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Pa6om Bblll0JIHeHa B Jia6opaTOpH11 cpH3HKH qaernu O6'be,ll,HHeHHOf0 HHeTHTyra 

J1,nepHblX neeJie,ll,OBaHHH. 
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:n01crop cpH3HKO-MaTeMaTH'!eeKHX HayK, rrpocpeeeop, 
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,ll,OKTOp! TeXHH'!eeKHX HayK, rrpocpeeeop 
JleoHH.LI Bna.nnMHp0BH'I KpaB'IYK 

KaH,11,H,ll,aT 'TeXHH'!eCKHX HayK 
Bna.nHMHp AcpaHaeheBH'I MnxattJIOB 

Be.L(yIUaR opraHH3aqmr: 

11HeTHTyr TeopeTH'!eeKOH H 3KerrepHMeHTaJlbHOH cpH3HKH, MoeKBa 

3all.{HTa ,ll,HeeepTaUHH eoeT0HTeJI __________ 2006 r. B 

qae0B Ha 3aee.naHHH .nneeepTaUH0HH0f0 eoBeTa ~ 720.001.05 

HHeTHTyre Jl,ll,epHbIX neeJie,ll,oBaHHH, r.~y6tta. MoeKOBeKOH o6naeTH. 

ABTOpecpepaT pa30eJiaH " ____ " _______ 2006 r. 

B O6'be,ll,HHeHHOM 

C .nneeepmuneii M0JKH0 03HaK0MHTbeJI B 6n6JIHOTeKe O6'be,ll,HHeHHOf0 HHennyra 

Jl,ll,epHblX neeJie,ll,OBaHHH. 

yqeHblH eeKpeTapb .nneeepTaUH0HHOfO COBeTa 

nmrrop $IDHKO•MaTeM""''"'""x nay,< ~.r. KpnaoxH»<HH 

06~aH xaparcrepucrm.:a pa6oTbI 

A«myanbnocmb me.Mbt 

JlHHeHHhie pe30HatteHble yeKopHTeJIH HaIIIJIH illHp0K0e rrpHMeHeHHe, KaK 

HHJKeKTOpbl 60JiblIJHX rrp0T0HHblX eHHXPOl}'0H0B. O.nHaKO B rroene.n;Hee BpeMll HX Bee C 

60JiblIJHM ycrrexoM H Bee mnpe nerroJih3}'10T H ,ll,JIJI rrpHKJia,ll,HbIX ueneii, TaKHX, KaK 

f pa,ll,Hal.{H0HHaJI TepaIIHJI, HeIIbITaHHe II0JIYilp0B0,ll,HHK0BblX IIpHfiopOB, HeCJie,nOBaHHe 

MeTaJIJI0B H ,npyrnx K0HCTpYKUH0HHbIX MaTepHaJI0B, 3KerrepttMeHTaJibH0ro o6nyqeHHJI 

TKatteii tt o6pa3UOB KOeMH'leeKOH TeXHHKH tt T. II. 
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B CyxYMeKoM cpH3HKO-TexHH'!eeKOM HHeTHTyre ,ll,JIJI MaTepnanoBe.z:1qeeKHX 

tteene,noBattHli: 6hIJI co3,ll,att <.:TeH.n, BKJTIO'laIOIUHH B ee6J1 ,ll,Be eeKUHH JIHHeiiHoro 

Bhie0K0tJaeT0THoro yeK0pHTeJIJI rrpoT0H0B H 0TpHI.{aTeJihHbIX H0H0B B0,ll,opo.na. IIepBal! 

eeKI.{HJI e rrpoerpaHeTBeHH0 0,ll,HOpO,ll,HOH gq cpoeyettpOBKOH ,ll,0 3HeprnH 1,96 M3B 

(Ha'!aJihHaJI qaeTb yeKopHTeJIJI - HqY) 6I,ma pa3pa6oTaHa H mroT0BJieHa B 11<1>B3 ,ll,JIJI 

HHJKeKTopa B 6yeTep CeprryxoBeKoro eHHXp0Tp0Ha Y-70. BTOpal! eeKI.{HJI e 

rrpocrpatteTBeHHO rrepHO,ll,HtJeCKOH Bq cpoKycnpOBKOH ,ll,0 3HeprnH 7 M3B ( oeH0BHaJI 

qaeTh yeK0pHTeJIJI - oqY) 6hma pa3pa60TaHa B 11<1>B3 erreuHaJibH0 ,ll,JIJI ,ll,aHH0ro 

CTeH,ll,a. C6opKa H !pH3H'!eeKHH rrycK C rrpoT0HHbIM IIY"lJK0M eeKI.{HH oqy 6hIJI 

ocyruecTBJieH B 11<1>B3. ~ BKJIIO'!eHHJI ceKUHH B C0CTaB eTeH,ll,a Heo6XO,ll,HMO 6blJIO 

rrpoBecrn ,ll,eTaJibH0e HCeJie,ll,0BaHHe rrapaMeTp0B yeKopeHH0ro rryqKa IIp0T0H0B. 

Ha M0MeHT HatJana HeeJie,ll,OBaHHH Ha MaTepHaJI0Be,ll,'!eCK0M eTeH,ll,e C<l>Tl1 B 

MHpOBOH rrpaKTHKe He 61,mo OIIbITa ycKopeHHJI 0TpHUaTeJibHblX H0H0B B CTpyKTYPax c 

Bq cpOKyCHpOBKOH. ~JIJI HCCJie,ll,0BaHHJI B03M0lKH0CTH TaKHX CTpyKTyp BIIepBble B MHpe 

6blJIH rronyqeHbI Ha HHX IIY"lJKH 0TpHI.{aTeJibHbIX H0H0B BO,ll,0po.na tt rrpoBe,ll,eHbI 

,ll,eTaJibHbie HCCJie,ll,OBaHHe rrapaMeTp0B 3THX IIY"lJK0B Ha 3HeprnH 1.96 H 7 M3B. 

~ rrpoBe,ll,eHHJI aHaJI0rH'IHblX HCeJie,ll,OBaHHH, ,ll,JIJI rrp0H3B0,ll,CTBa 

rronynpoB0,ll,HHK0BblX YCTpOHCTB MeTO,ll,0M HOHHOH HMIIJlaHTal.{HH, ,ll,JIJI HCCJie,ll,0BaHHJI 

B03MOlKHOCTeii HCIIOJib30BaHHJI HarpeBa IIJia3MbI B T0KaMaK-peaKTopax IIY'!KaMH 

aT0M0B B0,ll,0po.na H .neiiTepHJI H ,ll,JIJI pll,ll,a .npyrttx rrpHKJia,ll,HblX 3a,ll,atJ pa3pa60TKa 



HOBhIX ycKopsnomn:x CTPYKTYP B .nnaml3oHe :meprnii OT HeCKOJibKHX coTeH K3B .no 

HeCKOJibKHX M3B ,SIBmieTCSI aKT)'MbHOH 3a_naqeil:. O,nHHM ll3 B03MO)KHbIX pemeHHH 

SIBJISleTCSI npnMeHeHHe BnepBbie rrpe_nno)KeHHOH HOBOH ycKopSIIOIIIeii CTPYKTYPbl Ha 

OCHOBe IIOJIHIIHJIHH.npntieCKHX pe30HaTOpOB. Y CKOpHTeJib TaKOfO THIIa HMeeT MMbie 

ra6apHTHbie pa3Mepbl, BbICOKHH TeMrr ycKopeHHH, MO)KeT 6hITb HCTIOJib30BaH ,nnH 

ycKopeHHH pa3HblX copTOB HOHOB. ,lvISI rrpoBe,neHHH ll3MepeHHSI cetieHHH rrepe3apSI,nKH 

O'IpHIIaTeJibHbIX HOHOB Bo.nopo.na ll .neil:TepHSI Ha fa30BbIX ll IIJia3MeHHbIX MHIIleHSIX B 

paMKax rrpoeKTa I1TEP 6hmO pemeHO HCIIOJib30BaTb ycKOpHTb .!{aHHOro THIIa. 

,[(M yBeJIHtieHHSI HHTeHCHBHOCTH ll KatieCTBa BbIBe,neHHOro rryqKa Ha <l>a30'IpOHe 

O115U1 Be.nYTCSI pa60Tbl HM rrpoeKTOM BHemHeii llH)KeKU:llll, II03B0MIOIIIeH yBeJIH'IHTb 

TOK BbIBe,neHHOfO rrpoTOHHOro nyqKa Ha rropSI,nOK. 

,[(M 3TOH 11enn TIJiaHHpyeTCSI C03.!{aHHe CHCTeMbI BHeIIlHeii llH)KeKU:HH B q>a30'IpOH 

Ha ,nByxceKU:HOHHOM JIHHeHHOM ycKopnTene O'IpHU:aTeJibHblX HOHOB BO,nopo.na. 

TaKHM o6pa30M, 3KCIIepnMeHTanbHbie nccne,noBaHHSI rrapaMe'IpOB YCKOpSIIOIUllX 

CTPYKTYP c Bq KBa,npyrronhHOH q>oKycnpoBKoii, a TaK)Ke pa3pa6oTKa n nccne,noBamrn 

HOBhIX mnoB ycKopSIIOmnx CTPYKTYP SIBnSIIOTCSI aKmy{]JlbHou woa11eu. 

OcHoBHbte u,e.nu pa6ombt: 

Pa3pa6oTKa n coop~eHne ycKopnTeM c rrpoC'IpaHCTBeHHo-rrepno,nnqecKoil: 

Bq•KBa,npyrronbHOH q>OKYCHpOBKOH Ha 3Heprnro 7 M3B. 

<l>opMHpOBaHHe ll ycKopeHne nyqKa O'IpHIIaTeJibHbIX HOHOB BO,nopo.na B 

ycKOpHTeJISIX C npOC'IpaHCTBeHHO-O,nHopo,nHOH ll rrpOC'IpaHCTBeHHo-rrepno,nnqecKoil: 

Bq·KB,npynonbHOH q>oKycnpoBKoii. 

Pa3pa60TKa Manora6apHTHbIX ycKopnTeneii HOHOB .nM IlpHKnMHbIX 

nccne,noBaHnii. 

Coopy)KeHHe ll BBO.n B .neiiCTBHe ycKopHTeM O'IpHU:aTeJibHblX HOHOB BO,nopo,na 

ll .neil:TepHSI Ha OCHOBe 'IeTBepThBOJIHOBbIX TIOJIHU:HJIHH,npHtieCKHX pe30HaTOpOB Ha 

3Heprnro 1-1,5 M3B .nM nccne,noBaHHSI B03MO)KHOCTeil: HarpeBa rrna3MbI B 11TEP. 

Pa3pa6oTKa q>ll3HtiecKoro npoeKTa ycKopnTeM O'IpHIIaTellbHblX HOHOB 

Bo.nopo.na C Bq q>oKycnpOBKOH ,nM BHemHeii HH)KeKU:Hll B <l>a30'IpOH. 
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Hay1maa H0BU3Ha 

BrrepBbie Pa3pa60TaH ll BBe,neH B .neiiCTBHe JIHHeHHbIH YCKOpHTeJib npOTOH0B C 

rrpoC'IpaHCTBeHHO-rrepno.nHtieCKOH Bq·KB,npyrrOJibHOH q>OKYCHpOBKOH Ha 3Heprnro 

7M3B. 

BnepBbie rronyqeHbl nyqKH O'IpHIIareJibHbIX HOH0B B0,nopo.n:a Ha YCK0pHTeMx C 

npOC'IpaHCTBeHHO-O.ZJ:HOpO,nHoil: H npOC'IpaHCTBeHHO-nepHo,nntieCKOH Bq. 

KB.n;pynoJibHOH q>OKycnpOBKOH Ha 3Heprnro 1,96 ll 7 M3B. 

Ilpe,nno)KeHa OpllrnHanbHaSI K0HC'IpYKIIHSI YCK0pHTeJISI H0H0B Ha 0CHOBe 

'IeTBepTbBOJIHOBblX TIOJillU:HJIHH,npHtieCKHX pe30HaTOp0B. Pa3pa6oTaH ll BBe.neH B 

.n:eiicrnne TaKOH YCKOpHTeJib O'IpllIIaTeJibHbIX H0HOB B0,n:opo.n:a .n:o 3Heprnn 1,5 M3B. 

Pa3pa6oTaH q>H3HtieCKHH rrpoeKT JIHHeil:Horo ycKopnTeJISI c npoc'IpaHcTBeHHO

o.n:ttopo.n:Hoil: Bq·KB,npyrrOJibHOH qlOKYCHpOBKOH MSI BHeIIlHeii llH)KeKU:Hll B <l>a30'IpOH. 

Ilpa«mu11ec«aa u,euuocmb pa6ombt 

IlonyqeHHbie pe3yJibTaTbl II0Ka3anH B03MO)KH0CTb npHMeHeHHSI YCK0pHTeneii C 

Bq·KBa,npyrrOJibHOH qlOKYCHpOBKOH .nM YCKopeHHSI 0'IpHU:aTeJibHbIX H0H0B Bo.n:opo.n:a. 

Ha MaTepHanoBe,nqecKoM cTeH,n:e C<l>T11 rrpoBe,neH K0MrrneKc nccne,noBaHHH Ha 

3HeprHSIX HOHOB 1,96 ll 7 M3B, TaKHX KaK, HarrpHMep, ll3MepeHne cetieHHSI 

nepe3apSI,nKH O'IpHU:aTeJibHbIX HOH0B B0,n:opo.n:a B HeH'IpMbHbie aT0Mbl ll npoT0HbI Ha 

fa30BbIX H nneH0'IHbIX MHIIleHSIX. 

Ilpe,nno)KeHHbIH YCKOpHTeJib Ha 0CH0Be IlOJIHIIHJIHH.npH'leCKHX pe3oHaTOp0B 

Il03B0MeT YCKOpSITb HOHbl pa3HOro C0pTa .no 3HeprnH 1-1,5 M3B. Pa3pa6oTKa H nycK 

ycKOpHTeJISI TaKOro THTia Il03BOJIHJIH BblSIBHTb cne.n:yromne ero OCH0BHbie ./l:0CT0HHCTBa: 

- Manbie ra6apHTHbie pa:iMepbI ( coop~eHHblll ycK0pHTeJib Ha 3Heprmo Ilp0TOH0B 

1,5 M3B HMeeT MHHy 65 CM, .nHaMe'Ip BaKYYMHoro KOHTeiiHepa 67 CM.), 

- rrp0CTOTa B HaC'Ip0HKe H 3KcrrnyaTauHH, 

- B03MO)KHOCTb IInaBHOH perynHpOBKH BbIXO.ZJ:HOH 3HeprnH tiaCTHII, 

- B03MO)KHOCTb ycKopeHHSI Pa3JIH'IHbIX COpTOB HOHOB. 

3 



B ,l:18.HHOM ycKopuTeJie pearru30B8.H MeTO.[I qia:30nepeMeHHOll q>OKycupoBKU, 

II03TOMY He TPe6yeTCH ,nOIIOJIHUTeJil,HhlX qJOKYCUpyiomux YCTPOHCTB. }IcnOJib30BaHUe 

rpynnupyiomero 3a3opa BO BHYTPeHHeM npoBO.z:IHUKe nepaoro pe3oHaTopa 6e3 

yaenuqeHu»: o6meii ,nJIHHhI ycKopuTeITH 

K03q>q>m~ueHT 3axBaTa. 

II03BOJIHeT cymeCTBeHHO yaeJIUqHTb 

Pearrmauu»: BHemHeii umKeKQUU B q>a30TPOH II03B0JllIT yaeJIUqnTb 

UHTeHCUBHOCTb ycKopeHHOrO nyqKa C 1,25 X 101 
I qacrnu B reqeHUe BpeMeHU 3axBaTa B 

<l>a30TP0H ,no 1,25xl0
12 

qacrnu. 

Ha 3aw.umy BblHOcumca: 
1 Pe3y1lbTaThI HaCTPOHKll u TeCTUp0B8.HllH ycKopuTeJIH npoTOHOB C npOCTPa.HCTBeHHO-

nepuo,nuqeCKOH Bq-Kaa,npynoJibHOii qioKYcupoaKoii Ha 3Heprmo 7 M3B. 

2. Pe3yJibTaThl qiopMUpoBaHUH u ycKopeHUH nyqKa OTPUUaTeJibHbIX UOHOB ao.nopo,na B 

ycKOpHTeJIHX C npOCTP8.HCTBeHH0-0.[IHOp0.z:IHOli U npOCTP8.HCTBeHHO-nepuo,nuqecKOll 

Bq-Kaa,npynonhHOH q>OKYcupoaKoil: Ha 3Heprmo 2 u 7 M3B. 

3. TipUHUUII ,neiiCTBHH u KOHCTPyKUHH ycKopuTeJIH Ha OCHOBe qeTBepTbBOJIHOBhlX 

noJIUUUJilIH,l:lpUqeCKUX pe3oHaTopoB. 

4. Pe3yJibTaThl qimuqecKoro nycKa ycKopureJIH Ha OCHOBe qeTBepTbBOJIHOBblX 

nonuuunuH,npuqeCKUX pe3oHaTOpOB. 

5. <l>muqecKHil: npoeKT ycKOpHTeJIH C npOCTPa.HCTBeHH0-0.[IHOpO,nHOll Bq-

KBa,npynOJibHOll q>OKycupoBKOH ,nJIH BHemHeii UH)KeKQUU B <l>a30TPOH. 

Anpo6au.ua pa6ombt 
MaTepuaJibl ,nnccePT11UUU .[IOKJill.[lbIBaJIUCb Ha HayqHblX KOHq>epeHUUHX C<l>Tl1 

(CyxYMU, 1979 - 1983), Ha KueBCKOM ceMUHape no q>U3UKe u TeXHUKe UHTeHCUBHbIX 

UCTOqffUKOB UOHOB u UOHHblX nyqKOB (KneB, 1994), Ha XIV CoBern;a.HUU no 

ycKopuTeJIHM 3ap»:)KeHHbIX qaCTUU (TipoTBUHO, 1994), Ha V Ha~OM ceMUHape 

naM»:rn Capa.HueBa ()zy6Ha, 2003), Ha XIX KOHq>epeHUllll no ycKopHTeITHM 

3ap}I)KeHHhlX qacrnu RuPAC-2004 ()zy6Ha, 2004), Heo,nHoKpaTHo o6cym.narruch Ha 

Ha~hlX ceMuHapax u O61:,e,nnHeHHOM 11HCTHTYTe 51.nepHblX 11:ccne,noBa.HUH. 
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CmpyKJnypa u ome.M ouccepmau.uu 

.[{uccepTllUUH COCTOUT U3 BBe,neHHH, ITHTU rJiaB, 3aKJIIOqeHUH U CIIUCKa JIUTepaTypbI U3 

50 HattMeHoaaHuii. O6muil: 061:,eM: 96 CTPa.HUU. 

Co.z.ep,r.:auue .z.uccepTaQnouuoii pa6oTbI 

Co,nep)Ka.HUe pa6on1 mno)KeHo B n~ rnaBax. 

Bo Bue~euuu o60CHOBbIBaeTC»: aKTYaJibHOCTb, cq>opMynupoBaHbl 3a,naqu u uenb 

HaCTo»:meii pa6oTbl. TipUBO,n»:TC»: KpaTKOe ee co,nep)KaHUe u OCHOBHble nOJIO)KeHU»:, 

BbIHOCUMble Ha 3arn;ury. 

rJiaBa 1 co,nep)KUT OCHOBHbie npe,nnOCbillKU noJIO)KeHHbie B OCHOBY C03,[laHH»: 

ycKopuTeneii C npOCTPaHCTBeHH0-0,l:IHOpo,nHOH U npOCTPa.HCTBeHHO-nepuo,nuqecKoii 

Bq-KBa,npynOJibHOH q>OKycupOBKOH. Tipe,nCTaBJieHbl cnoco6h1 nocTPoeHHH 

ycKopmomux CTPrKTYP c npocTPa.HCTBeHHo-o,nHopo,nHoii u npocTPaHCTBeHHo

nepuo,nuqecKoii Bq-KBa,npynOJibHOil: q>OKYCUpOBKOil:. OnuCaHbl pe30Haropbl, C 

noMOIUhIO KOTOpbIX co3,naroTc»: Bq-noITH B TaKHX CTPyKrypax. 

rJiaua 2 co.nep)KHT pe3yJihTaTbl uccne,noBaHu»: napaMeTPOB ycKopuTeJIH 

npoTOHOB c npOCTPa.HCTBeHHO nepuo,nHqecKoil: Bq qioKycupoBKoil: Ha 3Heprnro 7 M3B. 

CTeH,n C<l>Tl1 ,nn»: MaTepuarroBe,nqecKux uccne,nOBaHUH BKJiroqaeT B ce6»: ,nBe 

CeKUUU JIUHeil:Horo BbICOKoqacTomoro ycKopuTeJIH npoTOHOB u OTPUUaTeJibHbIX UOHOB 

Bo,nopo.na (Puc. I). 

fl!MbT 
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Puc. 1. CTPyKTYpHa»: cxeMa cTeH,na MaTepuarroBe,nqecKux uccne.noBaHuii C<l>TM. 
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CeKUIUI C npOCTJ)aHCTBeHHo-nepHO,nHqecKoii Bq-cpOKYCHpOBKOH .no :mepmH 

7 M3B (ocHoBHWI qacn, ycKopmeIDI - oqy) 6hma pa3pa60TaHa B 11<1>B3 cneummhHO 

.nIDI ,naHHOro CTeH,na. C6opKa H !pll3HqecKHii nycK c npoTOHHbIM nyqKOM ceKUllll oqy 

6bm ocymecrnneH B 11<1>B3. ~JUI BKJIIOqeHH.ll ceKUllll B COCTaB CTeH,na Heo6xo,nHMO 

6bmO npoBeCTll ,neTanbHOe HCCne,noBaHHe napaMeTJ)OB ycKopeHHOro nyqKa npoTOHOB. 

113MepeHHe TO Ka nyqKa ocymeCTBllilllOCb llH.nyKUHOHHbIMll ,naT4HKaMH, 

ycTaHOBneHHbIMll Ha BXO,ne ycKOpHTeIDI, MeJK,ny ceKUH.llMll ll Ha BbIXo,ne oqy, a TaK :lKe 

UllllllH,npoM <l>apa,ne.ll, KOTOpblH Mor yCTaHaBnHBaTbC.ll Ha BbIXO,ne oqy_ <l>opMa 

nonepe4Horo ceqeHH.ll nyqKa Ha6mo.nanacb no cBeqeHHIO nroMHHecueHrnoro 3KpaHa. 

~ ll3MepeHH.ll 3HepreTHqecKoro pa36poca HCnOllb30BMC.ll aHMH3aTop Ha OCHOBe 

noBOpOTHOro 30°-ro MarHHTa co meneBblM TOKonpHeMHHKOM, pacnono:lKeHHbIM nocne 

yqacTKa .npeiicpa. ToqHOCTb ll3MepeHHii pa36poca qacmu no HMnynbCaM COCTaBIDina 

±0,5%. l13MepeHHe 3MllTTaHCa nyqKa Ha BbIXO,ne ceKUllll npOBO,nllnOCb MeTO,nOM .nsyx 

meneii C HCnOnb30BaHHeM MHoronaMellbHOro TOKOnpHeMHHKa. 113MepeHll$1 

npOH3B0,nllllllCb B ,nByx rnaBHbIX nonepeqHbIX nnocKOCT.llX. 

O6mHii ll3MepeHHblll K03!p!pllUHeHT 3axBaTa COCTaBIDin 0.7 - 0.8, npH TOKe 

ycKopeHHOro nyqKa .no 120 MAB HMnynhce MHTellbHOCThIO 10 MKC. 3HepremqecKHii 

pa36poc ycKopeHHOro nyqKa He npeBbIIIIan 3,5 %, a npH onmManbHbIX pe:lKHMax H 

MallbIX TOKax ± 1,5 %. II pH TOKe ycKopeHHoro nyqKa nop.ll,nKa 10 - 20 MA 

npHBe,neHHbIH 3MllTTaHC COCTaBn.lln npHMepHO 3-10-5 cM·pa.n, a npll TOKe 100 MA TOH 

)Ke nnoma.nH COOTBeTCTBOBanO 20% qacTHU. 

rJiaBa 3 nOCB.llmeHa nonyqeHHIO ycKopeHHbIX nyqKOB OTJ)HUaTellbHbIX HOHOB 

Bo,nopo.na c 3Hepmeii 2 H 7 M3B. 

~llil ycKopeHH.ll OTJ)HUaTenbHbIX llOHOB BO,nopo,na 6hm pa3pa60TaH llH:lKeKTop C 

llCT04HllKOM MarHeTJ)OHHOfO mna B 6e3Ue3HeBOM BapHaHTe C TOKOM 3MllCCllll .no 

70 MA. CornacoBaHHe napaMe-rpoB nyqKa HH:lKeKTopa c HlJY H Hccne,noBaHHe 

npoxoJK,neHH.ll nyqKa no TJ)aKTy YCKOpHTeIDI npoBO,nHnOCb no MeTO,nHKaM, KOTOpbie 

npHMeH.llllllCb paHee ,nllil HCCne,noBaHHH npOTOHHOro nyqKa. B 3TllX 3KcnepHMeHTax 

6bmll BnepBbie ycKopeHbl nyqKH OTJ)HUaTenbHbIX HOHOB Bo.nopo.na B CTJJYKTYPe c Bq 

KBa,npynonbHOii cpoeycHpOBKoii (PHc. 2). 
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PHc. 2. OcuHnnorpaMMbI om6aromHx Bq noIDI B Hqy (BepxH.ll.ll KpHBrui) H oqy 

(Hll)KH.ll.ll KpllBru!) npH ycKopeHHll nyqKa ff c TOKOM 15 MA. Ha CHrHane om6aromeii 

oqy BH.nHa no.nca.nKa OT TOKa rryqKa. 

B pe3ynbTaTe Hccne,noBaHHii 6bmH Hatt,neHbI 3aBHCHMOCTll TOKa Ha BbIXO,ne ll3 

ycKOpHTeIDI OT BenHqllHbl YCKOp.llromero BblCOKoqacTOTHoro non.ll ll 3Heprm1 

llH:lKeKUHH HOHOB. OueHeHbI noTepH qacTHU B YCKOpHTene. 

B rJiaBe 4 OnHcaHbl npHHUHn .neiiCTBll.ll H KOHCTJ)YKUH.ll ycKOpHTen.R Ha OCHOBe 

nonHUllllllH,npHqecKHX pe3oHaTopoB. 

~ ycKopeHll.ll pa3llll4HbIX COpTOB HOHOB .no 3HepmH 1 - 1.5 M3B 6bma 

npe,nno:lKeHa OpHrllHMbHWI MO,nll<pHKaUH.ll ycKOpHTeIDI Ha OCHOBe KOaKCllallbHbIX 

pe30HaTopoB, n03BOll.llIOmrui CHH3HTI, C o,nHoii CTOpOHbl noTepH MOmHOCTH B 

pe30HaTOpe, a C .npyroii CTOpOHbl ocymecTBHTI, yCToiiqHBOe ycKopeHHe llOHOB Ha 

qaCTOTe Bq noIDI 100 - 200 Mru. TaKoii ycKopmenb npe,nCTaBIDieT co6oii uerroqxy 

BllO:lKeHHbIX .npyr B .npyra KOaKCllallbHbIX qernePTbBOllHOBbIX pe3oHaTopoB, TaK, 'ITO 

BHeIIIHllll npOBO,nllllK O,nlloro pe30HaTopa .llBllileTC.ll o,nHOBpeMeHHO BHYTJ)eHHHM 

npoBo,nHHKOM cne.nyromero. IlpH 3TOM MomHoCTb noTepb H3-3a .neneHH.ll Hanp.R:lKeHll.ll 

B nepBOM npH6nmKeHHll YMeHbIIIaeTC.ll nponopuHOHanbHO KOnHqecrny pe30HaTOpOB. 

~eiicrnmem.Ho: 

p u 2 
n = _n 
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r,l:\e Un - Harrp.lliKeHJi:e Ha eMKOCTHOM (ycKop.lllOIUeM) 3a30pe pe30HaTOpa, e - IIOJIHa.ll 

:mepnrn ycKop.lleMoii qacn1u1,1, R3 - 3KBirnaneHTHOe corrpo:nrnnem1e pe3oHaTopa, n -

KOJlffqecTBO pe30HaTOpOB. 

Ecmi: npe,l:\IIOJIOiKHTb, qTO 3KBHBaJJeHTHhie corrpOTHBJleHH.ll BJIOiKeHHhlX 

pe30HaTOpOB rrpHMepHO paBHhl, TO IIOJIHa.ll MOJUHOCTb IIOTepb B pe30HaTopax rrpH 

-1 
paBHOM ,l:\eJJeHHH Harrp.lliKeHH.ll Ila,L\aeT KaK n : 

Ptotal CC 
6

total 

n 

KonttqecTBO pe3oHaTOpOB MOiKeT, B rrpHHUHne, 6hITb mo6LIM, HO rrpH 60JlbllIOM 

KOJIHqecTBe pe3oHaTopoB HeilOMepHO paCTeT ,l:\HaMeTp ycKOpHTeJl.ll H B pe3oHaTopax 

rrpH 60JJbllillX ,L\llaMeTpax IIO.llBJl.lllOTC.ll, KpoMe OCHOBHOro, BblCIIIlle Tllllbl Kone6aHllH. 

ITo3TOMY rrpll C03,l:\aHllll ycKOp.lllOmeii CHCTeMhl He06XO,l:\llMO OrpaHHqttTbC.ll Pa3YMHhIM 

KOJlllqecTBOM pe30HaTopoB, llCXO,L\.ll ll3 ycnOBll.ll B03HllKHOBeHll.ll BbICIIIllX THIIOB 

Kone6aHnii: 

!:.(D+d)<Ao, 
2 

r.Ae D - BHYTPeHHllH .AllaMeTp 6onhIIIOro rrpoBO.L\HHKa, d - BHeIIIHHH .L\llaMeTp 

MeHbIIIero rrpoBO,l:\HllKa. 

Bee pe30HaTOpbl HaCTPOeHhl Ha 0.L\HY qacTOTY ll 3aIIllThIBaJOTC.ll He3aBllCllMO 

.Apyr OT .Apyra, TaK qT0 q>a3bl BbICOKoqaCTOTHblX rroneii B pe30HaTOpax MOryT 6h1Tb 

rrpOll3BOJlbHbIMll. TaKa.ll IIOJlllUllJlllH.L\pllqecKa.ll CTPYKTypa Il03BOJl.lleT peIIIllTb 

rrpo6neMy ycTOHqffBOro ycKopeHll.ll rryqKa MeTO,l:\aMll q>a30IJepeMeHHOH q>OKycnpOBKll. 

KpoMe Toro, BO BHYTPeHHeM.I!pOBO,l:\HHKe rrepBoro pe3oHaTopa MOiKeT.6blTb pa3MemeH 

O,L\llO- llJlll ,L\Byx3a30pHbfH rpyrrrrttpoBaTeJlb, qTQ o6ecrreqHT ,l:\OCTaTOqttO BbICOKllH 

K03q>q>HUHeHT 3axBaTa rryqKa B peiKllM ycKppeHll.ll. 

Y CKOpHTeJlb TaKoro rnrra, pa3pa6oiaHHblH tt mroTOBJleHHbIB B CCl>Tl1, COCTOllT 
,/ 

H3 IlHTll BJIOiKeHHblX .Apyr B .Apyra-qeTBepTbBOJIHOBblX pe30HaTopoB, BO BHYTPeHHeM 

rrpoBO,L\HHKe nepBoro pe3oHaTOpa pa3MemeH O.L\H03a30pHhIH rpyrrrrnpoBaTen1, 

KJJllCTPOHHoro THila. Pa.AHOTeXHllqeCKllH pacqeT pe3oHaTopa npOll3BO,l:\llJIC.ll C 

noMOillhlO nporpaMMhI MUL TIM ODE. HarrpHiKeHH.ll Ha 3a3opax ll C.L\Bllrn q>a3 Bq 
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IlOJl.ll MeiK,l:\y pe30HaTOpaMH paccqllTbIBaJJllCb C IIOMOIIIblO cneunanhHO pa3pa60TaHHOH 

KOMilblOTepHOH rrporpaMMbl, MO,l:\eJJHpyromeii ,l:\llHaMllKY ,l:\BlliKeHll.ll llOHOB. PacqeTHhie 

napaMeTpbl ycKopHTeJl.ll npHBe,l:\eHhl B Ta6nnue 1, ycKopHTeJlb B c6ope IlOKa3aH Ha 

Pnc. 3. 

Ta6nnua 1. OcHOBHLie napaMeTphI ycKopnTenH 

,lviHHa, M 0.7 

.ll:HaMeTp BaKYYMHOro KOHTeiiHepa, M 0.67 

.ll:HaMeTp BffYTPeHHero UHJlllff.L\Pa, M 0.14 

.ll:HaMeTp BHeIIIHero UllJlllli,L\pa, M 0.56 

3Heprn.ll llHiKeKUHll, K3B 80 

KoHeqHa.ll 3HeprnH, M3B 0.5 -1.5 

lllllpnHa :meprernqecKoro crreKTPa, % 5-10 

Ko3q>q>llUlleHT 3axBaTa C O,l:\H03a30pHbIM rpyrrnnpoBaTeneM, % 40 

Co6cTBeHHa.ll qaCToTa, MI'11 156.5 

HanpHiKeHHOCTh noM B 3a3opax, 1<.BlcM . 180 

PacqeTHa.ll co6cTBeHHa.ll .Ao6pornocTL pe3oHaTOpoB 8000 

113MepeHHa.ll co6cTBeHHa.ll .A06pornoCTh 5300 

CYMMapHa.ll MOIIIHOCTh Bq IlllTaHH.ll, MBm 2.5 

Cl>mnqecKHH nycK ycKopnTeJJ.ll 61,m ocymecTBneH B 1995 ro.Ay. B KaqecTBe 

llCTOqffllKa HOHOB llCilOJlb30BaJJC.ll llCTOqHllK H" llOHOB C o6oeMHO IIJla3MeHHbIM 

MeXaHll3MOM reHepauHH. TOK HHiKeKTnpyeMoro nyqKa COCTaBJl.llJI 35 MA Ilpll 

MHTeJlhHOCTH llMilYJlbCa 10 - 20 MKC ll qacTOTe IlOBTOpeHll.ll 0.5 ru. ,lviHTeJlbHOCTb 

llMilYJJbCa Bq IlllTaHll.ll COCTaBJl.llJla 80 MKC. Ha BblXO,l:\e ycKopHTeJl.ll 61,m rronyqeH TOK 

15 MA B llMilYJJLCe. 3Heprll.ll llOHOB ll3MepHJ1aCh c IlOMOillhlO MarHHTHOro 

3HeproaHruiII3aTOpa. ITonyqeHHhIH cneKTP 6nmoK K pacqeTHoMy. 
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P1Ic. 3. y CKOplITeJib Ha OCHOBe IIOJIII[{llJIIIH,Z(p1IqecKI1X pe30HaTOpOB 

B npouecce c6opKII. 

B rJiaue 5 OIIIICbIBaeTCH CIICTeMa BHeIIIHeii IIH)KeK[{IIH B q>a30TpOH Ha OCHOBe 

JIIIHeil:Horo ycKOplITeJIH C Bq KB8.[{pynoJibHOil: q>OKYCIIpOBKOH. 

.[(ml yBeJI1IqeH1IH IIHTeHCIIBHOCTH II KaqeCTBa BbIBe,neHHOro IIyqKa Ha q>a30TpOHe 

OlUIH Be.LlYTCH pa60Tb1 H8,[{ npoeKToM BHeurneii IIH)KeK[{IIII, II03BOJIHIOmeil: yBeJIII~Th 

TOK BbIBe,neHHOro IIpOTOHHOro IIyqKa Ha nopx,noK. B HaCTOHl[{ee BpeMH BHYTPeHHIIii 

TOK B q>a30TPOHe COCTaBJIHeT 5 MKA. IIplI qacTOTe MO.L\YJIHUIIII 250 ru H BpeMeHII 

3axBaTa 20 MKC, TO eCTb IIplI MaKpOCKBa)KHOCTH 200. TaKHM o6pa30M, IIMIJYJibCHblli 
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TOK COCTaBJIHeT 1 MA B TeqeH1Ie BpeMeHII 3axBaTa IIJIII 1.25xl011 qacmu. 

Ilpe,nnonaraeTCH yBeJIIIqlITb qlICJIO qaCTII[{ B IIMIJYJibCe .no 1.25 X 1012 qaCTH[{. 

O,nHIIM II3 B03MO)KHbIX IIYTeii pemeHHH 3TOH 38,[{aqlI HBJIHeTCH c03,naH1Ie CIICTeMbl 

BHemHeii IIH)KeK[{IIII B q>a30TpOH Ha ,nByxceK[{IIOHHOM mmeil:HOM ycKOplITerre 

OTPII[{aTeJibHbIX IIOHOB BO,nopo.na. y CKOpeHHbie OTPIIUaTeJibHbie IIOHbl BO,nopo,na 

nepe3apH)KaIOTCH Ha ra30BOii MIIIIIeHII. HeiiTPaJibHblll nyqoK IIH)KeKTIIPYeTCH B 

q>a30TPOH, r.ne nepe3apH)KaeTCH B npOTOHbl, KOTOpbie II 3axBaTbIBaIOTCH B pe)KIIM 

ycKopeHIIH. KmoqeBblM 3JieMeHTOM cxeMbl BHeIIIHeil: IIH)KeK[{IIII B q>a30TPOH HBJIHeTCH 

ycKoplITeJib OTPHUaTeJibHbIX IIOHOB BO,nopo,na. 

.[(ml 3TOH [{eJIII pa3pa6oTaH ycKOplITeJib, COCTOHl[{IIH II3 ,nByx ceK[{IIH HaqaJibHOH 

qacm ycKOplITeJIH c IIOK<l> cpoKyc1IpOBKoil: (~Y-1, HqY-2).OcHOBHbie npoeKTHbie 

napaMeTPbI Bap1IaHTa ycKopxromeil: CIICTeMbI nplIBe,neHbI B m6n1Iue 2. 

Ta6JI1I[{a 2. IlpoeKTHbie napaMeTPbI ycKOplITeJIH ,nJIH BHeIIIHeii IIH)KeK[{IIII B q>a30TPOH. 

HqY-1 ~-2 

3Heprnx IIH)KeK[{IIH, M3B 0,098 1,9 

BbIXO,nHaH 3Heprnx, M3B 1,9 5 

ToK nyqKa, MA 50 50 

Pe)KHM pa60Th1 IIMIIYJibCHhiii: 

-qacTOTa CJie,LlOBaHIIH IIMIIYJibCOB, ru 250 250 

-,nnHTeJibHOCTb HMIIYJibCa TOKa nyqKa (no ypoBHIO 0,9), MKC 80 80 

-,nJIIITeJlbHOCTh Bq-HMIJYJibCa (no ypOBHIO 0,1 6e3 yqem 

,nJIHTeJibHOCTII cpe3a IIMIIYJibca), MKC 130 130 

Pa6oqax qacTOTa Bq-IIOJIH, Mru 144,8 144,8 

AMIIJIHTY.na HOMIIHaJibHOro ycKopxromero HarrpH)KeHHH, KB 150 150 

CIIHXpOHHaH q>a3a, rp8.[{ 90-;-30 30 

Co6CTBeHHaH .no6poTHOCTb pe30HaTOpOB 1,6xl0" l,6xl0'' 

IIIYHToBoe conpomBJieHIIe pe3oHampa, KOM 46,3 45 

Mol[{HOCTb co6CTBeHHblX IIOTepb B pe30HaTOpe He 6onee, KBT 243 250 

Mol[{HOCTb, noTPe6JIHeMax IIyqKOM, KBT 90,1 150 
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K.rr.,n. pe3oHaTOpa, % 27 38 

TiocTOJIHHIDI BpeMem1 pe3oHaTOpa, Harpy:lKeH- HOro Bq-

CIICTeMoil:, llplI KplITWieCKOH CBJ131I C pe30HaTopoM, MKC 17,5 17,5 

TO'IHOCTI, llO,D;CTpOHKH tJ:aCTOThl pe3oHaTOpa, Kfu 1 1 

MaKCIIMaJihHIDI MOII(HOCTh Bq-reHepaTOpa, KBT 500 500 

HeCTa6IDibHOCTh aMITJIIITY,D;hl Bq-llOJljJ He 6onee, % ±2 ±2 

Hecm61IJibHocn, 4Ja3hI Bq-rroJljJ He 6onee, rpa,n ±2 ±2 

B 3aKJIIO'ICHHH II3JIO:lKeHbl OCHOBHhie pe3yJihTaThI ,!l;IICCepTal(IIOHHOH pa60Tbl. 

BLIBO~bl 

1. B pe3yJihTare HaCTPOHKII II TeCTHpOBaHIIJI YCKOplITeJljJ rrpOTOHOB C rrpOCTPaHCTBeHHO 

rrep1Io,n1ItJ:ecKoil: Bq qioKyc1IpOBKoil: Ha :meprmo 7 MJB 3KcrrepHMeHTaJibHO 

ycTaHOBJieHo, 'ITO 0611(1IH II3MepeHHbIH K034JqJIII(IIeHT 3rurnaTa COCTaBJijJeT 0.7 - 0.8, 

rrplI TOKe ycKopeHHOro llYtJ:Ka .no 120 MA B IIMllYJibCe ,!l;JIIITeJibHOCTblO 10 MKC. 

3HepreTHtJ:eCKIIH pa36poc ycKopeHHoro ITYtJ:Ka He rrpeBhlIIIaeT 3,5 %, a rrplI 

OIITilMaJibHbIX pe:lKHMax II MaJlblX TOKax ± 1,5 %. TiplI TOKe ycKopeHHOro llYtJ:Ka 

rropjJ,!J;Ka 10 - 20 MA rrplIBe,D;eHHbIH 3MIITTaHC COCTaBJljJeT llPHMepHo 3 · 10·5 CM 'pa,n, a 

rrpll TOKe 100 MA TOH :lKe llJIOII(a,D;II COOTBeTcTByeT 20% qacrnu. .l(aHHbie 

rrapaM~hl llOJIHOCTblO y,nOBJieTBOpJIIOT TPe6oBaHllJIM CTeH,na ,!J;JljJ rrpoBe.neHHJI 

MaTepliaJIOBe,ntJ:eCKIIX IICCJie,noBaHllil:. 

2. B 3KCrrepHMeHTax Ha CTeH,ne C<I>TH C llCTOtJ:HllKOM MarH~OHHOro TIIlla B 

6e3l(e3HeBOM BapliaHTe 6bIDll BrrepBbie ycKopeHbl llYtJ:Kll 011muaTeJibHbIX IIOHOB 

Bo,nopo,na B CTPYKTYPe c Bq KBa,npyrroJihHoil: qioKyc1IpOBKoil:. CornacoBaHHe 

napaM~OB IIYtJ:Ka OTPIIUaTeJibHhlX IIOHOB BO,nopo,na II3 llH:lKeKTopa C . Hqy ll 

llCCJie,D;OBaHIIe rrpOXO)K,l(eHHJI llYtJ:Ka IIO TPaKTY ycKopHTeJijJ IIpOBO,!l;IIJIOCb no 

MeTO,!l;IIKaM, KOTOpbie llplIMeHMIICb paHee ,!J;JljJ llCCJie,noBaHllil: npOTOHHOro llYtJ:Ka. B 

pe3yJibTaTe IICCJie,noBaHHH 6bmll OllTIIMll31IpOBaHbl BeJIHtJ:llHhl ycKopJ110ll(ero 

BbICOKOtJ:aCTOTHOro IIOJijJ II 3Heprnll llH:lKeKI(llll IIOHOB. MaKCIIMaJlbHbIH 

ycKopeHHhlH TOK rrplI 3Heprn1I 7 MJB coCTaBHJI 17 MA. 
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3. ~ ycKopeHIIJI pa3JIII'IHbIX copTOB IIOHOB ,no 3Heprn1I 1 - 1.5 M3B 6bma 

rrpe,nJio:lKeHa opHrllHaJlbHIDI KOHCTpYKUHJI ycKOpHTeJIJI Ha OCHOBe 

IIOJIIII(llJIJIIIH,!l;plitJ:eCKIIX pe30HaTOpOB. TaKoil: ycKopHTeJib rrpe,nCTaBJIJleT co6oil: 

uerrotJ:KY BJIO:lKeHHblX ,npyr B ,npyra KOaKCllaJlbHblX tJ:eTBepTbBOJIHOBblX pe3oHaTopoB, 

3allllTbIBaeMhIX He3aBHCIIMO ,npyr OT ,npyra. TiplI 3TOM CTPYKTYPa llMeeT MaJlhie 

ra6ap1ITHhle pa3Mepbl, a MOII(HOCTh llOTepb ll3-3a ,neJieHHJI HallPJl:lKeHlljJ 

YMeHblllaeTCJI rrporropl(IIOHaJibHO KOJIIItJ:eCTBY pe3oHaTOpOB. Bo BHYTPeHHeM 

rrpoBO,!l;HHKe rrepBoro pe30HaTOpa MO:lKeT 6b1Th pa3Mell(eH 0,!l;HO- llJIII ,!J;BYX3a30pHbIH 

rpyrrrrHpOBaTeJib, 'ITO o6ecrretJ:HBaeT ,nocTaTOtJ:HO BbICOKIIH K03qJqJlll(lleHT 3axBaTa 

llYtJ:Ka B pe:lKHM ycKOpeHHJI. 

4. B C<I>TH ,!J;JljJ 1Iccne,noBaHHJ1 rrpouecca rrepe3apMKH H-, ff IIOHOB Ha ra3oBoil: H 

llJia3MeHHOH MIIIIIeHJIX llpll 3Heprnll 1 - 1.5 M3B 6hm pa3pa6oTaH ll mrOTOBJieH 

ycKOpHTeJib Ha OCHOBe llOJIIII(IIJIJlllH,!l;plitJ:eCKllX pe3oHaTOpOB. <Pll3HtJ:eCKIIH rrycK 

ycKopHTeJIJI 6bm ocymeCTBJieH B 1995 ro,ny. Ha BbIXO,ne ycKOpHTeJljJ 6hm llOJIYtJ:eH 

TOK 15 MA B IIMITYJibCe rrpH ToKe HH:lKeKI(IIH 35 MA 3ttepreTHtJ:ecKHil crreKTP 

ycKopeHHOrO llYtJ:Ka 6JIH30K K pacctJ:eTHOMy. 

5. ~ BHeIIIHeil: IIH:lKeKQllll B qla30TPOH rrpe,nJIO)KeH JIHHeil:HbIH ycKop1neJib 

OTPIIUaTeJibHhIX IIOHOB Bo,nopo,na, cocTOJIII(Hil: m ,nByx ceKQHil: c TIOK<I> 

qJOKYCHpOBKOH C KOHetJ:HOH 3Heprneil: 5 M3B II TOKOM llYtJ:Ka ,no 50 MA ,l(JIHHa 

ycKOpHTeJIJI COCTaBJijJeT 3.5 M. HMrryJihCHIDI MOII(HOCTb Bq llllTaHIIJI OKOJIO 750 KBT, 

qacTOTa ycKOpjJIQII(ero llOJijJ paBHa 144,8 Mru. Tip1IMeHeH1Ie TaKoro ycKOpHTeJljJ 

ll03BOJIHT yBeJIIItJ:IITb tJ:HCJIO qacrnu B llMllYJihce C l.25xl011 
,no l.25x1012 

tJ:aCTlll(. 
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