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B craThe paccMaTpHBaIOTCS MEPCHEKTHBHBIE KOHCTPYKIIMHA PE30HATOPOB UIS IPUMEHEHHS B COCTaBE YCKO-
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Abstract

The article deals with perspective structures of resonators, which used in accelerating devices. The main
characteristics of been developing resonators are presented.

KuawouyeBble c10Ba: CBEpXNPOBOASIINE YCKOPUTEIHU, PE30HATOPHI, YCKOPUTEIH 3apAKEHHBIX

YacTHlLl.

Keywords: superconducting accelerators, resonators, charge particle accelerator.

BBengenne

BbICOKOUACTOTHBIE PE30HATOPHI HAXOMAT LIMPO-
Koe NpPUMEHEHHE B pa3snuuHBIX oOmacTsx CBY Tex-
HuKU. OJJHUM U3 BUJOB IPUMEHEHUS PE30HATOPOB SIB-
JISICTCS UX HCIOJIB30BAHUE B YCKOPUTEIISAX 3aPSKCHHBIX
4acTHI], HAIIpUMeEp, B IMHEHHBIX yckopuremsx [1, c.8].

CoBpeMeHHbIE CBEPXIPOBOSIIUE CTPYKTYPHI CO-
CTOAT W3 MOCIEA0BATEIBHOCTH HE3aBHCHMO (haszupye-
MBIX PE30HATOPOB, HCIIOJNB3YEMBIX JUIS YCKOPEHHS
IIy4YKOB, ¥ COJICHOWIOB WIIM KBaApymnoied s ux ¢o-
KyCUpOBKH. JIUHEHHBII yCKOPUTEND, IOCTPOCHHBIN Ha
OCHOBE IIOCIIEIOBATEIBHOCTH HE3aBHUCHMO (ha3mpye-
MBIX P€30HATOPOB, JHUIIEH HECKOJBKHX HEIOCTaTKOB
[2]:

— HET MOBOPOTHBIX MarHUTOB ¥, COOTBETCTBEHHO,
He TpeOyeTcsl pacXo[0BaTh SHEPrHI0 Ha MX HHUTaHHUE,
MIOCKOJIBKY PEryJIHPOBKA YHEPIHH MOXET OBITh obec-
medeHa Kak rpy0o (IpH BBIKIIIOYEHHH OJHOTO WJIH He-
CKOJIBKHX PE30HATOpPOB), TaK U IIABHO, MOJCTPOHKON
(a3 BU-nons B pe3oHaTopax;

— YCKOpHTEIb 6€3 0COOBIX CIIOKHOCTEH MOXKET pa-
00TaTh B HEIPEPHIBHOM PEXUME, BO3MOKEH KOHTPOJIb
3a pa3MepoM orubaromieii my4ka u T.JI.

B naHHOHI cTaThe NPUBOIATCS MEPCIEKTUBHBIE
KOHCTPYKLIUU PE30HATOPOB JJIsl IPUMEHEHUS B YCKO-
PAIOLIUX yCTPOMCTBaX.

CoBpeMeHHbIe KOHCTPYKIIHU Pe30HATOPOB

B xauecTBe OCHOBBI IS 3TIEKTPOHHBIX YCKOPUTE-
Jell MOXHO TPEIUIOKHUTB, HallpuMep, MCIOIb30BaHNE
KOAKCHAJbHBIX OIYBOIHOBBIX PE30HATOPOB.

OnexrponHbIi yekopurens BETA-8 [3] pa3zpabo-
TaH Ha OCHOBE KOAKCHAJILHOTO IIOJYBOJHOBOIO pe30-
HaTOpa, KOTOPEI, B CBOIO O4Yepeb, 00pa3oBaH U3 KO-
aKCHAJIFHOTO BOJHOBOJA JUIMHOW A/2, 3aKOPOYEHHOTO
¢ 000X KOHIIOB, Ile A — JUIMHA BOJIHBI. Y CKOPUTEIb
paccuMTaH Ha IOJyYEHUE TpeX 3HAYCHUH cpelHeil
sHeprum 3jekTpoHoB: 1,5; 4,5 u 7,5 MbB, ¢ makcu-
MaJbHOU cpeHel MoImHOCThIo my4yka 10 300 xkBT.

OCHOBHOH 9acCThI0 HHKEKTOPA 3JIEKTPOHOB SIBJIS-
eTCs CeTOYHO-ympamisiemMas TepMokarogHas BY
ITyIIKa Ha OCHOBE BHICOKOYACTOTHOTO YE€TBEPTHBOJIHO-
BOT0 KOAaKCHAJILHOTO PE30HATOpa, C PE30HAHCHOM 4a-
crotor 100 MTI'm.

Cxemarnueckoe uzoOpaxeHue pe3onHaropa BY
HMH)XEKTOpa MpeCTaBlIeHO Ha pucyHke 1 [3].
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1 — kopnyc pezonamopa; 2 — yurunopu4ecKul 21eKkmpoo;

3 — mepmoxamoonwlii y3en; 4 — poxycupyrowuii 31eKkmpoo; 5 — mopyeeas CmMeHKa pe3oHamopa ¢ AHOOHbIM
omeepcmuem, 6 — ycmpoucmeo onepamusHoll nepecmpouKy Yacmomsl pe3oHamopa, 7 — yCmpoucmeo
Qurcayuu 231eKkmpooa u npedgapumenIbHOU HACMPOUKU YACnOmbl Pe30HAmMopa
Pucynok 1. Cxemamuunoe uzobpasicenue pezonamopa BY unscexmopa
€ cunosbimMu TuHUAMY ycKopaowezo BY nons

purnun pabotsr BU nHXEKTOpa COCTOUT B TOM,
YTO CETOYHO-KaTOJAHBINA y3€ll, paclojI0KEHHbIH HENo-
cpeactBeHHO B BU pe3oHaTope, BBIITYCKAET 3JIEKTPOH-
HBIE CTYCTKH OTIPEACICHHON JIINTENBHOCTH U B OTIpe-
neneHHol gase BU yckopsromiero mois B pe3oHaTope.
OnpeneneHHy0 JUIMTEIbHOCTh CIYCTKOB U NPUBS3KY
ux K ¢aze BU momns B pe3oHaTope odbecnednBaeT MOIy-
JSATOP CETOYHO-KAaTOJHOTO Yy351a, CO3JAIOLIUN HM-
MyJIbCHI OTIUPAIOLIETO HAPSKEHUSL.

lenxynos I'. I1., Onmuxos U. M. u [lerpos /. M.
B 2007 roay MpeasioKWIN yCKOPHUTENb 3apsIKEHHBIX
YacTHULI, KOTOPBIA MOKET UCIOJIb30BAaTHCS KaK pe30Ha-
TOPHOE YCKOPSIOIIEE YCTPOMCTBO IS CBEPXIHEPIC-
THYHOTO YCKOPHUTEJS 3apsHKEHHBIX YacTHIl [4].

[Ipoo6pazamu pazpaboTaHHOTO YCKOPHUTES 3apsi-
JKCHHBIX YaCTHUI] IBIISIOTCS PE30HATOPHBIA YCKOPUTEIh
9aCTHII, 00TaJAOIIUX IEKTPHICCKIM 3apsIIOM, U BBI-
COKOYaCTOTHBIM UMIIYJIbCHBIA PE30HATOPHBIA YCKOPU-
TeIb JJEKTPOHOB. JlaHHBIE YCTPOMCTBA OTIMYAIOTCA
Hu3kuM KIIJI, HeBBICOKOH Ha1eKHOCTBIO ¥ 3HAYUTENb-
HBIMH MaccOra0apUTHBIMHM IOKa3aTeasIMH, TpeOyroT
HCTIOJIB30BaHUE 3IEKTPOEMKUX MCTOYHHKOB IHTAHUS.
KoHcTpyknus pa3paboTaHHOTO YCKOPHUTEIS 3apsiKeH-

HBIX YaCTHIl IMEeT 3HAUYNTEIHHO YMCHBIICHHBIC rada-
putel, yBemmuennble KIIJI u pabodyio bacToTy, a
TaKXe BBICOKYI0 HaJeKHOCTb, MEXaHHYECKYIO MpPOU-
HOCTB ¥ BUOPOYCTOHIUBOCTE.

BrimenepeuncieHHbIe YCOBEPIIEHCTBOBAHNUS
ObUIN JOCTUTHYTHI 0JIarofapsl UCIOJIB30BAHUIO OIOP-
HOTO HM30JIATOpa, BBEIOIHEHHOTO B BHJE IHOJOTO yce-
YEHHOTO KOHYCa U PAaCHOJI0KEHHOTO COOCHO C PE30Ha-
TOPOM, NPUMEHEHHIO pyOalleK OXIaXACHUS U pa3Me-
IIEHHIO B ITOJIOCTH PE30HATOpa TETPOTHOHN IYIIKH U
paZuaNbHOrO aHOAAa TEHEpaTopa BBICOKOYACTOTHOMN
MOIIHOCTH B BaKyyMe (pUCYHOK 2) [4].

YeTBCpTHBOIHOBEIC KOAKCHATBHBIC PE30HATOPEI,
UCTIONB3YEMBIE B MPEIJIOKEHHOM YCTPOICTBE Kak
aHoHbII pe3oHaTop BU Terpona u yckopsromuii pe3o-
HATOp YCKOPHTENS 3apsDKEHHBIX YacTHI, obecredn-
BalOT HAa BBIXOJAE YCKOPHUTEIS! BBICOKODHEPreTHYHBIE
MOTOKH YacTHI[, OOJIANAIOUINX 3JIEKTPUYECKUM 3apsi-
JIOM, 3a CHYET IIOCIEeIOBATEIBHOTO HApAIMBAaHUSI HX
sHepruu. Mcnonp3oBaHne KOaKCHAIBHBIX PE30HATOPOB
JaHHOTO BUja BKyIme ¢ 1ByMs BU 3a3opaMu no3ponser
HCIIONB30BaTh YETBEPTHBOIHOBOH pE30HATOP Kak IO-
JIyBOJTHOBOH, YTO BIIEUET 3a co0OIf yMeHbIIeHNE Taba-
PHUTOB YCTPOMCTBA.
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1 — uemeepmbBONHOBYLI KOAKCUATbHBLIL PE30HAMOp; 2 — 6HeUHUL NPOB8OOHUK KOAKCUATbHO20 pe3oHamopa, 3 —
6HYMPEHHUT NPOBOOHUK KOAKCUATbHO20 pe3onamopa; 4, 5 — mopyesvle CMeHKU KOAKCUAIbHO20 pe3oHamopda, 6

— yenmpanvbHas npoiemuas mpyoa; 7 — omeepcmue 6 YeHmpaibHoU npoiemuon mpyoe,; 8, 9 — 6oxoswvie
npoaemuvle mpyowvl 0 68004 U GblBOOA 3APANCEHHBIX Yacmuy coomeemcemaenno, 10 — ouappaemol nporemuulx
mpy6 6, 8, 9; 11, 12 — pranyvr 60xo8wix nponemuvix mpyo 8, 9 coomeemcemeaenno,; 13 — ucmounux 3apanicenHvix

yacmuy,; 14 — snexmponnas unu uoHHas nywxa,; 15 — ycmpouicmeo 015 npuema 3apsaxicennvlx yacmuy, 16 —
muwenv; 17, 18 — ghnanysl ucmounuka 3apsajicenHblx yacmuy u ycmpoucmea 0 npuema 3apsa’CceHHbIX 4acmuy

coomeemcmeento; 19, 20 — yckopaiowue gvicokouacmommuvle 3azopwl; 21 — kamoouas nodxcka BY mempooa; 22
— nodoepesamens kamooa B4 mempooda, 23 — kamoo B4 mempooda; 24 — ynpasasirowas cemxa B4 mempooa;
25 — axpannas cemxa B4 mempooa; 26 — paduanvustii anod BY mempooa; 27 — uzonamop 6vlioda anooa BY

mempooda,; 28 — mopoobpasnas nacaoka,; 29 — omeepcmus 6 mopoobpasnou nacaoxe, 30 — pybawxu
oxnaxcoenus; 31 — mpybxu 015 6800a/8v1600a oxaaxcoaroujeli sHcuokocmu; 32 — ONOpHbIL OUINEKMPULECKULL
uzonsamop; 33, 34 — pranyvl HewHe20 NPOBOOHUKA 2 KOAKCUALLHO2O Pe30HAMOopa
Pucynox 2. Ycxopumenwv 3apsicennvix vacmuy

B pabote [5] ommcansr pa3paboTka i XapaKTepH-
CTUKH YETBEPTbBOJIHOBBIX PE30HATOPOB 71 CBEPXIPO-
BOJAIIECTO JIMHEHHOTO YCKOPHTEINs, BBHINIOJHCHHAs B
paMKax coBMecTHOro coTpyanudectBa mexny [UAC
(Munusa) u ANL (CIIA). YeTBepThBOIHOBOW pe30Ha-
TOp TPEACTAaBIACT COO0I KOAKCHANBHYIO CTPYKTYPY,
pabotaromryio B pexxume TEM ¢ yCKOpSIOIINMH 3a30-

Pucynox 3.

paMu NepIeHANKYJIIPHO OCH CUMMETpUH. {151 yMeHb-
LWIEeHUs] JJIMHHBL MOJOCTH €MKOCTHOW HAarpy3kKu uc-
MOJI3YETCS LEHTPAJIbHBI MPOBOJHUK, HWMEIOIHUN
dopMy ¢ AByMsS pasHBIMH IHaMeTpaMu. Pe3oHaTop
MOJIHOCTBIO 00pa3oBaH M3 HUOOUS M HAXOOUTCS B
CTANBHOM 000JI0UKE W3 HEepIKABEIOIICH CTalli, 3aIoil-
HEHHOM XUJKUM TereM. BHemHui BU JaHHOTO pe-
30HATOpa MPEJCTABIIECH HA PUCYHKE 3.

-

Yemaepmbe0oaH060U HUOOUEBLLI PE30OHAMOD
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H3BectHO, uTo J[BUHCKHX B. A., Cremanuyk B. I1.,
bounyce A. A. u I'op6aues B. II. B 2009 rony paspa-
6oTamu BBICOKOYACTOTHYIO CHCTEMY pPE30HAHCHOTO
YCKOPHUTEIS 3aps’KEHHBIX YacTul [6].

ITporoTunom pa3pabOTKH SBISIETCS BBICOKOYA-
CTOTHAsl CUCTEMA PE30HAHCHOIO YCHIIUTENS 3apsKEH-
HBIX YaCTHII, BKIFOYAIOMIast B ce0s1 MMITYJIbCHBIN CBEpX-
BBICOKOUACTOTHBIM I'€HEepaTop, BHIIOIHEHHBIN Ha aM-
IUINTPOHE C IOJOXHUTEIBHOW OOpaTHON CBS3BIO, H
YCKOPSIIOIIUH PE30HATOP, MOAKIIOYCHHBIH B OOKOBYIO
CTEHKY BOJIHOBOJA, BKIIOYEHHOTO MEXIY BBIXOJIOM
aMIUIUTPOHA U COTJIACOBAaHHON Harpys3kod, HO Haubo-
nee OJIM3KOM IO TEXHIMYECKON CYIIHOCTH SBISACTCS BBI-
COKOYACTOTHAsl CHCTEMa PE30HAHCHOTO YCKOPHTENS
3apsDKEHHBIX YACTHII, IZI€ MEXKAY BBIXOIOM HMITYJIbC-
HOT'O MarHETPOHHOI'O F€HEPATOPa U YCKOPSIOIUM pe-
30HATOPOM BKJIIOUCH (PepPPHUTOBBIH BEHTHIIb, YETHIPEX-
IOJIFOCHOE  YCTPOMCTBO, IPOIYCKAIOIIEE MPIMYIO
BOJIHY C MaJIBIM OCIIabJICHWEM M ITOTJIOIIaloiee oTpa-
JKEHHYI0 BOJHY. OCHOBHBIMHM HEIOCTATKAMH BBIIIE-
onucaHHbIX cucteM siBisiercss Hu3kuil KIIJ[, mostomy
OCHOBHOH 3aa4ell MpeUTo’KeHHOH pa3paboTKu sSBIISA-
€TCsl yBEJIMUEHUE 3HaUeHUs JaHHOTO IapaMeTpa.

BrlcokouacToTHAs cuCTEMa PE30HAHCHOI'O YCKO-
pUTENS 3apsHKCHHBIX YaCTHII TIPEICTABIAET COO0H MM-
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ITyJIHCHBIM HCTOYHHUK MUTAHU, MAarHETPOHHBIH TeHepa-
TOP, BEIXOZHOH TPaHC(HOPMATOpP U YCKOPSIOLIMI pe3o-
HATOP, COEANHECHHBIE [TOCIEI0BATEIIBHO.

VCTpoHCTBO UMEET CIEAYIOLUM NpUHLMI AeH-
CTBHSI: AN NodydeHus MakcumansHoro KIIJI marme-
TPOHHBIN I'€HEepPaToOp COINIACYeTCs C YCKOPSIOIIHUM pe-
30HATOPOM, KOTOPBI paboTaeT B MOJOCE YACTOT, CO-
cTosmel M3 COOCTBEHHOM YacTOTBHI pE30HAaTOpa M
nepenaronieil JuHUM. JCTOYHMK NHUTaHUA NOJLAET
HalpsDKeHHEe Ha MarHETPOHHBIN TeHepaTop depe3 BHI-
XOJHOH TpaHC(HOPMATOpP, IPU 3TOM MOLIHOCTH aHOI-
HOro 0J0Ka MarHeTpoHa MEepPeNaeTCs Ha YCKOPSIOMUI
pe3oHatop.

B 2012 rogy Muxasns Knemann, Muxasns bak u
OnuBep Xaiij 3amaTeHTOBANIH BBICOKOYACTOTHBIN pe-
30HATOP W YCKOPUTEINb YaCTHUI], CHAaOKEHHBIH BBICOKO-
YaCTOTHBIM PE30HATOPOM [7].

ITockonbky BY pe3onarop mnpumeHsieTcs Ais
YCKOpPEHHS 3apakKeHHBIX YaCTHI, TO HEOOXOIMMBIM
YCIIOBHEM SIBIISETCS] HATUYKNE B HEM BaKyyMHOMN CpeaIbl
¢ HU3KUM gaBneHueM. ObeceueHre TaKUX YCIOBHH —
9TO TPYIOEMKHH W JTOPOTOCTOSIIMH TIpoIiecc, W 3Ta
pa3paboTKa ONMCHIBAET M300pETEHHE C YHNPOLICHHOMH
TEXHOJIOTHEH M3rOTOBICHHS pe3oHaropa. Ha pucyHke
4 m300pakeHO CXeMaTHYHOE MPEICTaBICHUE Hpea-
raemoro ycrpoicrsa [7].
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PucyHOK 4. Ceuenue 8b1COKOUACTOMHO20 pe3oHamopa

W3 pucynka BunHo, uto BU pe3onaTtop cocTout us
nuIHHIpHYeckod mosioctr (200) W3 AUdIIEKTpHUe-
CKOTO MaTepuala, KoTopasi B CBOIO 0O4epeb BKII0UAeT
B ce0s MepBhIH MITHHIpHYECKHH ydacTok (210), BTO-
poit muMHIpHYecKui ydacTok (220) M qudsieKTpude-
ckoe Kkonbuo (230), coepuHsIOmEe MEPBBIH Y4acTOK
(210) u Bropoit yuactok (220). [Ipuuem BHyTpeHHSSA
ctopora (240) mepBOTO NHWIMHIPHYECKOTO ydacTKa
(210) umeeT mepBoe DIEKTPONPOBOJHOE BHYTPEHHEE
nokpeiTae (310), u BHyTpeHHss cTropoHa (240) BTOporo
MUIHHIPHYIECKOTO yaacTka (220) uMeeT BTOpPOE dJeK-
TPONIPOBOJHOE BHYyTpeHHee NoKphiThe (320).

W3 npensioxeHHOro penieHus clielyeT, 4TO BbICO-
KOYaCTOTHOE AJIEKTPUYECKOE HAMPSIKCHHUE TPUKIIAJbI-
BAETCsI MEX]ly IIEPBBIM U BTOPBIM Hapy>KHBIMU [TOKPHI-
tusiMu. Hanuume 3epkanbHO-BpamiaTebHOM CUMMET-
puH y pe3oHaTopa 00eCTIeunBAETCSl HATMYHUEM 3a30pa,
KOJIbLIEOOPA3HO MPOXOASALIETO 110 IEPUMETPY U OPHUEH-
TUPOBAHHOTO MepPIEHIUKYIISAPHO MIPOI0IBHOMY
HaIlpaBJICHUIO MWINHIPUYECKON TOJIOCTH, M KOJIbIIE-
00pa3Ho MpoXoAsIUM Mo OOKOBOM MOBEPXHOCTH IO-
JIOCTH IBYM HapyXHBIM MOKPHITUAM. biarogaps stomy
B BY pe3onaTtope Moryt Bo30yXIaThCs KOJcOaHUS B
CUMMETPUYHBIX PEXKUMAaX.
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Iockonpky BY pesonatop mpencraBiseT coOoit
[MJIMHAPHYECKYIO MOJ0CTh (0aJiIoH, BHIIIOJIHEHHBIN B
(hopMe KpyTIoro MUINHIPA), CISAOBATEIBHO, JaHHBIA
00BEM HE IMEET IIPOEMOB U BBICTYIIOB, a 3HAUUT JIETKO
BaKyyMUPYETCS U SBISAETCA yCKOPUTENIEM dJIEKTpHUe-
CKH 3apsKEHHBIX YaCTHII.

AnnessiM K. A. 1 ip. IpeIJI0’KeH YCKOPUTENbHBIN
kommiaekc NICA, B cocTaB KOTOPOro BXOAST YeT-
BEPTHBOJIHOBEIC KOaKCHalmbHBIE pe3oHaTopsl u CH-
pe3oHaTopsl [2]. [laHHas ycTaHOBKa 3aMEHHT COOOM
JeHCTBYIOIIUN TUHEHHBIN yckopuTenb JIY-20, BBeneH-
HBII B dKcIuTyaTanuio 6onee 40 net Hazan. PazpabaTsi-
BaEeMBIIl YCKOPHUTENb HMEET OONBIIYI0 BBIXOIHYIO
SHEPIHUIO, YMEHBIIEHHbIE TabapuThl U yBEITUYCHHBIHN
ko3 dunueHT ToxonmpoxoxaeHus. Ilockoiasky ycra-
HOBKa pa3pabaThIBaeTCs HE C HYJA, a SBIACTCS yIyd-
HIEHUEM JEHCTBYIOLIEr0 YCKOPHUTENS, TO MOXHO
YTBEPXKIATh O CPABHUTEIBHOW IKOHOMHYHOCTH U 3(-
(dbexTBHOCTH WcTONB30BaHUA. Hax paspaboTkoit
yckopuTens pabotaioT yuensle nu3 Poccun n benapycu,
a OKOHUYATEIBbHBII 3allyCK YCTAHOBKH ILIAHHPYETCS
npoussecTd B 2020 roay. OTo NOATBEPKAAET aKTyallb-
HOCTh Pa3pabOTOK, a TaKXKe CIIOCOOCTBYET yKperuie-
HUIO MEXIyHAapOIHOTO COTPYAHHYECTBA W SBIACTCA
MIPUMEPOM TEePCHEKTUBHBIX MCCIIETOBAaHUN B 3TOH 00-
JIacTH.

3aki0ueHne

AHanu3 KOHCTPYKIUM 1 TEXHUUECKHX XapaKTepu-
CTUK CYILECTBYIOIIUX YCKOPSIOLIUX PE30HATOPOB IO-
Ka3aJj, 94TO B IIOCJIEAHUE ACCATH JIET pa3paboTKa yCKO-
PSIIOLINX CTPYKTYp SIBISETCS OCOOEHHO aKTyaJbHOM.
PazpaboTtannsle ycTpoiicTBa UMEIOT Pa3IHIHBIC XapaK-

TEPUCTHUKH, YTO MO3BOJIIET IPUMEHATh UX B yCTPOU-
crBax CBY mmpokoro nuamasona. Bemytcst paboTs
HaJ CO3JAHMEM KaK OJMHOYHBIX PE30HATOPOB, TaK U
KOMIUIEKCHBIX CTPYKTYp, COCTOSIIUX U3 IOCIEA0Ba-
TEJIbHOCTU PE30HATOPOB PA3HOTO THIIA.
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