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AHHOTaUUS

Hay4Ho-meTOOMYeckne wnccnenoBaHUs OETEKTOPOB 3JrfieMEeHTapHbIX 4YacTuy, ABNAKTCSA
HeobXoauUMbIM yCrOBMEM nporpecca sAepHON (OU3NKN U (PU3UKM BbICOKMX SHEPIUN.
[MoaroTtoBka 3aKCNepMMEHTOB Ha Byayuimx yckoputenax TpebyeT co3gaHus HOBbIX TUMOB
AEeTeKTopoB, CMNOCOBHbLIX crnpaBnaTbCcd € OonbwuMK  3arpy3kamv n  obecrneymnsBaTtb
TpebyeMyto TOYHOCTb WM 3PPEKTUBHOCTbL pernctpaunm dactuy. PaspaboTka HOBbIX
AETEeKTOpPOB Takke BaxHa AN MpPUKNagHbIX UCCreaoBaHUW, OnNuparowwmMxcss Ha
NCronb30BaHWEe UCTOYHMKOB CUHXPOTPOHHOIO M3MNYyYEeHUA U UHTEHCUBHbLIX PEHTreHOBCKMX
ycTaHoBOK. B 4yacTHocTW, Hayano wuccrnegoBaHun Ha komnnekce XFEL wn cospaHue B
cTpaHax-yyactHmuax OWAN  HoBbix wuctoyHmkoB CU 1M cBEPXMOLLHBLIX fa3epos
obycnaBnuBatoT CO3[aHMEe JSKCNEePUMEHTalnbHbIX CTaHUUMKM Ha OCHOBE [LOETEKTOPOB C
BbICOKMM MPOCTPAHCTBEHHbLIM N SHEPreTU4ECKNM paspeLLeHnemMm.

B03MOXHOCTb TEeCTUPOBAHUA NPOTOTUMNOB OETEKTOPOB Ha TECTOBbLIX My4Kax urpaet
peluaroLLyo pornb NpyU Hay4yHO-MeToamyecknx nccnegosaHusx. OTCyTCTBME YCTaHOBOK C
TECTOBbIMU Ny4ykaMn anekTpoHoB B OUAN 3HaumTensHO 3ameanseT nporpecc B CoO34aHuu
HOBbIX TUMNOB 3NIEKTPOMArHUTHbLIX KarnopuMeTpoB, (POTOHHbLIX AETEKTOPOB U300paxXeHun un
pagvaunoHHO-CTOMKMX OeTEKTOPOB Ans ByayLmx konnangepHblx akcnepumeHTos. Llenbto
npeaCcTaBNeHHOro npoekTa ABNAeTcs MogepHU3aunsa NIMHENHOrO YCKOPUTENs 3NEeKTPOHOB
JIMHAK-200 1 co3gaHue Ha ero OCHOBE TECTOBbIX MYyYKOB 3NEKTPOHOB C aHeprnn o 800
MaB. [llpeagycmaTpuBaeTtcs ucnonb3oBaHne ycTtaHoBku JIMHAK-200 gns npuknagHbix
nccnepoBaHui (pagvauMoHHOe MaTtepuanoBefeHue, pagualMoHHasa reHetTvka u T.n.), a
Takke B 0bpasoBaTesibHbIX Lensx.

ABTOPCKUI KONMEKTMB BKNOYaEeT B cebsi cneunannctoB B 0611acT yCKOPUTENbHON
TexHuku, ocyuwecteuBwmnx B 2017 rogy dpusmyeckmn nyck yctaHoBku JIMHAK-200 Ha
aHeprun 220 MaB, a Takke (pU3MKOB-3KCNEPUMEHTATOPOB U CMeLManucToB B obnactu
pa3paboTkM 1 co3faHns AEeTEKTOPOB dfieMEHTapPHbIX YacTul.

BrogxeT npoekta coctaBnset 805 kUSD Ha 2019-2021 rog.



BsepeHue

Hay4Ho-meTOOMYeckne nccnenosaHUs Mo CO34aHUI0 HOBbIX TUMOB OETEKTOPOB ABMNAKTCA
Heo6Xxo4MMbIM YCNOBMEM AanbHENLIEro pas3BUTUS SKCNEPUMEHTarNIbHON OU3NKN aTOMHOTO
a[4pa v anemMeHTapHbIX YacTtuu. B yacTHoCTH, nogrotoBka 9KCNepUMEHTOB Ha yCKOpUTENAX
HoBoro nokoneHus (ILC, CLIC, CEPC, HL-LHC) TtpebGyeT pa3paboTku HOBbIX TWUMOB
AEeTEeKTOpOoB, CNOCObHbIX paboTaTb B YCITOBUAX BbICOKOW 3arpy3km n obecneynTb nNpy 9ToM
Tpebyemble GbICTPOAENCTBUE, TOYHOCTb U AhPeKTUBHOCTL pernctpauun [1-4]. B oTnuune
oT akcnepumeHToB Ha LEP, TaeeaTtpoHe u LHC, Ha nepBoe mecto cpean TpeboBaHuM
4acTo BbIXOAMT pagnaunoHHas CTOMKOCTb, YTO OOYCNOBNEHO Kak ANUTENbHLIM BPEMEHEM
paboTbl NPOEKTUPYEMbIX YCTAaHOBOK, Tak U ropasgo 6onee BbICOKOW, MO CPaBHEHWUIO C
CYLLECTBYIOLWNMU YCKOPUTENBHLIMW KOMMSIEKCaMK, 3arpy3kon B pesyribTaTe BbICOKOW
SHEeprun Ny4YkoB 1 CBETUMOCTU ByAyLLINX YCKOPUTENEN.

OuyeBnaHO, 4YTO pa3paboTKM HOBbIX AETEKTOPOB HE OrpaHM4YMBalOTCA TOJSbKO
Oyaywumm konnangepHbiMU aKCnepumMeHTamu. B kadecTBe MpMMeEpPOB MOXHO MPUBECTU
3KCNEepUMEHTbI MO NOUCKY Ge3HEeNTPUHHOM KOHBEPCUM MIOOHA B 9NEKTPOH, B KOTOPbIX
TpebyeTca BblaeneHne KpavHe craboro curHana oOT 3fEeKTPOHOB C onpeaeneHHom
3Hepruen [5, 6], a TaKke HEUTPUHHbIE IKCNEPUMEHTbI HOBOIrO MOKOMEHUA, AN KOTOPbIX
paspabaTbiBalOTCA [OETEKTOPbl C BbICOKMM BpPEMEHHbIM paspelleHneM, CrnocobHble
3Ha4YuTenbHO NoaaBnTb POHOBLIE COBLITUA 3a CYET BblAeNIeHNA HanpaBneHUs OBUXEHUS
HEUTPUHO MNYTEM pasfeneHns YepeHKOBCKOro ceeta M (POTOHOB OT CUMHTMNNSUMK [7].
Mpn wucnblTaHMM [OETEeKTOPOB TakKoro pofa npeacraBndeT TPyAHOCTb  BblCOKast
WHTEHCMBHOCTb My4yKa CYLIECTBYIOWNX YCKOpUTENnen, npuBoAdwas K HaNoXeHUsM
CUrHanNoB OT MHOMMX YCKOPEHHbIX YacTuy,. [nsa ycTpaHeHna 3Ton npobnemMbl BaXXHO UMETb
BO3MOXHOCTb NOflydaTb MyYKN YCKOPEHHbIX YacTuL, C HU3KON MHTEHCMBHOCTBIO (HECKOSBbKO
OECATKOB UMM COTEH 9NEKTPOHOB B CEKYHAY), YTO MO3BOMUT pPerucTpupoBaTb OTKAUK
AeTekTopa Ha eANHUYHYI0 NafatoLLylo YyacTuuy.

CosgaHne HOBbIX TUMOB AETEKTOPOB 3fIEMEHTAPHbIX YaCTUL BaXXHO He TONbKO AN
dU3NKM BbICOKMX aHeprun. byayuiee Takux Hayk, Kak buonorns, matepuanoBefeHue u
MeauuMHa CerofHs TeCHO CBA3aHO C UCCNegoBaHWsSMWU C  MOMOLLBI  MCTOYHWKOB
CUHXPOTPOHHOIO, PEHTIEHOBCKOIro MU3nyyYeHus u Opyrnx saepHo-pusmnyecknx metonos. B
bnuxavwee aecATUNeTNE OXMOAETCA He TOSbKO POCT OKCMEPUMMEHTOB Ha KOMMIieKce
XFEL, HO n 3anycKk HOBbIX CUHXPOTPOHHbIX UCTOYHUKOB N CBEPXMOLLHbIX UMMYSIbCHbIX
nasepos, co3gaBaeMbiX B rocygapcraax-yneHax ONAN.

Mpn wn3ydeHUM xapakTepucTuk MpPOTOTUMNOB [OETEeKTOPOB B Xo4e Hay4Ho-
MEeTOONYECKMX WUCCMeaoBaHMW, a Takke nNpU  KOHTpore KayectBa BO BpeMmd
MEernKOCEePUMHOro NPOU3BOACTBA HEMPEMEHHO WCMONb3YHTCA WUCTOYHMKM dfieMeHTapHbIX
yacTuu. Hanbonee AOCTYMHbIMU M PacnpOCTPaHEHHBIMU SBASIKOTCA KOCMUYECKME Ny4n U
pagvOHYKNUAHbIE WCTOYHUKKW, OAHAKO WCMOMb30BaHWE MYYKOB 3apsiKEHHbIX YacTul Ha
yckoputene obrnagaet paaoM HEOLEHUMbIX MPEUMYLLIECTB, TakMX Kak BbICOKAsd 3HEpPrus u
NMOTHOCTb MOTOKA YacTul, BO3MOXHOCTb UX HaOEXHOW MAeHTUdukauum, BO3MOXHOCTb
KOHTPONS 3HEeprum 4Yactuy, BpeMeHHad W KoopauHaTHast npuBsska. HekoTopble
XapaKkTepuCTUKN OeTeKTOpOoB MNPOCTO HEBO3MOXHO onpefenuTb 6e3 Mncnonb3oBaHUA
nyykoB 4YacTtuy c yckoputenen. OgHako, B HacTosilee BpeMsa BO3MOXHOCTU TECTOBbIX
ny4koB vactuy B JIAM n B OUNAUN B uenom KpanHe orpaHuyeHbl. [lonyyeHne yvactuy C
aHepruen 100 MaB u Bbile BO3MOXHO NULIb Ha HYKNOTPOHE U ha3oTpoHEe, NpU 3TOM
AOCTYMHbI TOMBbKO MYYKU MPOTOHOB U TSXKEMbBIX MOHOB. MICTOYHMK OMNEKTPOHOB BbICOKOM
3Heprun n xopouwero kayvectBa B OUAN oTtcytctByeT. [eorpadudeckn 6Gnvxanwmm
WUCTOYHMKOM 3MEKTPOHOB TaKOro poja sBnsetcs CUHXPOTPoH C-25P «[MMaxpa» ®PUAH Ha
aHepruio 1 3B, 3anyweHHbI B 1974 roay, KOTOpbIN HE MeeT 060PYAOBaHHbIX TECTOBbIX
My4YKOB.



TexHnyeckne xapakrepuctukun yckoputens JIMHAK-200 no3sondaoT co3gaTth Ha ero
OCHOBE pasBUTYID CUCTEMY TECTOBbIX My4YKOB ANA Hay4YHO-METOOMYECKUX UCCrnenoBaHum
petektopoB B uHTepecax JIAlMN, a Takke apyrmx nabopaTopuin M rocyaapCTB-YneHOB
WHCcTUTYyTa, n TeM caMmbiM NpeBpaTUTb €ro B HOBYO 6asosyto yctaHoBky OUNAN.

JocTynHble TeCcTOBble NY4YKU 3IEKTPOHOB

B HacTosiLee BpeMsi B MUPE CyLLECTBYET OKOJI0 AecsATka YCKOPUTENbHbIX LIEHTPOB, B
KOTOPbIX BO3MOXHbl WM3MEPEHMs1 C TECTOBbIMW My4ykamu 3MEKTPOHOB (CM. Tabnuuy).
OpHako, paboTa Ha TECTOBbIX Myykax B MeXAyHapoOHbIX LEeHTpax Brneyét 3a cobow
3aTpaTbl Ha NepeBo3Ky U obcnyxunBaHne obopyooBaHWs, a Takke 3aOepiKKWM, MOCKOSbKY

CMeHbl Ha TECTOBbIX My4KaX, KakK npasuio, pacnpegeneHbl Ha rogbl Bnepé,u,.

Hayunsblit ienTp T'ox cozmanus Tun yacTuin Jnamnazon dP/P |KomnuecTtBO
YCKOPHTEJISI/TTy9KOB SHEpPru [%]  |oGopymoBaHHBIX
[MaB] JIMHUIN
BTF (®packary, 1997/2003 e” 25-750 1 1
Wranus)
ELPH (Toxoxy, 1997/2006 e” < 850 1 1
Snonus)
BEPC-II (M®B3 AH |2008 e’ 1100 - 1500 |1 3
KHP, Ilexun) e * (BTOp.) 400 - 1200
FTBL (KEK, SInmonus) | 1998/2007 e’ 500-3400 0,4 1
DESY-II (I'epmanus) e’ 1000-6000 |1
CERN PS 1960 e, agponsl, i |(1-15)*10° 4
(IIseitnapus)
CERN SPS 1976 e, agponsl, i |(10-400)*10° 4
(IIseitnapus)
FTBF (FNAL, CIIIA) 1999 e, . (1-66)*10° 1
SLAC (CHIA) 1999 e’ 13,6*10° 01- 1
€, aJIPOHBI 0,1- 1,3
(BTOp.) 13,6)*10°
N®BD (IIpotBuno, 1967 e, anponss, u |(1-45)*10° 4
P®D)
nsid CO PAH 1994/2012 e 100-3500 18-2 |1
(HoBocubupck, PO)
OUAH (Tpounk, P®) (1974 e’ 300-1300
Ep®U (Apmenus) 1967 e’ 75
6000
LINAC-200 (OHAH) | 1975/2020 e 20 - 800 1 6




UcTtopunyeckas cnpaBka u Tekyulee coctossHue yctaHoBku JIMHAK-200.

JInHenHbIn yckopuTenb anektpoHoB JIMHAK-200 co3gaéTcs Ha OCHOBE ycKopuTens
MEA, nepeBeséHHoro B OUNAN n3 NIKHEF (Hugepnangel) B 1999-2000 r. Yckoputesnb
MEA (Medium Energy Accelerator) ¢ npoektHon aHepruen 800 MaB ©Obin npoussenéH
koprnopauuen Haimson Research (CLWWA) B 1975 rogy kak uyactb 6Oyayuiero
yckoputenbHoro komnnekca NIKHEF. B 1980 rogy yckoputens MEA 6bin BBeOéH B
akcnnyatauuto ¢ aHeprnen anektpoHos 700 MaB n npumeHanca ana sgepHo-puandeckmx
nccnegosaHun B NIKHEF go 1990 roga. B 1990 rogy nocne mogepHusaumm ycKkoputerb
MEA wucnonb3oBanca Ans 3anofiHeHus HakonutenbHoro konbua AmPS. B koHue 1998
roga yckopuTenbHbIM KOMMMekc Obin BbiBeAeH U3  akcnnyatauun. Ob6opynosaHue
yckoputena MEA u konbua AmPS 6bino 6e3sBo3me3gHo nepepaHo B OUAW, gns
CO3[1aHVsl Ha €ero OCHOBE MCTOYHUKA CUHXPOTPOHHOrO WU3STyYeHUs TPeTbero MoKOoNeHus
DELSY. B pamkax npoekta DELSY B 2003 rogy 6bin HayaT MOHTaX MepBon ovepeaun
nnHenHoro yckoputena MEA B nomewieHnn yckoputens J1INY-30 B 34. 118 JIH®. OgHako,
no npuynHe HegocTaTovHoro duHaHcmpoBaHna npoekt DELSY B 2005 rogy 6bin
OCTaHOBJSIEH, @ JIMHENHbIV YCKOPUTESb 3NEKTPOHOB BbIN0 NPeasioKeHo NCNoNb3oBaThb A1
CO3[1aH1s Ha ero OCHOBe rla3epa Ha cBODOAHbLIX anekTpoHax (yctaHoBka JIMHAK-800). B
2007 r. ©bina CMOHTUPOBAHa ANEKTPOHHAA MyLUKa M NMofyyYeH Tok anekTpoHoB 30 MA npwu
paboyem HanpskeHun 50 kB. Fogom nosxe Obln 3anyleH BbICOKOBOSMbTHbLIM UCTOYHUK
nuTaHusa nywkn Ha 400 kB. B 2011 rogy 6binia CMOHTMpPOBaHa yCKOpUTErnbHas CTaHums
Ne1 1 ocywecTBrneHa nNpoBogka nydka yepes nepsyo yckopstowyto cekumo. B 2015 rogy
Oblna CMOHTMpOBaHa yckopuTenbHasa ctaHums Ne2 n gocTurHyTa aHeprnsa anekTpoHoB 60
MaB. B 2016 rogy ©binn cCMOHTUpOBaHbI yckopuTerbHble cTaHumMm Ne3 n Ne4, n B aBrycte
2017 ropga ocyuwlecTtBnéH cuandeckunm nyck ycrtaHoskn JIMHAK-200 (nepBon ouvepenm
yctaHoBku JIMHAK-800) ¢ aHepruen anektpoHoB 220 MaB.

[MapannenbHO C NpoBeAEHMEM NyCKOHanago4HbiX paboT Ha yctaHoBke JIMHAK-200
c 2014 roga BedyTca HayyHO MeToamyveckue paboTbl NO MCCNegoBaHUKO MPOTOTUNOB
petektopoB rpynnamm Mu2e, Medipix 1 TPUTOH (JIAlT). Kpome TOro, cmnamm Hay4Ho-
nHxeHepHown rpynnbl YHL B 2014-2016 rogy 6bin co3gaH "y4ebHbIn" ny4oK 3MeKTPOHOB U
BeAETCA NOAroToBKa obpasoBaTesbHbIX NPOrpamMM C ero UCnosib3oBaHMeM Ang obyyeHus
CTYOEHTOB 1 MNOBbIWEHUS kBanudukaummn cneunanuctos na OUAN n rocygapcTs-yneHoB
NHcTuTyTA.

20 MeV 130 MeV 200 MeV 350 MeV 500 MeV

k= B e L

AO01 AO02 AO03 A04 AO5 A06 AO07 AO08 A09 A10 All1 A12

Puc. 1 Cxema yckopumens IHHAK-200.

Xapaktepuctuku yckoputens JIMHAK-200

JInHenHbIN ycKopUTEnb C CUCTEMaMU UHXEHepHOro obecnevyeHns pasmMeLlaeTcs B
3g. 118 nnowagkn JIA Ha MecTe ycTapeBLWIEro OEeMOHTUPOBAHHOIO YCKOpUTENs
anektpoHoB JINY-30. Ha nepBom 3Taxe 3gaHus, B 3alMTHOM OETOHHOM KaHbOHE
pa3mMeLleHbl yckopstowme cTpyktypbl JIMHAK-200. Ha BTOpoM 3Taxe pasmelleHbl
moaynsatopbl M BY-cuctembl  yckoputens.  VIHXekTopHasi 4acTb  YCKOpUTENs
pacrnonaraeTcsi CO CTOpOHbI peaktopa MBP-2. [InnHa NUHEeNHOro yCcKopuTens coctaBnsieT
180 meTposB.

JInHenHbin  yckoputenb anektpoHoB JIMHAK-200 coctouT m©3  UMHXeKTopa,
rpynnupoBaTtensa u 12 yCKOpUTENbHbIX CTaHUuM. B coctaBe 12 ycKOpUTENbHbIX CTaHLMK



JIMHAK-200 cnocobeH yckopaTb anekTpoHbl Ao aHeprun 800 MaB. B HacTosuiee Bpems
CMOHTMPOBaHbl MHXEKTOp, rpynnupoBatens u 4 yckopswowmx crtaHumm (A01-A04),
CrnocobHble YCKOPATb 3MEeKTPOHbl A0 3Heprum 220 MaB. YcTtaHoBKa AOMOMHUTENbHbIX
pe3oHaTopoB cucTemMbl koMmnpeccun aHeprn (CK3) nossonsieT Aoctuyb aHeprmn 2 3B 3a
CYET CHWXEHUA WHTEHCMBHOCTWU nyyka. CTpyKTypa nydyka WMMNynbCHas, C UMMyfibcamu
anutenbHocTblo 0,1-3 MKC. TOK B MMNynbCe MOXET OblTb 3a4aH B LUMPOKOM AManasoHe
3HayeHun, ot 40 MA [0 npakTU4ecKnm HyneBbIX 3HavYeHWn. YactoTa cnegoBaHus
nMnynbcoB 3agaéeTtca B ananasoHe ot 1 ao 100 Iy, 4TO COOTBETCTBYET MHTEHCUBHOCTU
9NeKTPOHOB OT eavHuy, Ao 10™ e/c. BO3MOXHOCTb W3MEHEHWUSI WHTEHCUBHOCTM
3MIEKTPOHOB B TaKMUX LUMPOKMX Npegenax sBnseTcss OgHMM M3 OCHOBHbIX MPEUMYLLECTB
yckoputensa JIMHAK-200, nossonswowuMm npoBOAUTbL UCCreOoBaHUA KaK OEeTEKTOPOB C
npegenbHO MarnbiMW 3arpy3kamy (Hanpumep, OEeTEKTOPOB 3NEKTPOHHbIX HENTPUHO WK
KanopumeTpoB AN 3KCNEPUMEHTOB MO MNOUCKY OEe3HEeNTPUHHOW KOHBEPCUMM MIOOHa B
3MEKTPOH), TaK U OETEeKTOPOB, BaXHbIM TpeboBaHMEM K KOTOPbLIM SIBMSIETCHA BbICOKas
pagvaunmoHHas CTOMKOCTb (Hanpumep, AEeTEKTOpbl ANS SKCMNepUMEHTOB Ha 6yayuimx
3MEKTPOH-NO3UTPOHHLIX kKonnangepax). Mpu goctmxkeHnn aHeprum nyvka 800 MaB n Bbilwe
BO3MOXHO CO3[aHue UCTOYHMKA CUHXPOTPOHHOINO U MEPEXOAHOr0 M3NyyYeHUs B MSrkoM
PEHTreHOBCKOM Auanas3oHe AN U3yYeHUs XapakKTEPUCTUK OEeTEKTOPOB WM306paxeHun n
npoBeaeHust NPUKNagHbIX UCCreaoBaHnin.
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ycKopumenvHou cmanyuu, suepausi 20 Mb>B, nuscnuii 1yy — nocae 4-1i yckopumenvHou cCmaHyuu,
anepeus 220 M>B.)

Llenb 1 3agayun npoekTa
Llenbto npegnaraemoro npoekra siBnsieTcd co3fjaHue Ha 6ase NMHENHOro yckopuTens
JIMHAK-200 ycTaHOBKM ONd NnpoBeAeHUs] U3MEPEHNIA C TECTOBLIMU NMyYKamMu 3M1EKTPOHOB C
aHepruen go 800 MaB v goseneHne OOCTYNHOro Ansi SKcnepumMeHToB BpeMeHu o 500
Yyacos B 2021 rogy.

[ns 4OCTMXeHUsA 3ToW Lenu AOMKHbI BbiTh peLleHbl criegyowmne 3agaydn:
1. MoHTax, nyckoHanagka v 3anyck 8 yckoputenbHbix ctaHumi (A05-A12).
2. MopgepHusauusa cucteM yckopuTens Ans AOCTUXeHUs Tpebyemblix XapaKTepucTuk
TECTOBbIX MYYKOB 3M1EKTPOHOB.



3. Co3sgaHue 4 kaHanoB AN BbIBOAA My4vka 3MEKTPOHOB B aTMocdepy, 060pyaoBaHHbIX
Heobxo4MMbIMW CpeCTBaMU N3MEPEHNS XapaKTEPUCTUK Ny4dKa, KpenneHnaMmn n 3aLmnTomn.

MoHTax, nyckoHanajka v 3anyck yckoputenbHbix ctaHumn A0S-A12.

OCHOBHble 3neMeHTbl ycKopuTenbHbIX cTaHumn A05-A12 Takke Obinv nepegaHbl B
OVAN n3 NIKHEF un xpaHatcs B 34.118. [Ins 3anycka yCKOPUTENbHbIX CTaHUMA LOSMKHO
OblITb nNpuobpeTeHo obGopydoBaHWE ONs CUCTEMbI TepMOCTabunmusaumm YCKOPSHOLLMX
CeKLMI N aNeKTPOHUKa ynpasneHns mogynaropamu. Kpome Toro, TpebyeTcs paclumpeHve
CYLLECTBYIOLEN CUCTEMbI CUHXPOHM3aAUUW CTaHUuW. HenocpedCTBEHHO ONA MOHTaxa
OCTaBLUNXCA CEKLMI ycKopuTensa HeobxoamMmMo NoAroToBUTL OTBEPCTUS ANSA BOMHOBOLOB U
Tpy6 cuctembl TepmocTabunmsaumm B 6€TOHHOM NEepekpbITUM MEXAY YCKOPUTENbHLIM U
MOOYNATOPHbIM 3anamu. MoHTax, nyckoHanagka n dusndeckmn nyck ctaHumm A05-Al2
MOXET ObITb BbINOSIHEH B T€YEHNE OBYX NeET.

MogepHu3aumsa CcUCTEM ycKopuTenss Ans  OOCTWKeHUs TpebyemblX XapakTepucTuk
TECTOBbIX MYYKOB 3MNEKTPOHOB.

YcTapeBwmmu un TpebyrowmMmmn MoaepHu3anmm sBnsoTCs:

a) BakyyMHas CUCTEMA;

0) aBTOMaTM3NpOBaHHAA cuctema ynpasneHus n koHTpons (ACKY);

B) UHCTPYMEHTbI ANArHOCTUKM MyuyKa.

BakyymHas cuctembl yckoputens JIMHAK-200 noctpoeHa no MogynbHOMY NPUHUMUNY:
Kaxkabli Moayrb cucTteMbl obecnevmBaeT OTKauKy OOQHOM yYCKopuTenbHon cTaHumn. Kpome
TOro, OTKayHbIMW arperatamy obecnedeHbl nywka C MepBbiM y4acTKoOM Apewnda,
MEXCTaHUMOHHbIE ApendOBbIE YY4aCTKN U NIUHUS HACTPOWKK MyyKa.

B KkadecTBe OCHOBHbIX OTKa4yHbIX CPeACTB UCMONb3YKTCA reTTePOMOHHbIE
MarHuTopaspsaHble BaKyyMHble Hacocbl. 3a WucknideHnem Tpéx arperatoB General
Electric 22TP250, 100 n/cek, ycTaHOBMEHHbIX Ha NyLIKe, NepBOM APENdOBOM yy4acTKe U
Ha BXxO4e B rpynnuMpoBaTeNlb, BCe OCTallbHble arperaTtbl NpeacTaBnsioT cobon Hacochl
dupmbl  VARIAN: Tuna 911-5032 npowussogutensHocTbio 30 n/cek  (BOSHOBOADI,
apendosble yyacTtkn), Tuna 911-5043 npounssoamtenbHOCTbLIO 60 n/cek (Bxoabl B CEKLUK)
n 100 n/cek (NMMHUA HacTporku nyyka). BakyymHble Hacocbl BbipaboTanu CBOW pecypc U
SABMNAIOTCA OCHOBHOW NPUYMHOW OTKaA30B MNpu akcnnyataumm yckoputens. B xoge
BbIMNOSIHEHUS NpoeKTa npegnonaraeTcs noatanHag 3ameHa BCex BaKyyMHbIX HAcoOCOB, a
TaKke YCTaHOBKa BaKyyMMETPOB C BO3MOXHOCTbO aBTOMaTU3MPOBAHHOrO cbopa
nokasaHum.

OCHOBHbIMM 3afa4YamMn aBTOMATU3MPOBAHHOW CUCTEMbl YNpaBreHUss U KOHTPOMs
yckoputena JIMHAK-200  aBRASOTCA: MOHUTOPUMHI U KOHTPOSfb paboynx napameTpoB
obopyaoBaHMSA YCKOPUTENSA M KaHanoB BbiBOAA Myyka, MOHUTOPUMHI MapamMeTpoB My4ka
(nonoxeHwe, npounb, 3MUTTAHC, TOK, pas3bpoc 3HepruM W T.4.), KOHTPOSb
paguaumoHHon OBCTaHOBKKM, a Takke 3aluTa 3fIEMEHTOB YCKOPUTENSA M nepcoHana npu
BbIXo4€e NapamMeTpoB 3a ycTtaHosfneHHble npegensl. ACKY JIMHAK-200 6ygeT nocTtpoeHa
Ha ocHoBe SCADA-cuctembl Tango-Controls [8]. KoHTponb u ynpasrneHne OCHOBHbIM
obopygoBaHMEM  YCKOPUTENbHbIX CTaHUuMW OyayT OCyWecTBAATbCA € MOMOLLbIO
nporpammupyembix normdeckux koHtponnepos ([MJ1K) Weltek. Kaxpas yckoputenbHas
ctaHuua obcnyxumeaetca ogHum [JK. TMnanupyetca npuém wuHdopmaumm c¢ CBY-
AEeTeKTopoB, BaKyyMMETPOB, AWArHOCTUYECKUX [aTyMKOB W aBTOMaTU3UPOBAHHOE
ynpaBneHne WUCTOYHMKaMW MUTaHUS MOBOPOTHbLIX MarHUTOB, KBaOpPYMNOSibHbIX JINH3,
POKYCUPYHOLLIUX CONEHOUAOB N KOPPEKTUPYIOLLNX KaTYLLEK.

[narHocTnka ny4yka OCyLWeCTBMASETCA C NMOMOLLbID OEeTEKTOPOB, YCTAHOBMEHHbIX B
ApendoBbIX npomexyTkax. Cuctema OuarHOCTUKM Mydvka BKNOYaeT B cebsa gatyunkm




rOPU3OHTarNbHOrO N BEPTUKANbHOrO MOSTIOXEHUS MyyKa, KOMATOHOBCKUA OETEKTOp NoTepb
nyyka, WHOYKUMOHHBLIN AaTyvk. [JONOSHUTENbHO MOryT WMCNOSb30BaTbCA  MOHUTOP
POKYCHOro nsiTHa U cuctema mamepeHus npodunga nyyka. [Onsa cbéma uHdopmauum c
ANarHoCTn4ecknx patumkoB TpebyeTca paspaboTatb cucTeMy aBTOMAaTU3MPOBAHHOIO
cbopa gaHHbIX, conpsikéHHyto ¢ ACKY.

CospgaHve kaHanoB Ans BblBOAA MyYKa 31IEKTPOHOB

B HacTosLee Bpems cylLlecTBYeT ABa KaHara BbiBO4a Nyyka U3 ApendoBoro NnpoMexyTka
nocne yckoputenoHon ctaHuum AO01. OguH w3 3TUX KaHanoB npeaHasHaveH ans
peanu3auun obpasoBaTesibHbiXx nporpamMm. BTopon kaHan no3BonseT npoBOAUTb
N3MepPEHNSA C TECTOBbLIM MYYKOM 3S1IEKTPOHOB C 3Heprun 20 MaB.

B xoge BbINONHEHMs OaHHOrO MpoeKkTa MraHupyeTcs cos3faHuve eweé 4 kaHanos
BbIBOAA Ny4yKa: n3 apenoBoro npomexyTka nocrne yckoputensHon ctaHumm AO03 (aHeprus
anektpoHoB 130 MaB), A04 (sHepruna 200 MaB), A06 (aHeprus 350 MaB) n A08 (3Heprus
500 MaB). QHepreTuyeckuit pasbpoc nyvka He gorkeH npesblwatb 1%. JomkHa BbiTb
obecnevyeHa BO3MOXHOCTb (POKYCUMPOBKWN My4Kka C pa3Mepom (POKYCHOro nsitHa MeHee 1
MM, a Takke BO3MOXHOCTb Ae(OKyCUpoBKM AN obecrneyeHnss paBHOMEPHOMW 3acBETKN B
obnactu pasmepom 20 cm x 20 cM. IHTEHCUMBHOCTbL Ny4Ka OOMKHA BapbUpoBaTbCA B OT
nuanasoHe eamuuy o 102 e/c u nameHsitecst He Gonee Yem Ha 5% npu npoBeaeHNn
N3MepeHni.

Kaxgbin kaHan BbiBOgA Mydka BKNOYalT B cebda MNOBOPOTHLIM  MarHuT,
KBaApynosnbHble NMH3bl ANA OOKYCUPOBKU MNy4dKa, FOPU3OHTasbHbIN M BepTUKaNbHbIN
KONnMmaTopbl M BaKyyMHbIA TpakT ANA TPaHCMOPTUPOBKM MNyyka M BbiBO4a €ro B
aTMocdepy. Kaxabin TecToBbIM Ny4yok AormkeH ObiTb obopynoBaH annapatypon Ans
N3MEPEHNA W MOHUTOPMPOBAHUS XapakTepUCTUK Mydka (3Hepruu, KoopauHaTtbl U
HanpaBneHusi, UHTEHCUBHOCTK). NS 3Toro ByAyT NPUMEHATLCS KanopuMeTpbl Ha OCHOBE
BGO, koopanHaTHble rogocKonbl U AeTEKTOPbl U3MepeHusa npodounga nyyka, LMIMHApbI
dapages U VMHAOYKUMOHHbIE OaTYMKK. TecCTOBble MyYKM AOSMKHbI MMEeTb HeobXoOouMbIN
Habop onop 1 cuctemy NO3MLMOHUPOBAHUA Anst 0BnyYeHns OEeTEeKTOPOB U HeObXoanmyto
NOKanbHYK 3alWnTy ANS YMEHbLUEHUS pagvauMOHHOM Harpy3ku n yrnyduweHuss OHOBbIX
YCroBUI Npy NPOBESEHUN U3MEPEHUM.

BaxHon 3apgayen npum cos3gaHMM KaHanoB BbiBOAA TECTOBbIX MYyYKOB ABNSETCA
cucTeMaTuyeckoe UccredoBaHUe XapakKTepUCTUK Myvyka W MOAeNupoBaHue  Ans
onTMMM3aLMK YCNOBUA N3MEPEHUN.

MNnaH pa6ot
2018 rog - NOAroToBKa TEXHUYECKOro npoekta mogepHusaumm yctaHoBku JIMHAK-200 u
TECTOBbIX NMY4YKOB

B 2019 rogy nnaHupyeTcs BbINOMHUTL creayoLwmne paboThbi:
e MopgepHusaums BakyyMHOM cuctembl Ha ctaHuuax A01-A04
e CospgaHne ACKY yckoputens
e (O6opygoBaHue kaHana BbiBoOga nydyka nocrne crtaHumm AO1 cpegcrtesamm
ANarHOCTUKK
e liccnepgoBaHve CBOWCTB BbIBEAEHHOMO Myyka W NonyvyeHme HeobxoauMbiX PeXUMOB
paboTbl ycKkopuTens
e 200 yacoB yCKOpPUTENBHOIO BPEMEHU OS5 UCCreaoBaHUN 4ETEKTOPOB
e Hauano 3aHaTuUM Ha "y4ebHoM" nyyke
B 2020 roay nnaHunpyeTcs BbINOMAHUTL criegyroume paboTbl:
e MoHTax n nyckoHanago4Hble paboTbl Ha yckopuTenbHbIX cTaHumax A05-A08



e CospgaHue KaHanoB BbiBoAa ny4yka nocne ctaHumni A03 n A04

e liccnepoBaHve CBOWCTB BbiBedeHHOro nydyka nocrne craHumn AO03 n A04 wu
nonyyeHne HeobxoanUMbIX PeXMMOB paboTbl YCKOPUTENS

e 300 yacoB yCKOPUTENBLHOrO BpeMEHU AN UCCreoBaHNN JeTEeKTOPOB

B 2021 rogy nnaHupyeTcs BbINOMHUTL criegyrowme paboTbl:

e MoHTax 1 nyckoHanago4Hble paboTbl Ha yCKOPUTENbHbIX cTaHumax A09-Al12

e CospgaHve kaHarnos BbiBoga ny4yka rnocne craHuun A06 n A08

e lViccnepgoBaHve CBOWCTB BbiBeeHHOro nyyka nocrie craHuun A06 un A08 wu
nonyyeHne HeobxoauUMbIX PEXMMOB paboTbl YCKOPUTENS

¢ 500 yacoB ycKOpUTESIbHOrO BPpEMEHN AN UCcnegoBaHUM OeTEKTOPOB

[na BBOAA yckOpUTENs B 3KCnnyaTaumio Heob6xoauM KanuTarnbHbIi PEMOHT MOMELLEHUIN U
UHXeHepHbIXx ceten 34. 118. [lpy ycnoBum [OOCTATOYHOrO (PUHAHCUPOBAHUA W
NNaHMPOBaHMS PEMOHTa OXWUAAeTCHd, YTO BO BpeMs peMoHTa paboTbl Ha yckoputene
OyayT HEBO3MOXHbI B TeyeHue 3-4 mecsiues.

O6pa3oBaTenbHasa nporpamma

Ha "yyebHOM" kaHane nydka yctaHoBkn JIMHAK-200 BO3MOXHO npoBegeHue
crnegyroLwmnx NpakTUYecKnx 3aHATUA: paboTa C aneMeHTaMy BakyyMHOro TpakTa; nsyvyeHue
MarHUTHOW OMTUKM (OUNOSb, KBAAPYNOSibHbIE JIMH3bI, CEKCTYMNOSb); AMArHOCTMKa ny4dka,
onpegerneHne aMmnTTaHca.

Kpome TOro, Ha ycrtaHoBke JIMHAK-200 MOXHO NpoBOAUTL NpakTU4ecKne 3aHATUS
no wnccrneaoBaHUIO OTKNMKa [OETEeKTOPOB 3reMeHTapHblX 4Yactuy. B nepcnektuse,
nnaHupyoTcs nadopaTtopHble paboTbl NO M3MEPEHUID pacCedaHNSA NEeKTPOHOB Ha agpax,
nccnegoBaHMIo TMraHTCKUX Pe30HaHCOoB U T.4.

KappoBble pecypchbil.

Bce paboTbl B pamkax npoekta OyayT BbINOMHATLCHA COTpyAHWKamun cektopa Ne4
H3OOBIM NAMN. WraTtHaa YncneHHOCTb cektopa 18 yenoBek. B cocTaB cektopa BXoaaT
ABe rpynnbl: rpynna moaynatopoB n BY-cuctem u TexHonormnyeckas rpynna. B xope
peanu3auun npoekta npegycMatpuBaeTCs  NPUBMEYEHME B CEKTOp  MOMoAbIxX
cneunanuctoB B 00MnacTtM  YCKOPUTENbHOM TEXHWUKW, BakKyyMHOM U BY-TexHuku,
aBTOMaTM3aunmn PU3NYECKUX YCTAHOBOK.

Peannsauus obpasoBaTenbHOM nNporpaMmmbl C UCNosib3oBaHneM yctaHoBku JIMHAK-
200 BypeT BbINONHATLCA cunamu HayyHo-uHxeHepHow rpynnsl YHLI.

KpaTkuit CCBY'-ananus

CunbHble CTOPOHbI NPOeKTa

1. YcrtaHoBka JIMHAK-200 sBnsetcs eauHCTBEHHbIM UCTOYHUKOM TECTOBbLIX MYy4YKOB
3NEKTPOHOB BbicoKkon aHeprum B OUAN. Peannsauma npoekta no3BoOUT B 3HAYUTENbHON
CTEMNeHn 3akpblTb MNOTPEOHOCTM HayyHbIX rpynn WHcTutyTa (B nepByto oyepenb, JIAM u
JI®OB3O) B O9neKTpOHHbIX Mydkax pAns uccrnegoBaHun paspabatbiBaembix B OUAN
AETEKTOPOB 3fIEMEHTaPHbIX YacTuLl.

2. YcraHoBka JIMHAK-200 cospaétca Ha ocHoBe yckoputena MEA, wvmetowiero
NPOBEPEHHYK KOHCTPYKLUMIO 1 BoraTbin onbIT 3KkcnnyaTauuun. [Nepeas odepenb yCTaHOBKM

1 CCBY (aHnrn. SWOT) — cunbHble, criabble CTOPOHbI, BO3MOXHOCTU, Yrpo3bl
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yXXe CMOHTMpPOBaHa M OCYLLECTBIEH (puandeckumn nyck Ha aHeprum 220 MaB. Konnektus
aBTOPOB MpoeKkTa MMeeT OMnblT MOHTaxa W MycKoHanagkm 3reMEeHTOB YyCcKopuTens,
AeTanbHO 3HaKOM C KOHCTPYKLMEN U XapaKTepucTukamm oTaerbHbIX ero y3nos.

3. YCcTaHoBKY MOXHO WUCMonb3oBaTb B OoOpasoBaTerbHbIX Lensx Ans noarotoBku
kagpos n3 ONAN n rocygapcte-4neHoB NHCTUTyTa.

Cnabble CTOPOHbI NpoeKTa

1. YcTaHoBKa co3gaétca Ha ocHoBe yckoputens MEA, koTopbi Obin npon3Benéx
6onee 40 net Hasag. HecmoTtpsa Ha psag mogepHusaumn, npomsBenéHHbix B NIKHEF,
YacTb 0bOOpyoOBaHUA YCKOpPUTENs SBMSEeTCA YyCTapeBLIEW W HyXOaeTca B 3aMeHe.
HekoTopble cuCTEMbI, B YaCTHOCTU CUCTEMA aBTOMaTU3aUUW W yNpaBneHus, AOSMKHbI
ObITb pa3paboTaHbl 1 Co34aHbl 3aHOBO.

2. KomaHpa, ocyuwecTtBnsoowas MOHTaX, MycKoHanagky W B NepcnekTmee
3KCNnyaTauuio yCKOpUTENS, HYXAaeTca B NPUTOKE MOMOAbIX crneuuanucToB B obractu
YCKOPUTENBHOW TEeXHWKWU, BakyymMHoOM W BY-TexHuku, aBToMatmMsauumn usandeckmnx
YCTaHOBOK.

Bo3moxHocTH

1. BoaMOXeH AoCTyn K TECTOBbIM My4YkaM AN9 HaYYHbIX rPYnn U3 rocygapCTB-YreHOB
onan.

2. YcTaHOBKa MOXeT WUCMNonb3oBaTbCA [Af1 MOArOTOBKM KagpoB B obnactu
YCKOPUTENBbHOW TEXHWKW, BakyymHonm wun BY-TexHukn, aBTomatmsaumm puU3nyeckmnx
YCTaHOBOK, BKItoMas obydeHue CTYOEHTOB W MOBbILWEHWEe KBanuuKaunum MHXEHEPOB U
Hay4HbIX COTPYLAHMKOB.

3. Ha 6a3se yctaHoBku JIMHAK-200 TexHU4eckn BO3MOXHO co3aHue nctoyHuka CU,
nasepa Ha cBOOOOHbIX 3MIEKTPOHAX, a TaKKe NOBbILLEHNE SHEPIUN 3neKkTpoHoB Ao 2,0 3B.

Yrposbl

1.  OrpaHundyeHne dUHAHCUPOBAHMA, KOTOPOE He  MO3BOSIUT  3aBEpPLUUTb
nyckoHanagou4Hble paboTbl U M3roToBMEHNE 0bopyaoBaHMs, HEO6XO0AMMOro s Co34aHns
TECTOBbIX MYYKOB 3f1EKTPOHOB.

2. BBog ycTaHOBKM B 3Kcnnyatauuio 3aBUMCUT OT pPeMOHTa MNOMeLEHUA U
WHXXeHepHbIX ceTen B 34.118.
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dopma #26
HPEI[HAFAEMBIPI IJIAH-T'PA®UK 1 HEOBXO/JMMBIE PECYPCBI

JU OCYHIECTBJIEHHMSA ITPOEKTA:

CO3OAHUE YCTAHOBKMU AN NPOBEAEHUA USMEPEHUN C TECTOBbIMU
NMYYKAMU NEKTPOHOB B NAN (JIMHAK-200)

PykoBogutens npoekrta B.B.Kob6eL

Croumocts y310B  |[Ipeanoxenus nadopatopuii mo

(TBIC.HOIII.) pacrpeneneHu0 GUHAHCHPOBAHUS U

[ToTpebHOCTH B pEeCypcoB.

pecypcax

2019 2020 2021

Martepuaisbi 75 25 25 25
Oo6opynoBanue 720 240 240 240
MoHTax u myckoHanaaka crannuii A0QS- 240 80 80 80
Al2
DEMOHM KAmyulex KIUCMpPOHO8 60 20 20 20
cucmema OXaanicOeHus u 180 60 60 60
mepmocmaduIuzayuu
MopepHu3aIus yCKOPUTEIS 330 110 110 110
3amena 8axKyyMHbIX HACOCO8 240 80 80 80
Paspabomxa ACKY 60 20 20 20
Jluacnocmuxa nyuxa 30 10 10 10
Co3naHre KaHaJlOB BbIBOJIA ITyYKa 150 50 50 50
Maenumol u KOLIUMAMOPbL 54 18 18 18
Jlemexmopuwi 36 12 12 12
Bakyymnvui mpaxm 60 20 20 20
KomananpoBouHbIe pacxoabl 10 2 4 4
Heo0xoqumbie pecypcbl (HOpMO-4achl).
OI1 OUIU: --- -- -- --
JBALL: - mactepekme; KO 3000 1000 1000 1000
Yckopurens, Peakrop - - - -
3BM --- -- -- --
OKCIUTyaTaIlMOHHBIE PACXOJIBI — - - -
HUctounuku punancuposanus (kUSD)
bromxer OUSIN 805 267 269 269
BrebropxeTHBIE CpeacTBa --- -- -- --

3amecTuTenb pyKOBOAUTENS NpoekTa M.N.TocTKnH
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CmeTa 3aTpaT No NpoekKTy

®dopma Ne 29

CO30AHUE YCTAHOBKU ANA NPOBEAEHUA U3MEPEHWUN C TECTOBbIMU
NMYYKAMU ANEKTPOHOB B NnAN (JINMHAK-200)
[IN®P TEMBI: 04-2-1126-2015/2020

No |HaumeHoBaHue ctaTen 3atpaTt MonHas 2019 |2020 |2021
cymma
Mpamble pacxoabl Ha
npoeKT
1 |YckopuTtenb, peaktop -- -- -- --
2 |OBM -- -- -- --
3 |Matepunansbl 75 25 25 25
4 |O6opynoBaHue 720 240 | 240 240
5 |HNOKP -- -- -- -
7 |KomaHamMpoBoOYHbIe pacxoabl
a) B cTpaHbl HepybIEBOM 30HbBI 5 1 2 2
b) B cTpaHbl pybneson 30HbI 5 1 2 2
UToro no npsimbIM pacxogam : 805 267 269 269
PykoBoautenb npoekra B.B.KobGel,
3amecTuTenb pykoBOAUTENS NPoeKTa M.N.ToCTKuH

HupexTop JNlabopatopun

Beoywmin nHxxeHep-akoHomucT Jlabopatopun

B.A.BegHsakoB

"A.YcoBa
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Form #26

Proposed Time-Schedule and Necessary Resources

for implementation of Project

ELECTRON TESTBEAM FACILITY FOR DETECTOR R&D (LINAC-200)

Parts and systems of set-up, Cost of parts of set-up. Profile proposed by
resources and sources of financial Required financial Laboratory.
support. support.
Main parts and equipment (kUSD)
2019 2020 2021
Materials 75 25 25 25
Equipment 720 240 240 240
A05-A12 station commissioning 240 80 80 80
clystron coils recovery 60 20 20 20
cooling and heat setting system 180 60 60 60
Accelerator upgrade 330 110 110 110
Vacuum pumps replacement 240 80 80 80
Monitoring and control 60 20 20 20
Beam diagnostics 30 10 10 10
Testbeam construction (4 beams) 150 50 50 50
Magnets and collimators 54 18 18 18
Detectors 36 12 12 12
Vacuum pipes, valves and windows 60 20 20 20
Travel costs 10 2 4 4
Necessary manpower support (man-hours)
JINR Central workshop: N N _
LNP: - workshop; - design bureau 3000 1000 1000 1000
Accelerator, Reactor - - -
Computer - - -
Maintenance & Operational - - --
Sources of financial support (kUSD)

JINR budget 805 267 269 269
Extra — budgetary B B _
(grants, agreements, sponsors etc.)

Project Leader V.Kobets

Deputy Project Leader M.Gostkin

15



Form #29
1. Financial Resources Needed for Project realization

ELECTRON TESTBEAM FACILITY FOR DETECTOR R&D (LINAC-200)

No TASKS Total value 2019 2020 |2021
Direct costs of the
Project
1 |Accelerator, reactor -- -- -- --
2 |Computer -- -- -- --
3 [Materials 75 25 25 25
4 |Equipment 720 240 240 240
5 |R&D -- -- -- --
7 |Travel resources
a) in non-ruble area 5 1 2 2
b) in ruble area 5 1 2 2
Total direct cost: 805 267 269 269
Project Leader V. Kobets
Deputy Project Leader M. Gostkin
Director of the Laboratory V.Bednyakov
Main planning engineer of the Laboratory G.Usova
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