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JlmarHocTuka ImyJdka sIBJsieTCsl OMHOM M3 OCHOBHBIX 3a/lay MPY 3KCIUTyaTalluu yCKOPUTENEe 3apssKeHHBIX
yactull. B pabote npencraBieHa KOHUENLMS CUCTEMbI IMarHOCTUKU ITy4YKa, MO3BOJISIIOIIE IIPOBOIUTh U3-
MEPEHMS U OCYILECTBIISATh KOHTPOJIb KJIIIOUEBBIX ITAPAMETPOB MyYKa TMHEHHOTO PE30HAHCHOTO YCKOPUTEIS
MIPOTOHOB B COCTaBe KOMITAaKTHOTO MCTOYHMKA HEUTpoHOB DARIA: TOK, mosioxxeHue, mpoduib, SMUTTAHC,
9Heprus, (a3oBble XapaKTepuCTUKU. BaskHbIM TpeOOBaHUEM SBISIETCS HEOOXOAMMOCTD TTPOBEAEHUS U3-
MEPEHUU B HAJTaOYHOM peXXUMe YCKOPUTENSI, KOTIa MapaMeTphl ITydYka MOTYT MEHSITHCS B IIIMPOKOM Aua-
na3oHe. B 0CHOBHOI1 cOCTaB CUCTEMBI MPENIOKEHO BKIIOUUTh TAKUE TUTIBI TMAaTHOCTUYECKUX YCTPOHCTB,
KaK MHOYKIIMOHHBIE JaTYUKU TOKa, MOJOCKOBbIE TaTYMKM IMOJOXEHUS My4YKa, IMPOBOJOYHBIE TTPOdUIO-
METpPbl, MIOHU3ALIMOHHBIA MOHUTOP MOTIEPEYHOTrO CEYEHUs TyYKa, 11eJIeBOil U3MEPUTENIb SMUTTAHCA, U3-
MepuTeb GopMBbI CTYCTKOB, oxaxnaemblit nuauHap Papanesi. Ocoboe BHUMaHUE yAeJAeHO UCIOJb30Ba-
HUIO HEpa3pylIaloMX METOIOB TUATHOCTUKY IIJTsi 0OecIieueHUsT HETPEPbIBHOTO OTIEPaTUBHOTO KOHTPOJIS
napaMeTpoB IMy4YKa BBUIY €ro 0OJbIION NPOEKTHOM UMIYJIbCHOM U CpenHed MOIITHOCTH B COBOKYITHOCTH C
OTHOCHUTENIbHO HU3KOM 3Heprueii. PaccMoTpeHbl OCHOBHbBIE (DU3UUECKME TTPUHIIAIIBI PA0OThI, TUTTUYHBIE
XapaKTepUCTUKU, a TAKXKE OCOOEHHOCTH MPAKTUYECKON peain3aliu OTAeIbHBIX YCTpOUCTB. [Ipencrasne-
Ha cxeMa BO3MOKHOTO pa3MeIleHUsI IMarHOCTUYECKUX Y3JIOB C YYETOM CIielIu(UKU UCTIONb30BaHUS MPe/-
JIOXXEHHBIX TUIIOB IETEKTOPOB B PA3JIMYHBIX YACTSIX YCKOPUTEJIS.

KiroueBble ciioBa: JTMHEWHBIN YCKOPUTEb IPOTOHOB, CUCTEMa TUAarHOCTUKY My4YKa, UHIYKIIMOHHBIN 1aT-
YUK ToKa, nuauHap dapanesi, MpOBOJIOYHBIN CKaHEP, MOHU3AIIMOHHBIM MOHUTOP MOTIEPEYHOTO CEYCHMUS,
U3MEPUTEJIb SMUTTAHCA, JaTYMK MOJIOXEHUS TTy4Ka, U3MEPUTEb (POPMBI CTYCTKOB.
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BBEAEHUE

ITpoext DARIA (neutron source Dedicated to Ap-
plied Research and Industrial Applications) — KoM-
MaKTHBIA NICTOYHUK HEUTPOHOB TSI (pyHIAMEHTaIb-
HBIX MCCJIEAOBAHUI, IIPOMBIIIEHHBIX ITPUIOXEHUA
1 00pa3oBaTeIbHBIX 3a1a4, pa3pabaTbiBaeMBblii Ha OC-
HOBE CIJIBHOTOYHOIO JIMHEMHOIO YCKOPUTES IPO-
TOHOB [1] ¢ MPOEKTHBIMU XapaKTePUCTUKAMU, yYKa-
3aHHBIMMU B TabI. 1.

OIHO U3 KITIOUEBBIX CUCTEM YCKOPUTEITS SIBJISI-
eTCsI CUCTeMa TMArHOCTUKM ITy4Ka, KOHTPOJUPYIOIIAsT
TOK, MOIlepeuHbie (IIpoduib, TOJIOKEHUE, SMUTTAHC)
U TIPOJOJIbHBIE XapaKTEPUCTUKU IydKa (SHEprus,
pa3opoc 1Mo umnyibcam, dasza n ¢popma CrycTKOB) U,
Kak IpaBWJIO, BKJIIOYAloIlas B ce0sl TpU TUIIA U3Me-
pureneii. Bo-TiepBbIX, HaAeXXHbIE OBICTPhIE IETEKTOPHI,
MMOKa3bIBaIOIIEe OCHOBHBIE MapaMeTphl ITy4yKa, UC-
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MOJIb3yeMbIe 11 OBICTPOI MPOBEPKU OO0IIeit hyHK-
UOHAJIBHOCTU YyCKOpuUTesd. JlaHHBIE YCTpOMCTBaA
OOBIYHO HE pa3pylIaloT ITy4YOK, obOecriedynBasi BO3-
MOXXHOCTb HEITPEPHIBHOTO OMEPaTUBHOIO KOHTPOJIS,
W TIPEACTABIISIIOT Pe3yIbTaThl U3MEPEHUIT B BUIE OJI-
HOTO 4YHCjia, MIPOCTOro rpadmKa WiId JBYyMEPHOIO
n3zoopaxeHusi. Bo-BTopbix, 000pynoBaHue, UCMOIb-
3yeMoe IIJISI eXXeIHEBHBIX IIPOBEPOK KadyecTBa U CTa-
OMJIBHOCTH ITApaMETPOB ITyUKa, a TAK3Ke IS UBMEPEHMIA
B Mmpollecce MepecTPOKU MapaMeTpOB YCKOPUTEJIs.
DTOT TUII U3MEPUTEJIel, KaK IPaBUJIO SIBIISICTCS
BO3MYIILAIOIIMM, HO TIO3BOJISIET I10JIy4YaTh OOJIbIlIe NH-
dopManmu o Tydke. B-TpeTbux, CIOXHOE AWATrHO-
CTHYECKOe 000pyIOBaHUE, UCIIOJIL3yeMOe sl Ha-
CTPOIKM HOBBIX PEKMMOB paObOTHI MJIM HOBBIX KOM-
IMMOHEHTOB YCKOPSIIOIIIEH CTPYKTYphI, a TakxXKe sl
IMOMCKA peIIeHUI 110 ONTUMM3ALNN U PACIIMPEHUIO
GYHKIIMOHATBHBIX BO3MOXHOCTEH MaImWHEI. Takue
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Tabomuna 1. OcHOBHBIE XapaKTEPUCTUKU TTyuyKa MPOTOHOB Tpoekta DARIA

XapakTepucTuka 3HayeHue
DHeprus Imydyka Ha BbIXOJe UCTOYHUKa, M>B 0.06
DHeprus IMydKa Ha BBIXOJIE pe30HaTopa 3.3
C TIPOCTPAaHCTBEHHO-OTHOPOMTHOM KBaIPYITOJIbHOM (hOKycupoBKoii, MaB
DHeprus nmy4yka Ha BbIxoze yckoputesst, MaB 13
WmMmnynabcHBIN TOK, MA J1o 100
JITMTEeIbHOCTh UMITYJIbCAa TOKa, MKC 100
Yacrora ciienoBaHUsSI UMITYJILCOB, [11 Ho 100
Yacrora ciegoBaHus cryctkoB, MITx 162.5

YCTpPOMCTBA MOTYT OBITh CJIOXHBI B 3KCIUTyaTalluU
1 TIOJTHOCTBIO pa3pymiaTh Iy9OK Ha BpeMs M3Mepe-
HUi1, a UX OTJIUYUTETbHOW OCOOEHHOCTBIO SIBIISIETCS
MIpeaoCTaBIeHHe MHOTOMapaMeTpuIecKoit mHpop-
Malli¥ O ITyJKe.

O4yeBUAHO, YTO MEXAY TUMU TUIIAMHU 000pPYyHO-
BaHMS HET YETKMX IT'PaHUI, TEM HE MeHee Mogo0Has
KJIaccupuKalusg BechbMa I1OJIe3Ha, IS TOTO YTOOBI
BBICTPOUTDH IIPUOPUTETHI TIPU NPOEKTUPOBAHUU CH-
CTEMBbI TMAaTHOCTUKU.

M3MEPEHUE TOKA ITYUKA

M3 coobpaxkeHnii Hanbomblleil YHUBEpCaATbHOCTH,
BaKyyMHOM COBMECTUMOCTU, TIOMEXOYCTOMUNBOCTH,
BO3MOXHOCTH TMPOBEeHUsT aOCOMIOTHON KaanubpoB-
KM M, JIABHOE, BEJIMUUHBI OXUAAEMbIX TEMJIOBBIX
Harpy3ok, B clyyae MCIOJb30BaHUSI KOHTAKTHBIX Me-
TOJIOB U3MepPEeHU Hanbosee MoAXOASIIMMU U3Me-
pUTENSIMU TOKA 151 CUJIBHOTOYHOTO JIMHEMHOTO YCKO-
putenst TpoToHOB MpoekTa DARIA sBisIIOTCS MHIYK-
muoHHble gatunku Toka (MT, TpaHcdhopMaTopsl
ToKa) [2], KOTopble MPEIOXKEHO HCIIOIb30BaTh s
MPOBENEHUsSI OCHOBHBIX OIEpaTUBHBIX U3MepeHUit
KaK MMITyJIbCHOTO, TaK W CPEIHEro Toka mydyka BO
BCEM OXXMIAEMOM JIMana3oHe NHTEHCUBHOCTEN.

[J1s1 KOppEKTHOTO M3MEPEHUST UMIYJIbCOB TOKa
IMy4YKa C IJIMTEJIBbHOCTBIO Oonbiie 1—2 MKC HE00XO-
JIMMO KMCHOJIb30BaTh aKTUBHBIN TUII TpaHChopMaTo-
pa ¢ TpaHCUMMEAAHCHBIM MPeNBapUTEIbHBIM YCUTH-
TeJIeM M yBEIWYMBATh MHAYKTUBHOCTh CHUCTEMEBI 3a
CUET HCIIOJIb30BaHMs CepleYHMKa C BBICOKON Mar-
HUTHOM MPOHUIIAEMOCTbhIO, a HE YBEJIMUYESHUST KOJIU-
YyecTBa BUTKOB OOMOTKM /N, TaK KaK HM3MepsIeMbIi
curHail « 1/N. OmHOBpEMEHHO C 3TUM IS ITOIyYe-
HUSI KOPOTKOTO BpeMEHM HapacTaHUs CUTHAIBLHOTO
UMITYJIbCa, W KaK CJIEICTBUE OBICTPOTO OTKJIMKA CH-
CTEMbI, HEOOXOIMMO CHIKATh ITapa3uTHYIO EMKOCTb,
cokparas 1auHy Kaoenst mexny T u ycunutenem.
Eme omHuM 3HAaYMMBIM (PAKTOPOM B KOHCTPYKLIMU
NIT asnsieTcss MHOTOCIIOWHAS 3allliTa OT CTaTUJe-
CKUX U TIEpEMEHHbBIX MAaTHUTHBIX moJieii [3].

Ha puc. 1 npencrasneHa moneiab M T Ha ocHOBe
depputoBoro [4] Kojplia ¢ MATHUTHOM IIPOHUIIAC-
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MocThio ~4000. BHyTpeHHMII 5KpaH cepaeIHIKa MO-
JKET ObITh U3TOTOBJIEH B BUIE KOpPIlyca U3 MarHUTO-
MSTKOM CTaJli C CUMMETPUYHOMN KOJIbLIEBOM ILIEJIBIO
JUIST TIPOHUKHOBEHWSI MAarHUTHOTO TIONSI TIy4yKa, a
BHEIIHUM 3KpaH — M3 JUCTOB MarHUTHOI HepKaBe-
IOIEH CTajii, OKJIEEHHBbIX M3HYTPU (HOJBIoil u3
amop¢HOro cruiaBa KodajibTa U XKeJie3a ¢ MarHUTHO
MIPOHULIAEMOCTBIO ~103. TakKe U1 MONaBIeHUs Ha-
BOJIOK W TIOMEX PA3TAYHON MTPUPOIBI MOXKHO HUCIIONb-
30BaTh AuddepeHIIaIbHbIil CIIOCO0 CheMa CUTHaja
C UCTIOJIb30BAaHNEM SKPAHUPOBAHHOU BUTOM TTapHhl.

HMcTopudecku mepBbIM yCTPOMCTBOM, TIO3BOJISTIO-
IIIUM MPOBOAUTH MPSIMblE a0COJIOTHBbIE U3MEPEHUS
TOKa My4Ka, siByisiercsl uuauHap Papamnest, KOTOPHIi
YacTO UCTOJB3YIOT B KAYECTBE 3TAJIOHA TS Kaanuo-
POBKU ApYrux uzmeputesneil. Tak Kak OpuHIUI pa-
60Thl LHuAuHApa Papanes OCHOBAH Ha TOJIHOM TO-
DJIONIEHUW TIy4Ka B CUTHAJIBHOM 3JIEKTPONE, TO HA
MPAKTHUKE BO3MOXHBI HECKOJIBKO BapUAHTOB HCITOJIb-
30BaHUS 3TOTO YCTPOMCTBA: B BUIE CTAllMOHAPHOM
JIOBYIIIKM ITyYKa Ha BBIXOAE MOBOPOTHOTO MarHuTa
WJIM KaHaJla TPAaHCIIOPTUPOBKU JIMOO B BUJIE TTOJBUXK-
HOM KOHCTPYKIMW, BBOOUMOM B ITy4OK HA BPEMS U3-
MEPEHUIA.

B Buy BEICOKOI CpemHEN M UMITYJIbCHOM MOIITHO-
¢t Tmyduka yckopurelist mpoekta DARIA mipenoxkeHo
KWCMOJb30BaTh MOABUKHBIN OXJIaXXIaeMbI IUIWHIP
Mapanest (puc. 2), UTpaIInii OMTHOBPEMEHHO POJIb
aBapUITHO JTOBYLIIKHY My4YKa, TOJbKO B HU3KO3HEpre-
TUYECKOM KaHajieé TPaHCIIOPTUPOBKU, TAE CPEIHSS
oXXmaaeMasi MOLTHOCTh my4YKa He npeBbiiaeT 100 BT.
Hanee, HauMHasI ¢ BBIXO/Ia pe30HATOpPA C IIPOCTPaH-
CTBEHHO-OJHOPOJIHOI KBaJApyIoOJbHOI (hOKYCUPOB-
KOI4, TJIe CpeIHsISI MOIITHOCT ITy4Ka qocTuraet ~3.3 kBT,
clieoyeT MCII0Jb30BaTh MHAYKIIMOHHbBIE TAaTYUKU TO-
Ka U151 o0ecrneyeHus] Hepa3pyllamlX TOKOBBIX U3-
MmepeHuit. [Ipy HEoOXOOMMOCTH CO30aHUSI OTIOE/Ib-
HOW MOJBUXKHOM JIOBYLIKU ITy4YKa Ha BbIXOJAE YCKO-
putelist (Tae CpemaHsisi MOIIHOCTh ITy4yKa COCTaBIISIET
~13 kBT) BO3MOXHO HCIIOJIb30BAHUE OTHOCUTEIHLHO
MPOCTBIX KOHCTPYKILMIA, MPEAHA3HAYEHHBIX TOJBKO
TSI TIpoliecca TeTUIoCheMa U He BKITIOYAIOIIX B Ce0s
BECh KOMIUIEKC MEp 10 U3MEPEHUIO UMITYIbCOB TOKA
IMyYKa, CBOMCTBeHHBIX IunuHApaM Papanes [5].
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Puc. 2. Mogens oxnaxkaaeMoro uminHapa Papaaes ¢ BAKYYMHBIM BBOIOM JBUKEHMSI.

N3MEPEHUE [TPODUIIA [TYUKA

ApyruM BaxKHbIM MapaMeTpoM IIyuyKa SIBJSETCS
€ro IIOIIePEYHBbIii NPO(MUIIb, KOTOPBIA IOCTOSHHO
MEHSIETCS BIOJIb YCKOPUTES MO BO3NEHCTBUEM CU-
CcTeMbl (POKYCHMPOBKM, U €r0 KOHTPOJIb HEOOXOIUM
IUIST TIPOBEAEHUSI MPOLIEAYPhl COIIacOBaHUS TOTe-
pEYHOM TMHAMMKU MyyKa MEXIY pa3IMYHBIMU ya-
CTSIMU YCKOPUTENS U KAHAJIOB TPAHCTIOPTUPOBKMU.
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IIpoBoyioyHbBIe CKaHEepHl M, TeM 0ojiee, MHOIO-
MPOBOJIOUYHBIE ITPOGUITIOMETPHI OTHOCITCS K KJIacCy
BO3MYIIAIOIINX, a TIPYU HU3KUX SHEPTUSIX MydyKa pas-
pYLIAIOIINX, YCTPOMCTB TMaTrHOCTUKU, UCIOIb30Ba-
HUE KOTOPBIX JJISI HEIMMPEPBIBHOTO KOHTPOJISI Mapa-
METPOB ITy4Ka OTpaHUYEHO, KaK CyIlIeCTBEHHBIM BO3-
MyIIIEHHWEM ITydKa B IIpollecce M3MEpeHUi, Tak u
Jerpaganyeii IpoBOJIOK MO ACUCTBUEM pagruallioOH-
HBIX 1 TEIUIOBBIX HArpy30K [6]. B ¢BsA31 ¢ oxxunaeMoit

Ne 7 2023
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BBICOKOII MHTEHCHUBHOCTBIO ITyYKa MCIIOJIb30BaHME
KOHTAaKTHEBIX TaTYMKOB MMEET CYILIECTBEHHbBIE Orpa-
HUYEHUS MO AOMYCTUMBIM peXrMaM 3KCIITyaTalluu,
IIO3TOMY IIPEIOXEHO OTPaHUYUTDH MCIIOIb30BaHNE
ITPOBOJIOYHbBIX CKAHCPOB 3agadyaMM IPECHM3MOHHbIX
M3MEPEeHMI Ha 3Tarax HaJlalKu OTHAEIbHBIX JacTeid
YCKOpPUTEsI, Korga padoTra BedeTcsl ¢ IIyYKOM HU3-
KO WJIW YMEPEHHOI MHTEHCHUBHOCTU, a Ha ITame
9KCIUTyaTalluM MCIIOJb30BaTh HCKIIOYUTEILHO He-
paspyliapliye MeToAbl AUArHOCTUKM Ha OCHOBE
cBeueHud [7] m monm3aumu [8] ocTarogyHOro rasa B
MOHOIIPOBOE YCKOPUTEJIS.

YcKOpeHHBIe 3apsSKeHHBIE YaCTUILI, TPOXOs TI0
KaHaJly TPaHCHOPTUPOBKHM ITy4YKa, BbI3BIBAIOT MOHU-
3al[AI0 OCTAaTOYHOro rasa. Ymciao o6Gpa3oBaBIIMXCS
WOHOB B eMHULIe 00BbeMa MPSIMO TTPONOPLIMOHATIBHO
WHTEHCUBHOCTH ITy4yKa M JaBJICHUIO OCTATOYHOIO
rasa. IlocpeacTBoM peructpauuu o6pa30BaBIINXCS
MOHOB 1/WJIN BJICKTPOHOB U aHAIN3a UX pacrpeaese-
HUS MOXKHO OCYILECTBIISITh MPOLIEIYPhl Hepa3pylla-
IOllleid AUAarHOCTUKM, HAalpUMeEp, IIPOBOAUTH M3Me-
peHus npoduiieii 1 IoJoXKeHU ITyyKa. B yactHoCTH,
C TMOMOIILI0O NOHU3AIMOHHOIO MOHUTOpA IToNeped-
HOro cevyeHwus Imydka [9] (puc. 3) MOXHO perucTprupo-
BaTh IBYMEpPHOE TMOIIepeYHOE pacIIpeaeieHIue 10T~
HOCTHU YACTHUIL My4YKa, U3 KOTOPOTO C [IOMOILLIO MHTE-
IPUPOBAHUS IO OJHOM M3 TOMEPEUYHBIX KOOPAUHAT
MOXET OBITh HaliIeH MPOMUIIb ITydKa IO IPYroi mo-
MepeyHoil KOOpAMHATE, aHAJIOTUYHBII TPOPUIIsIM,
U3MepsSeMbIM, HallpUMEp, C MOMOIIBIO ITPOBOJIOY-
HBIX CKAHEPOB WU OJHOMEPHBIX MOHU3ALIMOHHBIX
npoduaomeTpoB. CiieqyeT OTMETUTD, YTO 00padOTKa
pe3yJIBTaTOB U3MEpPEeHUIA TTpodUIIeii TTO3BOJISIET OIpe-
JIeJINTD TTOJIOKEHUE LIEHTPA TSIKECTU ITydKa.

Oco0ObIM TpebOBaHUEM SIBJISICTCSI HEOOXOAUMOCTD
MPOBENCHUST M3MEPEHUIl B HalIaJOYHOM peXUMe
YCKOPUTEJISI, KOIJa IOTeEpPU ITydKa Ha HadyaJabHOM
aTarne HacTpoiku MoryT mocturate 10% wu Golee.
B sToM citydae pacnipeneacHe MHTEHCUBHOCTH ITyY-
Ka B MOIEPEYHOM CEUYEHUU MOXKET OBITh JOCTATOUHO
CJIOXXHOM (opMbl. MHOroJleTHUII ONBIT padOTHI C
MOHU3ALMOHHBIM MOHUTOPOM IOIIEPEYHOTO ceue-
HUSI TTydKa Ha CUJIbBHOTOYHOM YCKOPUTEJIE TIPOTOHOB
AN PAH noxasai, 94To IJIsT XOpOIITo HACTPOSHHOTO
myyka (popMa €ro IomnepeyHoro cedeHust OJIM3Ka K
JUTATITUYECKON U cTabuiapHa BO BpeMeHU. Hewns-
MEHHOCTb (DOPMBI U MOJIOXKEHUSI, KaK ITPaBUIO, CBU-
JIeTeJIbCTBYIOT 00 yCTONUYMBOU paboTe yCKOpUTEs,
IMO3TOMY, TOMUMO MCIIOJIb30BAaHUS [IJisI OCHOBHBIX
JIMAaTHOCTUYECKMX 3a7a4 I10 U3MEPEHUIO IIpod et U
MMOJIOXKEHMS TTy9YKa, MOHU3ALMOHHBIA MOHUTOpP TO-
MEPEYHOIO CeUYeHMUs ITydKa SIBJISICTCS XOPOIIUM WH-
CTPYMEHTOM 151 0000IIIEHHOTO KOHTPOJISI KauecTBa
dbopMUpoBaHUS 1 TIPOBOAKHU ITyYKa.
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N3MEPEHUME TTIOITEPEYHOTI' O
OMUTTAHCA ITYUKA

B oG1mem cirydae mmapaMeTphl ITydKa MOXKHO OITH -
cathb (GyHKIMEH pacrpenejeHus] B IIeCTUMEPHOM
daszosom npoctpanctse @D (x, p,,y,p,,s, E), TIe
X,Y,$ — KOODAWHATHI, p,, p, — MPOEKIMU UMITYJIbCa
IMy4yKa Ha COOTBETCTBYIOILIME OCU, F — 9HEPrus my4-
Ka. [Ipoexuyy uMnyjbca MOTYT ObITh 3aMEHEHbI Ha
yIJI0BBIe pacxoxaeHus x',y'. OTHebHO BBIACISIOT
MPOEKLMU (Ha30BOro IMPOCTPAHCTBA HA MOIMEPEYHEIE
HaIlpaBJICHUIO JIBVIKCHUSI My4yKa (ha3oBble IIOCKO-
ctu (x,x'), (y,y') ¥ IPOAOJBHYIO TLUIOCKOCTH (s, F).
HMccnenoBanue pacripeneieHUsl YacTUll B MoIepey-
HBIX (ha30BBIX IJIOCKOCTSIX HEOOXOAMMO IJISI MOACIV-
pOBaHMS AMHAMUKY ITydKa MPU TIOMOILIU Pa3INnIHBIX
TPaHCIIOPTHBIX KOAOB.

CYH_[CCTBYCT ABa IIpUHIOMWITNAJIbHO Pa3HBIX CITOCO-
0a N3MEPUTDH HOHCpC‘IHLIﬁ SMMUTTAHC ITy4YKa: ITPpU I10-
MOIIM CIICIIUaJIbHBIX I/I3MepI/ITeJIeI71 OMUTTAHCa UJIU C
MCITOJIb30BAHUEM KOCBCHHBLIX ITPOLECAYP BOCCTAHOB-
JICHUA OMUTTAaHCA.

I1epBEIit cTTOCOO MOOXOAUT IS U3MEPEHMI TTapa-
METpPOB NMy4ykKoB HU3KUX (10 10 M»aB) sHepruii, u B
cirygae rmpoekta DARIA MOXHO UCITOIB30BaTh Kj1ac-
CUYECKUI IIIeJICBOM U3MEPUTEIb SMUTTaHca (puc. 4).
ITpocTpaHcTBEHHOE pa3pellleHrue JaHHOTO Ipubdopa
omnpeensieTcsl pa3MepoM IIeJId U Ha IpaKTUKe MO-
xeT coctaBnsieTr ~100 mxMm. IlleneBoit m3mepuTenb
SMUTTAHCA MPOBOAUT MOIIArOBOE IPOCTPAHCTBEH-
HO€ CKaHMPpOBaHHUE ITyYKa, OOHAKO, Oj1arogapst Hajau-
Y10 MHOTOIIPOBOJIOYHOTO IIpOdHriIoMeTpa, IJIs U3-
MEpEHMSI YIJIOBOTO pacrpenesieHUs Myyka B 3alaHHOMN
KOOpIMHATEe TpeOyeTcsl TOJIBKO OTHO H3MEpEHHE.
OnHoit M3 OCHOBHBIX MPOOJIEM, BOZHUKAIOIINX TP
MPaKTUYECKON peanr3aliiu IIeJeBOro U3MepUTes,
SBJISIETCSI caMa IIedb, TeOMETpUsI KOTOPOI cCyIe-
CTBEHHBIM O0pa30M 3aBHUCHUT OT ITapaMeTPOB ITydKa

(puc. 5).

st mpoBeneHusl U3MEpPeHUid BBICOKOMHTEHCHB-
HBIX MIYYKOB C dHEprueit 60sblle HeCKOJbKUX M3B
reOMEeTpUS 11IEJI1 CYILIIECTBEHHO YCIOXHSsIeTcsl (Kpaii-
HsISI TIpaBasi KoHguUrypauus Ha puc. 5). B naHHoOM ciy-
yae 6a30Basi TOJIIIMHA IUIACTUHbBI, B KOTOPOit (hopMU-
pyeTcst 1Iellb, TOJKHA OBITh JOCTAaTOYHO OOIBIIONM,
YTOOBI 3aTOPMO3UTHh OCHOBHYIO YaCTh ITy4Ka, OMHAKO
OIHOBPEMEHHO C 3TUM YIJIOBOI pa3Mep Iieu JOJKeH
OCTaBaTbhCs TIOCTATOYHBIM JLJIS1 00ecTieUeHUsT Hy>KHO-
ro auaria3oHa WU3MEPEHUN YIVIOBBIX PaCXOXIECHUN
BBIPE3aHHOI YaCTU My4YKa, KpoMe TOTO, HEOOXOIUMO
CHU3UTD JIOKAJIbHBIE TETLJIOBbIE HATPY3KU Ha TJIaCTU-
Hy. /1151 BBITTOJTHEHUSI 3TOI COBOKYITHOCTU YCJIOBUM
W3TOTaBJIMBAIOT 111I€JIb C BBIPaK€HHON KIMHOBUAHOM
¢dopmMoii BXOOHOI MOBEPXHOCTH, UYTO YBEINIUBACT
IUIOIIaAb B3aMMOJCHCTBUS TIJIACTUHBI C IMYYKOM U
oOecrieunBaeT MMHUMU3ALMIO €€ TOJIIUHBI B 00j1a-
CTU CKBO3HOTO pa3pesa.
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Cymm.uso6p. - - B ummnysbee
Cepiio  U306p.

VipaBjieHue HCTOYHUKOM MTHTAHUSE
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Puc. 3. MoHM3aLMOHHBIIA MOHUTOP ITOMEPEYHOrO CeYeHMsI MyYKa Ha BbIXOIe yCKopuTess noHoB Bogopona U PAH (a) u
paboyee OKHO ITPOrpaMMbl peTUCTpaliii M 00pabOTKU TaHHBIX, B KOTOPOM OTOOpakeHbI peTHCTPUPYEMOE BUIeOKaMepOii IBY-
MepHOE MoIlepevyHoe ceYeHMe ITydKa U IMOJIydeHHbIE M3 HETO TTPOoMIIIN ITyYKa ITo ocsiM X 1 Y, a TakKe 2JIeMeHTHI yIIpaBJICHUS
BUIIeOKaMepoii (0).
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Puc. 4. Cxema I/I3MepeHI/II71 IIpy IIOMOIIU LICJIEBOIO UBMEPUTEIIA SMUTTAHCA.

Huskas sHeprus

nmyJKa myJKa

- BX ....Eblx

Bricokas OHEPIUud

Bricokas OHEPIUA U
00JIbIIIas ”THTEHCUBHOCTh ITydykKa

Puc. 5. TunnyHast reomeTpusl 1IeJIei IJIsl pa3HbIX TapaMeTPOB ITydKa.

TennoBble HAarpy3ku OT B3aMMOJACKMCTBUS C ITy4d-
KOM TaKxKe BJIMSIIOT M Ha OOIIYIO TOJIIIMHY IJIaCTH-
HBI, ¥ IIPY U3MEPEHNM BBICOKOMHTEHCUBHBIX ITYYKOB
JUIST TIOHOOHBIX IIIEJeBBIX AuadparM TpedyeTcs ak-
TUBHOE oxJiaxaeHue [10].

M3MEPEHMUE ITOJIOKEHUA [TYYKA

Yalie Bcero B COBpeMEeHHBIX Pe30HAHCHBIX YCKO-
pUTEIISIX MIOHOB MOMNEpeYHOe MOJOXKEeHNE [IEHTpa TSI -
XKECTH IIydKa, a TakKKe ero (pa3oBoe IT0JIOXEHUE OT-
HOCUTEJILHO yCKopsolleil rapmMoHuku BY-mons
OIpEIEISIIOT C IIOMOIIBI0 €MKOCTHBIX ITMKAII-3JeK-
TPOAOB, HPUHIIUI AEMUCTBUS KOTOPBIX 3aKTI0YAETCS B
M3MEPEHUU TOKa U300pakeH!Us1, UHAYLIMPOBAHHOIO
BJIEKTPUYECKUM II0JIEM ITyYKa B U30IMPOBAHHON Me-
TAJUIMYECKON TutacTrHe. 1T m3MepeHUin TOIoKeHUS
My4Ka HUCIIOJb3YIOT YEThIPE €MKOCTHBIX ILIACTUHHI,
CYMMBI ¥ Pa3HOCTH CUTHAJIOB C KOTOPBIX ITO3BOJISTIOT
OIIPEIIeINTD IOJIOXKEHNME [IEHTPpa TSKECTH ITydka. Ta-
KM€ YCTPOMCTBA TpaIULIMOHHO Ha3bIBAIOT JaTYMKa-
MU IIOJIOKEHUS ITyYKa M pacIiojiaraloT Bo3Jie KaXKIou
KBaApynoJabHOI TMH3BI. [10CKOIBKY 27eKTPUIECKOE

MOBEPXHOCTb. PEHTTEHOBCKHUE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCIENJOBAHUS ~ Ne 7

MOJIe CTPYIIUPOBAHHOIO ITyYKa 3aBUCHUT OT BpeMe-
HM, Ha IJIACTUHE BOZHUKAET CUTHAJI OT IIEPEMEHHOTO
TOKa, COOp KOTOPOTO OCYIIECTBISETCS C TTOMOIIBIO
BY-meronuk u rexHosoruii (puc. 6) [11].

®da3oBbie U3MEPEHUST HEOOXOIMMBI JIJISI [IPOBEIE-
HUS IIPOLEAyPhl IIPOJOJIBHOTO COIJIACOBAaHUS YCKO-
psromux cekuuii (¢pasupoBanusi). biaarogapst mud-
depeHManbHOM (opMe cuUrHaja OT TOKa ITydKa
LEHTp CryCTKa M ero II0JIOXEeHNE OTHOCUTEILHO
CUHXPOHHOM (ha3bl YCKOPSIOLIEH TapMOHUKN MOTYT
OBITh OTIpeJe/ICHBI C BEICOKOM TOUHOCTHIO [12]. Kpo-
Me TOrO, JaTYMKU IIOJIOXCHUS ITydKa, YCTaHOBJICH-
HBIE ITapaMM, MOTYT OBITh MCIIOJIb30BaHBI IJISI IIPOBE-
JIEHUST BPEMSIIIPOJIETHBIX U3MEPEHUIA SHEPIUH ITyJKa.

OnHoit u3 MoauUKALIMi JaTYNKOB MOJTOXKESHUS
mydJka, HamboJiee 4acToO WMCMOJIb3yeMOM Ha MOH-
HBIX JIMHEHHBIX PE30HAHCHBIX YCKOPUTEISIX IS
MYyYKOB C HEPEISITUBUCTCKUMU CKOPOCTSIMU (3HEP-
rusg <500 MaB/HYKJIOH), SBISIIOTCS TaK Ha3bIBaec-
MBbIe “KOPOTKO3aMKHYTHEIE” TTOJIOCKOBBIC TaTYNKH, B
KOTOPBIX BBIXOJIHOM MOPT 3aMEHEH KOPOTKUM 3aMbl-
KaHWeM Ha KOpITyC JaT4rKa, 4To obecredrnBaeT 60-
Jiee TIPOCTYIO, KOMITAKTHYIO M IEIIEBYI0 KOHCTPYK-
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Puc. 6. [Ipumep xapakTepHOro CUTHaJIA ¢ JaTYMKa MOJIOKEHUS TTydKa MpH (a) pa3IudyHOM TOUYHOCTH perucTpalum (rmokasaHa
nudpamMu Ha TpaduKe); TUIIAYHAS CXeMa PACIOJIOXEHUSI OCHOBHBIX Y3JIOB perHcTpaliuy curHaia (6) u ¢gpororpacdust KOH-
CTPYKIIUM €eMKOCTHOTO MOJIOCKOBOTO IaTYMKa MOJIOXEHUS TTyuka, ucrnoibdyemoro Ha LINAC4 CERN (B).

oui0. B 0CHOBY KOHCTPYKILIMY TaTYMKOB TTOJIOKEHUSI  MPEACTABIISIIOT COO0M KOPOTKO3aMKHYThIE MOJI0CKO-
nyuka s npoekra DARIA moxkeT OBITH 3aj10keHa  BbIE€ JaTYMKK IIOJOXEHMsS ITydKa ¢ OMHOI Imapoii
reoMmeTpust 1aTdukoB LINAC4 CERN [13], KoTopble  3JIEKTPOIOB Ha KaXKIYIO TIJIOCKOCTb.
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M3MEPEHMUE ITPOAOJIBHBIX
XAPAKTEPUCTHUK ITYUKA

ITpononbHBIE TTapaMeTphl ITy4YKa Ba>KHBI JIST Ha-
CTPOMKM M DKCIUTyaTalluM YCKOPUTEIIS TaK Xe, KaK 1
MOIEePEYHbIE, XOTSI METOAbl UX AUATHOCTHKU YaCTO
onucaHbl MeHee moapoOHo. IIpomonbHOe (azoBoe
MPOCTPAHCTBO YIOOHO OIIPEACISITh AByMS ITapaMeT-
paMu: IIPOIOJIBHBIM pa3MepoM CrycTKa / B eIMHUIIAX
BpeMeHU Win (asbl, MO0 aHAJOTUU C IOIEePEYHBIM
npoduiieM Mmydka; pa3dpocoMm I10 UMITyJIbcaM (MjIu
Ap_ _v AW OTHOCHUTEJILHO UM-

I+y W
IMyJIbca CUHXPOHHOI YaCTHULIbI, TIO aHAJIOTUH C TIOTIe-
PEYHBIM pacxoxaeHueM Iydka. [1ponojibHbIM SMUT-

10 BHEPTUSIM) & =

TaHC B 9TOM CJIy4ae PaBeH €,,, = ij didé.

B oTimune ot udMepeHUit SHEPTETUISCKOTO pas-
6poca, KOTOpbIE TPAAUILIMOHHO MPOBOAST C TTOMOIIIBIO
MarHUTHOI'O CIIEKTPOMETPa, COBMEIIEHHOTO C IIIeJIe-
BBIM KOJUIMMATOPOM, SKCIIEPUMEHTAILHOE UCCIIEI0-
BaHME CTPYKTYphbI ITydka ((pOopMBI CIYCTKOB) IIpel-
CTaBJISIET CYILIECTBEHHYIO TEXHUYECKYIO MTPOOIeMy.

CriemyeT OTMETUTD, YTO (ha30BBIMA CIEKTP IydKa
Ha BXOJI€ YCKOPSIIOIIIET0 pe30HAaTOpa MOXKET OBITh U3-
MepeH 1 6e3 IIPUMeHEHUS CIelMabHOI anmapary-
pol. [J1sT 3TOro Ha BEIXOIE pe30HATOpa U3MEPSIIOT 3a-
BHUCHUMOCTh TOKa YCKOPEHHBIX B P€30HATOPE YaCTUIL
oT caBura (pasnl ycKopsiolero moss. I1pu nonanga-
HHMHU CTYCTKa B 00JIACTh YCTOMYMBOCTU ITIPOMCXOIUT
BO3pacTaHue TOKAa YCKOPEHHBIX YACTWII, U IIPOU3-
BOIHAsI UBMEPEHHOI (PYHKIINY 10 (pa3e mpeacTaBis-
eT co0oIi (pa30BBIi CIIEKTpP ITy9Ka Ha BXOIE pe30Ha-
topa. K HemocTaTkaM 3TOro MeTojia cjieayeT OTHECTU
HE0OXOAUMOCTh PACCTPONUKM YCKOPSIOIIETO pe30Ha-
TOpa, IIOJIHYIO IIOTEPIO IMydYKa B IIPOLIeCCe U3MEPEHMIA
u Hu3Koe (>10°) (pazoBoe paspelieHue.

st namepeHuii GopMbl CTYCTKOB B JIMHEWHBIX
YCKOPUTEJISIX MOHOB B HACTOSIIIEE BpeMSI IIPUMEHSIIOT
TOJILKO BTOPUYHbBIE HU3KOIHEPTreTUIECKHE DIIEKTPO-
HblI [14]. X cBolicTBa, cyllleCTBEHHbIE MTPU U3Mepe-
HUSIX (GOPMBI CTYCTKOB, IIPAaKTUYECKU HE 3aBUCIT HU
OT TUIIA, HU OT SHEPruu aHanm3upyeMmoro nydka. I[1o
9TOM MPUYUHE AETEKTOPHI C UCITOJb30BAaHUEM BTO-
PUYHBIX HU3KO3HEPTeTUYECKUX JIIEKTPOHOB IIpUME-
HUMBI U1 U3MEPEHMWI Ha JIFOOBIX ITyJYKaX MOHOB 0e3
cylllecTBeHHOI Moaudukauuu. Mameputenn Ha oc-
HOBE JIMHEUMHOM MOIIEPEYHON MOAYJISILIMU CTAJIU U3-
roraBnuBath B UM PAH ¢ 1980-x romos [15—17].
bazoBblit BapuaHT KOHGUTrypauuyu npudopa moiy-
4yl Has3BaHMe “aHainm3arop ¢a3oBoro crekrpa”
uinu “usMmepuresib popmbl cryctkoB” (Bunch Shape
Monitor, BSM) [18] u siBisieTcsl 1eTEKTOPOM 151 Ha-
OJIIoACHUST MPOMOOJIBHOTO pacIipelelieHUsI 3apsiia B
cryctkax (puc. 7). Co3maHHBIE IETEKTOPHI paboTaIoT
Ha ITy4KaX MPOTOHOB, OTPULIATEIbHBIX MOHOB BOJO-
pona M TSKeJIbIX MIOHOB B IUAaIla30He S9HEPruii ot 2.5
1o 1000.0 MsB/HyKJI0H.

MOBEPXHOCTb. PEHTTEHOBCKHUE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCIENJOBAHUS ~ Ne 7
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Puc. 7. Uzmepurens ¢opmsel cryctkoB UM PAH mnsa
npoekta GSI-FAIR (I'epmanusi) (a) u cpaBHeHUEe pe-
3yJIbTaTOB  U3MEpPEeHUIl (POpMBI CryCTKOB pasHbIMU
yctpoiictBamu (0) [19]: nmukamn-snektponamu (/); ObICT-
PBIM MHAYKIIMOHHBIM JaTYUKOM TOKa (2); U3MEpUTEIeM
dopmsl cryctkoB MSIU PAH (3).

B OonbliMHCTBE pa3spabOTaHHBIX W3MEpUTEIEH
UMeeTCsI BOBMOXHOCTb PETMCTPUPOBATh (DOPMY M-
MMYJICOB TOKA BTOPUYHBIX 3JIEKTPOHOB, UTO TTO3BOJISI-
eT HaOJIIoIaTh 3BOJIOLIUIO (P)OPMEI CTYCTKOB B TeUe-
HUE UMITyJIbca TOKa MCCIeayeMoro Iydka (puc. 8).
DTy XapaKTepUCTUKY MOXKHO MCIOIb30BaTh KaK 0000-
IICHHBIN KPUTESPUil ITPaBUIBHON paOOTHI BCEX CH-
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Puc. 8. [Ipumep nsMeHeHUsI CTPYKTYPhI ITydKa B TEYEHUE
umITyJibca Toka rmydka Ha Beixone LINAC4 CERN B niporiec-
Ce HacTpOWKM (a) I B HOMUHAIIBHOM peXXrMe paboThl (0).

CTE€M YCKOPUTEJIsl, BIUSIOLINX HA TPOJOJIbHYIO TUHA-
MUKy TTy4Ka, B TOM YHUCJIE U CUCTEM CTaOMIU3aLNU
aMIUIATYO U (ha3 MoJIei B yCKOPSIOIIUX pe30HaTOpax.

Taxkxe, B COBOKYMMTHOCTH C METOAMKON CKaHUPO-
BaHUs yckopsiolux BU-pe3zoHaTopoB, u3aMepuTesin
MO3BOJISTIOT BOCCTAHABIMBATh MPOMIOIBbHBINA SMUTTAHC
My4yKa B BUJ€ DKBUBAJIEHTHBIX (DA30BbIX 3JUIUIICOB.

Kpome Toro, 00JiblI0ii fMHAMWYECKWIT JUaIia30H
JIETEKTOPOB ITO3BOJISIET IIPOBOAUTH U3MEPEHUSI TIPO-
JIOJIBHOTO opeosa crycTka. IlomygaeMmble TakmM oOpa-
30M Pe3yabTaThl UMEIOT 0CO00e 3HAYEeHUE IJIST YCKO-
puTeIeil ¢ BBICOKO WHTEHCUBHOCTBIO, MOCKOJIBKY
HaJIM4Me opeoJia MPUBOIUT K ITOTEPSIM ITydKa.

SAKJIIOYEHHUE

ITo utoram mpopa®OTKM KOHUEHIUU CHUCTEMBI
JIMArHOCTUKM My4YKa CUITbHOTOYHOTO JJUHEWHOIO YCKO-
putelrst npoToHOB npoekra DARIA mpemioxeHo uc-
M0JIb30BaTh CJEAYIOLIUE JETEKTOPbl: MHAYKIIUOH-
HBIM JaTYMK TOKA; OXJIaXKIaeMblid HIUJIUHAP dhapanes;
MPOBOJIOYHbIE MPOGUITIOMETPBI; MIOHU3ALIMOHHBIM MO-
HUTOP MOIEPEYHOTO CEUECHUS TTyuKa; 111eJIEBOI U3Me-
pUTEJIb DMUTTAHCA; TTOJIOCKOBBIM MaTYMK TI0JIOXKE-
HUS MMy4YKa; U3MepuTeb (POPMBbI CTYCTKOB.

OnHoit 13 OCHOBHBIX TIPOOJIEM 11 AUATHOCTUKU
nydka B yckopurene rnmpoekta DARIA sBisercs 3Ha-
YuTeIbHAs UMITYJIbCHAS Y CPEIHSISI MOIITHOCTH ITydKa
B COBOKYITHOCTU C OTHOCUTEIbHO HU3KOW DHEPTUEH,
4TO CYLIECTBEHHO OrpaHUYMBAET BHIOOP BO3ZMOXKHBIX
IMarHOCTUYECKHUX TTIPUOOPOB M MeTOOOB. B CBsI3M ¢
9TUM, PEKOMEHIOBAHO MOCTPOEHUE CHUCTEMBI IUa-
THOCTUKM Ha OCHOBE YCTPOICTB, MCIIOJIb3YIOIINX HE-
paspymampnine crocoosl n3MepeHuii. MHIyKnmoH-
Hble JaTYUMKU TOKA U €MKOCTHBIEC JaTYMKU MOJI0XKe-
HUS MydKa I M3MEPEeHMU IToNoxKeHUs, (a3l U
9HEPIrUM IIydKa MOTYT OBITh CTAlIMOHAPHO YCTaHOB-
JIEHBbI BIOJIb YCKOPUTEJISI B KOJMYECTBE, JOCTATOU-
HOM 11 KOHTPOJISI IIPOXOXASHUS IIyYKa BIOJIb BCEM
YCKOPSIIOWIEH CTPYKTYPEL.

Ha BbIX0O1€ yCKOPUTEISI perucTpaLyvs moJ0XKeH s
Y IIONEPEYHOI0 CeUYEHUSI IIydYKa MOXET OBITh IIPOBE-
JleHa C TTOMOIIIbI0 MOHU3ALIMOHHOTO MOHMTOpa MO-
MEePEYHOIro CCYCHMSI.

Jlasg naMepeHunit mpodMIIsa IMydka Ha BXOAE 1 BhI-
XOJIe pe30HaToOpa C MPOCTPAHCTBEHHO-OTHOPOIHOM

[TocTossaHOE pasMCIICHUEC

AT +T1IC+ LD

(av+nc)(av] (onn (annfay [ann) fnn) (ay +vmng

Noc

BpemeHHoOe pa3MeriieHre

Puc. 9. Cxema BO3MOXKXHOTO pacroJIOKeHUsI 000pyIOBaHUSI CUCTEMBI TMAarHOCTUKU BIOJIb JIMHEIHOTO YCKOPUTEJISI IIPOTOHOB
npoekta DARIA. UIT — nHayKuMoHHBIN gaTuuK ToKa, P — nunuuap @apanest, [1C — npoBosiouHslii ckanep, AI1I1 — nat-
YUK TMOJIOXeHUsT mydyka, UD — usmeputenb smutranca, UPC — usmeputenb popmel cryctkoB, MUMIIC — noHu3anmoHHbII
MOHMTOP ToTiepeyHoro ceueHus, 1Y — nmarnoctuueckuii y3ei, cocrostimii uz AT + I TTIT.
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KBaJIPYIIOJIbHOM (hOKYCHPOBKOI Hanlboiee Mpeamno-
YTUTEJIbHBIMU YCTPOICTBAMMU SIBJISIIOTCS ITIPOBOJIOYHbBIE
CKaHephl, oOecreYrBamlIe NPeUu3uOHHbIE U3Me-
peHusI, pe3yabTaThl KOTOPHIX MOTYT OBbITh UCITOJIB30-
BaHbI KaK JUISI HACTPOEUHBIX MPOLICAYP, TaK U ISt
MOJEIUPOBAHUS IUHAMUKY IIy4Ka B YCKOPUTEIIE.

C y4eToM 3HAYUTEIbHON UMIYJILCHON U CpeaHe
MOIIIHOCTU My4YKa MPEeICTaBIsIeTCS] Helleaecooopas-
HBIM McHoNb30BaHue HUIMHApoB Dapanest, coBMe-
Iamux (QYHKUWM JIOBYLIKU W U3MEPUTENsT TOKa
BBICOKOMHTEHCUBHOTO My4YyKa B KaHaJaX CPEOIHUX U
BBICOKMX 3Hepruii. /s KOppeKTHBIX U3MEPEHUI B
TaKUX LWIMHApaX HEOOXOAUMO UCHOJIb30BaTh
OOJIBIIIOE KOTUYECTBO TEXHOJOTUYECKUX PEIICHMIA,
CYILIECTBEHHO YBEJIMWYMBAIOIIMX WX CTOUMOCTb IIO
CPaBHEHUIO C MPOCTOM OXJaXIaeMOM JIOBYLIKOM,
paccCuMTaHHO Ha Ty K€ MOIIHOCTb TEIIoCheMa.
OxnaxnmaeMmblil mHAp Papaness MOXeT ObITh UC-
MOJb30BaH B KAYeCTBE JIOBYLIKHU ITy4Ka HOMWHAJIb-
HOI MHTEHCUBHOCTY B HU3KOHEPIeTUYECKOM KaHajle
TPaHCOOPTUPOBKU IJISI MPENBAPUTENbHOM HACTPOIi-
KM MydKa mepell YCKOpPEeHMEM B pe30HaTope C Mpo-
CTPaHCTBEHHO-OIHOPOIHOI KBaIPYyNOJbHON (POKY-
CUPOBKOIA.

B cityyae koHpUTypanuyu HU3KO3HEPreTUIECKOTO
KaHaJjla TPaHCIOPTUPOBKM, HE MO3BOJISIIONICH pa3-
MECTUTh HECKOJIBKO OTOEbHBIX TUATHOCTUYECKUX
YCTPOMCTB C CHIL(MOHHBIMU W/UAW HUIIEIbHBIMU
pa3BsI3KaMH, BO3MOXHA pa3paboTKa eIUHOTO KOM-
MMAKTHOTO AUAarHOCTHMYECKOIO OOKca, BKJIIOYAIOIIETO
B ceba UAT, oximaxnaemblii mmHap Papanesa u
MIPOBOJIOYHEBI CKaHeEP.

YacTo WCMOJIB3YIOT TOJABKO OAMH U3MEpUTEsb
SMUTTAHCA U OAWH U3MepUTeEIb (DOPMBI CTYCTKOB B
COCTaBe OTAEIBLHOTO IMAarHOCTUUYECKOTO CTeHa, KO-
TOPBIiA TIEPEABUTAIOT BAOJb YCKOPUTESI HA TPOTSIKE -
HUM BCETO Mpollecca BBOJa B AKCIITyaTallMio HOBBIX
cekuwmii [20]. B kauecTBe JIOBYILIKY TTy4Ka JIJIsl TAKOTO
CT€HJa MOXET ObITh MCIOJb30BaH CTallMOHAPHBIN
oxyaxaaemblil LunuHaAp Papanest, KOHCTPYKLIUS KO-
TOPOTO CYLIECTBEHHO YyIpOIllleHa Ojaronapsi pasMe-
IIEHUIO CUCTEeMBbl OXJIaXIEHUSI BHE BaKyyma MOHO-
MpoBoJa.

CxeMa BO3MOXHOTO pa3MelIeHUsI OTICIbHBIX y3-
JIOB JVWarHOCTUYECKOTO OOOpYNOBaHWS BIOJb JIM-
HelHOoro yckoputensi MpoToHOB Tipoekta DARIA
npuBeaeHa Ha puc. 9.
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Concept of Beam Instrumentation System for High-Intensity DARIA Proton Linac

S. A. Gavrilov 2 *, A. 1. Titov! 2

! Institute for Nuclear Research Russian Academy of Sciences, Moscow, 117312 Russia
2Moscow Institute of Physics and Technology (National Research University), Dolgoprudny, 141700 Russia
*e-mail: s.gavrilov@inr.ru

Beam diagnostics is one of the main tasks during operation of charged particle accelerators. The paper pres-
ents a concept of a beam instrumentation system that provides diagnostic procedures and allows to measure
and adjust the clue beam parameters in a linear resonant proton accelerator of a compact neutron source
DARIA: current, position, profile, emittance, energy, phase characteristics. An important requirement is to
provide measurements during the accelerator tuning procedure, when the beam parameters can be changed
in a wide range. It is proposed to include in the main structure of the system such types of diagnostic devices
as beam current transformers, stripline beam position monitors, wire scanners, ionization beam cross-section
monitor, slit emittance meter, bunch shape monitor, water-cooled Faraday cup. A particular attention is paid
to a non-destructive method due to a high pulse and average beam intensity in conjunction with a relatively
low beam energy to provide continuous operational control of the beam parameters. Main physical principles
of operation, typical characteristics, as well as features of the practical implementation of the devices are in-
cluded. A possible arrangement layout of diagnostic units along the accelerator is proposed, taking into ac-
count peculiarities of using the proposed types of detectors in various parts of the accelerator.

Keywords: proton linear accelerator, beam instrumentation system, beam current transformer, Faraday cup,
wire scanner, beam cross-section monitor, emittance monitor, beam position monitor, bunch shape monitor.

TMOBEPXHOCTb. PEHTTEHOBCKUWE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCJIEIOBAHUS ~ Ne 7

2023




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


