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OO0masi xapakTepucTHKA PadoThI

AKTyaJIbHOCTB NP0GJIeMbI

ITMKIOTPOHEI, yCKOPSIOIINE 3apsHKEHHBIE YaCTHULBI JO HU3KMX U CPEIHHX
SHEPIrHH, ABJIAIOTCS OCHOBHBIM HHCTPYMEHTOM JUIA IPOBENECHHUS HCCIIEHOBAHU B
obmacTi (QU3MKH aTOMHOTO SApa W SIEpHBIX peakuuii. [Ipd 3TOM IUKIOTPOHEI
3apeKOMEHIOBAIN ceOs He MeHee 3HauuMO U IJIA NPHUKIAAHBIX NTPUMEHEHHUH, B
YaCTHOCTH, OHM HAlUIM IIHPOKOE IpUMEHeHHe B MeNULHHE: IIpd
HEMOCPENCTBEHHOM MCIONB30BaHMM IIyYKa YCKODEHHBIX HOHOB IS JICYEHHS
OHKOJIOTHYECKUX 3a00NleBaHUM, M MPOU3BOJACTBA KOPOTKOXKHBYIIMX H30TOIIOB,
BOCTpeGOBaHHEIX B JHMAarHOCTHKE, MEIHIMHCKHX HCCIIEOBAaHUAX W JICYECHHH,
HaKOHell, Ui HapaGOTKU TPEKOBBIX MeMOpaH. IIpHMEHSThCA Takue MeMOpaHEI
MOIYT B XMMHYECKOH, METaLTypruueckoil HpPOMBIIUIEHHOCTH, OQHAKO IJIaBHBIM
noTpebuTeNIeM TaKoH IPOXYKUHM B HACTOSIIEE BpeMs sBJIsAeTCS MeauiuHa. Ha
HayYHO-IIPOU3BOJACTBEHHOM KoMmmulekce «Anbday [1] (umkmorpon ITUTPEK,
Hy6na, Poccus) wu3rotoBneHHe MeMOpaH OCYIIECTBISETCS I CEPUHHOTO
OPOM3BOACTBA MEIMIMHCKMX H3Jenuii mi1 1miasMadepesa: MeMOpaHHOro
nasmodunsTpa «Poca» 1 anmapara s miasmagepesa «eModeHHKC».

LluKIOTpOHBI, INpefHAa3HAUeHHBIE I  MEAWULUHCKAX  [PUMEHEHHH,
Pa3NIUYalOTCA 110 LETIOMY Psy apaMeTpoB, TAKHX KaK HHTEHCHBHOCTD ITyYKa, THII
YCKOpAEMBIX YacTHI], KOHEYHAss DHEprus YCKOPEHHHIX HOHOB, OIHAKO OOLIMM
OCTaeTCs ONHO — MOBBIICHHBIE TPEOOBaHMS KO BCEM CHCTEMAaM yCKOPHUTENA.

K ocHOBHEIM TpeOOBaHUAM, IPEABIBIAEMBIM K MEAULUHCKAM IIUKIOTPOHAM,
MOXXHO OTHECTH CJIEIyIOIIHe:

® IIPOCTOTa KOHCTPYKIHH H, COOTBETCTBEHHO, HEBBICOKAasA CTOUMOCTD,

1. Komnanus "TPEKITOP TEXHOJIOJDKU" http://www.trackpore.ru/
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® IpocTas CHCTeMa YIpaBleHWs, JOCTYNMHas OKCIUTyaTalliOHHOMY

IIepcoHay,

e Mayioe BpeMs Ha IPOPUIaKTUKY,

® TIOCTOSHCTBO M BOCIPOM3BOIMMOCTB ITApPaMETPOB ITyYKOB YCKOPEHHBIX
HOHOB,

® SKOHOMHYHOCTB,

¢ HeGonpmue rabapuTsl U Bec,

® JIOCTaTOYHO BBICOKas HHTEHCHBHOCTH ITyYKa yCKOPEHHBIX HOHOB,

e HeGONbIINe SMATTAHC M SHEPreTHIECKUi pazbpoc ImyuKa.

IIpoekTupoBaHHEe U CO3JaHME - IIUKIOTPOHAa — KOMIUIGKCHas 3amada,
TpeOyromas y4acTHs IeJoro KOJUIeKTHBAa pa3pabOOTYHMKOB BHICOYAMIIEro Kiacca.
Hepenxo co3naHue COBpPEMEHHOT0 MEIUIIMHCKOTO YCKOPHUTENA OCYLIECTBIAETCS B
KOJUIabopaliy ¢ HECKOJNBKMMH HayYHBIMH M NPOMBIIUICHHEIMH YUPEKICHHUSIMH.
OnTumuzanyss mapaMeTpoB  paboTaromiero LUKJIOTPOHa TakXke Tpedyer
[IPOBE/IEHNs CEPbE3HBIX Hay4dHBIX MccienoBaHui. IIpu stom addexT BHempeHUs
ONTHMH3ALUK MOXKEeT OBITh TAaKUM )K€ Ba)XHBIM, KaK ITyCK HOBOTO YCKOpHTeii. B
YaCTHOCTH, YCIIEX B IOCTH)KEHHH 3Hepruu mpoToHoB 60 MbdB Ha yckopurene
AUII-144 (UAD HAH, Ilonpma) [2,3] mpuBem K TOMYy, YTO C IIOMOLIBIO
LUKJIOTPOHA HE TOJIBKO IPOU3BOIAT H30TOIbI IS MENUIMHCKUX U HPHKIATHBIX
NIPMMEHEHHUH, HO U OCYIIECTBILIIOT JIeYeHHe ITallMeHTOB ¢ MEJIaHOMO} TJiasa.

JUisi co3maHMsi HOBOTO MEIULMHCKOTO IMKIOTPOHA B Hallle BpeMs
HeoOXOMMO MPOBOJWTH HaydHBIE HCCIEeNOBaHUA Ha Oojiee BEICOKOM YPOBHE, Tak
KaK caMM LHKJIOTPOHBI ITOpO# IpenHa3sHaueHBI I pelIeHus Bce Gojee CII0XKHBIX

e

2. Uncrutyt SnepHoit @usuku [TAH, http://www.ifj.edu.pl/str/dc
3. L.H.KusH, aBTopedepat auccepraimu, 11-2012-72.



3aga4. Hanpumep, pa3paboTka cBepxmpoBozsmiero nukiorporna C400 [4] (OUAU-
IBA, bBenbrus), mnpenHa3sHa4eHHOTO [UIA JICYEHHS PE3UCTHBHO YCTONYHBBIX
OIyXoJied HOHAaMHU YTiepola, YCKOpeHHBIMH no osHeprud 400 MbsB/uyxi.,
noTpeboBajla pemIeHHs psfa HETPUBHANBHBIX 3alad, CIOCOOCTBYIOLIHMX
JOCTWKECHUIO DHEPruy, He XapaKTepHOHW [UIs IMKIOTPOHOB C KOMITAaKTHOM
MarHuTHON CHCTEMOH.

IIpoexTHpoBaHUe KaXKHO# CHCTEMBI MUKIOTPOHA OCYINECTBIISAETCS Ha OCHOBE
MIPOBEJICHHS] HCCIENOBAHUS Pa3IMYHBIX BapHaHTOB UCIOJIHEHUS U ONTHMHU3AIUU
CTPYKTYpBl yCKOpHTENA. PacueTsl AMHAMUKH ITydka TpeOYIOT ydeTa CIIEYFOIIIX
3(¢eKToB: AUCCONMAIMH HOHOB B SJIEKTPOMAarHATHOM IIOJIE, MOTEPh IIydKa B
pesynbTaTe Mepe3apsakd IpH B3aMMOAEHCTBHM C OCTATOYHBIM Ia3oM, 3¢dexToB
IPOCTPAaHCTBEHHOIO 3apsfa, B 3aBUCHMOCTH OT THIA pa3pabaTeIBaeMOro
nuKnoTpoHa. s obecnedyeHns Bcex TpeOOBaHHU K MEIUIMHCKAM YCKOPHTENAM
HeoOXOZIUM KOMIUIEKCHBI ITOAXON K pa3paboTke M KOHCTPYMPOBAHHIO
LUKJIOTPOHOB, TaK KaK U3MEHEHHE ITapaMeTPOB OIHON CHCTEMBI IUKIIOTPOHA BEET
3a co00it HeOOXOAUMOCTh U3MEHEHHS JPYTHX CHCTEM.

MOXHO BBIAENTUTH OCHOBHBIE npemvllymecma MEIULIMHCKOTrO IUKIOTPOHA:

® OrpaHMYEeHHOE YHCIIO PEryJHpyeMBIX MapaMeTpoB, MOpsaKa 5 (TOK MUTaHUSL
OCHOBHOT'O MarHHTa, HallpsHKEHNUE YCKOPSIOIEeH CUCTEMBI U T.11.);

e BO3MOJXKHA IIPOCTasi KOHCTPYKIM MarHUTa,

e paboTa Ha HUKCHPOBAHHOMN YaCTOTE;

® U30XPOHHBIH NHKIOTPOH OOecIeunBaeT KBa3WHEHPEPHIBHBIA IIyYOK, YTO
rapaHTHPYeT BO3MOXHOCTh HENPEPHIBHOTO KOHTPOJISA HO3BI NIPHU OOIydeHHH

MalMEHTOB; ]

4. Jongen Y. ... Karamysheva G. et al. COMPACT SUPERCONDUCTING CYCLOTRON
C400 FOR HADRON THERAPY // Nuclear Instruments and Methods in Physics Research
Section A, Volume 624, Issue 1, P. 47-53.



¢ BO3MOXXHO yYMEHBIIEHHE pa3MepoB LUKIOTPOHA NPH IPUMEHEHUH BBICOKHX

MarHUTHBIX TT0JIeH (CBEPXIIPOBOASIINX MarHUTOB).

TakuM 06pa3oM, aKTyaJlbHOCTh TEMAaTHKH OOYCIIOBJIEHa, IIpeXnae BCEro,
MIPaKTUYECKOH 3HAUMMOCTBIO INPHMEHEHHUS pe3yJbTaToOB IUIA CO3JaHHS HOBBIX
YCTaHOBOK C HEOOXONUMBIMH IlapaMeTpaMH U COBEPLIEHCTBOBAaHHS YK€
CYIIECTBYIOIIUX LIUKIOTPOHOB.

Henn auccepranmonHoii pa6oThbl — pa3paboTka, CO3MaHUE U ONTHMHU3AIUS
IUKJIOTPOHOB, NPEAHAa3HAYEHHBIX UI1 MEOULMHCKUX NpHMeHeHuH. JlocTimkeHue
3TOH IENH CBA3aHO C Pa3paboTKON M NpPHMEHEHHeM MaTeMaTHYeCKHX MOpelel,
CPEACTB M IpPOrpaMM MjIsf DPacdyeToB CHCTEM LHUKIOTPOHOB M IUHAMUYECKUX
IPOLIECCOB B YCKOPHUTENSIX, CO3AHHEM BO3MOXXHO Oojiee MONHONW MMUTAIIMOHHOMN
KOMIIBIOTEPHOX MOJENH BCETO IMKIOTPOHA M IOUHAMHUKU ITydKa YCKOPAEMBIX
HOHOB, y4HThIBatome# 3(deKTs NPOCTpaHCTBEHHOro 3apsia, Iepe3apsakd MpH
B3aMMOZECHCTBIM C OCTATOYHBIM Ia3oM, JUCCOLUAINU B 3JIEKTPOMarHUTHOM IIOJIe
yckopurens. KoHeuHass 1enb — BBIOOp ONTHMANBHBIX KOHCTPYKLHM CHCTEM
OUKJIOTPOHA C HCIOJIB30BaHHEM pa3pabOTaHHBIX KOMILIEKCOB IIPOrPaMMHBIX
CpPEZCTB.

HayuHnasi HOBH3HA 3aKJIIOYAaeTCs B TOM, YTO:

1. B 2002 r. BHepBEIE COCTOSUICS ITyCK IPOMBINUIEHHOIO HIUKIOTPOHA
IIUTPEK, paGoratomero B coctaBe HIIK «Amnbday, KOTOpBIH OCYyIIeCTBISAET
CepUMHBI BBITYCK TPEKOBBIX MeMOpaH i MEOWIMHCKUX W3IeIHud IyIsd
mia3Madepesa;

2. BIIEPBBIE pEaN30BaH U YCIHEITHO SKCIUIyaTHPYeTCS IpU JIEYSHUH
OHKOJIOTMYECKUX MalleHTOB PEXHUM YCKOPEHHUS IIPOTOHOB J10 3Hepruu 60.5 Mal%
Ha 1uiorpoHe AWII-144. [Ina ostoif mpemu ObUtla co3gaHa MeTOAMKA

MaTe€MaTHICCKOro W . KOMIIBIOTEPHOI'O MOZICIAPOBaHHUA  PEKHUMOB paGOTBI



MHOTOLENIEBBIX H30XPOHHEBIX IUKJIOTPOHOB, IIO3BOJIAIONIAN IIEPEXONUTH Ha paboTy
B HOBBIX pexuMax 0Oe3 OCTaHOBKM M pa30OpKu ycKopuTeneil A IpOBeNeHUS
JOIIOJIHUTENIBHBIX MarHUTHBIX M3MepeHuit. Pa3spaboTaHsl HOBBIE MaTeMaTHUECKHE
MOJIENIM U [IPOrPaMMHBIE aJITOPUTMBI, ITO3BOJIAIONINE [IPOBOIUTD: pacyeT TOKOB BO
BCceX OOMOTKax BO30YXIEHHSA 3JIEKTPOMAarHUTa MHOTOILEIEBOr0 HM30XPOHHOIO
IUKIOTPOHA;

3. pa3paboTaH  KOHLENTYalbHBIH  HPOEKT  CBEPXIPOBOISAILIETO
mukinorpona C400, yckopsromero HoHsI yriepoja mo sHepruu 400 MbsB/myki.
OpurvHanpHass BBICOKOYACTOTHAs CHCTeMa CBEPXIPOBOIAIIETO LUKIOTPOHA
obecrneunBaeT HEOOXONMMEIM NHANa30H 4YacTOT W TpeGyeMoe pachpeseicHue
HalpsDKEHHMs OT Pajidyca IOCPEACTBOM ONTHMU3ALUM PacloNIokKeHus, GOpMbl
IIOIIEPEYHOr0 pazMepa YETHIPEX OMOp pe30HaTOopa;

4. CO3MaHHBIA [ pPacyeToB HOBBIH KOMIUIEKC KOMIIBIOTEPHBIX
IPOrpaMM M IPEeAI0XEHHbIE aBTOPOM METOABI ONTHMH3ALUH UCIIOIL30BAIUCE IS
pacueroB nukinorponoB IIUTPEK, C400, C235 (IBA, Bembrus), AUILI-144 u
MoryT OBITP IIpMMEHEHBl IIpH pa3paboTKe M KOHCTPYMPOBAHHM JPYTHX
IHKIOTPOHOB, JINHUH TPaHCIIOPTUPOBKH M HAKOIHUTEEH,

IIpakTHYeckas LeHHOCTH PaGoOTHI

IlpakTH4YecKkH 3HAaUYMMBIMH pe3yibTaTaMH paboT, IPEICTaBIE€HHBIX B
JHCCEPTAIVH, ABILIOTCS CIEAYIONIHe:

1. C 2002 roma paboraer npOMLIHm’eHHbIﬁ nuxinotpoH ILIUTPEK B cocrase

KOMILIIEKCa «AIb(hay, KOTOPHIH OCYNIECTBISET CEPUHHBIN BBITYCK TPEKOBBIX

MeMOpaH I MEeOUIMHCKIX H3IeNuil I [ia3Madepesa:

a) JOCTHMTHYTHI IIPOEKTHEIC IapaMeTphl HUKIOTPOHA, TAKHE KaK SHEeprus 2.4.

MbB/HyKiioH, BennuuHa ko3¢ duuuenTa BeiBoaa ~50%;



6) omTHMHM3HPOBaHO paclpeleleHHe IIydka IO OOIydaeMoil IUIEHKe,
nomoOpaHBl  peXHMBl  OONy4eHHS Ha OCHOBaHHM  pacUeTHBIX H

9KCHEPUMEHTAIBHBIX HCCIIE0BaHHH;
84 11
B) pa3spaboTaHbl NPEJIOKEHHS MO PeaIu3aldd yCKOpEHHs MOHOB ~ Kr' |

paccuuTaHbl IapaMeTphl HEOOXOMHMBIX PpEXHMOB, YTO BaXXHO MJIA
JalbHEHINero yIydieHHs KauecTBa TPEKOBBIX MeMOpaH.

2. CdopMupPOBaHO BHICOKOIPEIM3HOHHOE MarHUTHOE ITojie HuKiIoTpoHa AWILI-
144, obecneuynBarolee peXXUM YCKOPEHHs MPOTOHOB C HEOOXOMMMBIMHU IS
aJIpOHHOM Tepalluy MeIaHOMEI I71a3a MapaMeTpaMy: KMHETUUECKOH SHepruen

BEIBoga E,,~ 60 M»sB, 3HaueHHeM W CTaOWIBHOCTBIO TOKa BBIBEIEHHOTO
myuka 1,,=20+40 HA, of,,~15 % coorBercTBeHHO. bnaromaps BBICOKO#

CTaOMIIBHOCTH YCTAHOBIIEHHOTO PeXHMa paboTsl, oapas/ieneHre IPOTOHHON
Tepauu MSAD TIAH BrepBele Ha HpPOTSDKEHHH psiga JeT IOIyYHIIO
BO3MOXXHOCTh Oecriepe0oitHOl paboThl A MPOU3BOACTBA PAIHOU30TOIIOB H
IPOBENCHNUs YCHEIIHOM INPOTOHHOM Tepamuy MeTaHOMBI [Jla3a y IepBOi
rpynmsl nanueHToB B 2011-2012 ropax.

3. Pe3ympTaThl pacdyeToB IEHTpAJIbHOM 00JIacTH, HMOTEph HOHOB B IIpoIiecce
nepe3apsaAKy IPH B3aUMOZAEHCTBUU C OCTaTOYHBIM I'a30M U BEICOKOYaCTOTHOM
yCKopstIolIell cucTeMBl cBepxInpoBosero nukiorpona C400 (bupma IBA,
Benbrus) BoILIM B TeXHHYeCKHU NpoekT IHukiIoTpoHa C400, peanmmsarus
KOTOpOro Hayajiach B paMkax mnpoekra «Archadey» [S] B MEAHIIMHCKOM LIEHTpe
r. Kann (®pannus).

4. Co3pmaHHBIR U1 TPaeKTOPHOTO MOAENHPOBaHUS IHHAMHKH ITydKa KOMILIEKC

KOMITBIOTEPHBIX IIpOrpaMM H IIPEMIOXKEHHBIE aBTOPOM METOIBI aHaJ'II/I3’

5. Project ARCHADE, http://archade.ft/



pe3y/IbTaTOB MOIEIMPOBAHUS HCIONB30BATNCH IS PACUYETOB LIHUKIOTPOHOB

IIUTPEK, C400, C235 (IBA, bensrus), AULI[-144 i MOryT OBITH IPUMEHEHBI

OpH  pa3paboTKe M KOHCTPYHPOBaHHHM JIpPYTHX IIMKJIOTPOHOB, JIMHHM

TPaHCIOPTUPOBKU U HAKOIUTENIEH.

OcHOBHbBI€ NOJIOKeHHUS M Pe3yJIbTaThl, BLIHOCHMbIE HA 3aIUTY:

. Pesynprare! mycka npomsinuienHoro mukinotpoHa IIUTPEK, paboraromero
B COCTaBe KOMILIeKca «Aunb¢a», KOTOpHi B TeueHHe 10 mOCiIeHHMX JieT
OCYIIECTBIACT CEPUIMHBIN BBITYCK TPEKOBBIX MeMOpaH IUIi MeTMLHHCKHX
u3nenuit s mwiasmadepesa.

. @®opMupOBaHKE BBICOKONPELU3HMOHHOTO MAarHUTHOIO IOJIA Ha LIHKIOTPOHE
AWII-144, oOecrieYnBaroOmero PeXXHM YCKOPEHHs MPOTOHOB JO SHEPTHU
60.5 Mb1B, Yro cpmenaso BO3MOXHEIM IPOM3BOACTBO H30TOIOB IS
MEIUIMHCKMX M NMPUKIaAHBIX NMPUMEHEHHH, a Taloke JIeUeHHe MeJIaHOMBI
I1a3a y nepBoil rpymimsl namuenToB Ha AWII-144 B 2011-2012 roapax.

. HoBas MeTommka KOMIIBIOTEDHOIO MOZEIMPOBaHHUS pEXHUMOB paGOTHI
MHOTOLIEJIEBOTO M30XpOoHHOro muknorpoHa AMII-144, mno3Bonsromas
IIEpEXOOUTh Ha paboTy B MOZAENHPYEMBIX peXuMax 0e3 OCTaHOBKM H
pa3OOpKH YCKOPHTENA Ui IPOBENEHHsS MOMOJHUTENBHEIX MATHHUTHBIX
HU3MEpPEHUi.

. Kommnekc anropuTMoB Ui TpaeKTOPHOTO MOJETMPOBaHHSA JUHAMHKH
IIy4Ka B IUKJIOTPOHAX C Y4€TOM IeHCTBUS CHJI IPOCTPAHCTBEHHOIO 3apsaa,
mepe3apsAnKM HOHOB IIpM  B3aMMOIEHCTBUM C OCTAaTOYHBIM Ta3oM,
JIUCCOIMAlMK B 3JIEKTPOMAarHUTHOM IIOJIe W MOTeph Ha CTPYKTYPHBIX
3JIEMEHTaX yCKOPUTENS. .

. KonnenTyansHelii mpoekT  cBepxXmpoBopsmero uukiaotpoa C400,

IIpE€aHa3HAYCHHOI'0 IJId a,)lpOHHOﬁ TEpallid OHKOJIOTHYCCKHUX 3a00J1eBaHMii



YCKOPEHHBIMH JIETKMMH HOHAaMH, pealu3alys KOTOPOro Hauanack B paMKax
npoekra «Archade» B MenuuuHCKoM nenTpe T. Kann (Opaniys).
a) TpeGyeMblii ypoBeHb BakyyMa B Kamepe HukiaoTpoHa C400 u juHMHK
WHXKEKIIMM Ha OCHOBAaHHHM pacyeToB IIOTEpPh MOHOB B IIpoIecce
B3aMMOJIEHCTBHS C OCTaTOUHBIM ['a30M.
6) OpuruHamsHas KoHQHUrypanus ¥  KOMIIOHOBKAa  3JIEMEHTOB
IIeHTpaTBHOM 0671acT! CBEpXIpoBoAAIIero mukiorpona C400.
B) PexuM MOIyIALMH WHTEHCHBHOCTH BBLIBEJICHHOTO ITydKa HOHOB
yrmepona ¢ dactoroii 1 KIIl NpHM yNpaBieHAH HANpPSKCHHEM Ha
3MeKTpojax UHQIEKTOpa, YTO aKTyalbHO Vi pealu3allid Tepamuu C
AKTUBHBIM CKaHMPOBAHHEM.
r) OpuruHanbHas KOHCTPYKIMS  BBICOKOYaCTOTHOTO — PE30HATOpa
mukitotpona C400, obecrnieunBarommas HeoOXOOMMBIH IHana3oH 4acToT,
pacrpeeNieHde HAPSDKEHUS B0 Paauyca, MEPeCTPONKY JacTOThI MPH
CMeHe YCKOpSEeMOro HOHa.
Anpo6anus paGoTsl
OCHOBHBIE Pe3yJIBTATHl JUCCEPTAIlMH NOJIOKEHBI Ha:
¢ International Conferences on Cyclotrons and their Applications:
17", CYCLOTRONS'04, 2004 (Tokyo, Japan),
18" CYCLOTRONS'07, 2007 (Giardini Naxos, Italy),
19" CYCLOTRONS'10, 2010 (Lanzhou, China);
e FEuropean Particle Accelerator Conferences: EPAC- 2000 (Vienna, Austria),
EPAC-2006 (Edinburgh, Great Britain), EPAC-2008 (Genoa, Italy);
e Particle Accelerator Conference PAC-2011 (New Jork, USA);
e 11th International Conference on Heavy Ion Accelerator Technology HIAT-
2009 (Venice, Italy);
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e International Particle Accelerator Conferences: IPAC-2010 (Kyoto, Japan),
IPAC-2011 (San Sebastian, Spain);

e FEuropean cyclotron progress meetings: ECPM-2008 (Berlin, Germany),
ECPM-2009 (Groningen, Holland);

e Russian particle accelerator conferences: XVII RuPAC-2000 (Protvino),
XVIII RuPAC-2002 (Obninsk), XIX RuPAC-2004 (Dubna), XX RuPAC-
2006 (Novosibirsk), XXI RuPAC-2008 (Zvenigorod), XXII RuPAC-2010
(Protvino), XXIII RuPAC-2012 (Saint-Petersburg);

¢ 5-M, 6-M, 7-M HayuynoM cemunape namsaru B.I1. Capanuesa, IyGua;

e B 2007-m u 2009-M romy — moxiambl Ha IepBOM M BTOPOM 3KCIIEPTHOM
KoMIuccHH B I.JIroBeH-T1a-HeB (Benbrus) no paspaboTke CBEpXIPOBOIAILIETO
mukiorpona C400, npenHa3Ha4eHHOTO U1 aAPOHHOM TEPAITHH;

e PesynbTaThl QuccepTalil HEOJHOKPATHO 00CyXIanuch Ha ceMuHapax JISIT
01552158

JInuHoe yyacTHe aBTOpA

Bce mpencraBineHHBIE B IUCCEPTAIMH Pe3y IbTATH IIOIYYEHbl aBTOPOM JIMYHO
00 TOZ €r0 HENOCPENCTBEHHBIM PyKoBoACTBOM. ComepiKaHHWe MUCCEPTAlMH M
OCHOBHEBIE IIOJIOKCHUS, BEBIHOCHMBIE Ha 3allIUTY, OTPaXKaloT [IEpCOHATBHEIN BKIaj
aBTOpa B OITyOIHMKOBaHHBIE PabOTHL.

IMy6nuxanuu

Bcero aBTOpoM 1o TeMe AuCccepTanuy omy6auKoBaHo Goiee 60 paboT, U3 HUX
23 — B pedepupyeMBbIX KypHalIaX (3apyOeXHBIX H POCCHICKHX, PEKOMEHIOBAHHBIX
BAK).

Juccepranys BBIIOTHEHA B COOTBETCTBHH ¢ Ipo0OIEMHO-TEMaTHIeCKUM
IJIAHOM Hay4HO-HMCCIIeZOBAaTeIbCKUX paboT U MEXTYyHapOTHOTO COTPYAHHYECTBA

O0beTUHEHHOTO HWHCTUTYyTa  AOCPHBIX HCCIIEIOBaHUN B paMKax  TEMbI
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«CosepmencrsoBanue ®azorpona JUIII (OMSN) u pa3paboTKa MUKIOTPOHOB I
¢bu3MYecKHX M NPHKIafHBIX HcciaemoBaHuity. PaGora mo mukmotpony AWII-144
BBIIOJIHEHAa IIpH (HUHAHCOBOM MOJEpXKKE ITOJHOMOYHOTO IPENCTaBHTENS
IIpasurensctBa PecmyOnuku ITonsmm u POOU, rpant Ne 10-01-00467a.

B 2004 romy 3a pabory "OO6mydaTenbHBI KOMIUIEKC «Ajbday mis
IPOM3BONCTBA TpPEKOBBIX MeMOpaH" aBTOpy B COCTaBe KOJUIEKTHBA ObLia
npucyxaeHa npemus OV B 061acTy HayYHO-TEXHUYECKUX MPUKIIATHBIX PaboT.

B 2010 romy 3a muxn mnyOnmkammii 1o pa3paboTKe MEOMIMHCKHX
LMKJIOTPOHOB, IIPEAHA3HAYEHHBIX AJIA aJpOHHO} Tepamuy, B COCTaBe KOJUIEKTHBA
aBTOp OBLT yHocToeH npemun JIIT OMSIAL

CTpykTypa H 00beM QHCCEPTALIHH

JuccepTalyiss COCTOMT M3 BBEICHHS, YeTHIpEX IJIaB U 3aK/IIOYeHHs. B
MIPAIOXKEHWH K JUCCEPTallMH HaXxoAATcsa OarofapcTBEHHbIE MIUCHMa OT AUPEKIMH
WD ITAH, r. Kpaxos (Ilonsura) B gupekuuro OUSU ([Iy6Ha).

Ionuelit 06BeM OuCcepTannM cOCTaBisieT 246 CTPaHHUIl TEKCTa, BKIoYas 18
Tabmuu, 120 pUCYHKOB U CIHCKA JIUTepaTyphl U3 70 HAHMEHOBAHMIA.

Conep:xanue paGoTbl

Bo Bnegemm 0GOCHOBBIBA€TCSl  aKTyalbHOCTh TEMBl AHUCCEPTAlUH,
dopmynupyeTcs 1enb paboTh, yKa3hIBAIOTCSA €€ MPaKTHYECKas [EHHOCTh, HayYHas
HOBH3HA pabOTHl, IIEPEYHCIIOTCS BBHIHOCHMEIE Ha 3allUTy IIOJIOXKEHHH,
HPUBOAATCA OOIIas XapaKTEPHCTHKA M KPaTKoe CONepKaHHWe NHUCCEPTALOHHOM
paboTEL

B gumccepramumM MeTompl pacdeTa IPONEMOHCTPHPOBAHEI Ha IIPHMEpPE
PasnUYHBIX LHUKIOTPOHOB, paspabaTBIBaeMBIX B OTHAENE HOBBIX yCKOpHTeNeH
JIaboparopun smepHBIX IHpoGieM. IIpOeKTH LUKIOTPOHOB IUIS MEIULMHCKAX

IPUMEHEHHH, B KOTOPBIX poJb aBTopa ObUla Haubosee 3HaYMMO, ITPeACTaBIeHE] B
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OTAENBHBIX I7aBaX, B YaCTHOCTH, BO BTOpOll IilaBe NOOpoGHO oOmHCaH
paspaboranHblii u co3maHHeli B JUIII OUAM uwmximorpon IIATPEK,
IIperHa3HaYeHHBIA 111 HapabOTKHM TPEKOBBIX MeMOpaH, TPEeThs IlaBa MOCBSILIEHA
cBepxnpoBoAsmeMy UkIoTpoHy C400 dupmer IBA, yeTBepTas riaBa ONUCHIBaET
pe3yibTaTel (OPMHPOBAaHWS MAarHATHOTO IIOJNIS MHOTOIENIEBOrO H30XPOHHOIO
mukinotpoHa AWMII-144 ¢ npuMeHeHMEM HOBOM METOOUKH MaTeMaTHIeCKOro
MOJIETTMPOBaHUSI PEXUMOB PabOThl YCKOPHUTES.

B _nepBoii _riaaBe moapoGHO ONHCaHEI METOAWKH KOMIIBIOTEPHOIO
MOJIEIUPOBaHMs CHUCTEM IMKJIOTPOHA M pEIIeHHS OCHOBHBIX 3a/lad JUHAMUKH
IIyd4Ka.

IIpouecc co3maHus HIUKIOTPOHA, KaK IPAaBHIIO, HAYMHAETCA C IPOBEISHHUSI
aHAIMTHYECKUX OLIEHOK OCHOBHBIX IIapaMeTpoB Yyckopurens. IIpoBenmeHue
IIpeBapUTENBHEIX PacueToB M03BOJIAET BEIOpATh CTPYKTYPY LHUKIOTPOHA, HCXOIT
M3 3a/a4, OMNpPEAETCHHBIX U1 YCKOpUTeNns. BBIOOp OCHOBHBIX ITapaMeTpoB
IMKIOTPOHA CBS3aH C THIIOM YCKODSEMOM 4aCTHIbl, KOHEUHOM OSHeprue,
TpeOyeMoit HHTEHCHBHOCTBIO ITy4YKa H PANOM APYTHX XapaKTEePHCTHK.

ITocnemoBaTenbHOCTh PacyeTOB MHAWBUAyalbHA IS KaXXIOTO YCKOPHTES.
OnHM U3 MepBBIX BBIOMpAEMBIX IapaMETPOB — YpPOBEHb M (uiaTTep MarHHTHOT'O
[0/l B YCKOPHTENE — ONPEAENSIOTCS KOHEYHOH SHeprueil yCKOpsieMBIX YaCTHII,
L[eJIeCOOOPa3HOCTBIO HCIIONIB30BaHUS CBEPXIPOBOAUMOCTH M PSAIOM JOPYTHX
[apaMeTpoB, HalpuMep, INpH YycKopeHHH H - HOHOB ypoBeHp H ¢uarrep
MarHMTHOTO ITOJI1 BBIOMPAIOTCS Ha OCHOBE OLIEHKH IIOTEPh Ha IUCCOLUAIIUIO
HOHOB B dJIEKTPOMarHuTHOM nore.

ITocne BBIOOpPa OCHOBHBIX IIapaMeTpOB IUKJIOTPOHA M €ro CHCTEM
HeoOXOIMMO IPOBeIeHHE MOMENHPOBAHUSA KaK OTHENBHBIX CHCTEM IHMKIOTPOHA,

TaK U OUHAMHUKH ITydKa B Pa3IMYHBIX 30HAX YCKOPHUTEIIA. ITo ananuTHYECKUM

13



bopMynaM OIpeneIOT TONBKO OCHOBHBIE ITapaMeTphl IUKIOTPOHA. JTOro
COBEpIICHHO HEJOCTaTOYHO IS INPOEKTHPOBaHWS IHUKIOTPOHA C BBICOKOH
3} (EeKTHBHOCTBIO YCKOPEHHS M BBIBOJAA, OCOOEHHO €CIM IIPH 3TOM HEOoOXOmUMO
o0ecrieunTs BHICOKYIO OSHEPrHI0 WIM HWHTEHCHBHOCTh Iryuka. Heobxommmo
[IPOBOAUTE OFPOMHOE KOJMYECTBO UYHUCIEHHBIX PAacueTOB U1 NPOSKTHPOBAHMA H
OINITHMHU3ALIY IPaKTHYECKH BCEX CHCTEM IIMKIOTPOHA. B riaBe 1 mokasaHo, kakue
MpUONMKEHNs TOCTAaTOYHBI IS PacueToB TOM WIM HHOM CHCTEMBI LIMKIOTPOHA,
KOrJa HeoOOXOAUMO TpoBeJieHue 6ojee TOYHOTO KOMITBIOTEPHOTO MOZIETHPOBAHHU.
Hdano mnoppoOHOe omnmcaHHWe KOMIDIEKCa IIporpaMM, pa3pabOoTaHHOro It
TPaEeKTOPHBIX PacuyeToOB AWHAMHKH ITy4Ka C yIeTOM 3G (PEKTOB IPOCTPAHCTBEHHOIO
3apsizia, IOTeph Ha Aucconuanuio H - HOHOB B 3JIEKTPOMAarHATHOM IT0JI€ M IIOTEPh
B Ipollecce Iepe3apsAIKd JIETKHX M TKENBIX HOHOB IIPU B3aUMOJEHCTBHM C
OCTaTOYHBIM Ta3oM Ui LIMPOKOrO JHana3oHa SHEepruil, HOHOB U KOMIIOHEHTOB
OCTaTOYHOTO rasa.

B  ocHOBe  KOMIUIEKca  JieXaT  IPOTpaMMBI,  HHTErpUpYIOIIHe
nudpepeHIMATbHbIE YPaBHEHHs JBIXKEHHS TPEX BHUIOB, IpeJHA3HAYCHHBIE UL
pacyeToB pa3NUYHBIX obnacteil yckoputensi. CucreMa ypaBHEHMI B J€KapTOBOMH
CHCTEME KOOPIOMHAT IPUMEHSAETCS U PacueToB JIMHUH TPAHCIOPTUPOBKH H
UEHTPaIBbHOM 00NacTH LHUKIOTpoHA. CHcCTeMa ypaBHEHH B LMIMHAPUYECKOMH
CHCTEME KOOPAHHAT C IEePEeMEHHOW WHTEIPUPOBaHMA ¢ (asHMYTAIBHBIH YTol)
OpUMEHSETCS TPH aHallM3e IPOXOKIEHUS IIy9KOM pPE30HAHCOB B IIpolecce
yckopenusa. CHCTeMa ypaBHEHHMHl B IMIMHAPUYECKONH CHCTeMe KOOPIHHAT C
[epEMEHHON HHTETPUPOBaHuUA t (BpeMs) — NP MCCIEXOBaHUN AUHAMUKH ITy4Ka B
mporecce yCKOpeHHs ¢ ydetoM 3(¢eKToB IPOCTpaHCTBEHHOro 3apsza. B
KOMIUIEKC ~TIPOTPaMM  BXOIAT ~IPOrPaMMbI  IIOCT-00paGOTKH  pe3yJbTaToB

TPaeKTOPHBIX pacyeToB (pacdeThl IONEPeYHbIX 3MHTTAHCOB, OrHMOAMOMINX,
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aMIUTHTYZ pafualbHBIX KolleGaHHi, 9acTOT GeTaTpOHHBIX KojebaHui, (a3oBoro
noprpera, Kkod(QGHIMEHTa  INPOXOXKAEHHS Iyyka W  T.JI.), pacdera
BBICOKOYACTOTHBEIX ~ PE30HAaTOpOB  (YCKOPSIOIIEr0  HAaNpPsDKEHHS, CHCTEMEI
OXJIXIEHHs Pe30HATOPa), 0OpabOTKH SKCIIEPUMEHTAIBHEIX AAHHBIX, IOTyYeHHBIX
C BU3YaJbHOTO POOHKKA H T.A.
B rnaBe nompo6HO onucaHbl HOBbIE MaTeMaTHYECKHE MOIEIH, HCIIOIb3yEMBIE
IJIs pacyeTa TOKOB B IVIaBHOH OOMOTKE, B BallaTH KOHLEHTPHYECKHUX KaTYIIKax
U B IOBYX IapaX rapMOHHYECKHMX KaTymeKk LukioTpoHa AWII-144. I'naBHas
00MOTKa IpefHa3Ha4eHa I (OPMHPOBAHHS OCHOBHOIO MArHMTHOTO IIOJ,
KOHIIEHTPHYECKHE KATYIIKH — JUIi KOPPEKIWH OCHOBHOTO MAarHHTHOTO IO H
CBEICHUS €T0 K Pe3yNbTHPYIOINEMY, IBE Maphl rapMOHuqeci(nx KaTylleK — Ui
KOPPEeKLHHU MEPBOH FapMOHMKH Pe3yJIbTUPYIOIIET0 MarHUTHOTO IIOJIS Ha Paguyce
3abpoca IMy4Ka yCKOPEHHbBIX HOHOB B 3JIEKTPOCTATHYECKHH neduekTop.
Huccepraiys NOCBAIIEHa pa3paboTKe, NMPOEKTUPOBAHMIO M ONTHMHU3ALMH
LUUKIOTPOHOB. [l 3ToH mHenu ObUT CO3aH KOMIUIEKC IIPOTpaMM, OIHAKO,
paspaboTaHHBIE NTPOrPaMMBI IIHPOKO MPUMEHSIIHCH TaKXKe M IS APYTHX THIIOB
yCKOpUTeJiel, B YaCTHOCTH [UI IPOEKTHPOBAHHSA CHCTEMBI OKTYIIOJBHOM
KOppeKIuu nepBoﬁ crynmenn cuHxporpoHa YHK [K30], yckopureneii Tuma
Tpurpon [K31,K32], cucremMsl BbIBoja M3 3jeKTpocTaTuyeckoro komsna USR
[K33+K35] (mpoext FLAIR, GSI), cucrems! unxexuun B konsio AD-REC [K36
+K39]. Onmcanne 3THX IPOEKTOB BBIXOMHT 32 PAMKH AUCCEPTALMOHHOM paGoTEI,
OIIHAKO, NPHMEHEHHE pa3pabOTaHHBIX METOIMK JUIS CYLIECTBEHHO Gojee
IIAPOKOr0 Kpyra 3afa4, d9eM pa3paboTKka LHKIOTPOHOB, MTOAYEPKUBAET

YHHBEPCAIIBHOCTD HCIIOJIb30BaHHBIX METOAUK U IIPOTPpaMM.
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Bo BTOpOIi r1aBe mpexacrapieHo onucanye nukiorpona IIUTPEK, 6a3osoit
YCTaHOBKH O0JIy4aTeIbHOTO KOMIUIEKca « Abday.

B OObenMHEHHOM HHCTUTYTE SOEPHBIX HCCIEHOBAHMN VIS XOJIIHHIOBOMR
KomnaHuH «Tpeknop TEXHOJOMKH» pa3paboTaH M M3TOTOBIEH OOJIydaTeNbHEIH
KoMIUTeKC «Aibday [6], mpenHa3sHa4YeHHEIH AJIs MPOMBIIUIEHHOTO MIPOU3BOACTBA
TPEKOBBIX MeMOpaH, UCIOIb3YEMBIX B JaJbHEHINEeM IS BEITYCKa pasaessiouX U
GUIBTPYIOMMX SIEMEHTOB MEIHLMHCKOrO, IPOMEINUIEHHOTO M OBITOBOTO
HasHaueHHs. Dupmor «Tpekmop TEXHONOMKU» HPOU3BOIAATCA YCTAaHOBKH MIJISA
MeMOpaHHOro IasMadepesa, obecledHBAIOIIKE BHICOKO3()(GEKTHBHOE JICYEHHE
Pa3NUYHBIX 3a00JIeBaHuUil U MOTydYeHre TOHOPCKOM IIa3MBL. -

KoMrekc COCTOMT M3 HM30XPOHHOTO LHKJIOTPOHA C BHELIHEW HMHXKEKIMEH
HOHOB, CHCTEMBl BBIBOJA M TPAHCIOPTUPOBKH YCKOPEHHBIX HOHOB H
00Ty4aTebHOM yCTaHOBKH HCXONHOIO MaTepuaia — IIOJMMEpHOM IuieHku. Ha
00y4YaTenbHOM KOMIUIEKCE «Alb(ha» BO3MOXHO H3rOTOBJIEHHE TPEKOBOM
MeMOpaHbl W3 NOJMATHIeHTepedTanaTa (laBcaHa) TONIMHOM 10 25 MKM H
IIpUHO# 32 cM.

B rnaBe 2 maHO omucaHHMe NPEAIIECTBYIOIIMX IYCKY PacdyeToB AWHAMHKH
IyYKa HOHOB aproHa B IMKJIOTPOHE C y4eToM 3((eKTOB Iepe3apsaKd MpH
B3aUMOJEHCTBUM C OCTaTOYHBIM a3oM. BBUIM IpOBeneHBI YHCIEHHBIE pacdeThl
HHKEKIUM, yCKOpeHHs U BbIBoja MOoHOB B mukiotpoHe IIUTPEK mo aBTopckum
nmporpaMmaM, OIMCAHHEIM B IlepBod rnmaBe. Ha Puc. 1 nokasan oOmwit Bup

YCKODHUTEJIS.

6. I0.I. Anenuuxuii ... I A KapamsimeBa u 1p. Pa3paGotka i co3nanue 06 1y4aTensHOro KOMIUIEKca
«Anbday 1511 MPOU3BOACTBA TPEKOBBIX MeMOpaH// AToMHas 3Heprus. T.97, eim. 1. c. 34-40.
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Phase (deg)
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Puc. 2. ®a3oBoe nBMXKEHUE ITyYKa
Pacuerel mpoaeMOHCTPUPOBANIN BO3MOKHOCTh YCKOPEHHsSI U BBIBOJA HOHOB
aprona c oHeprued 2.4 MbdB/Hyki. B CHOpPMHUPOBaHHOM MArHHTHOM ITOJIE

mukiaorpoHa IIUTPEK (ecm. Puc. 2), mpemoctaBmiun uHpOpMauio 00
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ONTHMAIBHBIX IapaMeTpax YCTaHOBKM, HEOOXOAMMBIX Ui 3(GEeKTHBHOTO
yckopenus mydka. B 2002 r. cocrosmcs myck muxiorpoHa ITUTPEK. Ilpu

BBICOKOYAaCTOTHOM HaIIPsHKCHUH 40 xB 6vl1 YCKOPE€H M BBIBEACH IIYy4YOK HOHOB

4t ¢ sHepruedt 2.4 MaB/HyK/. 1 HHTEHCHBHOCTBIO BBIBEIEHHOro Iryuka 200
HA, mpu »53ToM 5GGeKTHBHOCTh BBEIBOAAa cocTaBHia okoimo 50%. Bcee
KOHTPOJIMpyeMBbIE IIapaMeTphl TEXHOJOTMYECKHX CHCTEM OO0IIydaTebHOrO
KOMILIeKCca «AJb(ay BBIBOMITCS Ha 3KpaHBl JBYX MOHHMTOPOB CO CMEHHBIMH
«naHenaMu». Ha Puc. 3 mokasaH ofuH U3 BapHaHTOB BBIOMpaeMBIX «IaHeel» B

Iponecce HaJIaAK! LIUKJIIOTPOHA.

.02 Tp.1 Uwn. depazes
037,03 Tp. 1 Npodwnomern Broma awan.
04 ¥.04 T'p.1 NMpodunomerp Groxe guen.
05 ¥.05 I'p.1 Gnoma auan.
06 ¥.06 I'p.1 'p._BAORe mman.
07.7.07.Tp, 1 Tpodunomern 6aome auar.
08 ¥.08 I'p.1 MpopunomeTp Braoxe mue

0fi6 14 13 12 11 10 0 8 7 6 5 4 3 2 1 -

15 ¥,03 I'p.2
16.7.04 T'p.2 Mpogwnomerp Grome muar,

7ona zuar.

Gnora_xwan,
19..07 Tp.2 Tpogwnomerp Groma muar.
20.7.08 I'p.2 gnoxa_mxan,
21.9.08 Tp,2. MpodunoneTp Baoxa awar.
22 ¥.10 I'p.2 Mpoduaomerp Gnoxa mxarn.
23 ¥.11 Tp.2 Gnora nwan.
24 7,12 Tp.2. Npo¢unomerp noxa nuar,

[

TS 1 younemus

» m 'p_naMens 0,0000 Wnnumap Papanes W
357,11 Tp.3 Mpodwnomerp nemens 0,0000 Mpogunomerep Tpaxra Ne1 [10°9
03

36 ¥.12 T'p,3 newens 0,0000 Mpo o uarvocTuku [

Puc. 3. TIpoduis mydka Ha IPOGUIOMETpe B THHAH HHXEKIUM (PACCTOSHUE
Memﬁy IIPOBOJIOKaMH S5MM)
Ha Puc. 4 mpencraBneHa 3aBHCHMOCTh MHTEHCHBHOCTH ITydKa OT paauyca,
HOJTy4eHHas IPH IOMOIIM paJualbHOro MPOOHMKA, PACIIONIONKEHHOTO B CEPEIUHE

XOJIMa MarHura. BI/II[HO, YTO B HEHTPE LMUKIOTPOHA Ha6m011a}0"r0}1 CYHIECTBCHHEIC
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IIOTEpH IIyYKa, CBA3aHHBIE ¢ OTOOpOM dYacTHI[ 1o (a3aM (4acTHUBl ¢ (Ha3oBEIM
pasGpocom 3a mpemenamu +30° TepsloTcd Ha KpOMKax [yaHTOB), a Hajee
9KCIIEpMMEHTalbHas KpHBasd (IITPUXOBas JIMHWA) XOPOIIO COOTBETCTBYET
pacyeTHOW 3aBMCHMOCTH HHTEHCHBHOCTH OT pajguyca (CIUIOIIHAS JIMHHS) IIPH

BeJMYHHE CPEHETO NaBIeHUs B KaMepe MKioTpora 10 Topp.

120 i i A i i A i

100 -

40 -

20

0 100 200 300 400 500 600 700 800
R, MM

Puc. 4. OxcrieprMeHTaIbHAsA 3aBUCHMOCTD HHTEHCHBHOCTH ITyYKa YA or
pazuyca, IoJTy4eHHas [IPY TOMOIIY paquaabHOro NPoOHUKa (IITPUXOBAs JIUHHUA);
CIUIOIIHAs JIMHUS — pacUeTHEIE JaHHEIE

B naneHelimemM Ha OCHOBe pacueToB GBUTH MOZOGPAHBI PEXUMBI OGITyYeHHS

IUVICHOK ¢ HEOOXOOMMBIMH IUIS IPOM3BOACTBA (UIBTPOB IIapaMETPaMH.
PaBHOMEpHOCTh OOIydeHHs B IIONEPEYHOM HalpaBlIEHMH O0OecIeYnBaIach
CKaHHPOBaHMEM IMyYKa C HaNpsHKEHHEM Ha CKAaHHpYIOIleM MarHute 73 B,
PaBHOMEPHOCTE B IPOAOIBHOM HANpPAaBIeHHH — MOCTOSHCTBOM CKOPOCTH
TPOTSDKKH IUVIEHKH M CTaOMIBHOCTBIO TOKAa I[yYKa HOHOB Ha MPOTSHKEHHH BCETO
IIUKJIa 00Ty YeHus.

B HacTosmee BpeMs H3Y4arOTCS CIOCOGHI pPACIIMpEHHs BO3MOXHOCTEH

YCKOPHUTEIIA, B YaCTHOCTH, II0 pe3yJibTaTaM aHaJIn3a JUHAMHKH HOHOB KpHUIITOHA B
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‘ 84 g +11
muxnorpoHe [IUTPEK pexoMeHIOBaHO YCKOpPEHHE HOHOB Kr™" | tak xax mms

aToro ' morpebyercss MHHAMAaIbPHOE H3MEHEHHE YpPOBHS MAarHHTHOTO IIONSA —
yBenudeHue Ha 1.6%. YckopeHue Gonee TSDKENBIX MOHOB ITO3BOJIUT YIIyYIIMTh
Ka4eCTBO IPOU3BOJMMBIX TPEKOBBIX MeMOpaH.

Tpetbs rjaaBa JuccepTalild IOCBANIEHA NMpoeKkTy muiiiorpoHa C400. B
IocleHWe TIATh JIeT B paMkKax coTpydgHudectBa IBA-OMSAM rpymmoi
cnenmamictoB OVISIU Opun pa3paboTaH KOHIENTYalbHBIA IPOEKT KOMIIAKTHOTO
CBEPXIIPOBOZAILIET0 M30XpoHHOro nukinorpoHa C400 mns amponHO# Tepamuu. C
TIOMOIIBIO 3TOr0 YCKOPHTENs Mpeanoiaraercs moxydats mydks 2C* u ‘He?* ¢
snepruei 400 MaB/HyKIT0H, a TakXke IPOTOHEI ¢ 3Hepruei 260 MaB.

OnucaHbl TapaMeTphl MarHUTHON U YCKOPSIOMIEH CHUCTEM, JIMHUH MHXKEKLIUH
U BBIBOJIa, IEHTPaIbHOM obnacTy mukiorpoHa. [Toka3aHo, 4TO BEICOKAas TOYHOCTb
MIPOEKTHPOBAaHUSA DJJIEMEHTOB IeHTpa LHUKJIOTPOHA OIpeAenseT KadecTBO
YCKOpSEMOro IIy4YKa, CHOCOOCTBYeT YMEHBUICHHIO IOTEPh HE TOJIBKO B CaMOM
LeHTpe, HO M B IpollecCe YCKOpPEHUSA M BbIBoja. [IperncTaBiieHBI pe3ysbTaThl
MOJENUPOBaHHUs IIEHTPATIbHOH 00JacTH IHUKIOTPOHA. BEIOpaHBI ITapaMeTphl
HH(QIEeKTOpa, INOJNIOXKEHHE W TeOMETpHUs JJIEKTPOXOB, AuadparM, paccyuTaHa
JIUHaMHKa ITyYKa HOHOB C YIEeTOM ITOTeph Ha 3JIEMEHTaX CTPYKTYpHI IHUKIOTPOHA
(cMm. Puc. 5).

PacuetHas 3¢ dexTHBHOCTD 3aXBaTa B YCKOpeHHE HeOaHYMPOBAHHOTO ITydKa
HOHOB cocTaBmia 12 % mpu orpaHHqéHnn Ha aMIUTUTYAY paguaibHBIX KojeGaHui
4 MM, 4YTO TIPEBOCXOIWT CYIIECTBYIOIIMH IOKa3aTelb 3(GHeKTHBHOCTH

pa60Talonmx CBEPXMPOBOAAMNX ITUKIIOTPOHOB.
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X.cm

Puc. 5. Yckopenue mmydxa B IIeHTpe HUKIOTPOHA (BUAHO, YTO YaCTh HOHOB
TepsEeTCS Ha BTOPOM I10 XOIy ITy4Ka KHOCHKE) [TyaHTa)

B muccepramyu caenaH akueHT Ha pacuyeThl JUHAMUKH [IyYKa B YCKOPHTENE ¢
y4eToM 35(¢eKTOB Iepe3apsAOKd HOHOB IPH B3aWMOAEHCTBHHM C OCTaTOYHBIM
rasoM. Ha ocHOBaHMH pacyeToB IOTEpPh HOHOB IIPH B3aUMOIEHCTBHH C
OCTaTOYHBIM Ia3oM CGHOPMYIHPOBAHBI Tpe6onamm K YPOBHIO BaKyyMa B JIMHHHU
HHXKEKIUM M B KaMepe IMKIoTpoHa C400. Pacuersl mokasaid, 4YTO YpPOBEHB
BaKyyMa OTpEJIENSeTcs MOTepsAMH HOHOB C®* B IIMHMM HHXEKUHH H MOTePAMHU
HOHOB MOJIEKy/IsApHOro Bomopoxa H," B kamepe muximorpoHa. J[is HaBieHHs
2:107 Topp pacueTHble MOTEPH HHTEHCHBHOCTH Iydka *C°" HOHOB B JMHHMH
HEDKEKIHH COCTaBIIAIOT OKOMO 2 %, MOTepU MHTEHCHBHOCTH ITyuka H,” B kamepe

LIUKJIOTPOHA COCTaBIIIIOT OKOJIO 5 %.

21



B rnaBe 3 moxpoOHO omucaHa mpouexypa BeIOOpa IeéOMETPUH W OCHOBHBIX
rapaMeTpOB BBICOKOYACTOTHON cucTeMbl. OKOHYATENbHBIN BapraHT Mozenu BU-

pe3oHaropa npezacrasiieH Ha Puc. 6.

Tuner position

Puc. 6. Bun xomnsrorepHoit mozenu BU-pezonaropa

W3 pe3ynbTaToB pacyera AMHAMHUKH IyYKa CIIEIyeT:

1. yckopsromee HampspDkeHHE B LEHTpPe LUKIOTPOHA JOJKHO COCTaBIIAThH
okoino 80 kB. OHO orpaHuueHo HampsHKEHHEM MPOOOs, OMpeaeseMbIM
kpurepueM Kunnarpuka;

2. HeoOXOIMMO HMeTh MaKCHMAaJbHO BO3MOXKHOE HAIPSHKEHHE B 30HE
BbIBOZA Ul oOecreueHuss OONIBIIOro miara OpOWT, a CJeI0BaTelbHO,
GorpInei 23 PpeKTUBHOCTH BBIBO/IA;

3. Ba)XHO MMETh 110 BO3MOXKHOCTH OoJiee BBICOKOE HalpsDKEHHe Ha pajnyce
okosmo R=150 cM, Tak Kak B 3TOM MeCTe ITy4OK IepeceKaeT OIacHBIN
CTPYKTYpHBIH pe3oHanc 3Q,=4 (B pacyeTax AMHAMHKH ITy4Ka HalpsHKEHHE
cocrasisuio 100 kB).

Ha Puc. 7 mnoka3aHO pacupelelieHHe YCKOPSIOLIEro HampshKEeHHs,

COOTBETCTBYIOLIEE BBIIICOINNCAHHBIM YCIIOBUAM.
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Puc. 7. PacnpenerneHre yCKOPSIOIMEro HalpsDKEHUS BIOJIb pajiyca s IBYX
YCKOPSIOIIMX 33a30POB

BenuuuHa HampsHKeHHs OIpeneslach HHTETPHPOBAHHEM SIIEKTPHYECKOTO
0N BAOJIb IYTH OKPY>KHOCTH B MeIUaHHOH IUIOCKOCTH pe3oHaTopa. TpebGyemas
¢opMa 3aBUCHMOCTH HampsHKEHHs OT paguyca ObUla IONTydeHa BBIGOpOM
HOJIOXKEHUs, GOPMBI U ITONIEPEYHOro pa3Mepa OIop.

Kak mnokasanu pesynbTaThl pacueToOB AWHAMMKH ITydKa, IUIS Ilepexoia OT
pexuMa ycxopeﬁm HOHOB YIJlepoia K PpEeXHUMY YCKOPEHHS MOJEKYISIPHOTO
BoJOpoJa MoTpeOyercss M3MEeHeHHe 4acTOThl pe3oHaropa Ha 450 xI'm. [lns 3toit
LeNH MPeAIoaraeTcs UCIoNb30BaTh TIOHEP AuameTpoM 10 cM, pacroio)XeHHBIH
Ha paccTosHMH 120 cM OT IleHTpa LMKIOTpPOHA M HAa pPAacCTOSHHM 6 CcM OT
IIOBEpXHOCTH ayaHTa (cM. Puc. 6). Pacuerhl mokasaiy, 9YTO TaKoi TIOHEp

ofecreunT H3MEHEHNE YacTOThI He MeHee yeM Ha 1000 kI
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IMomydyeHHsIe pe3ynbTaTHl HCHONB3YIOTCS HPU NPOSKTUPOBAHHH YHHKAJIBHOIO
cBepxnpoBosero nuorpora C400, peanuzarys koTroporo Hadanacsk B 2010 1. B
paMkax npoekra «Archade» B megunuackoM neHtpe r. Kann (@panuus).

B uerBepTOii I1aBe OTpaXKEHEI Pe3YNIbTATEl PACUETHBIX U SKCIIEPUMEHTAIBHBIX
paboT Mo peann3alii peXMMa YCKOPEHHS W BBIBOAA IIPOTOHOB C dHeprueit
60.5 MaB npu uactote BU-reneparopa 26.26 MI'1 Ha H30XpOHHOM LHKIOTPOHE
AWII-144, pynxkunonupyromeM B UAD ITAH, r. Kpakos (ITonsma).

Huxnotpon AWII-144 6pu1 pa3paboTaH U MPUMEHSUICS NIPEUMYIIECTBEHHO IS
IPOU3BOACTBA PaJHOM30TOIOB Ha BHYTpeHHeH MuineHH. [ pacHupeHus
BO3MOXHOCTEHM LHKIOTpOHa OBLTa IOCTaBJeHA 3aJadya peald3alldil OCHOBHOI'O
pexuma pabotel nukiorpoHa AWII-144 nns momydeHHs BBIBENEHHOTO ITyYKa
YCKOPEHHBIX HOHOB C MapaMeTpaMy, HeOOXOAUMBIMY IS IPOBEIEHUS IIPOTOHHOR
Teparuy MeJIaHOMBI I'J1a3a.

Jnsa oroif menu OBUIM IPOBENEHBl H3MEPEHHS, OCYNIECTBICH aHAIM3 H
¢bopMHpOBaHMEe MAarHUTHOTO MOJS LHKIOTPOHA, pa3pabOTaHBl HOBBIE METOMIBI
pacuera TOKOB B OCHOBHOM OOMOTKe, KaTyIIKaX KOPpPEKIMH M I'apMOHHYECKHX
KaTymkax. B Ipolecce MarHHTHBIX H3MepeHHi ObUIO IOHoOpaHO IONoXKeHHe
BaKyyMHOM KaMephl ITMKJIOTPOHa, MHHHMHU3HPYIOIIee BEJIMYHHY aMIUTUTYIbI
MepBO# TapMOHHKH MarHUTHOTO IIOJIS, NPOBEICHA KOPPEKIMs MarHUTHOTO OIS
U1 pabouuX peXXUMOB YCKOPEHHS ITydKa.

CMozenupoBaHHEI C IIOMOIIBI0 CO3NAHHOTO IPOrpaMMHOTO o0ecredeHus
OCHOBHOI pexuM pabotsl AULI-144 6511 ycTaHOBIEeH Ha IukioTpoHe B 2009 roxy
0e3 3MIIUPUIECKOI ITONCTPONHKH TOKOB B KOHIIEHTPHUYECKUX KaTyNIKaX M 4acTOTHI
BUY-renepatopa.

Ha Puc. 8 moka3aH TOK BHYTpPEHHEro IIyYKa YCKOPEHHBIX IPOTOHOB B

3aBHCHMOCTH OT pajuyca, u3MmepenHslii Ha AWII-144, Ha Puc. 9 — doTtorpadus
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npodunst myuka. M3 Puc. 8 BuaHO, 4yTO (pa3oBble U aKCHaIbHblE IOTEpPH
YCKOPSI€MBIX IPOTOHOB B OOJIACTH HM30XPOHHU3AIMU PabOYero MarHUTHOIO IIOJIS

MHUHHUMAJIbHBI.

e lint
] Experiment 17.07.12
g Fif = 26,26 MHz

600 4 Udee =61 kV

Rdeflector = 62,8 cm
Rbump =24 cm
Redge = 57 cm

500

400

lint (NA)

0 10 20 30 40 50 60 70
R (cm)

Puc. 8. Tok BHyTpeHHEr0 IIy4Ka YCKOPSIEMBIX IPOTOHOB B 3aBUCMOCTH OT

panuyca

Puc. 9. [Ipo¢uis myyka BbIBEJEHHBIX IPOTOHOB
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HV3smMepeHHEI 1ocIie POXOXKAECHUS IBYX KOPPEKTHPYIOUUX MarHATOB B IBYX

KBaJpyINOJBHEIX JHH3 TOK Iy4Ka BBIBEAECHHBIX IPOTOHOB cocTaBisul /,, =21 HA.

JuamMeTp BeIBeIEHHOTO IMy4Ka paBeH @ = 2.210.3 cm.

Ilompasnenenve mpoToHHOM Teparmuu HWMA® IIAH BnepBele mOMyYHIIO
BO3MOXHOCTh OecriepeOoiHOM pabOThl W HCIOJMB30BaHUS ITyYKa BHIBEIEHHBIX
IIPOTOHOB JUIS:

¢  HaCTPOHKH MEAWIHUHCKUX IPUOOPOB U ammapaTypsl B KaOHHETe POTOHHO#M
Tepariy;

® IIPOBEACHHUS YCIIEIIHOM IPOTOHHOM Tepanuy MeIaHOMBI Iia3a Ui IepBOi
rpynnsl namueHTos B 2011-2012 rogax (15 yemosek).

JanpHeias ONTUMH3alMs IIapaMeTpOB MarHuTHOM cuctemsl AWII-144, B
YaCTHOCTH BEJIMYMHBEI M (DOPMBI LIEHTpaJbHOro Oamiia, MpuBeia K yBETHYEHHIO
9} (eKTHBHOCTH YCKOPEHHUS W BBIBOAA IIyYKa MPOTOHOB 10 35%, uT0 GNH3KO K
pacuyeTHOMY 3HaYeHHIO. -

B 2013 romy mmaHupyeTcs HCIONB30BAaTh yCTaHOBJICHHBIH OCHOBHON DPEXHM
pabotsl nuitorpoHa AWII-144 mns edeHns MandeHTOB B KoJau4ecTBe 50 yenoBex
B IO,

B _3akiaroueHHH cGhOpPMYIHPOBAaHEL OCHOBHBIE pe3yJBTAaThl M  BBEIBOIBI
IUCCEePTalMOHHON paboTHL

1. C 2002 roma paboraer nmpomsinuieHHbr# muknotpon [IUTPEK B cocraBe
KoMIUIeKca «Aibda», KOTOPBIH OCYLIECTBISET CEPHUHBIA BBIIYCK TPEKOBBIX
MeMOpaH [I MEAUIIMHCKUX M3Aeuit Ui IasMadepesa:

a) cocrosics IYCK LUKIOTPOHa Ha OCHOBE MapaMeTpoB, IONYYEHHBIX B
pe3yibTaTe pacyeToB JUHAMUKH ITydKa HOHOB aproHa;

6) MOCTHUTHYTHI IPOEKTHBIE IapaMeTphl LHUKIOTPOHA, TaKWe KakK JHEpPrHs

2.4 MsB/Hyw10H, BenuurnHa ko3¢ duuuenTa BeiBona ~50%;
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B) OITHMH3HPOBAHO paclipeielieHHe ITyuKa 0 00TydyaeMoii IeHKe, I0n00paHbl
peXUMBI OONy4eHHs Ha OCHOBAaHUH DacYeTHBIX W IKCIIEPUMEHTAIBHBIX

HCCIIE0BaHUIM;

84 pr +11
l") BHECCHBl MNPCIJIOXEHHUSA II0 YCKOPECHHIO HOHOB Kr -5 PpacCUHUTaHBbI

HapaMeTpbl HeOOXOUMEBIX PEXHMOB, YTO BaXHO VIS JAIBHEHIIEro YIy4IleHHs
Ka4ecTBa TPEKOBBIX MeMOpaH.

2. Bmepeele cGhOpPMHPOBAaHO BBICOKONPENM3HOHHOE MAarHUTHOE MOJe,
obecrieunBaromee pexxuM yCKOPEHHS HMPOTOHOB CO CIEAYIOLIMMH IapaMeTpaMH:

KMHETHYECKOH sHepruedl BeiBoma E,,~ 60.5 MaB, 3HadeHHeM M CTaGHIIBHOCTBIO
TOKa BbIBeAE€HHOro Iyuka [, ,=20+40HA, ol,,~15 % cooTBeTcTBeHHO. Pexxum

peannsoBad Ha muxiorpoe AMII-144 Ge3 sMmupudeckoil MOACTPOWKH TOKOB B
KOHIICHTPHYECKHX KaTyIIKax U yacTtoThl BU-reHeparopa.

VCTaHOBNIEHHBIN peXMM paboTel OBUI HCHONB30BaH IS IIPOM3BOICTBA
pagMoM30TONOB, a TaKKe IpH IPOBENCHHH YCIEITHOM IPOTOHHOM Tepamuu
MENaHOMBI INla3a y IEpBOM IpyNNbl MalUeHTOB, mpoBeneHHOU B Ilonmbire Ha
ANII-144 8 2011-2012 ropax.

Jns TomydeHUs 3THX pe3yNnbTaroB ObUIa pa3paboTaHa HOBas METOAMKA
MaTeMaTH4eCKOro  MOJEIHMPOBAaHUS  PEXHUMOB  pabOTEI ~ MHOIOIENEBOrO
H30XpPOHHOIO  LHMKIOTPOHA, IMO3BOJIAIOIIAA IIEpEXONuTh Ha paboTy B
MOZENUPYEMBIX pexrMax 0e3 OCTaHOBKU U pa3bopK yCKOPHUTEIS I IIPOBEISHUSL
IOIONHUTENBHEIX MAarHUTHBIX H3MepeHHH. MeTOmMKa MO3BOJISET IPOBOIHUTH
pacuer Toka:

e B riaBHOH OOMOTKE Ha OCHOBE KapT HCXONHBIX MarHHUTHBIX IOJIEH,
U3MEpeHHBIX I TpeX YypoBHelf Toka B 0OMOTKe BO30YXIECHHA

TJIaBHOI'O MarHura,
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® B KOHIIEHTPHYECKHMX KaTylIKax I PacCUMTaHHOTO YpPOBHA TOKa B
IJIaBHOM OOMOTKE;

® B JBYX NapaX rapMOHHYECKHMX KaTyIIeK IUI1 PacCUMTAHHOTO YpPOBHS
TOKa B INIaBHOH 0OMOTKe ITUKJIOTPOHA.

3. PaspaboTaH KOHIENTYaJIbHBI IPOEKT CBEPXIPOBOAALIETO LHMKIOTPOHA
C400, npeqra3sHaYeHHOTO IS aJpOHHOM TEpaluM OHKOJIOTMYECKHX 3aboeBaHuUit
YCKOPEHHBIMH JIETKMMH HOHaMH, pealu3alis KOTOpOro Havajach B paMKax
npoekrta «Archade» B MenunuHCcKoM neHtpe r. Kann (@panmys):

a) copMyaHIpOBaHEl TPeGOBaHMS K YyPOBHIO BaKyyMa B Kkamepe LHMKIOTPOHA
C400 Ha OCHOBaHHMH pacyeTOB IOTEPh MOHOB Ha B3aUMOIEHCTBHE C OCTATOYHBIM
ra3oM, YTO OIpPEAENIHIO OCHOBHEIE NMapaMeTpPhl BaKyyMHOM CHCTEMBI YCKOPHTES.
Pacuersl noTeps HOHOB Ha B3aUMOMEMCTBHE C OCTATOYHEIM Ta3oM IIOKA3alH, YTO
w1 nasnenns 2-107 Topp moTepH WHTEHCHBHOCTH IIy4YKa 2C* ponoB B nMHEM
MHXEKIUHMHA COCTaBIISIOT OKOJO 2 %, IOTepH MHTEHCUBHOCTH My4uka H, B kamepe
LIHKIOTPOHA COCTABIIAIOT OKOJIO 5 %;

6) pa3paboTaHBl CTPYKTypa M KOMIIOHOBKA 3JIEMEHTOB IIE€HTpaIbHOM 06IacTH
cBepxnpoBosiero uukiaorpoHa C400. BsiOpansl mapameTpsl HHIEKTOpA,
TIOJIOXKEHHE M TEOMETpPHsA 3JIEKTpodoB, AuabparMm. Pacuernas 3d¢eKkTHBHOCTH
3axBaTa B IPOLIECC YCKOPEHHs HeOAHYMPOBAaHHOIO IIyuka HOHOB 12 % mpu
OrpaHHYeHUH Ha aMIUIMTY/y DaJdalbHBIX KoseGaHHU 4 MM, YTO IPEBOCXOMHUT
CYILIECTBYIOIIMA TMOKa3aTelb 3((PEKTHBHOCTH pPabOTAONIIMX CBEPXIIPOBOMSAIIMX
LUKJIOTPOHOB;

B) BIEpBEIE B  MEOMUIHMHCKAX LHUKIOTPOHAaX  pa3paboTaH  peXHM
BBICOKOYAaCTOTHOH Momynsauuu (~1 kI'l) HHTEHCHBHOCTH BEIBEAEHHOTO IIy4Ka
HOHOB YIJIepofia IpH YIIPaBICHHUH HalpsDKEHHEM Ha SJIEKTpoJax HH(IIEKTopa, YTo

AKTYaJIPHO JUIA peajii3alliy TEPauy ¢ aKTHBHBIM CKaHHPOBaHUEM;
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r) paspaboTaHa W  ONTHMH3WPOBAaHA  OPHTMHANIbHAA  KOHCTPYKIHA
BBICOKOYACTOTHOIO  pe3oHaropa  IuKmorpoHa C400, obecneunBaromas
HEeoOXOAUMBIN IMama30oH 4YacTOT, paclpeleleHHe HaIpsDKEHHs BIOJb Paliyca,
IepecTPOHKY YacTOTHI IIPH CMEHE YCKOPAEMOTo MOHA; HalIeH CIoco0 H3MEHEHHUS
9acTOTBI PE30HATOPA IOCPEACTBOM YMEHBIIECHHS JUaMeTpa YeTBEPTOM OIOpEI, HE
BHOCAIIMM HCKa)XEHHSA B Daclpe/ielieHWe YCKOPSIOIIEro HAaIpPsDKEHHs BIOJb
panmyca.

4. Co3gan  KOMIUIEKC  IIPOTPaMMHBIX  CpeNCTB Ui  TPaeKTOPHOIO
MOJIe/IMPOBAHHUs JUHAMUKY IIyYKa B LHMKIOTPOHAX, COCTOAIIMA M3 MPOrpaMM B
cpene MATLAB, npenHasHaueHHBIX UI1 MOAEIHUPOBAHMS IBH)KEHHS YaCTHI B
LIHUKJIOTPOHAX, HCCIEN0BaHU Npoliecca MIPOXOXKIECHHUS Yepe3 Pe30HAHCE! C yYETOM
IeHCTBUS CHII IIPOCTPAHCTBEHHOTO 3apsiia, Mepe3apsaKy NMPH B3aHMOAEHCTBHH C
OCTATOYHBIM ra3oM, AMCCOLHUAIMH B SJIEKTPOMAarHUTHOM IMOJI€ W IOTEPh Ha
CTPYKTYPHBIX 3JIeMEHTaX yCKOPHUTEIA.
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