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06maa xapaKTcp11CT11Ka pa6oTM 

IJ:CJJL II 3KT}'3JILHOCTL pa60TLI 

CospeMeHHaH ycKopHTeJibHaJI cj>H3HKa H TeXHHKa xapaKTepH3)'IOTCJI 
pacwHplllOllllfMCJI npOHHKHOBeHHeM npaKTH'!eCKH BO see o6JiaCTH HayqHhlX HCCJie,!(OBall 
KOTopoe npHMe'!aTeJibHO TeM, '!TO pa60TLI Ha CTbIKe pa3Jllf'!Hb!X o6nacreii HaYKH Hepe 
Il03BOJIJllOT ,!(06HThCJI npopbIBHbIX pe3yJibTaTOB, HMeIO!llHX KJIIO'!esoe 3Ha'!eHHe He TOJibKO 
cj>YH,!laMeHTaJibHOH HayKH, HO H ,!(JIJI C03,!(aHHJI HOBbIX npHKna,!(HbIX HanprurneHHli. 
Hlil.\lfOHaJThHOii Hayquoii na6opaTOpHH HM. A.Ji. AnlfxaHJ1Ha (Ep<l>H) [1) H s ,!lpyrnx Hayq1 
nettrpax ApMeHHH B nocne,!IHHe ,!leCJITHJieTHJI cneKTP HayqHhrx HHTepecos pe3KO so3poc. '. 
CBJl3aHO c pacnrnpeHHeM KOJIJia6oplil.\lfOHHb!X CBJl3eii, BJilfBaHHeM HOBb!X H;ieii, crpeMJieHHe 
csoeii crpaHe peaJilf30BaTL npHo6peTeHHhlli B MelKJIYHapo;iHhrx uayqHhrx ueHT 
nonoJKHTeJibHbIH onbIT. MHorne npoeKTLI no Mo;iepHH3a!lHJYMOJIHcj>HKa!lHH CHHXporp 
APYC EpesattcKoro cj>H3H'!eCKOro HHCTHTYTa no pllJIY npH'IHH ocTaJIHCh HeOcYllleCTBJieHHl> 
[2, 3]. Pa6oTa KOJTh!leBOH '!aCTlf - co6cTBeHHO CHHXporpoHa - 6bma npHOCTaHOBllf 
Ha'!HHaH c 2008 ro;ia. 

IIpo,!IOJDKaeT pa6oTaTb s asTOHOMHOM peJKHMe TOJibKO JIHHeiiHhiii ycKopuTeJIL 
HHJKeKTop CHHXporpoHa APYC, KOTOpblli cran O,!IHOH H3 6a30BhIX 3KcnepHMeHTaJibl 
ycraHOBOK ,!(JIJI HCCJie;iosaHHii B o6naCTH Jl,!(epttoii cj>H3HKH HH3KHX 3Heprnii. ,[Vui crpam 
orpaHH'!eHHhlMH pecypcaMH C03JjaHHe If 3KcneyaTa!lHJI HOBb!X ycKOpHTeJThHb!X Man 
JIBJIJleTCJI npaKTH'!eCKH CJIOJKHOH 33,!(a'!eii. 

B TaKOH ClfTYlil.llfH CTaJIO aKryaJThHbIM pacnrnpeHHe B03MOJKHOCTeii JllfHeiiH 
ycKOpHTeJIJI IIYTeM yseJIH'leHHJI 3HeprHH ycKOplleMbIX 3JieKTPOHOB, C03JjaHHJI HOBb!X pelKlfl 
ycTaHOBKH H, KaK CJie,!(CTBHe, IIOBhlWeHHe socrpe6osaHHOCTH ycKOpHTeJIJI JIJIJI lfCCJie;iosami 
o6nacru cj>yu;iaMeHTaJThHoii H npHKna,!(HOii HJlepHoii cj>H3HKH HH3KHX :meprnii. BhmoJIHeHH 
c 3TOH ueJiblO pa6oTaM If peweHHIO CBJl3aHHb!X c HHMH 3a;iaq Ha JllfHeHHOM ycKOpHTeJibl 
KOMIIJieKce JIY3-7 5 H IIOCBJl!lleHa JlaHHaH JIHCcepTa!lHJI. 

Hayquo-TCXHlf'ICCKaH HOBll3Ha If JIH'IHLIH BKJla,!( aeTopa 

IIo HHH!llfaTHBe H rro;i pyKoBOJICTBOM, a TaKJKe rrpH Herrocpe;icrseHHOM yqac: 
aBTOpa BOCCTaHOBJieHa H 3a,!(eHCTBOBaHa 3-JI ycKOpHTeJibHaH CTaHlllfJI JIHHeiiHoro ycKOpHn 
KOTOpaH c Ha'!ana 90-hlX ro;ios IIOCJie IIOJiyqeHHJI nyqKa 70 M38 no PllJIY IIpH'IHH 61 
OTKJIIO'leHa, If B JlaJILHeiiweM B 3Ha'!HTeJibHOH CTeneHH ;ieKOMIIJieKTOBaHa H ,!(eMOHTHpOBaHa 

BnepBb!e Ha 3TOM JllfHeiiHOM ycKOpHTeJie nocJie BOCCTaHOBJieHHJI rrpeJKHero pe)!(I 
70 M3B 3tteprHll 3JieKTPOHOB 6Mna ;iose;ieHa ;io rrpoeKTHoro 3Ha'!eHHJI 75 M38. 

PaccMorpeHa B3aHM03aMeHJleMoCTb 2-ii H 3-ii ycKopHTe!ThHhIX cTaH!llfii B peJKm 
(25 - 50) M38. 

M:ccJie,!(OBaHa pa6oTa ycKOpHTeJIJI B paCllllfpeHHOM JIHana30He 3Heprnii (50 - 75) :!\I 

H Haii;ieHbl pelKHMbl c npHeMJieMhIMlf BeJIWIHll3Mlf IIYtJKOBb!X TOKOB JIJIJI rrpose;ie1 

3KCIIepHMeHTOB IIOTeH!lHaJThHb!Mlf rrorpe6HTeJIJ1Mlf~.---------------

leillntaHHU0'.!1;h >E•; ?'!U ;:iv_~ ' 1 
'llJ..d:t ~ . ~~,z~~ rnn\tt t1nn11~u 
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H:iyqeHo BJll!JIHHe TeMnepaTypHhIX H '!aCTOTHhIX H3MeHeHHii CBlJ TPaKTa H 

ycKopHTeJlhHhIX ce1<I1Hii Ha :rnepreTH'leCK)'IO cTa6HJlhHOCTh nyqKa. Pe3yrri,Tan1 6hIJIH yqTeHhI 

npH 3aAeiiCTBOBaHHH nocrreAHeii CeKI1HH H norryqeHHH pelKl!MOB AO 75 M3B. 

OnpeAerreHhl xapaKTepHCTHKH rryqKa s pa3HhIX peJKHMax, napaMeTphl 3aHeceHhI s 

BHAe cjlaiiJIOB B KOMnhJOTep AID! onepaTOpCKOro nOJih30B3HIDI, '!TO COKpaIIIaeT 

spewl3aTPaTHOCTh H o6rrer'!aeT pa6ory COTPYAHHKOB BO BpeMH nowoTOBKH K 3KCnepHMeHTY H 

onepaTHBHoro nepexoAa c OAHOii 3HeprnH Ha APyrYJO. Ilocrre H3)"leHHll peJKHMOB ycKopITTeIDI 

B AHana30He (10 - 75) M3B 3-ll ycKOpHTeJihHall CTaHl.{IDI 6i,rna BBeAeHa B 3KcnnyaTaJ:lHIO. 

Bnepshle HCCJieAOBaHhl TeMHOBhle TOKH 3TOro ycKOpHTeIDI, H3Mepettbl HX cneKTPhl. 

BhlJIBJieHhJ pelKl!Mhl HX MHHHMH331.{HH. 

Pa3pa6oTaHa H peaJIH30BaHa MeTOAHKa noJI)"leHIDI YHHKaJihHh!X 3JieKTPOHHh!X 

II)"IKOB 3KCTPeMaJihHO HH3KOH HHTeHCHBHOCTH - AeCllTKOB '13CTHI.{ B ceKyttAY· C03AaHHhJe 

pelKl!Mhl n03BOJIHJIH MHHHMH3HpOBaTh llBJieHHe HaJIOlKeHIDI CHrHaJIOB (pile up) npH 

HCCJieAOBaHHH Cl.{HHTHJIIDll.{HOHHhIX KpHCTaJIJIOB 6oM6apAHPOBKOH OAHHO'IHO JleTllIIIHMH 

3JieKTPOHaMH. 

IlpH yqacTHH aBTOpa Ha OCHOBe ccjJopMHpOBaHHhIX HH3KOHHTeHCHBHh!X nyqKOB B 

HlUIA (Ep<l>ll) C03A3H H HCnOllh3YeTCll CTeH,11 AID! HCCJieAOBaHHll AeTeKTopoB 3JieMeHTapHhIX 

qacTHI.\. IlpoBeAeHHhle cosMecrno c Jla6opaTOp11eii l!AepHhIX npo6rreM OfrheAHHeHHoro 

HHCTHTYTa l!AepHhIX 11ccrreAOBaH11ii (JUIII Ollfil1, }:zy6Ha, PoccIDI) TeCTHpoaaHIDI npoTOTHna 

3JieKTPOM3rHllTHOro KaJIOpHMeTpa AID! 3anJiaH11poBaHHOro B <l>epMHJia6 (CIIIA) 3KCnepHMeHTa 

Mu2e nOKa3aJIH pa6oTOcnoco6HOCTh p a3pa6oTaHHOH MeTOAHKH H HMelKHOCTh pa60Thl CTeHA3. 

lJHCJIO OAH03JieKTPOHHh!X co6hITHii COCTaBIDIJIO He Mettee 70%. TaKoii CTeH,11, KaK H 75 M3B­

b!H ycKopHTeJih JIY3-75 c B03MOlKHOCThJO sapi,11poeattIDI 3Heprn11 B npeAenax (10 - 75) M3B, 

B HaCTOllIIIee apeMH llBIDieTCll eAHHCTBeHHO ,lleiiCTBYJOIIIHM B pernoHe [ 4, 5]. 

Ilp aKTU'leCKaH 3H3'1UMOCTL pa60TLI 

IloJI)"leHhl H HCIIOJih3YJOTCll 3JieKTPOHHhJe II)"IKH B IIIHpOKOM ,!1HaIIa30He 3Heprnii ( 10 -

75) M3B. Ha ocHoae ccjJopMHpoBattHhIX nyqKoB 3KCTpeMarrhHO HH3Koii HHTeHCHBHOCTH 

npoBeAeHhJ 3KCnep11MeHThl c perncTPal.{Heii (10- 20) e-/c . 3TO JI03BOJIHJIO pacruHpHTh cneKTP 

npoBO,!IHMhIX 3KCnep11MeHTOB. 

Errarot1apll ,!IOBe,lleHHIO 3HepreTHtJecKoro AHana3otta ,!IO 75 M3B cTarro B03MOlKHhIM 

H3)"leHHe ll,llepHhIX B3aHMOAeiiCTBHH npH 6onee BhJCOKHX noporax pea1<I1Hii, '!TO HCnOllh3YeTCll 

B HaCTOllIIIee BpeMH B 3KCnepHMeHTax, ocyruecTBIDieMhlX HCCJie,!IOBaTellhCKHMH rpyrrnaMH KaK 

ApMemrn, TaK H ttayqtthIX l.{ettTpoa t1pyr11x CTPaH [6]. 
B pe3yrri,TaTe ei,morrHeHHhIX pa6oT Ha ycKopHTerre npoBO,llllTCll 3KcnepHMeHThI tta nyqKax 

co cpe,!IHHMH TOKaMH OT CBepXHH3KHX 3Ha'!eHHii AO 10 MKA B YKa3aHHOM BhIIIJe 

3HepreTH'leCKOM ,!1HaIIa30He: 

• H3)"leHHe cjJOTOll,llepHh!X peaKl.{Hii B o6JiaCTH cjlytt,llaMeHTaJihHOii ll,llepHoii cjJH3HKH 

HH3KHX 3Heprnii; 

• CTaBrnHe TPMHl.\HOHHhIMH AIDI JIY3-75 onhITbI no aKTHB31.\HOHHOMY attarrH3Y [7, 8], a 

'13CTHOCTH, no nOHCKY HOBhIX Me,!IHl.{HHCKHX H30TOnOB H pa3pa6oTKaM MeTO,!IHK HX 

norryqeHHll; 

4 

• pa3pa6aTb!BaIOTCll HOBhle B HlUIA (Ep<l>ll) TeXHOJIOrHH no KOJIH'!eCTBeHHC 

onpe,lleJieHHIO TlllKellhIX MeTarrrroa a OKpYlK3IOIIIeii cpe,lle: 

- TeCTHpoBaHHe npOMhIIIIJieHHhJX OTXO,!IOB Ha HaJIH'IHe BeIIIeCTB, npe,!ICTaBIDIJOII 

onaCHOCTh npH nona,llaHHH B noqsy H BO,!IOeMhI, 

- paAHOH30TOnHhiii aHaJIH3 o6pa31.\0B ropHh!X nopo,!1 . 

IlyqKH 3KCTPeMaJihHO HH3KOH HHTeHCHBHOCTH HeCKOJihKO ,lleCllTKOB e-/c 

HCnOJih30BaJIHCh B COBMeCTHhlX c O.IUl11 HCnh!TaHIDIX npoTOTHna 3JieKTPOMarHHTm 

Karrop11Mcrpa AID! 3Kcnep11MeHTa Mu2e, nrratt11pyeMoro B <l>epMHJia6e [4- 6]. 
IlyqKH HH3KOH H CBepXHH3KOH HHTeHCHBHOCTeii, KpOMe TeCTHpoaaHHll npOTOTHI 

KarropHMeTpOB CTPOllIIIHXCll KOJIJiaii,llepoB, MO~ 6hJTh HCnOJih30Batthl TaKlKe: 

• AID! H3)"leHHll ll,llepHh!X peaKl.{Hii npllMOH 6oM6apAHpOBKOH 3JieKTPOHaMH nyq1 

CBepXHH3KOii HHTeHCHBHOCTH. IlpH TIOM noAaBIDieTCll MOIIIHhiii peHTreHOBC~ 

BCnJieCK, npHcyru11ii HHTeHCHBHhlM nyqKaM, '!TO cyIIIeCTBeHHO nOBhIIIIaeT 'IHCT( 

H3MepeHHii tteiiTPOHHOro BhIXO,lla [9]; 

• ,!IIDI KaJIH6poBKH ,lleTeKTopoB 3JieMeHTapHhIX '!aCTHI.{; 

• npH H3)"leHHH O,!IHHO'!Hh!X co6hITHii; AID! ,!IHcjlpaKl.{HOHHh!X 3Ma'I ; 

• npH HCCJie,!IOBaHHH H3JI)"leHIDI 33plllKeHHhIX '13CTHI.{ B MOHOKpHCTaJIJiax; 

• B MHKp06Horrorn11: H3)"leHHe BlIHllHIDI pa3lIH'IHh!X A03 o6nyqeHIDI Ha pOCT 

MYTal.{HH nony IDil.{HH MHKpoopraHH3MOB, '!TO BalKHO B 3noxy pacnpoCTPaHeI 

BHpycHhlX HH<i>eKI1HH. 

3JieKTPOHHhJe nyqKH c 3HeprIDIMH ,lleCl!TKH M3B MO~ npHMeHl!ThCll ,!IIDI HCCJie,!IOBaI 

BJIHllHHll H3JI)"leHHH Ha CBOiiCTBa MaTepHaJIOB, HCIIOJih3yeMh!X B B03,!IYIIIHh!X H KOCMH'leCI< 

JieTaTellhHhIX annapaTax; BTOpH'IH!Je H3JI)"leHIDI, nonyqeHHhie KOHBepTepHhIM cnoco6< 

B03MOlKHO HCnOllh30BaTh ,!IIDI HCnhITaHIDI 3JieMeHTOB 3JieKTPOHHOH 6a3hl, a TaKlKe roTOB 

PMH03JieKTPOHHbIX npH6opoa H HX KOMIIOHeHTOB Ha paAHal.{HOHHYJO CTOHKOCTh. 

Pa60TLI, BLIHOCHMLJe ua 3311(HTY 

• BoccTaHOBJieHhl 3-ll ycKopl!TeJihHall cTaHl.{Hll 11 pelKHM 70 M3B. Bnepsi,1e 3Hepr 

JIHHeiiHoro ycKOpHTeIDI 3JieKTPOHOB HlUIA (Ep<l>ll) ,!IOBe,lleHa ,!10 npoeKTHC 

3Ha'!eHHll 75 M3B. ll3yqeHh1 pelKHMhI B t1Hana30He 3Heprnii ,!IO 75 M : 

llccJie,!IOBaHO BJIHllHHe pa3lIH'IHh!X cjlaKTopoB Ha CTa6HJihHOCTh 3Hepr 

3JieKTPOHHOro II)"IKa. ll3MepeHhl 3HepreTH'leCKHe cneKTPhI nyqKOB npH pa3lIH'IH' 

3HeprHllX. 

• OTPa6oTaHhl ttoai,1e pelKl!Mhl pa6oThI ycKopHTeIDI ,!IIDI t1Hana30Ha 3tteprnii (25 - ~ 

M3B np11 B3aHM03aMeIDieMOCTH 3-eii H 4-oii OCHOBHh!X ycKOplliOIIIHX CeKl.{Hii 

COOTBeTCTBeHHO, 2-ro H 3-ro KJIHCTPOHHhIX noCTOB, '!TO nOBhJIIIaeT HMelKHOC 

ycKOpl!TeIDI ,!IIDI YKa3aHHoro 3HepreTH'leCKoro t1Harra30Ha. 

• IlOJI)"leHhl H H3)"leHbl pelKHMhl yttHKaJihHh!X 3JieKTPOHHh!X Il)"IKOB 3KCTPeMaJib 

HH3KOH HHTeHCHBHOCTH, perHCTPHpyeMLIX H3MepHTellhHOH annapaTYPOH B KOH 

TPaKTa TPaHcnopTHpOBKH B 3oHe Karr116poBKH KpHcTarrrroa. 
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• Ha OCHOBe II)"IKOB 3KCTpCMaJibHO HH3KOH HHTCHCHBHOCTH C031J.aH H HCil0Jlh30BaH 

CTCHA ll.Jlll KaJJH6poBKH KpHCTaJJJJOB B 11.HanaJoHe 3Hepnm (15 - 75) M3B ll.Jlll 

IJ.eTCKTOpoB 3JieMeIITapm.rx 'laCTHQ c 'IHCJIOM 011.H03JICICTpOHHblX co6bITHH 70% H 

6orree. TaKOH CTCHIJ., o6pa30BaHHblH JIHHCHHblM ycKOpHTeJieM BMeCTe c lpaKTOM 

napaJJJJeJ!bHOro nepeHoca B Ka'leCTBe HCTO'IHHKa 3JJCICTpOHOB H H3MepHTellbHOH 

annapaTypOH, JIBJIJleTCJI HCilbITaHHblM rettepaTOpOM TCCTOBblX Il)"'IKOB H MOlKeT 

CJIYlKHTb 11.JIJI TCCTHpOBaHHJI IJ.eTCKTOpOB KaJJOpHMCTpOB CTpoJllQHXCJI KOJIJiaffAepoB H 

11.pynix BbIIIIenepe'IHCJICHHblX HCCJICIJ.OBaHHH. 

Anpo6aQHH pa6oTLI u ny6J1HKaQHH 

Pe3yJ!bTaTbl AHCCepTaQHOHHOH pa6oTbl IJ.OKJiaAblBaJIHCb Ha ceMHHapax B HHJIA, a 

TaKlKe B coaBTOpCTBe HamJIH OlpalKCHHe Ha MC)l(AyttapOAHOH KOHcl>epeHQHH B qepHoropHH B 

2 01 8 r . [10]. 

Ilo TeMe 11.HCCepTaQHH ony6JIHKOBaHO 6 CTaTeH B lKypHaJJe llisecTHJI HAH ApMeHHH, 

<l>H3HKa. B nHx pa6oTax BKJiaA asTopa J1BJIJ1eTCJ1 onpe11.eJIJ110U1HM. Ell.le B 11.syx CTaTbllX, 

ony6JIHKOBaHHblX B 3TOM lKe lKypHane, aBTOp HMCeT 'laCTH'IHbIH BKJiaA - no YCKOpHTCJ!bHOH 

'laCTH H COIJ.eHCTBHH B npOBCIJ.CHHH 3KCnepHMCIITOB. 

~ccepyaQHJI COCTOHT H3 BBelJ.CHHJI, 'leTblpeX mas H 3aKJIIO'leHHll. 06beM 

IJ.HCCepTaQHH COCTaBJIJleT 131 CTpaHHQY, BKJIIO'lall 65 pHCyttKOB H 4 Ta6JIHQbl. CUHCOK 

QHTHpyeMOH JIHTepaTYPbl co11.eplKHT 9 7 HaHMCHOBaHHH. 

KpaTKoe co11.epl1Cauue pa6oTLI 

Bee11.euue paCKpbIBaeT QeJlh H aKTYaJibHOCTb TeMbl HCCJieiJ.OBaHHJI, OnHCblBaeT 

Ha)"'IHY!O HOBH3tty, npaKTH'ICCKY!O 3Ha'IHMOCTb pa6oTbl, JIH'IHblH BKJiaA aBTOpa; B HeM 

npHBOll.JITCJI nOJIOlKCHHJI, BblHOCHMble Ha 3all.lffyY, H anpo6aQHJ1 pe3yJ!bTaTOB. 

B rnaae 1 OnHCbIBaeTCll cTaryc 11.eiiCTBYIQll.lero JIHHeHHoro ycKopHTeJ!bHoro 

KOMilJICKCa JIY3- 7 5 . JIY3- 7 5 npe11.CTaBJIJ1eT co6oii 'leTblpexceKQHOHHbIH ycKOpHTeJlh Ha 

6eryU1eH BOJIHe S-11.Hana30Ha. IlpHBOll.JITCll OCHOBHbie TCXHH'ICCKHe xapaKTCpHCTHKH CHCTeM H 

lKH3HeHHo BalKHblX Y3JIOB. ~aHbl napaMeTpbl CTpYKTYP ycKOpHTeJlbHOH yCTattOBKH: 

yCKOpJllOIQHX CCKQHH H MOll.IHblX CBq-HCTO'IHHKOB, MOIJ.YJIJITOpHLIX YCTpOHCTB, 3JieICTpOHHOH 

nymKH, BaKYYMHOH CHCTeMbI, CHCTCMbl TepMOCTaTHpOBaHHJI H OXJ!a)l(ACHHJI, CHHXpoHHoro 

cra6HJ!hHOro nHTaHHJI, TpaKTa TpaHcnopTHpOBKH H napaJJJJellbHOro nepeHoca. II011.po6Ho 

npHBCIJ.eHbl xapaKTepHCTHKH nyqKa. 

BpeMeHHall CTpYKTYPa nyqKa npe11.CTasrreHa Ha pHc. 1. 

357.5ps. rm .... rm ------ rm· .. Tm ------ rm 
l ' I 11 llS' I I 1 20 ms I I I J 

Puc. 1. BpeMeHHaJI cmpyKmypa ny11Ka JJY3- 7 5. 
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PaCCMOTpCHbl oco6eHHOCTH csq- nHTaHHJI JIY'.3-75, CBll3aHHble c HaJIH'll 

noJIOlKHTCJ!bHOH o6paTHOH CBJl3H B QenH 1-ro KJIHCTpOHa, aBTOKorre6aTeJ!bllblli pelt 

KOTOporo npHBOIJ.HT K ynpoll.leHHIO CXCMOTCXHHKH H 3KcnnyaTaQHH [11] . IlepBbIH KJIHC'I] 

CJl)'lKHT 11.paH8epoM II.Jill OCTaJibHLIX KJIHCTpOHOB. 

06ocHOBaHbl aonpOCbl, CBJl3aHHbie c Heo6XOIJ.HMOCTblO Mo11.epHH3aQHH ycKOpHTI 

nyYeM BHe11.peHHJ1 cospeMCHHOH TeXHHKH, BKJIIO'lall H3MepHTeJlbHYIQ, a TaKlKe C031J.aJ 

CHCTeMbl c6opa 11.aHHbIX KaK nepaoro :rrana aBTOMaTH3aQHH. 

rnaea 2 nOCBJlllleHa pa6oTaM no BOCCTaHOBJICHHIO 3-eH ycKOpHTCJlbHOH CTaHQ 

3Ha'lHTCJ!bHO IJ.CMOHTHpOBaHHOH H 11.CKOMnJieKTOBaHHOH 3a nocJICll.HIOIO 'leTBepTb B~ 

0nHCb1BalOTCJI pa6oTbl no BOCCTaHOBJieHHIO 70 M3B-ro pellCHMa (pHc. 2). 3aAa'la pemanacL 

OCHOBe TCXHHKO-TCXHOJ!OrH'ICCKHX pecypcos HHJIA (Ep<l>R), 011.HaKO, no Mepe B03MOlKHO 

BHCIJ.pJIJiaCL H HOBall TCXHHKa. 

Puc. 2. Cneea - mpemuu KJ1ucmpoHHblu nocm noCJ1e eoccmaHo6llemm; cnpaea -

YCKOpll1011JaJI CeKl/UJI (6e3 3Kpa11upy1011JUX KO:»eyxoe) c nponuoiceH/lblMU KOMne11CUPY1011J~ 

Kamyw.KOMU. 

BnepBbie Ha JIHHeHHOM ycKopHTeJie noJl)"'leH II)"IOK c 3Heprneii 75 M3B H 6L 
Hccrre11.osaHbl pellCHMbl ycKopHTeJIJI s HIITepaane 3HeprnH (50 - 75) M3B, 3KcnepHMeHTam 

H3MepeHbl 3HepreTH'ICCKHe cneKTpbl nyqKOB (pHc. 3) [1 2 ] . 

60M3B 70M3B 75M3B 

• . i 1,0 "§ 1.0 § 1.0 

~ .. i! .. i 

~ ~ g 
il il il 
jt05 r ~05 

~ ~ 
J j J 

0 ,0 .. "' " .. 10 71 
0,0 

" l:kitm energy. McV lkum ~-rn,."TJ.Y, M11V lkam .:t11,,·tJ)'. McV 

Puc. 3. 3Hepzemu11ecKUe cneKmpbl npu pa3HblX 3Hepzwvc oo 75 M3B, FWHM < 2% 

Ha pHC. 4 nOKa3aHa OCQHJJJiorpaMMa BblCOKOBOJILTHOro HMUYJ!bCa MOIJ.YJIJIT< 

KJIHCTpoHa H orn6alOIQall Olpa60TaHHOrO CBq-HMUYJILca Ha BblXOIJ.C YCKOpJllOIQCH CeKI! 
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BOCCTaHOBJieHHOH TpeTbeH ycKOpHTeJ!bHOH CTaHI.lllH. 0rH6aJOIUaJI HMeeT MeHblll)'lO 

,!IJIHTeJ!bHOCTb, 'leM HMilYJ!bC Mo,11ymrropa, nHTa101uero KJIHCTpOH. YMeHbIDeHHe ,!IJIHTeJibHOCTH 

pa,!IHO'laCTOTHOrO HMilYJ!bCa JIBJ!lleTCJI CJie,!ICTBHeM aBTOKOJie6aTeJibHOro pelKHMa nepsoro 

KJIHCTpOHa, KOTOpblli 0,!IHOBpeMeHHO nHTaeT BXO,!IHOH MO~OCTb!O OCTaJ!bHble KJIHCTpOHbl. 

.... 
---~.~-

---~--· 

,.,.·.' 

,r;;,'l-E!!'!!!:, 

Puc. 4. Hu:»rnuu 11y11 OCIJWUIOZpaM.Mbl 
UMnyllbC 6occma1106Jle1111ozo Mooy11J1mopa; 
6epx11uu llY" - ozu6a10u1QJI CBLf-UMny11bca. 

' 
~· 

Puc. 5. 3a611CUMOCmb om11ocume11b11ozo 
u3Me11e11UJ1 6&1xoo11ou :mepzuu 3JleKmpo1106 om 
omKJ1011e11UJ1 11acmom&1 ycKopJ110u1eu 601111&1 
om co6cm6e1111ou 11acmom&1 oc110611ou ceKIJUU. 

lli KpHBOH, npHBe,!leHHOH Ha pHC. 5, BH,!IHO, 'ITO npH CTa6HJ!bHOCTH KJIHClpOHHOro 

reHeparnpa ± 0 . 1 Mru MOlKHO 06ecne11HTh oTHocHTeJ!bHYIO cTa6HJ!bHOCTb :meprnH 

:)JleKTpOHOB Ha BbIXO,!le CeKUHH ± 1. 1 %. 

CTa6HJibHOCTb '13CTOTbl KJIHClpOHHblX reHepaTopoB JaBHCHT B OCHOBHOM OT 

CTa6HJibHOCTH IlHTaJOIUHX HanpJ1lKeHHH H TeMneparypHblX KOJie6aHHH pe30HaTOpHOH 

ClpYKTYPhl KJIHClpOHa. .nrni OTBO,!la Tenna, Bbl,!leJ!lleMOro eiue O,!IHOH ycKOpHTeJlbHOH 

CTaHUHeH, IlOTpe60BaJIOCb YMOIUHeHHe CHCTeM BO,!IJIHOro OXJI3lK,!leHHJI H TepMOCTaTHpOBaHHJI 

,!IJlll CTa6HJIH33UHH TeMileparypbl He TOJlbKO ,!IOilOJIHHTeJlbHOH CeKIU!H, HO H ycKOpHTeJ!ll B 

uenoM. 

B CBJIJH c 33,11eiicrsosaHHeM 3-ii ycKopHTeJihHOH CTaHUHH ycKopHTeJ!ll paccMoTpeHo 

BJIHJIHHe 'laCTOTHblX, <jiaJOBblX H TeMneparypHb!X H3MeHeHHH Ha CTa6HJlbHOCTb :meprHH 

3JieKTpOHHOro IlY'IKa Ha Bb!XO,!le ycKOPJllOIUeH CeKIU!H JIY3-7 5 [ 13]. IlOBblllla!OTCJI Tpe60BaHHJI 

K CTa6HJibHOCTH 'laCTOThl reHepaTopa H <jiaJOBbIX COOTHOilleHHH, K OilTHMaJ!bHOMY Bbl6opy 

KOTOpbIX npaKTH'leCKH CBO,!IHTCJI HaCTpOHKa ycKopHTeJ!ll . IloBbllllaJOTCJI Tpe6osaHHJI K CHCTeMe 

CHHXpOHHOro IlHTaHHJI ycKopHTeJ!ll H TepMOCTa6HJIH33UHH. 

Ha pa36poc BhIXO.!IHOH 3HeprnH BJIHJleT TaKlKe HepaBHOMepHOCTb pacnpe,11eneHHJ1 

ycKOpll!OIUero IlOJ!ll B 3JieKTpOHHOH IlYillKe BO BpeMeHH - B Te'leHHe MO.!IYJIHPY!OIUero 

HMilYJlbCa. Ehlna pacc11HTaHa H 3KcnepHMeHTaJibHO yro'IHeHa onTHManbHaJI KoppeKTlipYIQIUM 

uenb ,!IJlll MO.!IYJ!llTOpa 3JieKTpOHHOH nylllKH. 

PacCMOTpeHa B3aHMOCBJl3b 3HeprnH 11aCTHU Ha Bb!XO,!le OCHOBHOH ycKOpll!OIUeH 

CeKUHH JIY3-75 OT BXO,!IHOH CBq-MOIUHOCTH H ny'IKOBOrO TOKa. 

B CBJ13H c pa6oTaMH no yseJIH11eHH10 3HeprnH nY11Ka BOJHHKJia Heo6xo,!IHMOCTb 

M0,!1epHH3aUHH MarHHTHOH OilTHKH TpaKTa TpaHcnopTHpOBKH H napaJIJieJlbHOro nepeHoca 

(TITI), KOTOpbIH pacnoJIOlKeH B CHHXpOTpOHHOM Jane BAaJIH OT IlOMeIUeHHJI JIY3-7 5 Ja ero 

p3,!1HaUHOHH0-3aIUHTHOH lKeJie306eTOHHOH CTeHOH TOJIIUHHOH 1.3 M (pHc. 6) [ 14]. 

CyiuecrseHHoe YMeHbllleHHe P3.!IH3UHOHHoro <jioHa npH oTKJ11011eHHOM cHHXpOTpOHe H, 

npaKTH'leCKH, OTCYTCTBHe BJIHJIHHJI 3JieKTpOMarHHTHblX IlOMex H HaBOAOK OT 

3JieKTpOpa,!1HOTeXHH'leCKHX ycTpOHCTB JIHHeHHOro ycKOpHTeJ!ll Ha H3MepHTeJlbH)'lO 
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annaparypy, C03,!laJIH 6naronpHJ1THble HHJKo<jioHOBble ycnoBHJI AJ!ll npose11e1 

npeUH3HOHHblX 3KCnepHMeHTOB. 

«1tlo.'f1.1c 

.. ·1·'' *. I ll ·"l L~~ .fl.. ,(1..kn...-.fl.. .fl.. A . LI\ l " • ( ~ .y_yO "IJ' "V 'U' '!Y 'U..,_}!, ~ l .. H 

'"° \I ·\ UI ()~ (); 0-' ~ 

o. :fJ,fi) 
o, 0 

l' 

~ 

\1 :? 

L~ 

(}> (}> ~-t i 1\ 1 

0' 0'1 \ b..:.Jm Ju mr 

·~( 

Puc. 6. CmpYKmyp11aJ1 cxeMa mpaKma napaJ1J1e11b11ozo nepe11oca: MA - a11aJ1U3upy10i. 

Maz11um 90" 11a Bblxooe JJY:J-75; Ml, Ml - no6opom11&1e Maz11um&1 napaJ1J1e11&11ozo nepe11<J 

M3 - omKJ1011J110U/UU Mazuum (beam dump), ucno11b3yeMblU OJIJI no11y11e11UJ1 rjlomo1111&1x ny11J1. 

Ql ... Q9 - K6aopyno11&11&1e 1111113&1; FC - 1JW1u11op <PapaoeR; coll - KOJmUMamop, EA 1,2, 

3KcnepUMe11maJ1b1tble 3011&1, LS-1110Mu11orjlop11&1e 3Kpa11&1, C- BH,l(eOKaMepbl . 

Ha Ha'laJibHOM nane MarHHTHaJI OnTHKa T1TI 6bIJia paCC'IHTaHa H CKOHClpYffpOB: 

.!IJlll 3HeprnH 3JieKTpOHOB nopJ1,11Ka 20 M3B. C ueJlb10 HCKJI10'leHHJ1 neperpesa H HJMeHe1 

napaMeTpOB MarHHTHOro IlOJ!ll IlOBOpOTHblX MarHHTOB 6b!JIH paCC'IHTaHbl H H3roTOBJie 

,11onoJIHHTeJlbHbie o6MOTKH MarHHTOB Ml H M2, yCTaHOBKa KOTOpb!X 06ecne•11 

B03MOlKHOCTb npose,11eHHJ1 ,!IJIHTeJlbHb!X ceaHCOB B 3HepreTH'leCKOM ,!IHailaJOHe ((20 -

M3B). IOCTHpOBKa TpaKTa npoBOAHTCJI c noMO!Ub!O Jia3epHoro JIY1la. Ha pHc. 7 noKaJaH OJ 

HJ nosopoTHbIX MarHHTOB napanneJihHoro nepeHoca nocne yMOIUHeHHJI H MOHTalKa 

IlY11KOnposo11e TITI. 

Puc. 7. Ilo6opom11&1u Maz11um 

napaJ1J1e11&11ozo nepe11oca c 

OOnOJlllUmeJlbllbLlfU o6MOmKaMU 

Puc. 8. Omne11amoK ny11Ka 

11a cmeKJ1J11111ou nJ1acmu11Ke: 

E = 50 M3B, lcp = 18 11A. 

Puc. 9. Jly110K 75 M:JB 

JllOMUllOrjJOpllOM 3Kpa11 

OcyiueCTBJieHa npOBO,!IKa IlY'IKOB 3JieKTpOHOB OT Bb!XO,!la JIY3-7 5 AO KOHUa Tpa 

napanneJlbHoro nepeHoca B HHTepsane 3HeprneH: 50 - 75 M3B. HHJKOHHTeHCHBHhlH ny< 

9 



nocne npeABap1nenLHoii: KOJIJIHMalUIH Ha BhDmAe nHHeii:Horo ycKopHTeIDI 6h!JI npoBeAeH qepe3 

MarHHTHO-OITnl'leCKYIQ CHCTeMy TPaKra nepeHoca B paii:OH MHllleHH H nocne HaCTPOHKH 

3JleMeHTOB MarHHTHOH OIITHKH TIIl Ha CTeKIDIHHOH nnaCTHHKe OCTaBHJI ome'laTOK 

AHaM~OM, He npeBhllllalOIQHM 4 MM (pHc.8). 

Ha pHc. 9 npuBeAeHo H3o6p3Jl(eHHe nyqKa 3neicrpoHOB c 3Heprneii: 75 M3B Ha 

JllOMHHO$opHOM 3KpaHe B KOHQe TPaKra napannenhHOro nepeHoca B 30He TeCTHpOBaHHJI 

KpHCTanJIOB. 

B pe3ynLTaTe BhlllOJIHeHHhIX pa6oT TPeThll ycKopHTenhHaJI CTaHQHJI BBeAeHa B 

3KCIInyaTaQHIO. 

rnaBa 3 IIOCBJIIQeHa pa60TaM no BhlJIBJleHHIO B03MOJKHOCTeii: nonyqeHHJI nepBH'IHhIX 

3neicrpOHHhIX IIOTOKOB npeAeJlhHO HH3KOH HHTeHCHBHOCTH Ha 6a3e JIY3-75. ~ C03AaHHJI 

TaKHX nyqKOB 6Lrn pellleH pllA TPYAOeMKHX 3Ma'I, npoBeAeHLI TIQaTeJ1hHL1e, nopo10 

AJIHTe!lhHhJe H MHOroKpaTHhJe, H3MepeHHJI. 

liccneAOBaHa IlOMeXOBaJI o6cTaHOBKa Ha pa3!1H'IHhIX yqaCTKax ycKOpHTeJlhHOro 

TPaKTa, H3MepeH PMHOaKTHBHhlH $OH. Ilocne HCCJICAOBaHHJI BHellJHHX HaBOAOK, PMHOIIOMex 

H lllYMOB npH OTCYTCTBHH nyqKa 6hlJIH npHHl!Thl Mephl no YMeHhllleHHIO HX BJIHJIHHJI Ha 

H3MepHTenhffYIO annaparypy. 

lliMepeHhl TeMHOBhle TOKH ycKOpHTeIDI B pa3!1H'IHhIX peJKHMax. TeMHOBhle TOKH 

ycnoJKHJllOT nonyqeHHe HH3KOHHTeHCHBHhIX nyqKOB. 0HH C03Aa!OT npo6neMhl AJlll 

3KCnepHMeHTaTOpOB. IlpH nonyqeHHH nyqKOB CBepXManhIX HHTeHCHBHOCTeH 3TH TOKH 

orpaHH'IHBalOT HHTeHCHBHOCTh IIOJIC3Horo nyqKa CHH3y. Ilo3TOMY BhlJIBJleHHe H ycTpaHeHHe 

npH'IHH HX B03HHKHOBCHHJI JIBID!eTCJI npHHQHilHanhHh!M. 

~~~~~~~~~~~.,.--~~~~~ 

;.:.) 

~ :..."l 

a1• 

E,Mff 

Puc. 10. CneKmp meMH060ZO moKa 

npu pa6ome mo!lbKO 1-zo KJ1ucmp0Ha. 

~ 

~ 

" " 
., 

" 
E,Mel' 

Puc. I 1. CneKmp meMH060ZO moKa npu 

6K!llO'leHHblX neP6blX o6yx KJ1ucmp0Hax. 

lliyqeHHe BJIHJIHHJI napaM~OB pelKHMOB Ha ypoBeHh TeMHOBhIX TOKOB OOKa3aJJO, 

'ITO c yseJ1H'leHHeM BXOAHhlX CBq MOIQHocreii: ycKopHTe!lhHbIX ceKQHii: HHTeHCHBHOCTh 

TCMHOBbIX TOKOB pe3KO B03paCTaeT. ToKH AOCTHraIOT 1 nA H Bblllle. HaH60JlbllJee BJIHJIHHe Ha 

ypoBeHb TeMHOBbIX TOKOB OKa3bIBana BXOAHaJI MOIQHOCTh HHJKeicropHOH ceKQHH. Ha ypoBeHb 

TeMHOBbIX TOKOB OKa3bIBan BJIHJIHHe H TeMneparypHhIH pelKHM ceKQHii:: c yBeJIH'leHHeM 

TeMneparyphl TOK yse!IH'IHBaJJCJI. y nyqllleHHe BaKYYMa npHBOAHJIO K YMeHhllJeHHIO TOKOB. 

IlonyqeHbl cneicrpbl TeMHOBbIX TOKOB (pHC. 10, 11) B pa3JIH'IHhlX pelKHMax. 
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Haii:AeHh! pelKHMbl, npH KOTOphlX TeMHOBhle TOKH He o6HapyJKHBa!IHCb HMeIOIQeii:CJI B Ha!IH' 

H3MepHTe!lbHOH annaparypoii: - OHH 6hlJIH HHlKe ypOBHJI HaBOAOK H lllYMOB. 

06cyJKAeHhl npH'IHHbl OOJIBJleHHJI TeMHOBbIX TOKOB. IlpHBeAeHO o6J.JICHe 

BJIHJIHHJI pa3!1H'IHbIX $aicropoB Ha HX ypoBeHb. 

Ilocne BbinOJIHCHHJI 3THX pa6oT 6h1Jla HCCJieAOBaHa IlOTeHQHanbHaJI B03MOJKHC 

co6CTBeHHO ycKopHTeIDI, 6e3 TPaKra napanne!lhHOro nepeHoca: onpeAeJieH TOT MHHHManLf 

TOK nyqKa 3a MarHHTHbIM aHaJIH3aTopoM, KOTOphlii: MOJKHO HMelKHO H3MepHTh H HCOOJlb30E 

npH CYIQeCTBYJOIQHX noMexax H HaBOAKaX. HHlKHHii: npeAeJI cpeAHero TOKa 3a OOBOpoTil 

MarHHTOM COCTaBHJI 300 $A. IlpH H3MepeHHJIX lllYMbl C'IHTanHCb 3AAHTHBHblMH, 

«nbeAeCTaJJ», o6pa30BaHHhlH HMH, Bhl'IHThJBaJICJI H3 o6IQero CHrHana. 

Pe3yJlbTaToM npoBeAeHHhIX pa6oT CTano onpeAeneHHe peJKHMOB KJ1HCTPOH1 

reHepaTopoB H ycKOpHTeIDI B QeJIOM (TeMnepaTypHblH pelKHM, BaKYYM, OXJ13l1CAeHHe, BID 

6blJI pelKHM HHlKCKTOpHOH CCKQHH), npH KOTOphlX TCMHOBOH TOK MHHHMH3HpOBaH, a B KO. 

TPaKra TPaHcnopTlipoBKH npaicrH'!ecKH He 06HapyJKHBanCJ1 . PeJKHMhl cooTBeTCTBOB 

noHHJKeHHhlM 3Ha'leHHJIM CBq-MOIQHocreii:, HO AOCTaTO'IHhIM AIDI nonyqeHHJI Heo6xOAHll 

ManhIX TOKOB. .ll:oCTaTO'IHblMH AID! ycKopeHHJI JIBIDIIOTCl! 3Ha'leHHJI aMOJIHTYA nOJ: 

YAOBJleTBOpllIOIQHX ycnoBHIO BeKcnepa AJlll J1HHeii:HL1x ycKopHTeneii: [ 15, I 6]: 

(~)2 (.!!.E...) (dv"') < l , 
m0 c2 eE0 dz 

rAe z - npOAOJlbHaJI KOOPAHHaTa, v"' = v"'(z) - $a30BaJI CKOpOCTh ycKOpl!IOIQeii: BOJIHbl BAI 

z, We - 3HeprHl! paBHOBeCHOH ( CHHXpoHHOH) 'laCTHQhl, £ 0 - aMII!IHTYAa ycKOpllIOIQeii: BOJIHhI 

- HMilYJibC paBHOBecHoii: 'laCTHQhl. YMeHbllleHHe aMnJIHTYAhI ycKopl!IOIQero noIDI £ 0 AOJDI 

6h!Tb TaKHM, 'IT06hl 3TO ycnOBHe BhlOOJIHJIJIOCb, HHa'!e ycKopeHHJI CHHXpOHHOH H 6JIH3KH 

Heil: no 3HeprHH 'laCTHQ He npoH30ffAeT [I 7]. IlpeJKAe Bcero, no KacaeTCl! HHJKeKTop1 

CCKQHH, npeACTaBIDIIOIQeii: co6oii: BOJIHOBOAHbIB rpynnHpOBaTeJlb, rAe npOHCXOi 

aBTO$a3HpOBKa. 

KpaTKO npeACTaBJleHhI npoBeAeHHhle pa6oTh!, CBl!3aHHhle c 3aIQHTOH HCOhJTYeM 

o6pa3QOB OT BTOpH'IHblX H3JIY'ICHHH, OTP3Jl(eHHH OT JKene3HOro Kopnyca CHHXPOTPO 

MarHHTOTOpM03HOro H3JlyqeHHJI OOBOpOTHbIX MarHHTOB napannenbHOro nepeHoca H AP· 

OTPa6ornHa MeTOAHKa nonyqeHHJI IlyqKOB npeAeJlbHO HH3Koii: HHTeHCHBHOCTI 

30He, rAe pacnonaranHCb TeCTHpyeMbIC KpHCTanJlbl. IlpHBeAeHbl OCHOBHbie nocneAOBaTeJlbf 

ACHCTBHJI npHMeHeHHOH MeTOAHKH pa60Thl c nyqKaMH npeACJlbHO HH3KOH HHTeHCHBHOCTH. 

Ha pHc. 12 noKa3aH npo$Hnh nyqKa 40 M3B, H3MepeHHhlii: B KOHQe TPa 

TPaHcnopTHpoBKH c HCDOJlb30BaHHeM nanh'IHKOBoro (finger counter) nnaCTHKoBoro C'leT'lll 

nepeMeIQeHHe C'leT'IHKa nonepeK nyqKa OCYIQeCTBJll!JIOCb AHCKpeTHO c lllaroM 5 Mii 

OOMOIQhlO AHCTaHQHOHHO ynpaBIDieMoro KOMilbIOTepOM CKaHepa; MaKCllMYM llHTeHCHBHOI 

COOTBeTCTBYeT 3Ha'leHHIO (60- 70) e-/c. 
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Puc. 12. I'opU3011maJ1bllblU npo<jJ1mb ny11Ka 3KcmpeMaJ1b110 HU3Koil u11me11cu611ocmu co cpeo11eu 
311epzueu 40 M3B 11a Bblxooe mpaKma 6 1011e mecmupo6a11W1 KpucmaJIJI06. 

HHTeHCHBHOCTb noToKa yCTaHaBJIHsa.naci, c nym.rn ynpasnemu1 JIY3-75 no 

MOHHropy KOMnhIOTepa JJ.O 3a)J.a.HHoro cpeJJ.Hero 3HaqeHHJI (10 - 20) e-/c, BLl)J.asaeMoro 

pernCTpHpyIOII{eH annaparypoii, YCTaHOBJieHHOH B 30He TeCTHpOBaHHJI KpHCTa.JIJIOB. 0.wmM H3 

KpHTepHeB BhI6opa HHTeHCHBHOCTH nOTOKa 'laCTH!l JIBJIJleTCll CBe)J.eHHe K MHHl!MYMY JIBJieHHJI 

Ha.JIOJKeHHJI CHrHa.JIOB (pile up). c yseJIH'leHHeM qHCJia qaCTH!l B e)J.HHHizy speMeHH 

yseJIHqHBa.JIOCh qffCJIO MHoro::rneKrpOHHhIX co61>1THH. 

IlpH nOJIY'leHHH H peryJIHpOBKe nyqKa npHMeHJIJiaCh KOM6HHa!lHJI cJie)J.yIOII{HX 

cnoco6os YMeHhllleHHJI HHTeHCHBHOCTH: noHHJKeHHe reMneparyp1>1 TepMOKaTOJJ.a - npH noM 

nyllIKa ocrasa.naci, s peJKHMe o6'heMHoro 3apll)J.a; KOJIJIHMa!lHJI nyqKa; peryJIHpOBKa 

HHTeHCHBHOCTH nyqKa H3MeHeHHeM Bl>ICOKOro HanplllKeHHJI Ha HCTOqffHKe JJieKrpOHOB B 

He6om.llIHX, 3apaHee HaHJJ.eHHhIX npeJJ.eJiax, npH KOTOph!X npaKTHqecKH He 06HapYJICHBaeTcJ1 

H3MeHeHHe cpeJJ.HeH JHeprHH nOTOKa H3-3a H3MeHeHHJI Haqa.JIJ,HOH JHeprHH BJieTa JJieKrpOHa B 

HHJKeKTOpHyIO ceKQHIO; peryJIHpOBKa JJieMeHTOB, pacnOJIOJKeHHhlX Ha HeaKTHBHhlX yqaCTKax 

ycKOpHTeJIJI, rJJ.e OTCYTCTBYeT ycKopJ110ll{ee none H JJ.p. 

Ha pHc. 13 noKa3aHa cxeMa JKcnepHMeHTa no reCTHpOBaHHIO JJ.eTeKTopos 

JJieMeHTapHh!X qaCTHQ. B 2015 - 2019 rr. Ha JIY3-75 nyqm npeJJ.eJihHO HH3KOH 

HHTeHCHBHOCTH ycnellIHO npHMeHllJIHCh B KaqeCTse TeCTOBl>IX c qffCJIOM OJJ.HOJJieKrpOHHhlX 

co61>1THH B HMnyJihce 6onee 70% JJ.Jill KaJIH6pOBKH KpHCTaJIJIH'leCKHX CQHHTHJIJIJIQHOHHl>IX 

JJ.eTeKTOpos JJieMeHrnpH1>1x qaCTHQ B paMKax cosMeCTHhIX pa6oT HHJIA (Epesatt) - O.IUll:I 
():zy6Ha). TeCTHpOBaHHe npOTOTHna JJieKrpOMarnHTHOfO Ka.JIOpHMeTpa B BH)J.e MarpHQM H3 

JJ.eBllTH HenernpoBaHHhIX KpHCTa.JIJIOB Csl JJ.Jill JKcnepHMeHTa Mu2e, roTOBllll{erocll s 

<l>epMHJia6e (CllIA), nOKa3aJio Jlf>lf>eKTHBHOCTh MeTO)J.HKH. 
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Puc. 13. CxeMa 3Kcnepu.we11ma 6 1011e KaJ1u6p06KU Kp11cmQJIJ106. MJS - .wawu 

u110yK1Jll011111>11i oam11uK; LS - 1110Mu110</Jop111>1u 3Kpa11; Fl, F2 - nnacmuKo 

CIJUHmUllJIJllJUOllHble c11em11u1ru naJ1b'lUK06ozo muna. 

Ha pHc. 14 npeJJ.CTaBJieHa rnCTorpaMMa pacnpeJJ.eJieHHJI qHcJia co6MTHii no KaHa 

Al.Ul, f)J.e maBHhIH ITHK npHXOJJ.HTCJI Ha KaHaJI, COOTBeTCTByIOII{HH JHeprnH qaCTH 

OJJ.HOJJieKrpOHHhlMH co61>1THJIMH, H He60JihllIOH rop6 cnpasa nOKa3hIBaeT HHTeHCHBH< 

JJ.ByxqaCTHqHJ,JX co61>1THH. 

F._35M6V 

_r 

... 

r 

hfinger Enlrin ~32j 
Moan 2026 
RMS ~.8 

... 
Puc. I 4. I'ucmozpaMMa pacnpeoene11W1 11ucna co61>1muu no Ka11aJ1a>.1 AI.(II npu :meJ 

3JleKmpo1106 35 M3B. 

Hccne)J.osatto BJIHllHHe HHTeHCHBHOCTH noToKa 'laCTHQ Ha 'IHCJJO OJJ.HOJJ1eKrpoH1 

co61>1THH. c yseJIHqeHHeM HHTeHCHBHOCTH qffCJIO MHOroJJJeKrpOHHl>IX co6bl 

yseJIHqHsaeTCJI. ,[(Jui nOJIY'leHHJI 'IHCJ!a OJJ.HOJJJeKrpOHHhlX )J.aHHhlX He MeHee 70% OT o6u 

'IHCJ!a co6hITHH JKcnepHMeHThl npoBO)J.HJIHCh c perncrpaQHeli HHTeHCHBHOCTH Ha BhD 

H3MepHTem.Hoii annaparyp1>1 co cpe.wmM 3HaqeHHeM (I 0 - 20) e-/c. 

Ha pHc.15 npHBeJJ.eHa 6noK-cxeMa H3MepHTeJihHOH annaparyp1>1, npHMeHJleMoF. 

KOMnJJeKCe JIY3-7 5 . Koop)J.HHaTHhlli CTOJI n03BOJIJleT c BhlCOKOH TOqffOCThlO CKaHHpOI 

JJ.eTeKTOp B nonepeqHoH nJIOCKOCTH nocpe)J.CTBOM KOMn1>10repa H3 KOMH 

JKcnepHMeHTaropos. KoMnhIOTepHhIH KOHrpOJih OCyll{eCTBJIJleTCJI H3 TiyJihTOBhIX KOMH! 

noMOIQhIO nporpaMMM yJJ.a.neHHoro JJ.Ocryna K KOMn1>10Tepy, yCTattosneHH 

HenocpeJJ.CTBeHHo B 3a.ne 06nyqeHHJ1 KpHCTa.JIJIOB. 
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Puc. 15. Tuno«aJI 61wK-cxeMa u3MepumeJ1b1t01i annapamypbl, ucnollb3yeMoii na 

J1U11eiiHoM ycKopumellbHOM KOM1'll/eKce JIY3-75; LS - iJucmaHIJUOHHo-nepeiJ«uzaeMblii 

JllOMUHO<jJOpHblU 3KpaH, ucnOllb3yeMblU npu HacmpoiiKe MGZHUmHoii onmUKU. 

B 4-oii rJiaBe paCCMOlpCHhl HeKOTOphie BOIIpoChl MO,nepHH3aQHH JIHHeiiHoii 

ycKOpHTeJlhHOii ycraHOBKH c BHe,npeHHeM COBpeMeHHOii TeXHHKH: BaKYYMHOH, 

TepMOCTa6HJIH3HPYIOIQeii, CHJIOBOH JJieKTpOHHKH H ,np. 

06oCHOBaHa Heo6xo,l:IHMOCTh HOBOii CHCTeMhl TepMOCTarupoBaHHJI ycKopHTeJlhHhlX 

CCKQHH H KJIHCTpOHOB, BHe,npeHHJI coapeMeHHoii BaKYYMHOH CHCTeMhl, CHJIOBOii 3JICKTpOHHKH 

HOBOro IIOKOJieHHJI, 3aMCHhl TepMOK3TO,l:la c KpHBH3HOH 3MHTTHPYIOIQCH IIOBepXHOCTH Ha 

IIJIOCKHH MeTaJIJIOKepaMHqecKHii KaT0,1:1. 

Ilpe,nJIOlKeHh! BapHaHThl MO,l:lepHH3fil.IHH CHCTeMhI aBTOHOMHoro CTa6HJlhHOro 

IIHTaHHll JIY3-75. 

lliyqeH OIIhlT aBTOMaTH3aQHH ,npyrnx ycKopHTeJieii . HaqaJlhHhlM nanoM 

aaToMaTH3fil.IHH ycKopHTeJIJI J1BJIJ1eTCJ1 co3,1:1aHHe CHCTeMh1 c6opa .z:laHHhlX - DAQ-cHCTeMh!. 

Pa3pa60TaHhl TeXHnqecKHe lpe6oaaHHll, CJiyJKaIQHe OCHOBaHHeM ,l:IJIJI ,l:leTaJihHOro 

11poeKTHpoaaHHJ1. 

3AKJll011EHHE 

OcHOBHLie pe3yJILTaTLI H BLIBO,l:ILI 

1. lliyqeHhI CTaryc JIHHeii:Horo ycKOpHTeJihHOro KOMIIJieKca JIY3-75 HHJIA (Ep<l>H) H 

pelKHMhl ero pa60Thl H npoae,neH aHaJIH3 B03MOlKHOCTeii H orpaHnqeHHii napaMClpOB. 

2. IlOJIHOCThlO BOCCTaHOBJieHa 3-ll ycKOpHTeJlhHal! CTaHQHJI JIHHeii:Horo ycKOpHTeJIJI 

JJieKTpOHOB JIY3-75, KOTOpal! 6hIJia C)'IJ.ICCTBeHHO ,neMOHTHpOBaHa H He <l>YHKQHOHHpOBaJia 

6onee 25 nocJie,l:IHHX Jier. BoccraHoBJieH peJKHM 70 M3B. 

BnepBhie JHeprHll ycKopHTeJIJI .noae,neHa ,1:10 npoeKTHoro 3HaqeHHll 75 MJB. Ilpoae,1:1eHo 

HCIIh!TaHHe lpeTheii ycKOpHTCJlhHOH CTaHQHH B pelKHMe ,l:IJIHTeJlhHOH uenpeph!BHOH pa60Thl, 

nocne qero CTaHQHJI aae,neHa B JKCIIJIYaTaQHIO. 

Bnepah!e Ha JTOM ycKopHTeJie ,l:IJlJI pelKHMOB B ,1:1Hana30He (25 - 50) MJB 6h1Jla 

OCYIJ.leCTBJieHa ,ny6JIHpyeMOCTh 2-oii H 3-oii ycKopHTellhHhIX CTaHQHii. PacqeTHhIM nyTeM 

H3yqeuo BJIHJIHHe pa3JIHqHhlX <t>aKTOpOB Ha 3HeprernqecKHii pa36poc IIyqKa, pe3yJihT3Thl 6h!JIH 

yqTeHhI npH BhlmeH3JIOlKeHHhlX pa6oTax. Hccne,noBaHhI pelKHMhI ycKopHTeJIJI npH pa3JIHqffhIX 

3HeprHllx. Mo,nepHH3HpOBaHa H HCIIhITaHa MarHHTHal! OIITHKa lpaKTa lpaHCIIOPTHPOBKH H 
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napaJIJieJlhHOro nepeHoca ,l:IJIJI pa60Tb1 npH ,nJJHTeJihHhIX ceaHcax B ,1:1narul30He :meprnii (2 

75) MJB, H OCYIJ.ICCTBJieHa npoBO,l:IKa nyqKOB pa3Hh!X 3Heprnii H HHTeHCHBHOCTeii ,LIO KO 

lparCTa, B 30HY HCCJIC,l:IOBaHHJI .nereKTopoB 3JICMCHTapHhlX qaCTHQ. 

3. BnepBh!e npoae,neHO H3MepeHHe TeMHOBhlX TOKOB JIHHeiiHoro ycKOpHTeJIJI JIY3 

no~eHhl HX CIICKTphl. Orpa6oTaHhl pelKHMhl, npH KOTOphIX TeMHOBhie TOKH HaJiffq 

H3MepHTeJihHOii annapaTYPOii He o6HapYllG!BaJIHCh - OHH 6h!JIH HIDKe ypOBHJI HaB0,1:10 

rnyMOB. IlpHBe,l:leHO ofrhllCHeHHe BJIHllHHJI pa3JiffqHhIX <t>aKTopoB Ha ypoBeHh TeMHOBhlX TOK( 

4. Ha JIHHeHHOM ycKOpHTeJie 3a IIOBOpOTHhlM MarHHTOM aHaJIH3aTOpa Bnepah!e IIOJIY 

HH3KOHHTCHCHBHhlii ynpaBJIJICMhlii nyqoK JJieKTpOHOB B cy6IIHKOaMnepHOM ,l:IHaIIa30He 

cpe,nHHM TOKOM 300 <l>A. BhlllBJieHa IJOTCHQHaJlhHal! B03MOJKHOCTh JIY3-75: onpe,neJieH 

MHHHMaJihHhIH TOK, KOTOphm MOJKHO IIO~HTb Ha <l>oHe HMCIOIQHXCll IIOMex B nep 

3KCIIepHMeHTaJlhHOii 30He (3a MarHHTHhlM aHaJIH3aTOpOM) c yqeTOM MHHHMH3fil.IHH TCMHOI 

TOKOB. 

S. BnepBhie B HHJIA (Ep<l>H) pemeHa 3a.z:1aqa qiopMHpoBaHHJI ynpaaJIJ1eMhlX 11epanq1 

nyqKoB caepXHH3Koii HHTeHCHBHOCTH. Pa3pa6oTaHa MeTO,l:IHKa noJiyqeHHJI TaKHX nyqKoB. 

OCHOBe c<t>opMHpoBaHHhlX nyqKOB CBepXHH3KOii HHTCHCHBHOCTH npoae,neHhl 3KCnepHMeITT 

perncrpaQHeii HHTeHCHBHOCTH co cpe,l:IHHM 3HaqeHHeM (10 - 20) e-/c Ha Bh!X 

H3MepHTeJihHOii annapaTyphI, yCTaHOBJieHHOii B 30He TeCTHpOBaHHll ,l:leTeKTOpOB. 

6. Ha OCHOBe IIyqKOB npe,neJlhHO HH3KOH HHTCHCHBHOCTH pa3pa6oTaHa MeTO,l:IHKa TeCTHpoaa 

CQHHTHJIJIJIQHOHHhIX ,nereKTopoa JJieMeHTapHhIX qaCTHQ. Ha 6a3e JIHHeiiHoro ycKopHTeJlhH 

KOMIIJleKca JIY3-75 C03,l:laH CTeH,1:1 ,l:IJlJI KaJIH6pOBKH ,nereKTOpOB JJieMeHTapHhlX qaC"J 

CoaMeCTHh!e pa60Tb1 HHJIA (Ep<l>H) - OIUllf (}fy6Ha, P<l>) noKa3aJIH pa6orncnoco6Hc 

CTeH,l:la. 

7. A11Top cqnTaer HaH6oJiee QeJiecoo6pa3Hoii noJTanffYIO Mo,nepHH3aQH!O lKH3HeHHo BIDKI 

CHCTeM o6ecneqeHHll JIHHeii:Horo ycKopHTellhHoro KOMIIJieKca, BKJII0qa101Qero TaIOKe T)l 

lpaHCIIoprupoBKH H napaJIJieJihHOro nepeHOCa nyqKa, IIYTCM BHe,npeHHll coapeMeHJ 

TeXHHKH, KOMIIhIOTepH3aQHH, C03,l:laHHJI CHCTeMhl c6opa ,naHHh!X KaK He06XO,l:IHMOro nana ' 

aBTOMaTH3aQHH. 

l>Jiaro,napll npoae,neHHhIM pa6oTaM JIHHeiiHhIH ycKOpHTeJlh H nyqKonpoao,n lpa 

lpaHCIIOPTHpoBKH c MarHHTHOii OIITHKOii napaJIJieJlhHOro nepeHOCa 6e30TKa3HO CJiyJKaT 

3KCIIepHMeHTaJlhHhlX pa6oT. 

Ilpoae,neHHh!e pa60Thl pacmHpHJIH B03MOlKHOCTH JIHHeiiHoro ycKOpHTeJlhHOro KOMIIJle 

JIY3-75 H IIOBhlCHJIH ero BOC1J>e60BaHHOCTh. 
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Ashot Sahak Hakobyan 

Studies on obtaining the regimes with energies up to 75-MeV and low intensity regimes of 

the AANL electron linear accelerator 

Summary 

I. The status of the electron linear accelerator complex LUE-75 of the AANL (YerPhI) and its 
operating modes were studied, and an analysis of the possibilities and limitations of the 
parameters was carried out. 

2. The 3rd accelerator station of the LUE-75 was completely restored, which was substantially 

dismantled and did not function for more than 25 last years. The 70-MeV mode has been 
restored. 

For the first time, the energy of the accelerator has been brought up to the design value 
of75 MeV. The third accelerator station was tested in the long-term continuous operation mode, 
after which the station was put into operation. 

For the first time at this accelerator, duplication of the 2nd and 3rd accelerator stations 
was implemented for regimes in the energy range (25 - 50) MeV. The influence of various 
factors on the energy spread of the beam was studied by calculation, the results were taken into 
account in the above works.The accelerator regimes are investigated at various energies. The 
magnetic optics for the parallel transfer of the beam have been modernized for the accelerator 
operation during long sessions in the energy range (20 - 75) MeV, and the beams with different 
energies and intensities 

been transported to the end of the path, into the zone of study of elementary particle 
detectors. 

3. For the first time, dark currents of the LUE-75 linear accelerator have been studied. Dark 
current spectra were obtained. As a result of these research, regimes were found in which no 
dark currents were detected at the end of the parallel transfer path - in the zone of calibration 
work - by available measuring equipment, and they were below the level of interference and 
noise. The reasons for the appearance of dark currents are given, an explanation is given for the 
influence of various factors on the level of dark currents. 

4. A low-intensity controlled electron beam in the subpicoampere range with an average current 
of 300 fA was obtained for the first time at the linear accelerator behind the analyzing magnet. 
The minimum current is determined that can be obtained at the experimental point behind the 
magnetic analyzer against the existing background, provided that dark currents are minimized: 
5. For the first time in the AANL, the problem of creating primary ultra-low intensity controlled 
beams has been solved. A technique for obtaining such beams has been developed. On the basis 
of the beams formed, experiments were carried out with registration of intensity with an average 
value of (10 - 20) e-/s at the output of the measuring equipment installed in the detector testing 
zone. 
6. Based on the extremely low intensity beams created, a method for testing scintillation 
detectors of elementary particles has been developed. A stand for calibration of detectors has 
been created on the basis of the LUE-75 linear accelerator complex. The joint work of the 
AANL (YerPhI)- JINR (Dubna) showed the performance of the stand. 
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7. The author considers the most appropriate step-by-step modernization of the vital sup 
systems of the linear accelerator complex, which also includes a path for transporting 
parallel beam transfer, through the introduction of modern technology, computerization, an( 
creation of a data acquisition system as a necessary stage for automation. 

Thanks to the work carried out, the linear accelerator and the beamline of the tram 
path with parallel transfer magnetic optics are currently used without failure for experirnt 
work. 

The work carried out expanded the capabilities of the electron linear accele1 
complex LUE-75 and increased its demand. 

J/~J~ 
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