meu H KorepeHTHbIX KOJie6aHHH npH 

paCCTaHOBKe KoppeKTOpOB C waroM OKOJIO 5 M, HOPMaJIH30BalIHbIH aKcen

TaHC Cil<I> B03pacrneT no ,n;JIHHe lYY OT 0,6 CM• pa,n; ,n;o 0,8 CM• pa,n;, a Ha 

KOH_u;e YCKOPHTeJIH ,!l;OCTHraeT 1,0 CM• pa,n;. 

Eme O,!l;HHM 3cpcpeKTOM, 3aTpy,n;HHIOI.UHM npOBO.D:KY nytJKa B Cil<I>, 

HBJIHeTCH pOCT nonepetJHOro cpa3oaoro 061,eMa, . Bbl3BaHHblH a6eppau;HHMH 

cpoKyCHPYIOI.UHX KaTyweK. KaK noKa3bIBaIOT pactJeTbI, npH COOCHOM ,!l;BH

)KeHHH nytJKa pa.n;HaJihHaH Heo,n;Hopo,n;HOCTb MarHHTHoro cpoKycHpy10mero 

nonH BhI3hIBae-r pocT nonepetJHoro cpa3oaoro 061,eMa no ,n;JIHHe lYY Ha 

50-60%. HecooCHOe ,!l;BH)KeHHe nytJKa MO)KHO npH6JIH)KeHHO OTpa3HTh B pac

qe-rax yaenHtJeHHeM pa.n;Hyca nytJKa. B 3TOM cnyqae npH CMeI.UeHHHX nytJKa 

oT ocH - 1 CM cpa30Bbitt 061,eM ao3pacrne-r no ,n;JIHHe lYY npHMepHo B .n;Ba 

pa3a, TaK KaK nytJOK npoxo.n;HT cpoKyCHpy10I.UHe ytJaCTKH C 60JibWett, tJeM 

B COOCHOM CJiytJae, pa,!l;HaJihHOH HeO,!l;HOpO,!l;HOCTblO. HCXO,!l;H H3 3TOrO 3q>cpeK

THBHbIH nonepetJHbIH cpa30Bbltt 061>eM nytJKa Ha BbIXO,n;e l1Y ,!l;OJI)KeH 6hITh 

npHMepHo B .n:aa pa3a MeHbWe HOpMaJIH30BaHHoro aKcemaHca YCKOpH-

TeJibHOro TpaKTa Ha BbIXO,!l;e lYY, TO ecTb OKOJIO 0,4 CM• pa,n;. . 

).vIH COBMeI.UeHHH nytJKa C OCblO 6bIJIH pa3pa6oTaHbl CTaHI.J;HH KOppeK

I.J;HH nOJIO,KeHHH nytJKa, COCTOHI.UHe H3 ,n;ayx nocne,n;oaaTeJibHO yCTaHOBJieH

HblX KOppeKTopoa, COBMemeHHblX C q>OKYCHPYIOI.UHMH KaTyWKaMH, H ,n;ayx 

.n;aTlJHKOB noJIO)KeHHH nytJKa. TaKaH CHCTeMa B OTJIHtJHe OT O,!l;Horo KOppeK

TOpa no3BOJIHeT He TOJibKO yMeHhlliHTb yron HaKJIOHa OCH nytJKa K OCH ycKo

pHTeJIH, HO H no B03MO)KHOCTH COBMeCTHTb 3TH OCH. KaK noKa3aJIH 3KCne

PHMeHTaJibHble HCCJie,!l;OBaHH.R pa3pa6oTaHHOH CTaHI.J;HH KOppeKu;HH nono

)KeHHH nytJKa, no,n;6opoM TOKOB KOppeKTopoa MO:)l(HO cymeCTBeHHO CHH3HTb 

3cpq>eKTHBHbltt nonepetJHblH cpa30Bblll 061>eM nytJKa. 
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Hccne,n;oBaHHH no TpaHcnopTHpOBKe nytJKa B Cil<I> lYY 6hIJIH HatJaThI ,n;o 

3aBepweHHH Bcex 3anJiaHHpOBaHHblX MeponpHHTHH no Mo,n;epHH3aI.J;HH 3JieK

TpOHH9-onTHlJeCKOH CHCTeMhI (3OC) H ynyqweHHIO KatJecTBa nytJKa Ha BhI

xo,n;e HY. <l>oKyCHpy10mHe KaTyWKH, ycTaHOBJieHHbie B COOTBeTCTBHH C pHc.1 

KaK B ceKI.J;HHX, TaK H a npoMe)KyTKax Me,K,!l;y HHMH, 6bIJIH OT'blOCTHpOBaHbl 

C TOlJHOCTblO He Xy,Ke 0, 7%. 3neKTpOHOnpOBO,!l; o6pa30BaH nepBOHatJaJihHO 

H3rOTOBJieHHblMH ycKopHTeJibHblMH Tpy6KaMH C pe3HCTHBHbIM noKpbITHeM. 

KoppeKI.J;HH no.riO)KeHHH nytJKa ocymecTBJIHJiaCb npH nOMOI.UH O,!l;HHOlJHbIX 

KOppeKTopoB, ycTaHOBJieHH_bIX COBMeCTHO C .n;aTtJHKaMH noJIO,KeHHH nytJKa. 

IlytJOK c TOKOM 200-250 A HMeJI MrHOBeHHbie (B OT,!l;eJibHblX apeMeHHblX 

CJIOHX ,!l;JIHTeJihHOCTblO - 40 HC) 3HatJeHHH cpa30Boro 061>eMa 0,35-0,4 CM •pa.n:, 

a 3cpcpeKTHBHblH q>a30Bblll 061,eM ,!l;OCTHraJI 0,6-0,65 CM -pa,n;. 

CpaBHHBaH Tpe6yeMbie no pactJeTy H HMewmHeCH napaMeTpbl nytJKa 

H TpaKTa, MO,KHO npe,n;noJIO)KHTh B03MO,KHOCTb npOBO,!l;KH B TaKOH 3OC 

yKopotJeHHoro no ,!l;JIHTeJihHOCTH ( C cpa30BblM 061>eMOM MeHee 0,4 CM. pa,n;) 

HMilYJibCa nytJKa C aMnJIHTy,n;oiI TOKa OKOJIO 100 A (ytJHTbIBaH 3cpcpeKT 

3aTHrHBaHHH nytJKa Ha CTeHKH) • O,n;HaKO, KaK noKa3aJIH 3KCnepHMeHTaJibHbie 

HCCJie,n;OBaHHH, npoao.n;Ka nytJKa C yKopotJeHHOH ,!l;JIHTeJibHOCTblO conpOBO)K

,n;aeTCH HCKa,KeHHeM cpopMbl HMnyJibCOB ycKOp.RIOI.Uero HanpH)KeHHH HH.D:YK

I.J;HOHHOH CHCTeMbl, a CJie.n;oBaTeJibHO, pOCTOM 3HepreTHtJeCKOro pa36poca 

B nytJKe, 3TOT npou;ecc 6bICTpO HapacTaeT H npHBO,!l;HT K pa3BaJiy nytJKa 

B,!l;OJib TpaKTa. IlytJOK c TOKOM OKOJIO 100 A y.n;aBaJIOCb npoaecTH Ha pacCTOH

HHe He 6onee ~ 20 M (10 ycKOpHTeJibHblX ceKI.J;Htt). 

.[(JIH nonytJeHHH nytJKa C Heo6xo,n;HMbIM no pactJeTy cpa30BblM 061>eMOM 

Ha BblXO,n;e HCTOlJHHKa 3JieKTpOHOB, B MeCTe nepaoro nocne KpOCCOBepa 

MaKCHMaJibHOro pa,n;Hyca OrH6a10meiI, 6bIJI ycTaHOBJieH KOJIJIHMaTop ,!l;Ha

MeTpOM 32 MM, Bbipe3aIOI.UHH OKOJIO 40% TOKa HCTOlJHHKa 3JieKTpOHOB. 

IlytJOK 3a KOJIJIHMaTOpOM npH TOKe OKOJIO 70 A HMeJI MrHoaeHHhlH cpa-

30BblH . 061>eM V X = l. Jy 2- 1 r dxdx.; coana.n:aIOI.UHH C 3cpcpeKTHBHhIM H paB-
17 

Hblll -0,15 CM• pa,n;. YMeHhWeHHe TOKa H cpa30BOrO 061>eMa nytJKa npHBe

JIO K yMeHbWeHHIO ypOBHH KOrepeHTHhIX KOJie6aHHH H cornacOBaHHOro 

pa.n;Hyca nytJKa Ha HY, a 3TO, B CBOIO OtJepe,n;b, cnoco6CTBOBaJIO CHH)KeHHIO 

3cpcpeKTHBHoro cpa30Boro 061>eMa H yMeHbWeHHIO pocTa no ,!l;JIHH_e HY MrHo

BeHHblX 3HatJeHHH cpa30Boro 061>eMa (npH TOKe 200-250 A cornaCOBaHHhlH 

pa,n;Hyc nytJKa 6bIJI B - 2 pa3a 60JibWe H MrHOBeHHbIH cpa30Bblll 061>eM B03-

paCTaJI c 0,2 CM• pa,n; .n;o 0,35-0,4 CM• pa,n; 
111). B pe3yn1,Tarn Ha ahlxo,n;e HY 

6bIJI nonytJeH nytJOK C 3cpcpeKTHBHbIM cpa30BblM 061,eMOM MeHee 0,3 __ CM. pa,n; 

npH MrHOBeHHblX 3HatJeHHHX OKOJIO 0,2 CM. pa,n;, KOTOpbrn 6bIJI npoae.n;eH 

co cpaBHHTeJihHO tte6onbWHMH nornpHMH qepe3 lYY. Ha pHc.3 npHBe,n;eHbI 

OCI.J;HJIJIOrpaMMbl HMnyJibCOB TOKa, a Ha pHc.4-6 - KpHBhie 3aBHCHMOCTH 

cpa30BOro 061>eMa nytJKa OT 3aKJIIOtJeHHOH B HeM ,!l;OJIH TOKa ,!l;JIH OT,!l;eJibHhlX 
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Pue.3. l1Mnyn1,e1,1 ToKa nyqKa no nnuHe yeKop1nen.11: 1 - Ha Bhixone nepBoii ceKUHli 

mo«eKTOpHoro yqacrKa; 2 - Ha Bhlxone UHmeKTopHoro yqacrKa; 3 - Ha Bhlxone nepBo

ro yeKopnTen&Horo yqaeTKa. 

¾, 
~N•f11t1 

q2 

Q/5 

QI 

Q,05 

-Q2 Q, Q6 qi ,. l/I-, 

Pne.4. 3aBHeliMOeTb nonepeqHoro lpll30BO

ro o6'beMa nyqKa OT 3aKnIO'leHHOH B HeM 

nonH TOKa Ha BhIXone nepBOH eeKUUH liH· 

)l(eKTOpHoro yqaCTKa. 

lpaa l 2 

Q,251 

Q,2 vtL 
Q/5 

q( 

qo; 

l 
q 42 q, Q,6 41 ID l/Z-

6 

¼ ~,,o paa 

tJ4 

Q5 

II' 

q3 

q, 

Q,( 

0 Q,2 q; 46 q1 I/z., .. 

Pne.5. 3aBHeHMOCTb nonepe'IHOro q>a3OBO

ro o6'beMa ny'IKa OT 3aKnIO'leHHOH B HeM 

nonu TOKa Ha Bhixone HHmeKTopHoro 

yqaeTKa: 1 - q>a30Bhlll o6'beM BpeMeHHhlX 

enoeB nMnyn1,ea nnHTenhHOeThIO 40 He; 

2 - 3q>q>eKTHBHhlll (liHTerpanbHhlll 3a 

BpeM.11 HMnyn1,ea) q>a30Bhlll o6'beM. 

Pnc.6. 3aBHeliMOCTb nonepe'IHOro q>a30BO· 

ro o6'beMa nyqKa OT 3aKnIO'leHHOH B HeM 

nonn TOKa Ha Bhixone nepBoro yeKopu

TenhHoro yqacrKa: 1 - q>a30Bhiii o6'beM 

BpeMeHHhIX enoeB HMnyn1,ea nnuTen&Ho

eThIO 40 He; 2 - 3q>q>eKTHBHhlll q>a30BhlH 

o6'beM. 

ytJaCTKOB no nmrne ycKop1nem1. l·faMepemm cpa3oBoro 061,eMa npoBonH

JIHCh npll nOMOI.Ull TeJieBH3llOHHOH CllCTeMhl co CTp06HpOBaHlleM ll306paJKe-
.. /1/ 

HJIH JIMnyJibCaMH nnHTeJibHOCThlO ~40 HC 

KaK BJIAHO Jl3 npHBeneHHhlX 3KCnepHMeHTaJibHhIX naHHhIX, 3cpcpeKTJIB

HhlH cpa30Bhitt o6oeM Ha KOHUe lYY nocTiiraeT - 0,6 CM• paA. YllHThIBaH, 

lJTO llaCTb nytJKa Ha nnJIHe lYY BCe JKe TepHeTCH, MO)KJ{O 3aKJIIOllllTh, lJTO 

HOPMaJill30BaHHhlll aKcemaHc CII<l> lYY JIMeeT TY JKe BeJillllllHY, 

KaK MrHOBeHHhlll, TaK ll 3cpcpeKTllBHhlll cpa30Bblll o6oeM B03pacTaIOT 

no nnJIHe lYY (c ytJeTOM HaJIHtJJIH noTepb) 6onee tJeM B 2 pa3a, 3To corna

cyeTCH C pe3yJihTaTaMH lJJICJieHHOro MonenJ1pOBaHJIH 3B0JIIOUJIH cpa30BOro 

o6oeMa B CII<l>, TaK KaK ypoBeHb Kor.epeHTHhIX Kone6aHJ1tt Ha lYY nocTJl

ran -1,5 CM (nByXKpaTHhlll pOCT cpa30BOro ofrbeMa no pactJeTy 6bIJI npll 

KorepeHTHhlX Kone6aHHHX -1 CM). BBeneHHe CTaHUJlll COBMemeHHH nytJKa 

C OCbIO,, yCTaHOBJieHHhlX C rnaroM OKOJIO 5 M, KaK noKa3hlBaIOT pactJeThI, 

no3BOJIJIT CHJl3llTb ypoBeHh KorepeHTHhIX KOJie6aHJlll no -1 CM. 

KaK CJieAyeT l:13 ypaBHeHJIH (1)' ycTaHOBKa ceKUHOHJlpOBaHHhIX ycKo

pliTeJihHhIX Tpy6oK no3B0JIJIT npll TOM JKe ypoBHe KK nOAHHTb ypoBeHb 

TOKa B - 2,7 pa3a, TO ecTb no -150 A. 

TaKJIM o6pa30M, nonytJeHHhie pactJeTHhie JI 3KCnepJ1MeHTaJibHbie ]J,aH

Hhie n03BOJIHIOT cnenaTb BhlBOn, llTO nytJOK C 6nJl3KllMJI K npoeKTHhIM 

3HalleHJIHM TOKa MOJKeT 6hITb npoBeneH B pa3pa6oTaHHOll CII<l> C ceKUHO· 

HJIPOBaHHhIMH ycKopHTeJibHhlMJI Tpy6KaMH J1 CTaHUllHMJI COBMemeHHH 

nytJKa C 0CbIO npJI 3HalleHHHX 3cpcpeKTJIBHOro nonepetJHoro cpa30BOro 060-

eMa MeHee 0,3 CM. PaA, IlytJOK TaKoro KatJecTBa MO)KJ{O nonytJHTb 3a ClleT 

MonepHJl3aUHJI 3OC JICTOlJHHKa 3JieKTpOHOB JI BhipaBHllBaHllH pacnpenene-

HJIH cp~KycJ1py10mero MarHHTHOro nOJIH no nnHHe 11Y. 3OC JICTOllHJIKa 

· 3JieKTpOHOB, cpopMHPYIOI.UaH nytJOK C nonepetIHhIM cpa30BhIM 06-beMOM 

- 0,125 CM• PaA npll TOKe 280 A Ha 6a3e KaTona nJ1aMeTpOM 80 MM, yJKe 

pa3pa6oTaHa JI JICCJienoBaHa 151 . 

KaK noKa3aJIJI uccnenoBaHHH no TpaHcnopTJ1pOBKe nytJKa Ha lYY,. 

onHott l:13 npo6neM HBJIHeTCH BhIBon ycKopHTeJIH Ha peJKllM, '.n.rrn CII<l> 

noTpe6yeTCH KOMnbIOTepHOe ynpaBJieHHe 0OJIHMJI KOppeKTopoB ll JillH3 

Ha ytJaCTKe cornacoBaHJIH 11Y H lYY. B 3TOM nnaHe cpoKyCHpOBKa Henpe

phIBHhIM MarHHTHhIM noneM npennotJTJITeJibHett, OOCKOJihKY ynpaBJIHTb 

HaAO TOJibKO KoppeKTOpaMJI, a llX lJJICJIO COKpamaeTCH B ]J,Ba pa3a, HO npll 

3TOM B03paCTaIOT Tpe6oBaHllH K 3HepreTHtJeCKOMy pa36pocy B nytJKe ll 

]J,IIH JIX CHJIJKeHJIH uenecoo6pa3HO yBeJillllllTb TeMn ycKopeHH.fl 161 . 

ABTOphl 6naronapHT npllHHMaBIIIJIX ytJaCTHe B HaJiaAKe OT]J.eJibHhIX 

CllCTeM JI Y3JIOB JI11Y-30 A.E.EapaHOBCKOro, O.C.EornaHoBa, B.r.)KHTe

HeBa, C.H.)KecTKOBa, c.r.3hIKHHa, IO.A.Ka3aHKHHa, A.II.KynpllHHOBa. 
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AHaHLee 13.,n. H np._ , 
Pe3yJILTaTbl HCCJH!AOBaHHH no TP!UiCnOpTHPOBKll C~LHOTO'IHOro 
3JleKTpOHHOrO ny'IKa B CHCTeMe nepHO.ltH'lecK011 q>OKYCHp0BKH 
Ha ycKOpHTene JUIY-30 

P9-90-355 

B JIHHeimo~ HH.ttYKUHOHHOM ycKOpHTene Hk 30 M3B ~(nllY-30): paCC'IHTaHHOM Ha no- . 
Jiy'leHHe ny'IKll 3JieKTpoHOB C TOKOM 250 A B HMnyJILCe .ltJIHTeJILHOCTblO 250 H<; B HHlKeK
TOpHOM y'lacTKe c 3Hepmeii 3 M3B s,coneHOH.ttaJILHOM MarHHTHOM none 6LIJIH nony'leHLI 
npoeKTHLie . napaMeTpbl. IlHTb yCKOpHTeJILHbut -'y'laCTKOB (YY) , ' KaJKnblH. H3 KOT0pblX 
pacc•mTaH Ha npHpameHHe :iHepmH 5,5 M3B, npenycMaTpHBruoT TpaHcnopmposKy ny11Ka 
B CHCTeMe .ttHCKpeTHOH (nepHOJtH'lecKOH) q>OKyCHpOBKH. (Cil<I>). OmHMH31llUilt ,Cil<I> 
npoee.ileHa no MHHHMaJILHciMy pocTy aMnJIHTYAhl KOrepeHTHblX KOJie6aHHH e IlOJIHX OT. 
1 .tto 3,8 Krc no Mepe npo.ttBHlKeHHH OT lYY K 5YY c H3MeHeHHeM wara paCCTllHOBKH OT 
0,5 .ltO 1,2 M npH KOJIH'lecTBe KOP0TKHX COJieHOH.ttOB 120, npH'leM nOKa3aHO, 'ITO e ceK
UHOHHpOBaHHOH MeTanJioKepaMH'leCKOH Tpy6Ke · (CMl<T)- M0lKHO TpaHcriopmpoeaTL TOK 
B 2,7 pa3a 6on&wHii, 'leM e pe3HCTHB.HOH. Ily'IOK c TOKOM 200-250.A HMeJI MrHOBeHHLie 
3Ha'leHHll q>a30BOrO ofaeMa- 0,35 + 0,4 °CM'pa.tt, a 3q>q>!!KTHBHLIH q>a30BbIH 06-LeM .ttOCTH•. 
ran 0,6 + 0,65 CM•pa.tt. C KOJIJIHMaTOpoM, Bblpe3aroI.QHM OKOJIO _4% TOKa HCTO'IHHKa 3JieK• 
TpOHOB ·(113), TOK HCTO'IHHKa, cocTaeJIRJI .70 A H HMen '<t>a3oe&1ii 061,eM 0,15 CM•pa.tt, 
O.ttHII.KO B KOHUe lYY. 3cpcpeKTHBHLIH q>a30BLIH 061,eM C0CTaBHJI. TaKlKe 0,6 CM•Pa.tt, 'ITO, 
BH.ttHl\!O, coena.ttaeT C aKcenTaHCOM C:Il<I> lYY. . . . 

Pa6oTa e&monHeHa e na6opaTOpHH HempoHH<>H cpH3HK1t()IUil1. 
I .• ~ ' '.. • ' 

Coo6I.QeHHe O61>e.ttHHeHHoro · HHCTHyYTa H.ttepHLIX Hccnenoea'.HHA. ,llY6Ha , 1990 
• , •' .,. •' r • ,- • •,, 
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Ilep_eeo.tt 11.B.KpoHWTa.ttT~eoii 

·Anan'ev V.D. et al. . . , ., 
Investigation Results on the Transport of High,Current Electron. Beam 
in the System of Periodic Focusing at the LIU-30 Accelerator · 

P9-90-355 

I • . ,,· ', 
Specifications were obtained at the LIU-30 30 MeV linear induction_accelerator desig-

. ned for the production of electron beam with the current of 250.A and pulse'duration 250 ns 
in injection section with the energy· of ,3 MeV in solenoidal m'agnetic field. 5 acceleration 
sections (AS), each designed fo'r the' energy increase of 5,5 MeV, specify beam transport 
in the system of periodic focusing (SPF). The SPF optimization is performed for the mini
mum growth. of the coherent oscillations amplitude in the range from 1 . to 3,8 . KGs, while 
passing from the first AS to the fifth one, changing the distance between them from 5,5 
to 1,2 m. Tlie number of short solenoids was 120 .. It. is worthuoting that in a sectioniz!!(l 
metal-ceramic tube (SMCT) is it possible to. transport· the current two . times higher than 
in a resistive tube. A beam with the current of 200-250 A had instant emittance of 0,35 + 
+ 0,4 cm-rad, effective emittance reached 0,6 + 0,65 cm-rad. With the collimator which .· 
transmitted about 40% of the electron source current the cource current was 70 A and had 
emittance 0,15 cm-rad. However, in the end of the first AS effective emittanc,e was also 
0,6 cm-rad, which may coincide with the SPF acceptance' of the first AS. 

I ,• • ,• .•" '/ I,••• •' f /. 
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J,,' 

C~mmuriication of the Joint_Institute for Nuclear Research. Dubria 199() · 


