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I988-I993 rO,IJ,bl oypyT ro,naMH SKCnepHMeHTOB B HOBO~ OOJI8CTH 

SHeprH~ - ,neC.A:TKH TeB ,D;JI.A: rrpOTOHOB H COTHH reB Ha HYKJIOffi Anfl 

T.A:JKeJibiX HOHOB. Hoaoe rroKO>·AeHHe yciW}>HTeJie~, TaKHX KaK YHK, lEP, 
HERA, S L C. , S S C, co3,D.acT B03MO>KHOCTb He TOJibKO ,nJI.A: rrpopbtBa B 

oo.nacTb TeB'HhiX aHeprHtl, HO H 3HatiHTHJibHO pacmHpHT B03M02KHaTH 

SKCrrepHMeHTOB, IlOCKOJib1cy' H8 3THX ycTaHOBK8X ITJiaHHpyeTC.fl HM8Tb 
± 

C8.Mbl~ pa3H006pa3Hbl~ Haoop rrytiKOB e P, P, opraHH38QH.fl CTOJIKHOBeHHt! 

P, P, P, P, e, P, e, P, e, e+. K aTHH rrepetiHcJieHHbiM BbiWe rrpoeKTaM 

,D;OilOJIH.A:eTC.fl 3HatiHTeJibHOe "tffiCJIO. pa3paCiaThiBaeMbiX H pea.Jitf3yeMbiX KOMIT

JieKCOB ycKOpHTeJie~ Tfl)KeJiblX HOHOB Ha ~meprHH COTHH MaB Ha HyKJioH, 

KOJIJia~epOB C 3HeprHe~ COTHH reB/HyKJrDH H OCHa~eHHe ,n;ei:tCTBJ'IO~HX 

YCT8HOBOK H8KOilHTeJibHblMH KOJibQaMH ,D;JIH T.fi)KeJibiX HOHOB C IlpHMeHeHHeM 

CTOX8CTHti8CKOrO HJIH 3JieKTpOHHOrO OXJiaii\D.eHH.R. 

Pa3BHTHe ycKopHTeJieti Bcer,n;a orrpe,neJIRJIOCb rroTpeoHOCT.A:MH !f!H3HKH. 

BH,D;HMO, ce~qac B03HHKJia HeOOXO)J;HMOCTh KMeTb Tfl*e.nue HOHU npaKTHtieCKH 

BO BCeM ,D;HaiTa30He SHeprR~, XOT.A: rOHKa 3a 3HeprHe~ H HHTeHCJiBHOCTbiO 

ycKopeHHhiX IlYtiKOB BCer,na COilpOBO~aJIO ycKOpHTeJIH, HatiHHM C C8MbiX 

rrepBbiX ycTaHOBOK. ~H3HK8 TpeOOBaJia H:IH HOBbiX aHeprH~, ,D;JIJi 8KCrrep11-

MeHTOB B HOBbtX OOJiaCT.A:X, J!IJIH Il0BbiiDeHJ1e HHTeHCHBHOCTH )J;JI.A: IlOHCKa 

pe,nKHX coobiTH~. Pa3rpaHHtieHHe H aKu;~~HThl 3,n;ecb BeCbMa ycJIOBHhl, H 

T.ITOOhl ,D;Biir8Tb pa6oqyro TOti1cy' Ha llJIOCKOCTH HHTeHCHBHOCTb-SHeprHR, 

IDJIO HenpephlBHOe pa3BHTHe YCKOpHTeJiei:t. ffaqeCTBeHHUe "CK8tiKI1" IDJIH 

IlO TpeM HanpaaJieHH.RM: HOBbie J!t,D;eH, Te:{HOJIOrR.fl, opraHH38QH.A: rryqKOB. 

HoBbie J!t,D;eH po,n;HJIH HO Bbte cxew ycKOPH'reJiei:t, npHHL\Hilhl !floeycHpoaKH 

qacTHL\ (HanpHMep, nepexo.n K ycKopRTe.rno c pa3,n;eJieHHhlMR WHKI.:\HftMH). 

TexHoJiorHR onpe,neJIHJia cTeneHb aHepr,)3aTpaT, a cJie,u.oaaTeJibHO H 

raoapHTbl BHOBb C03,IJ.aBae~ ycTaHOBOK. 3,necb IlaJibMa nepBeHCTBa 

HecoMHeHHO npHH~e)KHT TeXHOJIOrHH HC10Jib30B8HH.A: B ycKOPHTe~bHO~ 

TeXHHKe caepxnpoao,nHMOCTH. 
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opraHH3aQHR 6ycTepoB, HaKOTIHTeRbHUX Jtoneq, CTORKHOBeHH~, OCHa~eHHe 

YCKOpHTeRbHUX KOMTIReKCOB pa3BeTMeHHO~ CHCTeMO~ o6na.p.B.IO~YI CTieJ4H

q>HT.ieCKHMH CBOHCTBaMH BTOpH"tlHhiX nyqK0:3. 

YcKOpHTemlf TR1KeJiblX HOHOB HCTIORb:3yroT B CBOeM pa3BHTHH BCe 3TH 

TPM HanpasneHM.ff. YcKopeHHe TR!teJibiX MOHOB HMeeT PRA oco6eHHOCTeti no 

cpaBHeHHID c ycKopeHMeM aneMeHTapHHX laCTMq. Bo-nepBhl.X, aTo npo6neMa 

nonyT.ieHHR TR!teR~ HOHOB C MaKCHManbffiiM 3apfiAOM. ilOKa B03MO*HOCTM 

COBpeMeHHHX MCTOQHHKOB TR*eJiblX MOHOB Tpe6yroT ~OpOI'OCTO~HX npeAYCKO 
. . 

pMTeReH: npHT.ieM, KaK npaBHRO, llOCRe~·)BaTeRbHO HeCKORbKO CTyneHeH 

ycKopHTenet:t pa3RHQHoro THna c HeCKOR~KHMH aTanB.MH oo.rtHPKH ~nn no

BhlilleHHR TeMna Ha6opa aHeprHH. Ha..n.o c:~a3aTb, 'iTO npaKTHqecKH Bee 

COBpeMeHHhle npOeKTbi TR*eRO-HOHHhlX yc:<OpHTenef! H p8.3BHTHe CTap~ 

ycTaHOBOK npe.rtnonarB.IOT HCilORb30BaHHe CHCTeM, npe~OMeHHHX H pa3pa

OOTaHHUX KanqHHCKHM H TennnKo~/I/ • MoHHblti nyqox o6na..n.aeT He 

TOJibKO pa36pOCOM no aHepi'HH, qTO eCT•~CTBeHHO AJI.PI .111000!'0 ycKOpHTeJIH, 

HO H paa6pocoM no 3ap~ ycKOpfteMoro nyqxa, qTo co3~aeT ~onoJIHHTeJib

Hble TPYAJiOCTH ,IVIR AHHSMHKH nyqKa B y·::KopHTene, ero y~epm8.HH.PI, H, 

B KOHe'tlHOM cqe'l'e, )VIII 'l'OtniOI'O 3H&H:iofJII KHHeM&THKH nyqKa npH ero 

B3aHMOAeAC'l'BHH C MHmeHbD HJIH C ~yr~• nyqKOM. 

)tn11 no!lllmeHHfl KaqecTBa ycKopeHH·)I'O nyqxa 

3aQJriR HB.KOTIHTeJibHhiX KOJieq Iii OXJia7ftAeH:iofe nyqxo B. 

CJIYJmT opraHH-

EcJIH nocqHTaTb, CKORbKO COObiTHtt < n> B cpeAJieM npOitiCXO,IU1T 3a 

BpeMs:r T , npH ycJIOBHH, qTo aTo co6JliTHe HMeeT ceqeHHe L: , TO 

MO!tHO HanHC8.Tb 

I'Ae K03~HQHeHT nponopQHOHaJibHOCTH ~ HMeeT Ha3B&HHe CBeTHMOCTb. 

Pa3MepHOCTb [ L] - CM-2ceK-I. CBeTrwocTb HaH6o.nee <flH3HllHO BIXpaMa

eTc.ff AJift CRYT.ia.ff ABYX CTaJIKHBB.IO~KXCR JyqKQB H TI03TOMY RBJifteTCR OCHOB

HbiM napSMeTpOM KOJIJia~epoB, TIOCKOJibK,y onpeAeJIReT a<il<fleKTHBHOCTb pa-
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rAe A( - q~cno qacTM~ B Ka~oM nyqKe, ~ - qacToTa pa6o~ ycTa-

HO BKH, () - PBJJ.HYC ceqeHH.fi nyqKa ( :E: npH6nH7KeHHH KpyrJioro rryqKa 

C paBHO~ nnOTHOCTbD no ceqeHHID). ilap~MeTp@ ny~a B MeCTe BCTpeq~ 

onpeAen.fiDTC.fi ~PMYno~: 

) - peJI.fiTHBHCTCK~ti q,aKTOp ny~a (ero 3HeprH.fi) j ~ - HeKOTOpM 

cneq~q,~qecKM YCKOpHTenbHa.fi ~HK~Hfl, onpeAen.fiiD~aR CBO~CTBa MarH~T

HOrO noJI.fi ycKopMTenR Hn~ KOnb~a B Me<:Te BCTpeqH nyqKoB, a E 
oqeHb Ba~a.fi xapaKTepHCTMKa nyqKa, TaK Ha3~Bae~~ 3MHTTaHC. ~H3~

qeCKH~ CMhiCJI f - !f>a3o~it o6'0eM nyqJCa, rpy6o onpeAenReMbl~ KaK 

npoH3BeAeHHe nonepeqHoro pa3Mepa rryq1ca Ha BeJIHqMHY yrJIOBoro pa36po

ca nyqKa. 06'0eAMH.R:.fi 3TH ABe ~rue npHBeAeHHble !f>OPMYJI~, Mhi noJiyqHM: 

N2o 1 
<n>=Z-·& 
1/ ~ (Mhl yqn~, qTo T rv f ) . M3 aTo~ !f>opMYJI~ RCHo, qTo yBeJIHqeHMe N, 

t( nOBhiiDaeT a<Ixf>eKTHBHOCTb yCKOpW~eJI.fi, qTQ ecTeCTBeHHO, HO 3aT

py,nHHTeJibHO, a TaK7Ke, C~eCTBeHHO AJIH nOBbiUieH~.fi aqxpeKT~BHOCTH 

yMeHhmeHMe £ , 3MHTTaHca nyqKa, 1..\HJI.A:M qero CJIY!tHT oXJia~eHHe. 

0AHaKO pOnb OXJiaJK,D;eHHfl nyqKa ,na7Ke WHpe, qeM 6biJIO CKa3aHO • .neJIO B 

TOM, qTQ KaqeCTBO ny~a (HHTeHCHBHOC'~b, pa3Mep~, pa36poc~ no 3Hep

r~m M HMnyJibCaM qacTHq) onpe,neJieHo ca.MMM ycKopHTeJieM, a HMeHHO 

ycJIOBMeM 3axBaTa qacTHL\ B pe1KHM ycKopeHH.fi H caMHM npo~eccoM ycKope

HMR. Ecn~ ~ nocJie 3TOro "c6pacbiBaeTe" nyqoK Ha !f>MKCHpOBaHH,YD M~UieHb 

Iii KaqecTBO nyqKa BaC ycTpaHBaeT, TO :3 3TOM CJiyqae HHqero 60JibWe 

AeJiaTb He HaAO. EcnM 7Ke 3TO He TaK ~ BaM He06XO,nHMO MJIH yJiyqm~Tb 
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Ka~eCTBO ITY~Ka ~H BhlBO~a Ha MHill8Hb, MRH HaKOITHTb qacTH~ ~RH 

ITOBhiUI8HH.ff 3qxpeKTHBHOCTH ITOHCKa pe~KID: rrpoqeCCOB, Bbi ~OR2KHbl BbiBeCTM 

rryqoK B COOTB8TCTByro~ee HaKOITHT8RbHOE~ KORbQO, KOTOpoe BM8CTe C 

rryqKQM o6pasyeT KOHCepBaTHBH,YID CHCTe~~ M rryqoK, B HeR 6y~eT coxpa

HRTb CBOti !fla30Bblti 06'beM, H3-3a YHMBepcMbHOCTH TeopeMbi JieyBHJIR.ff. 

~HHCTB8HHbiM OTKHOH8HHeM OT KOHCepBa~HBHOCTM CHCTeMbl HBHRIDTCH e!fl

!fleKTbl pacceRHHR qacTHL\ nyq}(a Ha ocTa~'OtlliOM rase H ~yr Ha ~yre, 

~To oco6eHHO Ba7KHo ~H nyq}(OB T.RJKenbD< HOHOB. Ho 3TH eqxpeKTbi yBe

RHqJ.iBaJOT 4Jasowti o6oeM H rrpHBO,rtHT K yMeHbilleHmo L H cne~oeaTeJibHO , 

( Y\ ') • TaKMM o6pasoM, QeRb oxJia}K,I\eHHH - yMeHbmeHHe 4Jasoeoro o6oe

Ma rryqKa HJIH ero 3MHTTaHca. 3Ta Q6Rb AOCTHraeTC.ff C03~aHHeM ycROBHti 

~R AHCCHllaQHH 3HeprHH qacTHq H3 ee norrepe~oro ,ItBH~eHM.ff H Il03TOM,Y 

3TOT rrpoQeCC rronyqHR Ha3B8HHe OXRa~eHHfl. 

MTaK, ecJIH Mbi coa.z:t~HM ycJIOBHH ~JIH oxna~eHHH nyqKa, MH ,ItOCTHr

HeM cJ!elJ,YIO~ero: 

a) YMeHbmeHHe reoMeTpM~ecKHX paaMepoe ny~Ka H ero pas6poca 

no rrorrepe~ yrJ!aM , cRe~oeaTeJibHO, yJ!yqmHM ero KHHeMaTH~ecKHe 

CBOtiCTBa; 

6) yMeHbW8HHe ~a30BOrO 06'beMa IT03BORHT HaKaiTRHBaTb qacTHQbl 

H, CRe,ItOBaTeRbHO, yBeJIHqHBaTb HHTeHCHBHOCTb rryqKa ~H ~MbHe~mHX 

3RCITepHM8HTOB HRH HaKaiTRHBaTb pe~KHe qacTH~, ITOJiyqaeMble H3, K rrpM

Mepy, nepBH~oro nyqKa; 

B) ITORy~aeM B06M07KHOCTb ~HTeJibHJrO y~ep*aHHH rryql(a, ITOCKOJibKY 

HMeeM B03M07KHOCTb 6opOTbCH C yBenHqeH~eM ero paaMepOB H3-3a 

pacceHHHII. 

B HaCTOII~H~ MOMeHT B YCKOpHT8RbH)~ TeXHHKe HCITORb3yroTCH ,ItBa 

CITOC06a OXRa~eHMH: CTOXaCTHqecKHti H 3R8KTpOHHblti. 

ll,u,eR CTOXaCTHqeCKOrO MeTO,z:ta YCKO.~eHH.ff ,ItOCTaTO~O rrpOCTa H 

BHAHa M3 pHc.I. qaCTHQbl npOXO~IIT H3Me.pHT8RbHOe ycTpORCTBO (nMKan) 
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CIIII'HaJI C KOT·)pOI'O, nponopQHOHaJibHhiA 

OTKnOHeHHID qlcT~ OT CCIII YCKOpHTe~fl qepe3 

YCHRHTeRb nepeAaeTCH Ha crreQHaJibHOe ycT

poACTBO (KHK9p). 3TO ycTpO~CTBO B CBO~ 

oqepeAb ~pa5aTMBaeT COOTBeTCTB~~H~ HM-

rryRbC 3ReKTpOMa!'HHTHOI'O ITORH, rac~H~ 

OTKROHeHHe GaeTH~. BHeWHe CHCTeMa CTOXaC

THqecKOI'O oxna~eHHfi ~r~flAHT oqeHb npocTo, 

HO Ha CSMOM Ae~e peaJibHaH CHTyaqHH ropa3AO 

cno~ee. Bo-nep~, Aa~e OAHa qacTHQa, KaK 

Ha npHBeAeHF.OM rrpKMepe, MeHHeT CBOID CKOpOCT 

Macey, ~asy npoxo~eHHH ITHRarra B npoQecce 

YCKOpeHHH H BCe 3TH H3MeHeHHH AOH~ OTpa-

6aTbiBaTbC.ff yCHRHTeRbHbiM ycTpOi\CTBOM. Bo-

PHc.I. BTOpNX, B m·qRe npHCYTCTByeT Qe~~ aHCaM6Rb 

qaCTHLh KMe~T!lHX Ha6op ~a3, 8.MI1~HTY,D. J! T·A· il03TOMY CMbiC~ pa60Tbl CHC

TeM O~a~eHHH COCTOHT B TOM, qT06bi J~eRHTb Ha Ka~OM o6opoTe qacTb 

qacTHQ>HMero~HX o6~ro ~aay rrpH npoxo~~eHHH OTKROHHID~ero ycTpo~cTBa, 

H TaK ManhiMH rropQHHMH 3a MHOI'O o6opo~~OB noraCHTb RORe6aHHfl B nyqKe. 

TaRO~ rrpoQeCC ,D.aJI Ha3BaHHe 3TOMY MOTO,lJY OXJia~eHHe • 

.flpH HCllO~b30BaHHH 3ReKTpOHHOI'O o~a~eHHfl AHCCHITaQHH norrepe~o~ 

3HeprHH nyqKa npOHCXOAHT 3a cqeT B3aJ.fMOAe~CTBHH (KYJIOHOBCKOI'O pac

Ce.ffHHH) qacTHQ oxn~eHHoro nyqRa c -~acTHQaMH ~yroro nyqKa - AaH

HOM CJiyqae 3ReKTpOHHO!'O. ,nnn 3TOI'O ll)OTOHHbli\ nyqoK MY! nyqOK T.ff1Ke

RUX HOHOB npOXOAHT Ha yqaCTKe HeKOTOpO~ ARHHY COBMeCTHO C rryqKOM 

3JieKTpOHOB, np~~tqeM, Hy1KHo, l!T06bl VQ.-=::: Vi H 3JieKTPOHHbl:t1 nyqoK 6blJI 

MOHOXpOMaTMqeH ITO 3HeprHH. CxeMY 3Re~Tp0HHOI'O OXJia~eHHH CM. Ha 

pHc.2. EcTb HeCKORbKO ~H3HqeCKHX a.HaJIOI'H~ MeXaHH3MY 3~eKTpOHHOI'O 

oxna~eHHH. HarrpHMep, aHanor~~tn cMem~~tBaHHH AByx noTOKOB raaa, 
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PHc.2. 

Tennoro H XORO~HOrO npH KOTOpOM Tellnhl~[ llOTOK yMeHomaeT CBOID TeMne

paTypy, a xono~~~ yBen~HBaeT. ~yrar: MHTepnpeTa~Hfl - pacceRHHe 

HOHOB Ha aneKTpOHHOM raae. Ecn:v.t C"tiHTa'J•o rryqoK SReKTpOHOB MOHOXpOMa

TH1IeCKHM H rrepe~TH B CHCTeMY KOOp~HHa~·, B KOTOpO~ aReKTpOHHhlH nyqoK 

llOKOHTC.fi, TO HOHHhiH ny"tiOK B STO:£! CHCTE!Me 6y,n.eT npOXO,IJ.HTh qepe3 SReK

TpOHHhiH ras c paaJIHlllihiMH nonepe"tiHhiMH c:KopocT.fiMH. ITpH aTOM HOHhl 6y

~T pacceHBaToCR Ha rase, Tep.RTb cBoro aHepr:v.tro. C:v.tHXpOHH3M cKopocTH 

SReKTpOHHOrO H HOHHOrO ITy"tiKa Tpe6yeT J'BeJIHqeHH.fi SHeprHH SReKTpOHHOrO 

ny"tiKa B aaBHCHMOCTH OT 3HeprHH HOHHOrC,. OTO BH,IJ.HO H3 CRe~ro~ea 

Ta6nwJ):ll21 : 



Ta6mn~a I. 
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7 

~~e~rM.R aneKTpOHHoro nyqKa 
( lCaB) M MO~HOCTb nyqKa (KBT) 

Ha I A TOKa 

0.5 

5.4 

54 

272 

545 

OcHOBHhiM aqxpeKTOM, KOHKYPHPYIO~HH c npou;eccoM aneKTPOHHo:ro 

oxnaXQJ.eHHR, .A:M.ffeTC.fl rrpo:qecc peKOM6HHaD;HH HOHOB, H3MeHeHHe 81"'0 

3apR~a 3a cqeT 3axaaTa aneKTpOHOB, noaTOMY rrpH peanH3au;HH MexaHH3Ma 

aJieKTpOHHo:ro oxn~eHH.A: eymo co3~aaa'~b ycnoamr, rrpH KOTOPDIX apeM.a 

OXna~eHH.fl 6~JIO 6~ 3HaqHTenbHO M8Hbllie BpeMeHM peKOM6HHaD;MM. 

He B~aBMCb B TO'tffibliit pacqeT H ~HTanH MeXaHH3Ma 3THX )J.Byx 

CITOC060B OXJiaXQJ.eHH.ff, Tpy,D.HO o6~.A:CHHTb KOr~a HY!tHO rrpHM8H.ffTb TOT 

HJIH ~y:rott cnoco6 oxnaXQJ.eHH.A:. HcHO, q•w cToxacTHqecKHi-1 cnoco6 

Jiyqme ilpHMeHRTb npH 60JiblliOM HaqanbHOM 3MHTTaHce nyqKa H 60JiblliHX 

aHepra.ax, aJieKTpOH~i.1 cnoco6 Jiyqme rrpaMeH.aTb Ha HaqaJib~ aHeprH.ffX 

IIIJIH rrpH ,IJ.OCTaTOtmO MaJIDIX 3MHTTaHcax rr:rqKa. 

Ha pHc.3 MO~Ho yBH,IJ.eTb o6JiacTH uaH60JibmeH a~eKTHBHOCTH pa6oT~ 

To:ro HJIH ~yroro MeTo,n.a oxJia~eHM.ff. Pa.3,IJ.eJieHHe 

KOHetmo, HOCHT yCJIOB~iii xapaKTep H C~T~T B OCHOBHOM ,IJ.JIH HJIJIIOCTpau;HH 

(pHc.3a - 3aBHCHMOCTb BpeMeHH OXJiam,IJ.eHH.ff OT 3MHTTaHca nyqKa HJIH 

pa36poca rro HMnyJibca.M; pHc. 36 - nonepl~~oe ceqeHHe rryqB:a, )J.JI.R KO

Toporo HaH60Jiee ~eKTHa pa6oTa 3JieKT)OHHOf'O H CTOXaCTHqeCKOf'O 

OXJiallQ.l;eHH.R). 
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B ,II.€WCTB~TeJibHOCT~ B cyr~eCTBYIOT.I\IDC rrpoeH:Tax OCHal!\eH~fl COBpeMeHHhiX 

qeHTPOB ycKop~TeJie~ HaKorr~TeJibHhlM~ KOJibQaM~ ,II.Jifl oxJia*)J.eH~fl nyqKOB 

HCI10Jib3YfOTCfl o6a 3T~ MeTO,II.a ~JI~ KX KOM5~HaQ~H. OT~ npe,II.JIO~eH~fi C06-

pa~ B Ta6JI~qe 2 /3/ • 

YcnemHoe oc~ecTBHeHHe MeTo,rr.oB oxrra~eHMft noaBOJI~JI~ rrpH~H 

K rrpoeRT~pOBaHHro KOJIJia~epOB - ycKOpHTenb~ YCTaHOBOK B KOTOpYX 

OC~eCTBJifleTCfi coy,rr.apeHHe ,II.Byx yCKOpeH~ rryQKOB Tfi~enHX HOHOB. 

EcJIH 3HeprHfl Ka~oro rryqKa HOHOB EK: , TO B CHCTeMe QeHTpa Mace 

3Hepren coy,n;apeHIIH E,..M= EYE> r,n;e Eo - 3Heprllll nOKOH IIOHa. 

3HeprHff E ~."" ¢laKTHqecKH onpe,rr.eJifieT 3HepreTHqecKH~ BblH:rpbiiii OT 

npHMeHeHHfi KOJIJia~,rr.epOB. B OCHOBHOM, BCe npe~OZSHHfi no coopyEeHHIO 

KOJIJia~epOB onpe,rr.eJifliDTCfi B03MO~OCTfiMH IIOJiyqeHHfi KBapK-I'JIDOHHO~ 

nJia3~ B fi,II.pe. Pacqe~ IIOKa3HBaDT/4/ , qTQ MHHHMaJibHafi He06XO,II.HMafl 
r~s; :., 

,II.Jlfi 3TO:rO nJIOTHOCTb 3Hep:rHH 2 /<f H aaBHCHT OT aTOMHOI'O 

KOJibQa yCKOpeHHOI'O HOHa TaK, KaK I10Ka3aHO Ha pHC.4. OrpaHHqaCb 

3THMH 06T.I\HMH 3aMeqaHHflMH 06 OCHOBHHX yCKOpHTeJibHHX npHHQHnax 6y

~HX KOMI1JI€KCOB Tfi~e.JIHX HOHOB, rrpoaH8JIH3HpyeM 3TH npe~OEeHHfi, 

TaK CKaaaTb>I10 reorpa¢HqecKOMY npHHQHDY - M€CTY pacnOJIOEeHHfi. 

flepcneKTHBbl TfiE€JIO-HOHHb~ YCKOpHTeJie~ B 06JiaCTH cpe,rr.HKX H 

peJifiTHBHCTCKHX 3Hepi'HW Ha aMepHKaHCKOM KOHTHHI'eHTe CBfl3HBaiOT C 

paasHTHeM QeHTpos B BepKJIH ( L BL ) , CyK-PH,rr.me ( 0 RtV L ) H BpyK

xewseHe ( BNL ) . 
~a6opaTOpHir B BepKJIH HMeeT ,rr.aBHH€ Tp~HQHH B 3TOR 06JiaCTH. 

YcKopHTeJib BesaJiaK - KOM6HHaQHfi Cynep~HJiaKa H BesaTpoHa. XapaKTe

pHcTHKH 3TOW ycTaHOBKH B ypaHOBO~ 06JIB.CTH CJie,II.YIOT.I\He: HCTOtffiHK 

,rr.aeT + 5-TH aapg,rr.~e HOHH C 3HeprHeR ]12 K3B/H; 3TH HOHH 1 yCKOpeHH€ 

Ha 1-oR ~T~HH CynepxHJiaKa ,rr.o eHeprH~: 1,2 M3B/H, o6,rr.HpamTcfi ,rr.o 

aapir,II.a + 13 H YCKOpiriOTCft I10JIHOCTbiO B C:ynepXHJiaKe ,II.O 3HeprHH 

8,5 M3B/H, nocJie qero me aapg,rr. Ha cTp~nnepe no~aeTcft ,rr.o + 40, 
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HOHY nepeBOAftTCn B CHHXpOTpOH BeBaTpOH H nonyq~T OKOHqaTe~bH,YD 

aHeprHD ~ I raB/H . ~bHeAmee yae~Hq~HHe aHeprHH HOHa orpaHHqeHo 

ero aapJIIAOM. . 3KcnepHMeHTbl B BepMH no:!Ca3MH I 41 , qTo on'l'mzyM ,IVIft 

no~yqeHHft qHcToro ftAPa ypaHa ~eEHT npH aHeprHH ~ 450 MaB/H. 

~ 

" ~ 
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0 1rr w _. 
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10 1 w 
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w . 
~ . 
<J 
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10 A 
0 flO 80 1~0 f60 200 24'0 

PHc.4. 

llepBblA H HaH6o~ee npecTDHI:dl npoe KT paaaHTHft L B L CM38.H 

c coopyeHHJIIMH V E N U S , pacc~'l'aHrtoA Ha no~yqeHHe H& 4>HKCHpo-



II 

BSHHOA MHmeHH aHeprHA ypaaa OT 20 Ma~/H ~0 20 raB/H H B pe~e 

KOJIJia~epa 2 X 20 raB/H. Cxewa npoeKTo!l v EtJU .s npe~cTaBJieHa H8 

pee. 5. 0~H&KO STOT npoeKT BCe etqe ~aJit~K OT peMH38qHH H3-3& CBOeft 

mcoKoA CTOHMOCTH ( "' 100 M ~ B rteHax I979 r. ) • IIoaTOMY B HacTo~ee 

BpeM.A: paCCM8'1'pHBaeTCJI B03MOlKHOCTb COO;?YJ(eHHJII MHHHKOJIJI&A.ztepa C 

M8KCHM8JibHOft sHeprHeA 4 raB/H. flXSHH~(eTCJII HCflOJib30B&Tb KOMnJieKC 

BeBaJiaK )tJI.R noeyqeHH.fl HOHOB ypaHa C aHeprHef.i ~ 400 MaB/H, 

flOCJie qero OHH 6ylJYT flOJIHOCTbiO o6~Hp&'.l'bC.fl H HHifeJ.<THpOB8TbCH B 

~ H8KOflHTeJibHHX KOJibqa C )tJIHHOA.~opo~<H 200M. ~ee nocJieAYIDT 

nporteCC~ H8KOnJieHHR, OXJI&~eHH.fl (CTOX~lCTHqecKoro) H ~OYCKOpeHHJI 

,no aHeprHH I raB/A. C>JtH~aeMhle nap&MeTp~ MHHHKOJIJia~epa noKaaaHbi 

B T86JIHQe 3. 

ypaH 
30JIOTO 
HeOH 
npOTOH 

M8KCHM8JibHM 
KHHeTHqecKa' 
SHeprHR raB H 

3 - 4 
3 - 4 
4 - 5,3 
9 -I2 

CBeTHMOCTb (CM-2ceK-1) 

npH I faBH 

3 x Io23 

4 x Io23 

2 x Io25 

4 x Io26 

PHc.5. 
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OcHOBHhiMH ycKopHTeJibHhiMH ycTaHOBKaMH ORN L B HacTo~ee apeM.fl 

HBJI.A:IDTC.fl KpynHHR Ta~eM BaH-~ep-rpaa¢ c noTeH~HaJIOM 25 MB H HaoxpoH 

HH~ ~HKJIOTpOH. BJIH~a~ee 6y~ee 3TO~ Jia6opaTOpHH CB.A:3aHO C peaJIH-

3~He~ npoeKTa no coopy~eHHID 6ycTepHoro KOJib~a (138M) Ha 3HeprHro 

488,7 M3B/H (npH 3TOM T~eM cJI~HT L-~HJKeKTopoM). IlocJie 6ycTepa 

nyqOK 6y~eT nepeBO~HTbC.fl B ~Ba HaKOOL-~TeJibHHX KOJibqa (~JIHHa ~0-

pO~KH npHMepHO B 6 pa3 60JibWe 6ycTepa) C MaKCHMaJibHO~ 3HeprHeA 

B pe~Me KOJIJia~epa 10 rsB/H. CxeMa ycTaHOBKH noKa3aHa Ha pHc.6, 

a o~ae~e napaMeTp~ nyqKOB B ·Ta6JIHDe·4. 

HoH HoH/ KHHeTH-qecKa.A: 
3HeprHII (rsB/H) 

CaeT~OCTj 
(eM- ceK- ) 

I2c I,I·1010 12,7 3,6·1028 

32 4,0·109 12,7 4,6·1027 

63cH 2,0·!09 1!,6 1,1·1027 

1271 !,6·!09 10,4 5,0.1026 

I27AH 1,2·109 10,0 3,3·1026 

PHc.6. 
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rJiaHhl B N L rrpe,nJiararoT pean~maQ:mo HaH6oJiee KpyrrHoro rrpoeKTa 

HOHHOrO KOJIJiaA,nepa. 06JiaCTb 3HeprHR OT HeCKOJibKHX rsB ,no 100 r sB/H. 

OcHOBOR Anfi TaKoR ycTaHOBKH RBJIRIDTCR 

a) HSJIH~e 2-x TaH,neM-reHepaTopoB c Harrpfi~eHHeM (5 MB ) 
TOHHeJib rrpHMepHO KHJIOMeTpOBOrO AHaMe pa (coopy~eHHOR AJIR ycTaHOBKH 

ISABELLA>; 
6) 60JibiDHX rrpOH3BOACTBeHHHX MO~OCTe~ AJIR coopy~eHHR CBepxrrpo

BOA~HX MarHHTOB (C03,naHHHX AJIR TOR ne ycTaHOBKH) H 

B) 28 rsBtHoro rrpOTOHHOro CHHXpOTpOHa A c;s . 
CeRqac 3aKaHqHBaeTCR OOOpy~eHHe KHJIOMeTpOBOrO KaHaJia AnR 

nepeBo,na rrytma H3 TaH,neMa-reHepaTopa B A G, S . Ha sToR cT~HH 
rrJiaHHpyeTCft ITOJiyqHTb JierKHe ITO~HOCTbD HOHH30BaHHhle ft.npa C 3HeprHe~ 

15 rsB/H. Ha BTOpoa CT~HH rrJiaHHpy TCfi coop~eHHe 6ycTepHoro 

KOJibQa (cM.pHc.7). BycTep 1103BOJIHT ITOJiyqaTb HOHhl BITJIOTb ,no 30JIOTa 

c sHeprHeH 367 MsB/H, a rrocJie ,norroJIHHTeJibHoa 

PHc. 7. 
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B A G s ,no aHeprHH 10 raB/H K ltiBeCT~ ,IVIft aKcnepHMeHTOB H8 <PHK

CHpOBSHH,Yn MHW9Hb. H H8KOHeQ, TpeTbH ~Ta,nHS npoeKTa - coopy~eHKe 

penHTHBHCTCKoro TR~enoHOHHoro Konna~epa ( RH IC:) c aHeprKeA 

CTOnKHOBeHKH 2 X 100 raB/H. ~aeNHe CBeTHMOCTH RHIC OT 1030 ,nns 

nerKHX KOHOB ,no 1027 Yc M2 (.0t<.: ,IVI.fl HOHOB B paAoHe 30nOTa. CTOH

MOCTb Bcero npoeKTa rv 140M ~ B Qe:.tax 1984 r. 

ilporpSMMy p83BHTH.fl YCKOpHTenbHHX ycTaHOBOK ,IVI.fl TR~nHX KOHOB 

B finOHHK MOMHO npo,neMOHCTpHpOB8Tb Ha lpHMepe KOMDneKca HHCTHTyTa 

a,nepHHX Hccne,noBaHHA (~/Vj) B6nH3H T)KHO. HecKonbKO neT Ha3a,n 6~n 
npe,IVIo~eH npoeKT penHTHBHCTCKCI'Q T.H~en)HOHHoro ycKopHTens AIU/11-I7f!DJ/ 
O,nHaKo, no pa3nH~ npHqJ.~HaM ero peanH3aQHR 6Hna OTMeHeHa, a ,nna 

H3yqeHHR ps,na BOOpOCOB ,nHHaMHKH nyqKa, B qacTHOCTH ero oxna~eHHH, 

6wno c,nenaHO HCOWTaTenbHOe H8KOITHTenb:.tOe KOnbQO ,nHaMeTpOM rv IO M, 

HH~eKTopoM ,IVIH KOToporo cnyMHT QHKnOTpOH. YcTaHOBKa nonyqHna Ha3-

B8HHe I A RfV H Ha He A 6biJIH ycnemHo npoBe,neHbl aKcnepHMeHTbl no cTo

xacTJ.IqeCKOMY oxna~eHHID nyqKa. CeAqac HaqanHcb aKcnepHMeHTbl Ha yc

TaHOBKelrARAf-N / 5/, KOTOpas npe,ncTasnseT H3 ce6.H <PaKTHqecKH CHHX

poTpOH Ha aHeprHID 1,3 raB ,nn.H npoTOHOB. YcTaHOBK8 HMeeT yqacTKH ,nn.H 

aneKTpOHHOI'O H CTOX8CTHqecKOI'O oxna~eHH.fl (CM.pHc.8), paccqHT8H8 

Ha nonyqeHHe HOHOB C 5HeprHeA 450 MaB/H ,nna r~f\ ~ 0,5+0,2 C 

aHepreTHqecKHM pa3pemeHHeM nyqKa Ha ypOBHe 10-5. RpoMe 3TOH, 

HeCOMHeHHO oqeHb HHTepeCHOH M8WHHbl, B flnOHHH pa60T8IDT KOMnneKCbl 

JlY+IJ;HKnOTpOH H8 M8KCHMMbHyro aHeprHID D)IH T.A:JKeJibiX HOHOB tv 540! · 

MaB/H (HHCTHTYT <PH3HqeCKHX H XHMHqecKHX HCCne,nOBSHHH) H 

TaH,neM IJ;HKnoTpOHOB B Hccne,noBaTenbCKOM qeHTpe ,nn.A: .A:,nepHoA ~H3HKH 

c MaKCHMMbHOA aHeprHeA ,nn.A: ci_ -qacTHQ 340 MaB. 

B EBpone o,nHHM H3 KpynHeAmHX QeHTPOB B o6nacTH <PH3HKH T.A:JKeJibiX 

HOHOB .A:Bn.HeTca ~PMmTa,nT, r,ne B TeqeH~e nocne,nHHX IO neT ycnemHo 

aKcneyaTHPOBMC.A: UN I LA L , ycKop.A:ID:qHA B o6nacTH ,no IO MaB/H 
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PHc.8. 

3aKoHqHTbCfl CTpOHTenbCTBO KOMITneKca, BKn~qa~~ero B Ce6a MOAepHH3H

pOBaHHbt~ UN/LA L KaK HH1KeKTop, TR7KE!nOHOHHbt~ CHHXpoTpoH ( S' IS ) 
H 3KcrrepHMeHTMbHOe HaKOIIHTenhHOe KOJrbu;o ( ES R.) 16/ . 06!~H~ BHA 

KOMrrneKca rroKa3aH Ha pHc.9. HoHbt 6yrorT HMeTb 3HeprH~ I9 M3B/H. 

ITOCJie u N I LAc~ H I+2 r3B/H ITOCJie s I 5 
1
et • t:S R AaeT B03M07KHOCTb 

HaKarrJIHBaTb, OXJia~aTb rryqOK HOHOB, ~rMeHblliHB ero 3MHTTaHC AO BeJIH

~Hbt O,Ir, MM•MPaA H HMIIYJibCHbt~ pa36poc AO I0-5 • llonHOCTb~ KOMITJieKC 

BO~eT B CTpo~ B I99I r. 

CaMbte 60JibiDHe 3HeprHH HOHOB B HacTo~ee BpeMa rroJiyqeHbJ B 

UEPHe c HCITOJib30BaHHeM 400 r3B rrpOTOHHOro CHHXpoTpoHa ( s p c ) . 
+60 (KHCJIOPOA) H3 HCTOqRHKa yCKOpRJICH B 50 M3B'HOM JIHHeAHOM ycKOpH

TeJie, 6ycTepe H "cTapoM" rrpoTOHHOM CliHXpoTpoae ,no 3HeprHH I? r3B/H. 
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PHc.9. 

Ha aToR aHeprHH HOHbl noJIHOCTbiO o6,nHpa.JIHCb 11 HH7lteKTHpOBa.JIHCb B S Pf, 
r,ne aHepi'H.fl AOCTHI'aJia 200 raB/H. ,l(OCTHI'HYTM HHTeHCHBHOCTb -

108 
HOH/mm. CeAqac B aTOM :QeHTpe paspa6aThtBaiOTCH opraHH3a:QHH coy,na· 

peHH~ HOHOB KHCJIOpo,na npH aHepi'HH 200 raB/H C 400 raB'~H aHTH

npOTOHaMH. Ycnex B ycKopeHHH HOHOB ICHCJiopo,na B UEPHe ,na.JI ToJiqoK 

pasBHTHIO ~aHTacTHqecKHX H,ne~ noJiyqenHH yJibTpapeJIHTHBHCTCKHX HOHOB 
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B ,n.pyrHx qeHTpax/4/ . TaR, HanpHMep, paspa6aTbtBa.IOTCfl nJiaHH noJiyqe

HHH 400 r3B/H HOHOB B TSBATPOHe H HX coyAapeHHe c aHTHnpoTOHaMH 

Ha 3HeprHH I T3B (07KH,IJ,aeMM CBeTHMOC~'b ro28 I/cM2ceK-I). llOflBHJIHCb 

TaKiKe npeAJIO»teHHfl HCTIOJib30BaTb B OY,D.J'T~eM paspa6aTbtBaeMYro ce~qac 

ycTaHOBRY s s c 20 X 20 T3B ,IVIH HOHHOI'O KOJIJiaM,nepa C 3Hep

I'He~ 2 X 8 T3B/H co CBeTHMOCTbro ro30 I/cM2ceR-I. 0AHaRO nocJieAHHe 

,JJ.Ba npeAJIOiKeHHfl HOCHT noRa qHCTO TeO}>eTHqecRHH xapaRTep H MOI'YT 

paccMaTpHBaTbCfl ce~qac TOJibRO KaK rrpOHBJieHHe onpeAeJieHHO~ TeH,JJ.eH~HH 

B CoBeTCKOM Corose o,n,HH H3·HaH6oJ£ee RpyrrHbtX pea.nHsyeMhiX npoeK

TOB - YKTI1 MTal? 171 . OH ocHOBbtBaeTc.H Ha npoTOHHo CHHxpoTpoHe,Ro

TOpblti MO,JJ.epHH3HpyeTCfl AJifl npOAOJI7ICeHt(Si pa60Tbt C npOTOHaMH 9,3 r3B 

H ycROpeHHH Jiei'RHX HOHOB 3,4+3,7 r3BJ~ H TfliKeJihlX AO I r3B/H. ~fl 

3TOI'O npe,JJ.TIOJiaraeTCH coopyiKeHHe cne~HaJibHOI'O HOHHOI'O npeAYCKOpH

TeJifl. TaRaR MOAepHH3aL\Hfl cocTaBHT I-utl 3Tan pa6oTbl. 2-o~ 3Tan 

npeAYCMaTpHBaeT COOpym:eHHe ,1J,OTIOJIHHTeJ£bHOI'O ROJibi.~a B "Tel1JIOM" 

BapHaHTe, napaMeTpbt KOTOporo ll03B0Jlfl~' TIOJIYtiHTb npoTOHbt C 3HeprHetl 

!5 r3B H TfliKeJibie HOHbl 5 r3B/H. Yf HaKOHeu; 3-~ 3Tan pa6oTbl - CBepx

npOBO,JJ.Hr~ee KOJibqO ,lJ,Jlfl AOCTHiKeHH.fi 50-r10 r3B ,JJ.JI.fi rrpOTOHOB l1 20-25 

r3B/H ,JJ.JIR THiKeJibtX HOHOB. 

PHc. IO. 



IS 

XapaKTepHM oco6eHHOCTb npoeKTa COCTCHT B TOM, qTQ OH He pacqHTY

BaJIC.R: Ha pa6oTy c qHcTYMH .R:,IT.pB.MH. 06u:an cxeMa ycTaHOBKH - pHc. IO. 

B OHHZ aKcnepHMeHTY c T.R:XenNMH ~OHaMH cqHTSIDTC.R: OCHOBHYM 

HanpaaneHHeM HccneAOBaHHK. Ha 6aao~. ycTaHOBKax MHcTHTyTa. B o6-

nacTH HH3KHX sHeprH~ TaKo~ .R:BH.R:eTcP. ~HKnoTpOH Y-400, ycKopn~~H~ 

JierKHe HOHbl ,D,O aHeprHH 9-13 MsB/H c I<HTeHCHBHOCTbiO 2· ro1~acT/ceK 
' H HOHhl B pa u o He KpHnTOHlCtAO 3HeprHH 5, 3+6 MsB/H C HHTeHCHB-

HOCTbiO 5·10II_2•I012 qacT./ceK. Tpe6C,BaHHe COBpeMeHHhiX 4!H3HqecKHX 

nporpa.MM no aKcnepHMeHTaM npH 3HeprHJo[ I00-200 MsB/H MoxeT 6YTb Bhl

nonHeHo C03,D,aHHeM yCKOpHTenbHOrO KOMf[JieKca Ta~eMa ~HKJIOTpOHOB 

Y-400 t Y-400M/B/ • ilJiaHHpyeTcn, qTo sToT KOMnJieKc ooecneqHT ycKo

peHHe HOHOB OT He ,n,o ·v- c sHeprHe~ I~!0.;-20 MsB/H H HHTeHcHBHOCTbiO 

,D,O ro12 qacT./ceK. OcHOBHhle napaMeTt>hi KOMnneKca npHBe,D,eHhl B 

Ta6JIH~e 5. 

Y-400 Y-400M 

Macca HOHOB (A) 16-238 16-238 

8HeprH.fi HOHOB (MsB/H) 2,5-1,7 120-20 

0THOIIIeHYie A/ 16-20 2-5 

MHTeHcHBHOCTb (qacT./ceK)Io14-ro13 5·Io12-ro11 

IlporpaMMa paOOTbi C peJI.fiTHBHCTCKUMH HOHaMH 0~ OCHOBbiBaeTC.fi 

Ha YiCilOJib30BaHHH CHHXpo~a30TpOHa Ollffi1 Ha IO raB KaK ycKOpHTeJI.R: 

T.R:XeJibiX HOHOB. oTOT ycKopHTeJib HMeeT peKop,n,Hhle HHTeHcHBHOCTYi B 

oonacTH cpe,n,Hmc R.rr.ep c sHeprHe~ . .-..; 4 :,aB/H. B HacTOR~ee apeMR non

HhiM xo.rr.oM H,D,eT coopyxeHHe HyKnoTpoH~'9/ - cne~HanbHO coopy~aeMoro 
yc.-KOpHTeJI.R: T.R:~eJibiX HOHOB Ha 3HeprHIO 6 rsB/H )J.JI.R: BCeX .R,D;ep BnJIOTb 

;no U 
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ITapa.MeTpbi HYKJIOTpoHa co6paHbi B Ta6JiwL;e 6. 

8HeprHR HH~eKQWH 

KoHeqHa.A: sHeprwa: 

~JIR ~ep c .jA = 0,5 
238 +82 

,IJ,Jlfl 

.i1epwMeTp KOJibQa 

YlHTeHCHBHOCTb 

qaCTOTa QHKJIOB npH ~RHT9Jib
HOCTH Me~.neHHoro BhiBO~a I c 

MaKcwMaJibHa.A: ~nwTeJibHOCTb 
Me~JieHHOrO BbiBO~a 

MaKcWMaJibHaa MarHHTHaR 
7K9CTKOCTb 

MMnynbcHbi~ pas6poc: 

- npw HH?K9KI.WIH 

- B KOHQe YCKOpeHHfl 

- 5 MsB/H (npoeKT I2 MsB/H) 

- 6 rsB/H 

4 rsB/H 

- 2~~o M 

- Ioii A/ 2 qacT./QHKR 

~(I IO c 

- 46,I4 T.M. 

+ I 5·I0-3 
! 

+ I! O· Io-3 

HyKROTpOH 6y~eT WCTIORb30BaTb MarHHTbi HOBOrO TWITa (")J.y6Ha"). 

Ha ocHoBe STHX MarHHTOB paspa6aTbiBae~~c.fi npoeKT CynepHyKJIOTpoHa

KOJIJiaHAep peJIRTHBHCTCKHX T.fi*9JibiX HOHOB C SHeprwe~ 60 rsB/H. 

Pea.nw3aQwa npoeKTa ~epHyKJioTpoHa MoneT HaqaTbC.A: nocne 3anycKa 

HyKJIOTpOHS. 
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