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OBIIAS XAPAKTEPHCTHKA PABOTBI

B ddccepranmd  HM3TOXKEHBI  pe3yibTaThl  pa3paboTOK M MCCIIEAOBaHUH,
BBIIIOJIHEHHBIX coMcKareneM B JlaGoparopun spepHBIX IpobiaeM OOBeIHHEHHOTO
HMHCTUTyTa anepHbx mccnemosanuit (JIII OVISIM) B mepuox ¢ 2004 mo 2012 rox B
paMKax mpoGIeMHO-TeMaTHUECKHX IIaHOB HAayYHO-MCCIEN0BaTENbCKUX pabor OV
(Ne 03-2-1102-2010/2012 “CosepmierctBoBanne ®asorpona JUIII (OMSIM) u
paspaboTKa NMKIOTPOHOB IS (GM3WYECKHX M IIPUKIAJHBIX HCCIENOBaHHWA”) H
HPOTOKOJIOB 0 MEXAYHAPOIHOM COTPYAHHYECTBE, OCyINecTBIIomeMcs Mexay OV
u MucturyroMm snepro#t Gusuku ITonsckoit akanemun Hayk (MISI® ITAH) (Ne 3970-2-
10/12 “TIpOTOKOJ O BHINOJHEHUM COBMECTHOM HaydHO-HCCIENOBATENbCKOH paboThI”).

Pa6oTa BrImosHeHa npu GuHAHCOBOH mopuepsxke PO®U, rpant Ne 10-01-00467-a.

AxTyaabHOCTh. B Hacrosmiee BpeMs OJHMM M3 IJIaBHBIX HANpaBICHHH B 00JIacTH
pa3BUTHS YCKOPHTENBPHOM TEXHHKH SBIAeTCS pa3paboTka, IPOM3BOACTBO M
OKCIUIyaTallysl YHABEPCAIBHBIX M30XPOHHBIX IUKIOTPOHOB. OHM HAXOAAT IPUMEHEHHE
Kak B 00JacTH HaydHBIX MCCIEAOBAaHUM (IPOM3BOACTBO pPaIMOHM3OTONOB JUIA
HCCIIeIOBaHU# B 00aCTH SIIEPHOM CHEKTPOCKOIMH, 3IEKTPOSAEpHAs SHEPIeTUKa), Tak
¥ B 00NacTd MeIMIUHBEI (IPOM3BOACTBO DPAJHOM30TONOB IUIS PA3IHYHBIX BHIOB
ToMmorpaduu, MPOTOHHAS Tepalusl PaKOBHIX OIyXOJel): DC-60', AIC-144%, VINCY>.
[TUKIIOTPOHB! JaHHOTO BHA SBJISIOTCS MHOTOLEIEBEIMU U MOTYT HCIIOIB30BATECS IS
YCKOPEHHUS YacTHIl C Pa3IMYHBIM OTHOINEHWEM YMCNa CTAHAAPTHHIX €IUHHUI] aTOMHOH
Macchl K YHCIYy SJIEMEHTApHBIX 3apsafoB (A/Z). DHeprus BBIBOJA B TaKUX MaIlMHAX
MOJXET ITABHO BapbHUPOBATHCA IJIA KAXIOI0 THIIA YCKOPACMBIX YaCTHII.
JuccepTanuonsas paboTa NOCBAIIEHA CO3JAHMIO M IIPHMEHEHHIO Ha IIpaKTHKe
HOBOW METOAUKH MaTeEMaTHUECKOTO MOASTHPOBAHHUS PEKUMOB PabOTHI MHOTOIIETIEBOTO

u3oxponHoro 1mmkiorpona AMWII-144, pacmonoxesnoro B WSI® TIAH wu

! http://f1s2.jinr.ru/flnr/dc60.html
2 hitp://www.ifi.edu.pl/str/dc/index.html
3 hitp://www.vinca—at.org/tesla.html




MpeIHA3HAYCHHOTO KaK JUIi IPOBEICHHMS IIPOTOHHOM Tepamuu MeNaHOMEl Ifa3a y
NalUeHToB (Ipu paboTe B OCHOBHOM pEXHME), TaK H Ui IIPOU3BOJCTBA
PaaMOM30TONOB, WCIONB3YEMBIX B HAyYHBIX HCCIEIOBAHHAX B 00NacTH sIepHOH
cnextpockonnu. AWUILI-144 6pu1 paszpaboran rpynnoit corpynuukos VA® ITAH moxm
pykoBozcTBoM g-pa E.Cxpa6s'. Cucrema Bemoma AMII-144 Geuta paspaGotana
rpynno#i  corpymuukoB OWAM npu yyactum corpynHukoB MA@ TIAH’,
PaccmarpuBaemas MeTOAMKa IO3BOJISIET MOASTHPOBATh HOBBIE pexuMbl paboter AUIT-
144 n mepexoauTh Ha paboTy ¢ HUME 0e3 OCTaHOBKH M Pa30OpKH IUKIOTPOHA I
MPOBEACHUS JONONHUTENBHBIX MarHUTHBIX H3MepeHui. HoBas MeTomuka colepXuT B
cebe HabOp ANTrOPUTMUYESCKHM CBS3aHHBIX METONOB U pacueTa TOKOB B IJIaBHOH
KaTylike, OBaIlaTH KOHLEHTPUYECKHX KaTymIKaX, B JBYX IapaX TapMOHHYECKHX
KaTyIeK, a TaKXKe I YHCICHHOTO KOHTPONS TOYHOCTH pacdeTa H30XPOHHOTO
MATHHTHOTO IO, PACCUMTHIBAEMOTO IO aHamuTHIeckuM dopmynam M.M.Toprona®
(IIpui., n.1). OGmui#t anropuT™ MOJEIUPOBAaHHUSA HOBBIX PeXUMOB pabotel AUII-144
BKIIFOYAaeT B cels pacueT TOKOB BO BcexX Karymkax Iukiorpona [K6]+[K13],
YUCICHHBI KOHTPONh TOYHOCTH pacdeTa H30XPOHHOTO MarHutHoro mons [K14],
aHATHTHYECKHH pacueT (asOBOTO JBHKEHHS H UAaCTOT CBOOGOIHEIX KoneGammit [K3]
YCKOPSIEMBIX HOHOB. B 0o0umii anroput™ BXOIAT pabourie ajJrOPHTMEL [TO3BOJISIOIIHE
110 HauOOoJIBIIEMY 3HAYCHHUIO TOKA BEIBEAEHHOTO IyYKa IIPOBOIHTH:

e ViydmeHue (a30BOro IBI)KEHMSA YCKOPSEMBIX YaCTHII, KOTOPOE NPOBOMUTCS 3a
CYET PEryJIHPOBKH aMIUIUTYIBl LHEHTPAIHLHOTO 0amiia pe3yIbTHPYIOMIEr0 MarHUTHOTO
[OJ LHUKIOTPOHA (OT TOKOB B IJIaBHOM KaTyIIKe W B JBaJlATH KOHIIEHTPHUYECKHX

karymxkax) [K13].

* E.CxBa65 u j1p. MaruuTHas cuCTeMa aBTOMATHYECKOTO H30XPOHHOTO LUKI0TpoHa AIC—144.
/I Proceedings of the International Seminar on Isochronous Cyclotron Technique. Institute of
Nuclear Physics, Krakow, 13"-18" November, 1978. Pp. 237-256. Krakow, 1978.

> Nikolaj A. Morozov and others. A new extraction system for the upgraded AIC-144
cyclotron. / NUKLEONIKA, 2001. International Journal of Nuclear Research, V.46 (2). Pp.
51-57.

 M.M.Gordon. Calculation of Isochronous Fields for Sector—Focused Cyclotrons // Particle
Accelerators, 1983. Vol. 13. Pp. 67-84.

7 T.Stammbach. Cyclotrons. // Joint Universities Accelerator School. Archamps—France. 1997.
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e ONTUMH3AIUIO NapaMeTPOB MAarHWTHOM CHCTEMBI IHKJIOTPOHA (PETyIHPOBKY
aMIUIMTYIBI ¥ (ha3bl IEpBOM TapMOHUKH pabovero MarHUTHOTO OIS yCKOpUTens (OT
TOKOB B TJIaBHOM KaTylIke, B ABaAIaTH KOHIEHTPHUYECKHX KaTyIIKaX M B JABYX Iapax
rapMOHHMYECKHMX KaTyllek), MPOBOAMMYIO Ha pajguyce 3abpoca Iydka YCKOPEHHBIX
HOHOB B 3JIeKTpocTaTHieckuit nediexrop) [K13].

Pexxum paboter AUII-144 nmpencraBnsgeTr co6oifi HabOp CIEAYIOWUX ITapaMeTpOB:
THIT YCKOPSIEMBIX YacTHI, 3HaYeHHE HANPKECHUI Ha AyaHTaX, 3HayeHue 4acToTsl BU-
reHeparopa U 3Ha49eHUs TOKOB BO BCEX KaTyIIKax, GOpMUPYIOIMX pabodee MarHUTHOE
HOJIE IUKJIOTPOHA. PexxuM paboThI MOIDKeH o0ecreyrBaTh KaK YCIENIHOE YCKOpeHHe
IMydKa 3apsHKEHHBIX YacTHI[ C 3aJlaHHBIMH [IapaMeTpaMH BO BCEM JHala3oHe pabodmx
panrycoB OT HCTOYHHKA HOHOB JO CHCTEMBI BBIBOJA, TaK M BBIBOJ ITyUKa YCKOPEHHBIX
HOHOB U3 YCKOPHTEIIA.

B TpamunuoHHOM IpEeNCTaBIICHWH IIEPEexXo] Ha HOBBIM pexuMm pabotsl AUII-144
CBSI3aH C HEOOXOJUMOCTBIO IIPOBENEHUS JIONONHUTENBHBIX MarHUTHBIX HM3MEpEHHH,
IIpY KOTOPBIX MUKIOTPOH OCTAHABIUBAIOT M Pa3OHMpParOT ¢ IENBI0 YCTAHOBKH BHYTIPH
BaKyyMHOU KaMepbl H3MEpUTENbHOro o00pynoBanus. [Ipu 3TOM H3MEPSIOTCS KapThl
OCHOBHOT'O MarHUTHOTO IT0JI (OT TOKA B ITaBHOM KaTYIIKE) U KapThl JOMOIHUTEIHHBIX
MAarHUTHBIX IoNie# (0T TOKa B IJIABHOHM KaTyIIKe M MaKCHMAalbHOTO TOKa B KaXIOH
OTIENIBHO B3STOM KOHIEHTPUYECKOM KaTrylKe; OT TOKa B TIJIABHOW KaTylIKe X
MaKCHMAaJBHOIO TOKa B K&XAOU OTHENBHO B3SATON Ilape IapMOHHYECKHX KaTyIIEK).
OOmiee BpeMs Ilepexoa Ha HOBBIH pexuM paboTsl ANII-144 3anmMaeT Kak MHHAMYM
omua Mecsu. Croma BXOAWT BpeMs Ha pa30OpKy YCKOPUTENs, YCTAHOBKY
HU3MEPUTENBHOr0 000pYIOBaHHS, HM3MEPEHHE KapT HCXOIHBIX MAarHWTHEIX IOJeH,
MarHUTHBIE H3MEPEHUS B IIEHTPE NUKIOTPOHA, YHCICHHEIC U aHATUTHYECKHIE PacUeTH,
TIPOBEICHUE pPsiia PaCYECTHO-IKCIIEPUMEHTAJIBHBIX WTEpanuil, BKIIOYAIOMUX B cebs
MOOYEPETHOE WM3MEpEHHe KapT pe3YJIBTHUPYIOMIET0 MAarHHTHOTO IONI M IIEpecyer
yCTaHaBIUBaeMOro pexxuMa paboTel. Clofa Takxe BXOIUT BpeMs Ha COOpKY, 3alycK H
HayaaKy paboTHl YCKOPHTENS B HOBOM PEXKUME.

Hamsoro 6onee ynoOHBIM IpeACTaBIseTCA IOAXON, KOIZa HOBEIM pexxuM paboTh

MOZICIIAPYETCA 0e3 OCTaHOBKH H pa360p1<1z1 IMUKJIOTPOHA [OJIA IIPOBCACHUA



JIOTIONHATENBHEIX ~MArHUTHEIX M3MepeHHil. MOJeNupoBaHHE B OJTOM  CIydae
OCYIIECTBIIAETCS. HA OCHOBE Y)K€ HMEIOIIMXCS U3MEPEHHBIX U IIEPECUMTAHHBIX KapT
HCXOMHBIX MarHATHBIX mojiedl. Tako# momxonx tpebyeT pa3paboTku u Pa3BUTHS, KaK
psida HOBBIX MaTeMaTHYeCKHX MOJeNed, Tak W psAAa IpOrpaMMHBIX H paboumx
anmroputMoB. IIpE HCIIONB30BaHMM HOBOTO IOAXOMa, BpeMs Ilepexoja Ha
MOJEIUPYEMBI peXUM pabOThl 3HAYHUTENBHO COKpamaercs. Hampumep, mepexon Ha
ocHOBHOU pexuM paboter AWII-144, ocymectenennsiit B mroHe 2009 ropa, 3aHsI
Bcero Imects yacoB. Crofa BONUIO BpeMs Ha aHATMTHYECKHE M YMCICHHBIE PacyeTsl,
U3MEpEHIe TOKa BHYTPEHHETO ¥ BHEIIHEro ITy4Ka YCKOPEHHBIX HOHOB, a TaKXKe BpeMs
Ha yiydmreHue (asoBOrO IBIDKEHHS YCKOPSEMBIX dacTull. Eime aBa waca ynuio Ha
ONITHMU3AIMIO [apaMeTPOB MArHUTHOM CHCTEMBI IUKIOTPOHA, NPOBEACHHYIO Ha
yckoputene B anpene 2011 rona.

B cBSI3M ¢ OCTOSHHBIM pacIIApeHHEM Kpyra 3a1ad, pelaeMbIX Ha MHOTOIIETIEBOM
n30XpoHHOM ImKinoTpoHe AWII-144, (yBenmuueHHEe KHUHETHYECKON SHEPTHMM BEHIBOJA,
KO3 duIMeHTa BBIBOJA IIyYKa YCKOPEHHBIX HMOHOB H T.L), @ TakXe B CBA3H C
HU3MEHEHHEM YCIOBUM YCKOPEHMS 3apsDKEHHBIX JacTHIl (YBEMYECHVE HAIpPsHKCHUS Ha
IyaHTaX, yXOI ¥ BOCCTAHOBJICHHE I1apaMETPOB MAarHHTHON CHCTEMBI IUKIOTPOHA H
T.IL.), PETYJIIPHO BO3HUKAET 33jlaua Iepexo/ia Ha HOBHIC PEXXUMBI PabOTHl MUKJIOTPOHA
(3amaga GpopMHPOBaHHUS HOBHIX pabOUMX MarHUTHBIX Mmoieif). I[I0OCKONIbKY MarHWTHEBIE
usMepenus Ha AWII-144 npoBoxsarcs, B cpenHeM, pa3 B IIECTh JIET, a HEOOX0IMMOCTS
mepexojia Ha HOBBIE PEeXXHUMBI pabOoThI BOHUKAET HE peXke ueM pa3 B JBa roja, 3aaaya
pa3paboTKK METOIOB W alrOPHTMOB MAaTEMATHYECKOTO MOICITHPOBAHUS, CO3MaHuUs Ha
HX OCHOBE IIPOOJIEMHO-OPHEHTHPOBAHHBIX KOMILIEKCOB HPOTPaMM, HCIIOJIB30BaAHMUS
CO3/IaHHOTO IIPOrPaMMHOI0 00ECIIEYESHHUS I KOMITBIOTEPHOr0 MOAEIMPOBAHHUS HOBBIX
PEXUMOB, OIIEPATHBHOTO Iepexoia Ha paboTy ¢ HUMH 6e3 OCTAaHOBKH M pasbopKH
IUKJIOTPOHA I IIPOBEINCHHUS JONOJHUTENBHBIX MArHUTHBIX H3MEPEHUM SIBISETCS

OKOHOMHUYECCKH uenecoo6pa3H0171 U aKTyaIIBHOﬁ.



e AuccepTanHOHHON PadoThI 3aKITIOYACTCS:

1. B pa3paGoTke HOBOX METOJMKHM MAaTeMaTHYeCKOIO MOIEIHPOBaHMs pEKHUMOB
paboTBl  MHOTOLENEBOr0 H30XpoHHOro IukiaorpoHa AMWII-144, nossongromed
[epeXOUTh Ha paboTy B MOMENHPYEMBIX pEXHMaX Oe3 OCTaHOBKH M pa3OopKu
YCKOPHUTEJS ISl IPOBENEHHS TOIIOIHUTEIBHBIX MATHUTHEIX M3MEPEHHHA.

2. B cosmanmu Ha s3pike mporpammupoBanus C++ B cpeme MS Visual Studio NET
kommutekca mporpamm Cyclotron Operator HELP Program Complex 2004-2012 u
IVHAMMYECKH CBsf3aHHOM OmOmmoTekd GaussDLL, peammsyrommx pazpaboTaHHbIE
MaTeMaTUYECKUE MOJIENT 1 aITOPUTMBL

3. B mpakTHyeckoM NpUMEHEHHH pPa3paO0TaHHOIO MMPOrpaMMHOT0 obecredeHus MpU
KOMITBIOTEPHOM MOJIEIMPOBAHUK HOBBIX PEXHUMOB pabOTHI AI/III;144 (B ToM umcne
OCHOBHOTO peXuMa paboThI MUKIOTPOHA: IIPOTOHBI, KMHETWYECKas SHEPrUs BHIBOAA

E, ~60/60,5 M5B, qactota BU-reneparopa F,, =26,155/26,25 MI'y).

4. B dusuueckom 3zamycke AWII-144 B ocHOBHOM pexume ero paboTel u B
MPaKTUYECKOM HCIIOJIb30BAaHUH ITydKa BBIBEACHHBIX IIPOTOHOB UIA apOHHOHN Tepanuu
MeJIaHOMBI ITa3a y IepBOH MapTHM MalBeHTOB.

Hayynas HoBH3HA

1. Paspaborana HOBas METOAHKA MAaTEMAaTHYECKOTO MOJEIMPOBAHUS PEXUMOB
paboTEl  MHOTOLENEBOrO H30XpoHHOro numkiorpoHa AWMII-144, mo3Bonsaromas
HepexXouTh Ha PaboTy B MOJENHPYeMBIX pexuMmax 0e3 OCTaHOBKH U pa3bopKu
YCKOPUTEIIS AJISI IPOBEIECHMUS NONOMHUTEBHBIX MarHUTHEIX u3Mmepenui [K1]+[K14].

2. Bnepmrle co3maHpl MaTeMaTH4ecKas MOJENIb M ajllOPUTM, KOTOpPHIE II03BOJISIOT
TPOBOJMTEL pacdeT TOoKa B riaBHO#l katymke AWII-144 Ha OCHOBE KapT MCXOIHBEIX
MarHATHBIX IOJIeH, U3MEPEeHHBIX U1 TPEX YPOBHEH TOKa B KaTYIIKE BO30YXICHWUS
riaBHoro MaruuTta [K9].

3. Paspaboran HOBBII METOJ pacdeTa TOKOB B JBAIIIATH KOHIEHTPHYECKHUX KaTyIIKax
IUIL pacCYUTaHHOTO YPOBHsS Toka B rnaBHoH kaTrymxe AWII-144, ocHoBaHHBIN Ha
MUHUMM3AIUY KBaAPaTHIHOTO (YHKI[MOHATA, B COCTAaB KOTOPOrO BBeAeHa mTpadHas

Gbyuaxnus. Jlansas QyHKIWS NpenHasHauyeHa VIS HAIPABIEHHOTO MOKOMIIOHEHTHOI'O



BBOJIa BEKTOpa pemnieHHs (BEKTOpa HOPMHUPOBAHHBIX 3HAYEHHH ONTHMU3HPOBAHHBIX
TOKOB B KOHIICHTPHYECKHX KAaTyIIKax) B IPAHUIBI OOJAaCTH MOIYCTUMBIX 3HAYEHHH.
BBoj HafIeHHOr0 BEKTOpa pEIICHWS B PaMKM 33JaHHBIX IPAHUYHBIX 3HAYCHHH
OCYIIECTBJISETCS B HAIPABJICHUH, OIPENIETIIEMOM B COOTBETCTBHHU C PAaCIONOXKEHHEM
30H BIMSHHS KOHIIEHTPUIECKUX KaTyIIEK Ha OCHOBHOe MarHuTHOE none AUII-144 (ot
IeHTpa K Kparo 1ukiorpona) [K6]+[K10].

4. BmepBble cO3[aHBI MaTeMaTH4YecKas MOJENb H AJIIOPUTM, KOTOPHIE O3BOJISIOT
MPOBOJUTH pacyueT TOKOB B JBYX Iapax rapMOHHYECKHX KaTyIIEK AJI1 PACCUMTAaHHOIO
ypoBHS TOKa B riaBHOH karymxe AUII-144. Pacuer mpoBOAMTCS IIyTEM DPEIUEHMS
HEONHOPOTHOH CHCTEMBI HENWHEHHBIX anrebpandecKux ypaBHEHUH, pemaeMoi
uTepandoHHbpIM criocobom [K11]+[K13].

5. YcoBepmieHCTBOBAH METO KOHTPOJIA TOYHOCTH pacueTa H30XPOHHOTO MarHUTHOIO
TIOJIs, PACCUUTBIBAEMOTO 0 aHamuTHIecKuM popmynam M.M.I'oprona. Ilokaszaso, 4To
IUTS OCHOBHOTO pexxuMa paboTel AULI-144 3HadeHyie MOIYIS OTHOCHTENBHON OIMAOKH
YacTOTHI OOpAIlEeHUs IMPOTOHOB BO BCEM JAMamla30He M30XPOHM3AIMH (OPMHPYEMOIo

MAarHUTHOTO TIOJIS COCTABILAET | O 1, | <2,59E—4, 9TO COIIOCTAaBHMO II0 CBOEH BENHYHHE CO

3HAa4YCHUEM MOOYJIA OTHOCHUTEIBHOH NOrpemHoOCT H3MEPEHUST KapT HCXOOHBIX

MAarHATHBIX IOJIeH, U3MEPSIEMBIX ¢ IOMOIIBIO JaTuuka Xomna, | o, |~I+2E-4 [K14].

ms |
IIpakTHyeckas 3HAYUMOCTH

1. Ha s3sxe mporpammupoBanus C++ B cpexe MS Visual Studio .NET B cranmaprax
DBA (Dialog-based Application) m SDI (Single Document Interface) cosmamo
ImporpaMMHoe obeclieueHue, pealu3yrolee pa3paboTaHHEe MaTeMaTHIECKHE MOIEIIH
U aJITOPUTMEL

e Kommuexkc mporpamm Cyclotron Operator HELP Program Complex 2004-2012,
ycraHOBIIeHHBIH Ha cepBepe ANILI-144 u ucnonb3yeMsblit Iis MOIETHPOBAHUS HOBBIX
pexuMOB pabOTEI MUKIIOTPOHA.

e JluHammyeckd cBs3aHHas OmOmmorexka GaussDLL, Bkmrovyaromas B CBOM COCTaB

KOMIUIEKC IIPOrpaMM MAaTpUYHO-BEKTOPHBIX omepauuii u pemrenus CJIIAY ¢



BELIECTBEHHBIMU KO3 ¢uineHTamMu, pasmemenHas Ha caiite OMSIV B Gubnmorexe
roroBsIx nporpamm JINRLIB [K15].

2. C momomsio komiiekca mporpamm Cyclotron Operator HELP Program Complex
2009 mus AWII-144 6bUI0 BBHITOJIHEHO KOMIIBIOTEPHOE MOJEIUPOBAaHWE OCHOBHOTO
pexuma ero paboTHL, MpeJHA3HAYEHHOTO [UI1 YCKOPEHHS IIydKa IIPOTOHOB C
HeOOXOAMMBIMH Ui IPOTOHHOM Tepamue MeJTaHOMBI IJlasa IlapaMeTpaMu:

KHHETHYIeCKoH sHepruel Bemona E,~60 M>B, 3HaueHHEM M CTaOMILHOCTBIO TOKA

BBIBEIEHHOT'O ITyuKa [ =220 HA, ol, ~+5 % cootBercTBerHO [K7]+[K10].

beam exi eam ext
3. CMOIENHpPOBAHHEIM C IOMOINBIO CO3JAHHOTO IPOrpaMMHOrO  OOecIedeHUs
OCHOBHOM pexumM pabotsl AWII-144 Obin ycTaHOBIEH Ha IUMKIOTpoHE B mMioHe 2009
roza 6e3 SMIUPHYECKOH NOACTPOHKY TOKOB B KOHIEHTPUYECKUX KaTyIIKaX ¥ YacTOTHI
BY-reneparopa. Bnaromaps sddexrtuHO# pabore coTpynHuUKOB I{HKIoTpoHHOrO
ornena VISI® [TAH u BBICOKOH CTaOMIBHOCTH YCTaHOBIEHHOTO DEXHMMa pPaboTHI,
nozapasneneHue nporoHHo# tepanuu VS® ITAH BnepBele Ha NpOTSKEHUH psAna JET
IIOTYYUIIO BO3MOXHOCTH Oecrmepe0OoifHOM paboTBI M HCIIONB30BAHHA ITydKa
BBIBEICHHBIX IIPOTOHOB:

o Jlnsa HacTpoKYM MeTUIMHCKUX IPHOOPOB U ammapaTypsl, KOTOpas MPOBOIMWIACH B
TEYeHHE OKOJO JBYX JET ¢ MOMEHTa YCTAHOBKH CMOAENHPOBAHHOTO PeXXMMa pabOoThI
Ha AUII-144.

e Jlna mpoBemeHMs YCHEINHOW IIPOTOHHOM TepamMy MENaHOMBI IJla3a y IepBOH
MapTUH IIAIHEeHTOB, BHepBhle nposeneHHoH B [lonpme Ha AWI[-144 B mepumon c
¢erpans o anpenb 2011 roxa [K12]+[K14].

4. C momompro kommiaekca nporpamMm Cyclotron Operator HELP Program Complex
2011 s ocHOBHOTO pexkuMa pabotsl AUII-144 B anpene 2011 roxa Obuta mpoBeneHa
ONTHMU3aLUS IapaMeTpOB MarHUTHOM cucreMbl upkioTpona [K13]. BrieneHHEIM
ITy9OK YCKOPEHHBIX IIPOTOHOB OBLT ycmemHo wucmoib3oBan B MSA® TTAH mus
IIPOM3BONCTBA PaJHOM30TOIOB, HapabaTHBAEMBIX C IENBIO IMPOBENCHUS HAYYHBIX

HCCIIEOBAaHUI B 00JIaCTH HllepHOfI CIICKTPOCKOITHAHU.



[MpakTiveckas 3HAYAMOCTD pPa3pabOTAaHHBEIX METOLNOB H KOMIUIEKCOB IIpOrpamMm
JNOKYMEHTAJIBHO MOATBEpKAeHa: oTdeTaMu o mpopeneHHbIX Ha AIII-144 B mepuon c
2004 mo 2011 rox ¢u3uvecKnx 3KCIEPHMEHTaX, MOAMMCAaHHBIMK HadaibHukoM 11O
VS0 TTAH (Tlpun. n.2); mucemom ot gupekimu WSO [TAH x mupeximu JIMT OWAN
BD/47/2011 ot 27 ampensa 2011 rona o6 yCHemHBIX pe3yibTarax JICUSHHS pakoBOi
OIyXOJHM IJla3a y IepBHIX neBstd mnarueHtoB (Ilpun. n.3). Homas meromukxa u
pa3paGoTaHHOE IPOrpaMMHOE OOecTiedeHue, UCIONb3yeMble B HACTOSAIIEe BpeMsl ULt
MOJENUpOBaHus pexXkuMoB paboTer AUII-144, MoryT HallTH IIMPOKOE IPAKTHIECKOE
IpHUMEHEeHNE B IPolecce HKCIUTyaTalluy aHAIOTHYHBIX YCKOpPUTeNeH, pacoIoKeHHbIX
B Pa3NIMYHBIX POCCUHCKUX H 3apyOeXHBIX HAaydHO-3KCIIEPUMEHTAIBHBIX IIEHTPaX.
AnpoGamust paborbl. OCHOBHBIE IIONOXKEHHS M  PE3yNbTaThl IUCCEPTAIHU
IOPEACTaBICHbl M JOJIOXKEHH Ha CJIENYIONIMX POCCHMCKUX M MEXIYHapOIHBIX
KOH(pepeHIHIX

e VI MexIyHapoOHs#i ceMHHAp IO MpobieMaM YCKOpHUTENeH 3apsDKEHHBIX YacCTHUIT
namatu B.IT.Capannesa, 8—10 centsOps, 2005. Anymra, Ykpausa.

e XXI Russian Particle Accelerator Conference 2008 (RuPAC 2008), September 28 —
October 3, 2008. Zvenigorod, Russia.

e The International Conference Mathematical Modeling and Computational Physics
2009 (MMCP 2009), July 7-11, 2009. Dubna, Russia.

e Bcepoccuiickas koHbepeHI A (C MEeXAYHAPOAHEIM yuacTieM): MudopManunonHo—
TeIEKOMMYHUKAMOHHBIE  TEXHOJIOTMM M  MaTeMaTH4eCKoe  MOJETHPOBAHHE
BEICOKOTEXHOJOTHUHBIX cucteM. 18—22 amperns, 2011. Mocksa, Poccus.

e IX Mexaysaponssli ceMuHap IO mpobieMaM YCKOpPHTeNIeH 3apsyKeHHBIX YaCTHIl
naMsty B.I1.Capannesa 17-21 centsa6ps, 2011. Anymra, Ykpausa.

PesynbTaThl, BKIIOYEHHBIE B JIUCCEPTAlMIO, NOKIAJBIBANIACHE Ha cemuHapax VIO
ITIAH, JlaGoparopun wuH(MOpMAIMOHHBIX TexHOmorud u JlaGopaTopuu SIEPHBIX
npo6iieM OOBEIMHEHHOTO HHCTUTYTA SINEpHBIX HcciemoBammit (JIMT OMSU, JIAII
onsn).



My6nmxanmn. Marepuaisl IuccepTaliy OImyOnuKoBaHH B 14 nedaTHBIX paborax, u3
KOTOPEIX 7 CTare#l B pelleH3UPYeMBIX HAy4HBIX XypHanaX, pekoMeHnayeMelx BAK (B
onHOM 3apy0excHoMm u Tpex poccmiickux) [K2], [K5], [K6], [KS8], [K9], [K13], [K14], 3
craThd B HayumbIx cOoprukax [K10]+[K12], 2 crareu B coobmenmax OWAN [K3],
[K4] u 2 agHOTaMH HOKIamoB B MaTepuaiiax kKoHbepenmmii [K1], [K7], a Takke B BUzne
1 pacpocTpanseMoro nporpaMmHoro npoxykra [K15].

JInuneiii BKJIAX aBTOpa. PaspaboTka OOINEro aiaropuTMa MOAETMPOBAHHS HOBBIX
pexumoB paGorsr AUII[-144, ¢opmymupoBka peIIeHHBIX B IUCCEPTAlMU 3a1ad,
Co3JaHHe MaTeMaTHJYeCKHX Mojeneil maiusd pacdyera TOKOB BO BCEX KaTymIKax
[UKJIOTPOHA, YCOBEPIICHCTBOBAHNE METONA YUCICHHOIO KOHTPOJIL TOYHOCTH pacyera
H30XPOHHOTO  MAarHWTHOTO IO, pa3paboTka  IpoGIEeMHO-OPHEHTHPOBAHHBIX
KOMILIEKCOB IIPOTpaMM, IIPOBEJEHNE C HX IIOMOIIBI0 KOMIIBIOTEPHOTO MOAEIHNPOBAHUSL
HOBEIX PEXHMOB paboThl M (H3MUYECKas MHTEPIPeTaus [IONTYyYSHHBIX YHCICHHBIX
pEe3yIBTaTOB  BHIONHEHBl aBTOpOM camocTosfTenbHo. CoHcKaTenb IpHHUMAI
HemoCpeACTBEHHOEe ydacTue B mpoBeneHum Ha ANll-144 HayuyHO-MeToaWYecKHX
HaTypHBIX dKcriepuMenToB. OOmIas MOCTaHOBKA 33/1auH 110 CO3IaHMIO HOBOH METONUKH
samycka AUII-144 B MomenupyeMBIX pexxuMax paloThl, aHATM3 TOYHOCTH CIACTaHHBIX
pacueToB M JOCTOBEPHOCTH IIONYYEHHBIX UHCICHHBIX pE3yNbTaToB, aHAIU3
pe3ybTaToB (PM3MYECKUX SKCIEPUMEHTOB IPOBOIMINCH COMCKATelIeM COBMECTHO C
HAyYHBIMH PYKOBOIUTENSMHU K COABTOPAMHU.

J{OCTOBEPHOCTH TIPEICTaBICHHBIX B JUCCEPTallid pPE3YIHTATOB MOJETHPOBAHUIL
HOBBIX pexxuMoB pabotsl AUII-144 monTBepxnaeTcs:

e PesynpTaTaM# TeCTHPOBaHHMSA pa3pabOTAHHOIO IPOrpaMMHOTO OOecIedeHus:
komiuiekca mporpamm Cyclotron Operator HELP Program Complex 2004-2012 n
IMHAMHYECKH CBsi3aHHoM Oubmmorexu GaussDLL.

¢ ComocraBieHHeM pe3yNbTaTOB KOMIIBIOTEPHOI'O MOJEIMPOBAaHUS OCHOBHOTO
pexuma pabotsr AWII-144, BBITOMHEHHOTO C IOMOUIBIO Pa3NMYHBIX BEpCUil
paspaboTaHHOT0 IPOrPaMMHOT0 OOECIIEUCHNUS.

e MeTonUYeCKAMH pe3yabTaTaMi KOHTPOJII TOYHOCTH pacuera H30XPOHHOIO

MArHUTHOIO IIOJIA, IOJIYYC€HHBIMHU ITYTEM COIIOCTABJICHUA aHATUTUYCCKUX U YUCIICHHBIX



OLEHOK, BHITOJHEHHBIX HA  OCHOBE  HCIOJNB30BAaHWS  PacueTHOH  KapThl
Pe3yIBTHPYIOINEro MarHuTHOTro 1ot AVII-144.

o VYCHemHBIMH pe3yldbTaTaMH Hay4HO-METOAMYECKMX HATYPHBIX JKCIEpHMEHTOB,
npoeeneHubX Ha AVIT-144 B mepuoxn ¢ 2004 o 2011 rox. (OT4eTsl, yIOCTOBEpEHHEIE
moamuckio Havansauka 110 VSI® ITAH (Ilpun. n.2)).

o VCHeuHsIMHA pe3ylbTaTaM{ IPOBEIECHHS IPOTOHHOH Tepaluy MeIaHOMBI I7asa y
[epBO¥ MapTHH NAlMEeHTOB, BIEpBBIe mpoBeneHHoH B [lonpme Ha AWII-144 B mepuon
¢ ¢eppais mo anpens 2011 roma. (ITucemo ot mupexnuu UAD ITAH x nupexnun JIAT
OWAU BD/47/2011 ot 27 anpens 2011 roga (Ilpun. m.3)).

CTpykTypa n 00beM guccepTanuu. Jluccepranis COCTOUT U3 BBEACHHUS, TPEX IIaB,

3aKJIFOYCHUA U IPUIIOXKCHUA. Comcox pa60T, OIIY6J'IHKOBaHHI:IX II0 TEME JuccepTanuu,

comepkuT 15 HanmeHoBaHu#. [10MHBIH 00beM JUCCEPTALHK COCTABIIIET CTPaHHI]
MAITIHOIIACHOTO TEKCTA, BKIFOYast TabmMI 1 PHCYHKOB.
COJEPKAHUE PABOTHI

Bo BBeaeHHMH TIpUBONATCS OOIas XapaKTepHCTHKA M KpaTKoe CoAepiKaHue
JUCCEepTalMOHHOX paboTBl, CTaBUTCS 3afada Ha pa3paboTKy HOBOM METOMUKU
MaTeMaTHYECKOr0 MOJENHMPOBAaHUS PEXUMOB pabOTHl MHOTOILIENEBOTO H30XPOHHOTO
muknoTpora AWII-144, mo3Boisrommell HEepexOAuTh Ha paboTy B MOIETAPYEMBIX
pexuMax 06e3 OCTaHOBKH M Pa30OpKH YCKOPHTENS I IPOBEACHUS IOMOTHATEIBHBIX
MarHMTHBIX H3MEPEHMH, NaeTCs pPETPOCIEKTHBA pEIICHHS ITOCTABICHHOM 3amavw,
MIPUBOJIUTCS OTIHCaHNE OCHOBHBIX ITapaMeTpOB U MarHUTHOH cucteMsr AUII-144.

IlepBas riaBa auccepTanuM IIOCBSINEHA NOCTAHOBKE 3aJadyd IO MOAEIHPOBAHUIO
OCHOBHOTO pekuMma pabotel AWII-144, mpenHasHaueHHOIO UL YCKOPEHHS ITydKa
IIPOTOHOB ¢ HEOOXOMUMBIMH IUIS IIPOTOHHOMN TEpalMi METaHOMEI I1a3a IapaMeTpaMy.
B orolf rmaBe paccMaTpuBaeTCsl NOPSIIOK IIPOBENEHMS MAarHUTHBIX H3MEPEHUH,
TEXHOJIOTHS NOATOTOBKH MCXOIHBIX NAHHBIX, IPHBOJUTCS OIMCaHHE pa3paOOTaHHBIX
MareMaTHdecKUX MOJeNell sl pacyera TOKOB BO Bcex Kkarymkax AUII-144

[K6]+[K13]. B meproii rmaBe paccMaTpUBaIOTCS YPaBHEHUS JBIDKCHUS, 3alCaHHEIE B
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OpUOMIKEHWH 3aMKHYTBIX DPaBHOBECHBIX opbuT (0e3 ydeTa HaIpsS KCHHOCTH
9IMEKTPUIECKOrO I0JI), YHCICHHOE PElIeHHe KOTOPEIX I03BOISET IPOKOHTPOINPOBATh
TOYHOCTH pacyeTa H30XPOHHOTO MAarHWTHOTO IOXAL B OONacTH H30XpOHM3AIHH
dbopMupyemMoro MarauTHoOro mojis nukinorpoHa [K14]. Bce pacueTsl mpoBomsrcs B
GespasMepHBIX BenmduHaxX (0Oe3pasMepHOCTH Hapamerpa obosHauaercs *). Ilox
CpEeTHAMY MarHUTHBIMY IOJSIME IOHMMAIOTCS MONSA, YCPEAHEHHBIE IO a3UMYTY.

B nmepeoM maparpade cTaBuTCs 3amada Ha MOJCIAPOBAHUE OCHOBHOI'O PEXUMA pa60n>1

AUWII-144: npoToHEI, KHHETHYECKAs SHeprus BbBoga E, ~60/60,5 M>B, yactota BU-
reneparopa F,.=26,155/26,25 MI'y. B srom maparpade IPUBOAUTCA COIEPKAHHUE

TEXHAYCCKOIr'0 3aJaHusd Ha YCKOPEHHE IIydKa IIPOTOHOB C HEOOXOIMMBIMH IS
HpOTOHHOfI TE€parry MEJIAHOMEI I'jia3da nmapaMeTpaMHu.

Bo BTOpOM maparpade paccMaTpuBacTCs MOPAAOK IPOBCACHUA MarHUTHBIX H3MepeHHfI

U IOATOTOBKM MCXOJHBIX [AaHHBIX, HCIIONB3YEMBIX IIPU MOJECTHPOBAHMU HOBHIX
pexumoB pabotel AUIL-144.

B Tperhem maparpade IIPUBOOUATCA OIMHCAHUE IBYX pa3pa60TaHHx>1x MaTeéMaTHYCCKUX

Mojieneli, MCIOJIB3YeMBIX Ui pacyeTa TOKOB B [JIaBHOM KaTylIKe W B JBaiIaTd
KOHIICHTPUYECKHX KaTymIKaX JUIi pAacCYMTaHHOTO YpOBHS TOKa B KaTyIIKe
B030yxzaeHusa rnaBHoro Mmaruta AWII-144. I'mapHas kaTylnka HCIONB3YeTCS IS
(GOpMHPOBaHHS OCHOBHOTO MAarHMTHOTO I0JA. KOHIEHTpUYECKHMEe KaTyIIKH
HCIIONB3YIOTCA I KOPPeKIMH OCHOBHOIO W CBEIEHHS €r0 K pPe3yJIbTUPYIOIEeMY
MarHATHOMy HoOmo. B 3ToM maparpade paccMaTpuBaeTcs aIrOpuTM OOecIedeHHs
YCTOHYHUBOCTH UCKOMOTO PEIIEHHUS.

MaremaTudeckas MOJENH s pacdeTa TOKa B IllaBHOM karymke AWI[-144 [

main,work
CTPOHUTCA C IIOMOMIBIO HHTEPIIOJAIMUOHHOI'O IIOJIMHOMA Harpamxa BTOpOfI CTCIICHH.
Pacuet IIPOBOJUTCS HCXOL U3 3aJaHHOT'0 3HAYCHUA paguyca pa60qel71 TOYKH (MCCTa
IIEPECCUCHUSA CPEAHETO0 OCHOBHOI'O M H30XPOHHOI'O MarHUTHBIX moje#t B o0JacTw

KOHEYHBIX PaJlyCOB YCKOpPEHHS HOHOB) R 3HaueHne panuyca paboueil TOUKH

work *

R, ompenenseT 3HaUYeHHE paboUero TOKa B [JIABHOM KaTYIIKEe LUKIOTPoHA [

main,work *
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VkazaHHas MaTeMaTHdeckas MOJEIb ¥ PacyeTHBIH alrOpUTM IHOAPOOHO PaCCMOTPEHEI
B cTatke [K9].

MaremaTtudeckas MOIENb LI pacy€rta TOKOB B JABaJUaTd KOHUCHTPHYCCKUX

karymkax AUI-144 1, j=1,2...z (z=20) 1715 pacCUUTAHHOTO yPOBHS TOKA B INTaBHOM

KaTylKe 1 CTPOHTCAL Ha OCHOBC HCIOJB30BaHusg MCETONAa HaAUMCHBIINX

main ,work
kBazpaToB®. Maremarudeckas MOIENb  IpEACTABIAeT COOOM  KBaApATHUHBIA
(GYHKIIMOHAN, B COCTaB KOTOPOTO BBe/IeHA InTpadHas GyHKIHS, IpeIHasHAuYCHHAS LT
HalpaBJICHHOTO  IOKOMIIOHEHTHOIO  BBOJA  BEKTOpa  pellieHHs  (BeKTopa
HOPMHpPOBAaHHBIX 3HAUCHWI ONTUMM3HPOBAHHBIX TOKOB B  KOHIEHTPHYECKUX
KaTylmKax) B TpaHUIBI 00JacTH IONMYCTHMBIX 3HaueHuH. IIpemcTaBleHHBIN HIDKe
(QyHKIHOHAT (OpMANTH3yeT METOAMKY pacdeTa TOKOB B &k KOHIEHTPHIECKHUX

KaTyIIKaXx.

2
Rigpun [ &

FI,.5..1)= | (E:,mu(r*)'lj)——AE*(r*) -dr*m"-i(kj,“m.lj)” 1)
=1

0 J=1

. A I . I
_ _ T j,max _ J
A= A = H flim T ’ ]j - [ s ]j,max >0 (2)
BO . LO J lim J,max
—_— * . ~
rne B Jj,max (7‘ ) — O9TO0 CpeaHe€ MAarHuTHOC I[0JI€ MaKCHMaJIBHOI'O BKlazla j—ou

KOHHCHTpH‘IeCKOﬁ KaTymmiKi B OCHOBHO€ MAarHMTHOEC IIOJIC, I., 1. I

j Jlim Jomax
pacyeTHEIN, IPENEIbHEIN 1 MAKCUMATIBHO JOIyCTUMBIH TOKH B j—01 KOHIIEHTPUIECCKOH

*

* ~ ~ ~
KaTylmiKe; r — CPelHHH pajuyC 3aMKHYTOH paBHOBeCHOH opOutsy R, — pamiyc
DACIIONIOKEHUS TIEPBOTO HOYXKA 3IEKTPOCTATHYECKOTO nediekTopa; A — IepeMeHHSI
napameTp mrpadHo# GYHKIMK; p — IOCTOSHHEL napameTp mrpaduod Qyukiuy; k —

9HUCIIO CBO60,I[HI>IX KOMIIOHEHT BEKTOpa PCIICHUSA.

AB ()= Bust (")~ Buunlr") (3)  Bul)=Bulr)+ Brasc () )

8 C.M.Davisson, R.B.Theus. Linear Programming Vs Least Square Method in Determing the
Best Trim Coil Currents for the NRL cyclotron. / Particle Accelerators, 1976. Vol. 7. Pp. 103—
110.
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Bri )= 0Boum )+ 6Buie’) &) Boanlr')=Bran )+ 3 Bl 6)
J=1

Bl )= B ) 2 )

J,max
—_— % —_— %
rome AB (r) — 3TO Pa3HOCTh MEXIYy CPeIHHM TpeOyeMBIM Bmk(r) U CpeIHUM
— * —_— *
HCXOJHBIM MarHWTHBIM IIOJIEM Bmm(r ); Bis(r ) — H30XpOHHOE MAarHHTHOE IIOJIE;

—_— N —_— +
Bmask(r*) — MacKa H30XpOHHOTO MATHHUTHOTO MONL;, O Boump (r) — IOIpaBKa K

U30XpPOHHOMY MarHuTHOMY IIOJIO, (I)OpMI/IPYIOHIaSI CpEAHES MaruuTHOE II0JIE B LICHTPE

—_—
IUKIOTPOHA; O Bedge (r*) — TmompaBKa K HM30XPOHHOMY MAarHMTHOMY MOJIO,

- .,
dopMmupyIOLIas CpefHee KPacBOE€ MArHUTHOE IIONE; Bumain (r ) — CpefHee OCHOBHOE

—%

MarguTHoe 1oiae; B j,const(r*) — CpejHee MarHWTHOE IOJNe BKJIama j—ou

KOHIICHTPHUYECKOM KaTylIKH B OCHOBHOE MAarHHTHOE IIONE, TOK B KOTOPOH
(HUKCHPYIOTCSA TOJIb30BaTeNeM Ha MIOOOM IIOIyCTHMOM ypOBHE MM IpOrpaMmoi Ha
OZHOM ™3 TpaHUI OONacTH JONMYCTHMBIX 3HAYeHWH (IpM HCKIIOYEHWH j—0U

KOHIIEHTPHYECKOH KaTyIIKH U3 pacdera — B Hyne); I, . — QUKCHPOBAHHEINA TOK B j—

Jconst

01i KOHIIGHTPHYECKOH KaTyIIKe; m — 3TO YHCIO HMKCHPOBAaHHBIX KOMIIOHEHT BEKTODa
pewenus. Jind j-0if KOHUEHTPHYECKOH KaTymiku HwkHee [, u BepxHee I,

TPaHUYHBIC 3HAYCHUA €€ TOKa 3aJar0TCd B paMKaX COOTBCTCTBYIOIIHMX MHHHUMAJIBHO H

MaKCHMAaJbHO JOIYCTHMBIX 3HaueHuH. To ecTh, IpedenpHBId TOK B j—oil

KOHIIeHTpPI‘IeCKOﬁ KaTyuike 1 j.lim onpeaciI€TCs CICAYIOIUM O6p2130M2

IJ.,,OW,(—IJ._max < Ij’low < Ij <0)

= , 1

i o > 05 J=1202, z=k+m (8)
Jm I (01, <1, <1 !

j,max)
A€ z — 3TO0 cymMmMa k CB06OHHI>IX um (bI/IKCI/IpOBaHHLIX KOMIIOHEHT BEKTOpa PEIICHUA.
MI/IHI/IMI/BaHI/ISI (byHKHHOHaJ'Ia IIPOBOOMTCA IIYTEM MNPHUPABHUBAHUA HYJIIO YaCTHBIX
IIPOMU3BOOHBIX, B3ATBIX IIO KaXIou u3 CBOGOI[HBIX KOMIIOHEHT HMCKOMOTI'O BEKTOpDa

pemenus. B pesymsrare psma mpeoOpasoBaHMi HONydaeTcs HEOTHOPOAHAS CHCTEMa
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HENMHEHHBIX anre0pandeckux ypaBHEHHH, KOTOpas pellacTcs UTepaliOHHBIM IIyTEM.
Ha xaxnmoM Imare uTepalMoHHOrO HuKia (OPMUPYETCS HEOIHOPOTHAS CHCTEMa
JUHEHHBIX anreOpanyeckuxX ypaBHEHHUM, KOTOpas pemaeTcs C IOMOIIBI0 METoZa
I'aycca ¢ BBIOOpOM IJIABHOTO 3MEMEHTa IO MaTpuie KodhGHUIMEHTOB. Y CTONYIMBOCTD
pernenust 00eCIeYnBacTCs 3a CUET HCKIIOUEHHS M3 pacuera YacTH 3aleHCTBOBaHHBIX
KOHIIEHTPUYECKUX KarymeKk. VckirodeHHe MOPOBOTUTCS HA OCHOBE MCIOJNB30BAHHUS
HOBOTO KpHUTepHs (MUHHMMAIbHOTO 3HAQUCHUS INPOU3BENEHHS (GYHKIHOHAIBHOTO
MuHEMyMa Ha uucio oOycnoneHHocTH CJIAY). Ilpomecc mocTpoeHus ykasaHHOM
MaTeMaTHYeCKOH MOJENH, ONUCAHUE PACYETHOTO aIrOPUTMA, Pe3YIbTAThl UHUCIECHHBIX
U QU3WYIecKUX 3KCIePUMEHTOB, IpoBeneHHEIX Ha AWII-144, mompo6GHO pacCMOTPEHH! B
cratbax [K6]+[K10].

B _uerBeproM maparpade NpHBOAWTCS ONHCaHHe pa3pabOTaHHOM MaTeMaTHYecKOM

MOJENH, HCIONB3YEMOH Ul pacdeTa TOKOB B IBYX MapaxX apMOHHYECKUX KATYIIEK
IUId PacCUMTAaHHOTO YPOBHA Toka B IuaBHOH kxarymke AWII-144. JIBe mapsl
rapMOHMYECKMX KaTyIIeK MCIONB3YIOTCS JJIS KOPPeKIMM IIEepBOH TapMOHHUKHU
PE3yIbTHPYIOIET0 MAarHUTHOIO II0JI1, KOTOpas KOPPeKTHpyeTcs Ha paimyce 3abpoca
Iy4Ka YCKOPEHHBIX MOHOB B OJJIEKTPOCTaTHYECKHH He(lekTop, ¥ CBEICHUS
PE3yIBTHPYIOIIET0 MarHUTHOTO IIOJ K pabodeMy.

MaremaTrdeckas MoAendb IS pacyeTa TOKOB B [BYX IapaXx IapMOHHYECKHX
karymex AMI-144 [,, k=z+1z+2 (z=20) miud paccUMTaHHOTO YpPOBHS TOKAa B

rmaBHOM Karymke 7, .., CTPOMTCS Ha OCHOBE HCIOIB30BAHUS TapMOHUYECKOTO

aHaM3a pabodero MarHUTHOIO HOJS HUKJIOTPOHA. Paboduee marauTthoe mone AWIL-144

3aIlIACBIBACTCA B CICAYIOIIEM BUIC:

B, (r.0)=B.(-0)+ i(BZmax o) n), = Ilk ®
=z4 k,max

* * * o
roe B, (r ,¢7) ~ 3TO Pe3yNBTUPYIONIee MATHUTHOE IONe; B, .. (r*, (z)) — MaKCHUMaJIbHBIH
BKJIaJ k —otl IIapbl FapMOHHYECKMX KaTyIIeK B Pe3yIbTHpYIOIee MarHUTHOE Toe; I,
d I, .. — TOK M MakCHMAaIBbHBI TOK B k—o0i Iape TapMOHHYECKHMX KATYINEK; Z —

YUCJIO KOHIICHTPHUYCCKHX KaTyIICK. HJ'ISI KaXxnou mapbl rapMOHHYECKHX KaTYIICK
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Huxkaee I, u BepxHee [, ., TpaHWYHBIE 3HAUYECHHS ee TOKA 3a/al0TCS B pamKax
COOTBETCTBYIOLIMX MHHHMAJIGHO K MaKCHMAIBHO JOIYCTHMBIX 3HadeHH#. To ecrs,

IpefelNbHbIl TOK B k—o0fi mape TapMOHHYECKHX KaTymiek 1. ompenensercsa

CIeyIomuM 06pazom:
L sows (L g oy S 1 gy <1, <0)

= R '

im max > 0, K =2+1,z+2 (10)
o L pigns 0=<1,< Ly ign < L max) “

B pesynpTare psaga npeoOpa3oBaHuil ONTyJacTCsl HEOJHOPOJHAS CHCTEMA HETMHEHHBIX
anreOpandeckux ypaBHeHuid. [Ipy (DHKCHPOBAaHHBIX 3HAYCHUSIX aMIUIUTYIBI B (ha3bl
MepBOi TApMOHUKH pa0d0o4ero MarHuTHOI'O [IOJIS, 3aJaHHbIX Ha paguyce 3abpoca mydka
YCKOPEHHBIX HMOHOB B OJIEKTPOCTATHYECKHH JedIeKTop, HEOIHOPOINHAs CHCTEMa
HeNMMHEHHBIX anreOpandecKux YpaBHEHHH IpeBpalaeTcs B HEOTHOPOIHYIO CHCTEMY
TMUHEHHBIX aireOpaudecKux ypaBHEHWH, KOTOpas peIlacTcs CTaHAAPTHBIM IIyTEM.
[Ipomecc MOCTpOeHMsI YKa3aHHOH MaTeMaTHYeCKOH MOJENH, ONHCaHhHe pabodero
aIropuTMa ONTHME3AIMH ITapaMeTpoB MarHUTHOH cucreMbl AUII-144, pesymnraTh
YHCIICHHBIX W (U3MIECKHUX IKCIIEPHMEHTOB, IPOBENCHHBIX Ha IUKIIOTPOHE, MOAPOOHO
paccMotpeHs! B ctathax [K11]+[K13].

B maroM maparpade paccMaTpuBacTCA YCOBepIIIeHCTBOBaHHHﬁ METOA KOHTPOJIA

TOYHOCTH pacyeTa M30XPOHHOTO MArHUTHOIO IIONS, PAaCCYUTHIBAEMOrO IO
aHamuTueckuM  ¢opmyram M.M.opmoHa. Merox OCHOBaH Ha CpaBHEHHH
PE3yIBTaTOB aHAIUTHYECKOTO pacyeTa OTHOCHTEIBHOM OIMMOKY CPEIHEr0 MarHUTHOTO
oy (OTHOCHTENBHON pPasHOCTH CpPeNHEr0 M HM30XPOHHOTO MAarHHTHBIX IIONEH) ¢
pe3yIbTaTaMM pacdeTa OTHOCHTEIbHON OIMMOKH YacTOTHI OOpamieHHs 3apsyKeHHBIX
4acTUIl (OTHOCHTENBHOH Ppa3sHOCTH YacTOTHI OOpAaIleHHs W H30XPOHHOM YaCTOTHI
obparienus 3apsDKEHHBIX YACTHI), KOTOPHIE PAaCCUUTHIBAIOTCA B 3aBHCHMOCTH OT
pagmyca Ha OCHOBE HCIIOJIb30BaHUS PAacdeTHOH KapThl Pe3yIbTUPYIOMIEr0 MarHUTHOTO
nong AWII-144. Pacder gacToThl 0OpalieHus 3apsDKeHHBIX YaCTHII IPOBOAUTCS IIyTEM
YYUCICHHOTO PEIICHNUS YypaBHEHWM IBUOKCHUS, 3alUCaHHBIX B IPHOMIKCHUH
3aMKHYTBIX PaBHOBECHBIX opOuT (0€3 yueTa Hamps)KCHHOCTH JIEKTPHUECKOTO ITOIS).

Pemenrie HaxXOOUTCS CO CHEIHATIBHO BI>I6paHHBIMH Ha4YaJIbHBIMHA  YCJIOBHUAMMU,
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3aJaBa€MbIMH C IIOMOIIBIO BBIBCACHHBIX AHAIIHUTHYCCKUX BBIpa)KeHI/Iﬁ. B Impoiecce
HaX0XICHUA peHIeHI/I}I Ha4vYaJIbHBIC yCIIOBHUA OHTI/IMI/I3I/IpyIOTC51 Ha OCHOBC
HCIIOJIb30BaHUA KPDUTEPUA 3aMKHYTOCTH PaBHOBECHBIX Op6HT.

B Ka4eCTBE HUCXOOHOTIO ypaBHeHI/Iﬂ JUIA pacqua JAHAMHUKH ITy49Ka chOpSIeMBIX
HNOHOB 6epeTC}I YpaBHCHHUC HOpeHHa—HBIOTOHa, OIIUCBIBAIOIIIECEC OBUIKCHHUEC OHHHOqHOﬁ
Sapﬂ)KeHHOﬁ YaCTUILBI B SJICKTPOMAruHuTHOM II0JIE€ IUKJIOTPOHA.
p=qF+q-[FxB| 1)
e p — 3TO0 peJISITHBI/ICTCKI/Ii;I HMITYJIBC 3apﬂ)KeHHOﬁ YaCTHUIEI;, g — 3apsa] JaCTUIIBI, 7

— paanuyC-BEKTOp YCKOPSEMOI'O HOHA, E - BEKTOP HAMIPSHKEHHOCTH SJIEKTPUYCCKOTO

IOJIA, B - BEKTOP HHIAYKIWH MAarHuTHOT'O IIOJIA. B PasBEPHYTOM IIPEACTABIICHUU

ypasrerue Jloperna-HEI0TOHA BEIITIAAUT CleIyIOMEM 06pasoM:
mit =q-| E+[fxB]- L. (7 E) (12)
(4

rIe m — DEeJITHBUCTCKAas Macca 3apsDKeHHOM dYacTHIBL, @ ¢ — CKOPOCTH CBeTa.
VYpasrenune Jlopenma-Hei0TOHA packiaabBaeTCsS IO KOMIOHEHTAM B IMIHHIPUIECKOIH
cucteMe KkoopmwHar. IIpm 3TOM HCHONB3yeTCs IpaBas TpPOHKa IIOIAPHO

HEPIEeHAUKYPHEIX 0a3HCHBIX BEKTOPOB €,, €

»» €., @ IPOEKIHs BEKTOPa MarHATHOH

uHAYKIHE B Ha ock OZ HMeEeT OTpUIaTeTbHBIE 3HAYEHHA. B pesyibTaTe JaHHOTO
pasNoXKeHHs ~ MOJYyYalOTCs  YpaBHEHHS  JABIDKCHHS  (CHCTeMa  HeTMHEHHBIX
mudbepeHIMATBHEIX  YPaBHEHHE BTOPOTO IOpsIOKa). YPaBHEHHS JBIDKEHHS,
3amicaHHble B IPHOMDKEHUH 3aMKHYTHIX PaBHOBECHBIX OPOWT, PEIIalOTCs METOIOM
Pynre-Kyrra. MaTemaTugeckas MOJENb, BHIBEICHHBIC aHATUTHYECKHE BBIPAKCHUS,
HCIONB3YIOMKECsT JJIs pacyeTa HAYalbHBIX YCIOBHM, a Takke pe3yibTarsl
AHAMTHYECKAX U YHCIICHHBIX pAacdeTOB, BBHITOJHEHHBIX IS OCHOBHOTO pEXHMa
paboter AUII-144, mogpobHO npuBeneHs! B ctathe [K14].

B mectom maparpade IIPUBOLATCA OCHOBHBIC BBIBOABI, CAC/IAHHBEIC HA OCHOBE aHallku3a

MaTepuasioB, H3I0KECHHEIX B IEPBO ITIaBe.
Bropas riaBa [uCCepTallMM  IOCBSAIIEHA OINHCAHHIO CO3JaHHOTO  SI3BIKE

nporpammupoBanus C++ B cpene MS Visual Studio .NET B crannaprax DBA (Dialog-
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based Application) u SDI (Single Document Interface) mporpammHaoro obecriedenus,
peaNn3yIomero pa3paboTaHHbIe MaTeMaTHISCKUEe MOJIENH U aJITOPUTMEL

B nepBom naparpade npuBOAKUTCS orrcanue KoMiekca mporpamm Cyclotron Operator

HELP Program Complex 2004-2012, mnpenHa3sHayeHHOTO A KOMIIBIOTEPHOTO
MOJETUPOBaHU HOBBIX PeXUMOB paborsl ANII-144. Kommieke COCTOMT H3 Tpex
IIporpamM:

1) Magnetic Field Calculation Program 2012 — mporpamma, mpexHa3HaueHHas Uit
pacuera KapT ZONOJHUTEIBHBIX MArHUTHEIX IIOJIEH.

2) Cyclotron Mode Calculation Program 2012 — mporpamma, npegHa3HadeHHAs LT
pacdeTa TOKOB BO BCEX KaTyIIKaX IHKJIOTPOHA, a TAKXKe JUII YUCIEHHOIO pacdera
YacTOTHI O0paIneHust ¥ (a3oBOro ABMIKSHHUS YCKOPSIEMBIX YacTHII.

3) Cyclotron Analytic Model Program 2012 — nporpamma Uil aHAIHTHYECKOTO
pacdera H30XpOHHOTO MarHUTHOTO ITOJISL, YaCTOT CBOOOMHBIX KOJeOaHui, a TakxKe

qacCTOThI 06pamemm u ¢>a3030r0 ABHIKCHUA YCKOPACMBIX YaCTHIT.

Bo BropoM maparpade mpuBOAMTCS ONMMCAHUE NUHAMHYCCKH CBS3aHHOW OHONIHOTEKH
GaussDLL, Bkmrouaromei B ¢BOH cOCTaB KOMIDIEKC IPOrpaMM MaTpPUIHO-BEKTOPHBIX
onepanuii u pemrerns CJIAY c BemecTBeHHbIMU K0dhdurmerTamu [K15].

B tpetbem maparpade IIPUBOOATCA OCHOBHBIC BBIBOJBI, CACIIAHHBIC HA OCHOBEC aHa/IM3a

MaTepHaoB, H3JI0XKEHHBIX BO BTOPOII ITIaBe.

Tperpsl rnaBa muccepTalMy HOCBANIEHA OIHCAHHIO TEXHOJOIMH KOMIIBIOTEPHOIO
MOJENUPOBaHUS HOBBIX pexuMoB pabotsl AUII-144, MmopmenupoBaHHE KOTOPHIX
IIPOBOJUTCA C MOMOIBIO KomIniekca mporpamm Cyclotron Operator HELP Program
Complex 2004-2012. B o3roff IHaBe IPUBONATCS Ppe3YIbTaTHl  (PHIHMYECKUX
9KCIIEPUMEHTOB ¥ 3KcIuTyatanuu AWII-144 B ocHOBHOM pexxumMe ero paboTsl.

B _nepeom maparpade NpHUBOAATCA pPE3YIbTATHl KOMIIBIOTEPHOTO MOIEIMPOBAHMUSL

ocHOBHOro pexuma paborsr AWMII-144: mpoTOHEBI, KHHETHYECKas SHEPrus BHIBOIA

E, ~60/60,5 M5B, vactora BU-reneparopa F,, =26,155/26,25 MI'y.

Bo Bropom maparpade mpuBOIATCS pe3yNBTATHL 3almycka ¥ skcintyarauun AWII-144 B

OCHOBHOM pexxuMme ero pabotsr [K7]+[K14].
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B mepmwon ¢ 1998 mo 2011 rox ma AMII-144 Gpu1 mpoBefeH pAA MarHUTHBIX
u3MepeHuid. KapTel OCHOBHBIX MarHUTHBIX IojIelf OBUIM M3MEpPEHB! Ui TpeX ypoBHEH

=535/570 4; I =570/585 A; 1,,,,=600/600 4 B

main,2 main,3

TOKa B TJIABHOX Karymke [

main,1
1998+1999, 2006/2011 rogax coOTBETCTBEHHO. KapThl HOMOTHUTENBHBIX MArHATHBIX
rnonei#t ObUIM HM3MEpEeHBl NpH TOKEe B TIJaBHOM Kkarymke [ . =570 A 14

KOHI[EHTPHYECKHX KaTymek MNe/+20 W Ans AByX Hap TapMOHHMYECKHX KaTyIIeK B
1998+1999 ropmax; g KOHUEHTpHueckux karymek MNel7+20 B 2011 romy. Kaprer
ocHOBHEIX MarauTHbIX mosieii NOWEOQ10.TXT, 2006R045. TXT u 2011R109.TXT,

2011R152. TXT Oputa U3MEpEHBI P TOKE B INIaBHOH karymke [ . =570 A B 1999,

main
2006 romax u B 2011 romgy o u mocie YCTaHOBKM BaKyyMHOH KaMephl B IIPaBHIBHOE
mosioxeHue coorBercTBeHHO. Conepkamuecs B HHX OCHOBHBIE MAarHHUTHBIE IIOJA
3HAUUTEIbHO OTIHYAIOTCA ApYr OT Apyra IO cBoel (opMe W BEIHYMHE aMIUIATYIBI

nepBoit rapmoruku B,(r). Ha Puc. 1 mokasas yXOII CPETHEr0 OCHOBHOIO MATHHTHOTO

IIOJISI, OIICHEHHBIH Ha OCHOBE M3MepeHHMH, caenanHbx B 2011 rogy, mo CpaBHEHHIO C
u3MepeHusaMy, crenmasHpiMu B 2006 m 1999 romax. 3HadeHHS CpeqHHX OCHOBHEIX
MarautHeIX nonedt g 2006R045. TXT u 2011R152.TXT Ha paguyce Hadana KpaeBoro

MarHuTHOro mons R, =0,6 m TpUBENEHH! K CAHHOH BETMYHMHE, MOTYyYCHHON IS

edge
NOWEOQ010.TXT na Tom xe paguyce. Ha Puc. 2 mpencraBieHa amInuTyna IepBoi

rapMOHHKH Bl (V) OCHOBHOT'O MAarHuTHOI'O IIOJIA, USMEPEHHOI'O IIPH TOKE B [JIaBHOH

karymke [ . =570 A B 2006 roxy u B 2011 rogy o u mocje yCTaHOBKH BAKyyMHOH

main
KaMeps! B ITpaBUnbHOE HojoxeHue. Koppexius nonoxenus BakyyMHOH kamepbl [K14]
moHanoOWIach W3-3a €€ CaMOIPOM3BONLHOIO CIBUTA, ONPEIETIEHHOTO M3 PACUETOB,
CIeNaHHBIX BO BpeMsd ONTHMH3allHU IIapaMeTpoB MarHuTHOM cuctemsr ANII-144,
nposeneHHod B ampene 2011 roma [K13]. [Jlna ofecmedeHnss BO3MOXKHOCTH
ONTHUMHU3ALUY aMIUIUTYIBI B (as3sl IMepBoif rapMOHHKM pabodero MarHWTHOTO IIOJIS

aMIUIMTy/a IIEPBOM rapMOHMKM OCHOBHOTO MATrHHUTHOTO IIOJ JIOMKHA OBITE B =3#]

I'c Ha pamuyce 3abpoca ITyuka YCKOPEHHBIX HOHOB B 3JIEKTPOCTATHUECKHH JeQIICKTOP

R,, =0,62 u.
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—— 1 Bmean(2011R152) - Bmean(2006R045) 28, ——1B1(2006R045)

20+ B :
—— 2 Bmean(2011R152) - Bmean(Nowe010) —2B1(2011R109)
10 ; ; 24 t...——3B1(2011R152)
2 { |
1 1| t i
0 1 20 -
— / \ 2 Imain =570 (A)
8 -10 N e e S © Redge = 0,6 (m
e 2 ] Rext = 0,62 (m)
S 20 e - |
e Imain = 570 (A) \ @ 19
Q 304 ......Redge = 0.6 (m )
IRext = 0,62 (m); | ‘ \V s
40 | ; e \ /3\\
50 2 4 ;
\ ] 1N
-60 T ; ) 0 T
0.0 0.1 0.2 03 0.4 0.5 06 07 0.0 0.1 0.2 0.3 0.4 0.5 06 0.7
R(m) R (m)
Puc. 1. Pa3HoCTh cpeAHHX OCHOBHBIX Puc. 2. AMNIuTyAa NepBoi rapMOHUKH
MarHUTHBIX noJiel. OCHOBHOI'0 MarHMTHOI'O IOJISL.

Uz Pumec. 1 BHIHO, YTO HauOOoNbIIHH YXOX CpE€IHETO OCHOBHOI'O MAarHUTHOI'O IIOJIA

255 IcHa

Habmonaercs B Kpaesoit obnactu. C 1999 no 2011 rox on cocTaBui [ABmm

pamuyce R =0,7 m. VI3 Puc. 2 BUIOHO, 9TO IOCJTE YCTAHOBKM BaKyyMHOH KaMmephl B
IpaBWJIbHOE IIOJNOXKeHHe B ceHTA0pe 2011 roma BenwuwHA aMIUIATYOBI IMEPBOM
TapMOHMKY Ha paamyce 3abpoca ImydKa YCKOPEHHBIX HOHOB B DJIEKTPOCTATHYECKHUH

aedexTop R, =0,62 m 6pina ymenbInena ot B, ~13 I'c no B, ~4 I'c. Ha Puc. 3+Puc. 5

IIOKa3aHbl TOKH BHYTPEHHHX NYyYKOB YCKOPSEMBEIX IIPOTOHOB B 3aBHCHMOCTH OT
panuyca, mameperusie Ha AUII-144 s ocHOBHOro pexuma ero patots! B 2007, 2009

u 2011 ropax (ITpun., m.2).

% —— Ibeam internal Cyclotron Operator HELP 2007 —— Ibeam internal Cyclotron Operator HELP 2009
- 800 ; | ;
70 ! \ — 700 \ ) Experiment 04.06.09
! NG \ Frf = 26,155 MHz
60 t 600 Udee =.56.k\V. ]
so) . Experimient 13.02.07 w0l \ Rdeflector 63,5 cm
z Fif = 26,15 (MH2) , = \ Rbump-=16-cm-+ R
£ 4] Udee =48 (V) Lt b E g dmain=57614A " |
£ ‘Rdeflector = 63,5 (cm) | E
g% {RbUMp = 19 (6M) + Redge =59,5 (¢f) \ 8 00— 5\,7 —
20 Imain =578 .(A) | \ 200 N L
10 — 100 e
0 u T 1 0 T T T r \ 1
0.0 0.1 0.2 03 04 05 06 07 00 o1 02 03 04 05 06 07
R (m) R (m)
Puc. 3. i3smepeHHblii TOK BHyTPEHHEr0 Puc. 4. I3MepeHHbIi TOK BHYTPEHHEro
ny4ka. nyyka.
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Ha Pumec. 6 moka3aH TOK Iy4ka BBIBEIEHHBIX IPOTOHOB B 3aBHCHMOCTH OT TOKA B
rIaBHOM KaTyiuke, uaMepennsiit Ha AWII-144 mis oCHOBHOTO pexuMa ero paboTHI B

2011 roxy (Ilpmm., m.2). 3Ha4eHne TOKA MydKa BBIBEAEHHBIX MPOTOHOB [, .., =2 HA

OBLIO YCTaHOBJICHO I ONITUMAJIBHOI'O TOKa B TJIaBHOM KaTyike IyTEM PETYIUPOBKU

HapamMeTpoB HCTOYHKKA HOHOB (HAIpsDKEHUS Ha KaTOZE U pacxoa rasa).

2.4+

—— lbeaminternal  Cyclotron Operator HELP 2011 ——| beam external Cyclotron Operator HELP 2011
800 : ; ? = |
700 P E T TR Experiment 22,04.11
600 ) Udee.= B0.KY.... 16 Frf = 26,155 MHz
Udee =60kV |

\ Rdeflector = 62,8 cm

|
\ RbUmp-=16-cm-+Redge =-59;5 €t

Imain = 57723 A

TN

Rdeflector = 62,8 cm
Rbump=16.cm= . .
+ Redge = 59,5 cm

o
o
=}

[
|
{

H
8
| beam (nA)

Ibeam (nA)
w
8

{

N

o

=]
o
®
1

100 1 04

i L ] i
0 T . , : \
0.0 0.1 0.2 03 0.4 0.5 0.6 07 0.0

. I T 1
R (m) 5764 5768 5772 5776 5780 5784 5788 579.2
Imain coil (A)

Puc. 5. i3MepeHHbIH TOK BHYTPEHHEro my4Ka. .
Puc. 6. I3mepeHHBIi TOK BbIBEACHHOI0 MyYKa.

U3 Puc. 3 BuaHo, uro B 2007 rofy BHyTpeHHHUH IIy4oK OBUI YCKOpEH 6e3 KaKux-JIH00
[IOTEpH IIPOTOHOB B 00/1aCTH M30XPOHU3AIMY CHOPMUPOBAHHOI'O MarHUTHOTO 1O (0T

paguyca KOHITa HCHTPAJIIBHOT'O Gamma Rbump [0 pagAyca Hadyajla Kpa€BOro MarHuTHOI'O

nonst R,,, ). VI3 pucynkos Puc. 4, Puc. S Bunuo, 4to B yKazaHHOH obnactu pabounx

pammycoB K 2009 roxy MOSBUINCH IOTEPH YCKOPSEMBIX IPOTOHOB, KOTOPEIE HECKOIBKO
Bo3pociH k 2011 rony. Tox BHyTpeHHEro Iyuka, U3MEPEHHBIH B 3KCHEPHMEHTE OT
22.04.2011 rona, mo cpaBHEHMIO ¢ M3MEpPEHHBIM B akcnepumenTte oT 04.06.2009 roxa,
HAYMHAET CIaJiaTh B KPa€BOM MarHUTHOM II0JI€ HECKONBKO paHbine. ONTUMATHHELH TOK
B miraBHOU Katymxe AUII-144, ycranosnerHbIH B skcniepumenTte ot 22.04.2011 roga,
II0 CPaBHEHMIO C YCTaHOBJIEHHHIM B skcnepumMente ot 04.06.2009 ronma, HeCKONBKO
Gonpime mo cBoedl BenuuuHe. [lOSIBIIEHME M POCT MOTEPH YCKOPSIEMBIX IIPOTOHOB
OOBACHSIOTCA KaK yXOZOM OCHOBHOI'O MarHWTHOIO IIOJISL B KpaeBoit obmactu (Pue. 1),
TaK U YBEIHYEHHEM aMIUIMTYJBI IIEPBOM IapMOHMKH BO BCEM Juana3oHe pabodmx

paguyCoB YCKOPE€HHA YaCTHUI OT HCTOYHHKA WOHOB N0 CHUCTEMEBI BBIBOJA (P HC. 2) Uz
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Puc. 6 BUIHO, YTO IPX H3MEHEHHUH TOKA ITyYKa BEIBEACHHBIX IIPOTOHOB 0T 90 % 1o 90

% ot ero YCTaHOBJICHHOT'O 3HA4YCHUS I =2 HA, AWaasoH H3MCEHCHUS TOKa B

beam ext

IJIaBHOM KaTymke cocraBun Al =(0,44 A, 4TO TOBOPUT O XOpOUIEM KayeCcTBE

main coil
U30XpOHM3annu c(HOPMUPOBAHHOTO MAalHUTHOIO OIS M TapaHTHpPYeT CTaOUIBHYIO
paboty AUII-144 B ycTaHOBIEHHOM pEXUME.

B TpeTneM maparpade PUBOIATCA OCHOBHBIC BBIBOJBI, CACTAaHHBIC HA OCHOBE aHajld3a

MaTepualoB, U3TI0XKCHHEIX B TPEThEH TIaBe.

B 3axmouennn cGopMyIHpOBaHEL OCHOBHEBIE PE3yNbTaThl JUCCEPTAlMU, BHIHOCHMEIE
Ha 3aIIuTy:

1. Paspaborana HOBas METOJWKAa MAaTEMaTHYECKOTO MOJCIMPOBAHMS PEKUMOB
paboTEl MHOTOLENEBOTO H30XpoHHOro mukinoTpoHa AMWII-144, mno3Bomnsromas
MepeXOAUTh Ha paboTy B MOIENHUPYEMBIX DEXHMax 0e3 OCTaHOBKM U pa3bopkH
YCKOPUTEIIS VIS IPOBEACHUS JOTIOMHUTEIFHEBIX MarHUTHEIX n3Mepenuit [K1]+[K14].

2. BmepBple cO3JaHBEI MaTeMaTHdecKas MOIETh W alTOPUTM, KOTOPHIE IIO3BOJIIIOT
MPOBOTUTH pacdeT ToKa B IMaBHOM karymke AWI[-144 Ha OcHOBE KapT HMCXOIHBIX
MarHMTHBIX IOJIEH, M3MEPEHHBIX I/ TpeX YpOoBHeH TOKa B KaTyIIKe BO30YXICHUS
rmaBHOTO Maraura [K9].

3. Pa3paboTaH HOBBI# METOX pacdeTa TOKOB B JBaIIATH KOHIEHTPUUIECKUX KaTYIIKaX
JUIS PacCUYMTAaHHOTO YpPOBHSA Toka B TrnaBHOHM katymke AMI[-144, ocHOBaHHBIM Ha
MHUHMMH3AIAN KBaJIPaTHYHOTO (DYHKIIMOHATA, B COCTaB KOTOPOTO BBEAEHA mTpadHas
GbyHKMS, TpegHasHaueHHas! Ul HAIPaBICHHOTO IOKOMIIOHEHTHOTO BBOJA BEKTOpPA
pelIeHus B TpaHMIBl 00J1acT JOImycTAMBIX 3Havyenuit [K6]+[K10].

4. BuepBple CO37aHBI MaTeMaTHUYecKas MOJIENb U alTOPUTM, KOTOPHIC IMO3BOJIIOT
TIPOBOJUTH PAacdeT TOKOB B JBYX Mapax TapMOHMYECKHX KATYIIEK JJIS PacCUUTaHHOTO
ypoBHA ToKa B TnaBHOH Karymke AMII-144. Pacuer mpoBOWTCA IIyTeM peIICHUS
HEONHOPOJHOH CHCTEeMBI HENMHEHHBIX ajredpandeckux YpaBHEHHUH, pemmaeMoit
uTepanoHHBIM cnocodom [K11]+[K13].

5. YcoBepIIeHCTBOBAH METOX KOHTPOJISI TOYHOCTH pacdera H30XPOHHOTO MarHUTHOTO
T0JIsI, PACCYUTHIBAEMOTO 10 aHamuTHIecKuM dopmynam M.M.I'oprona. ITokazano, 4to

IUTs OCHOBHOTO pexkuma paboTsl AUII-144 3HadeHMe MOXYNsS OTHOCUTEIBHON OIIMOKY
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YacCTOTBI o6pameHH51 IIPOTOHOB BO BCEM OUAmasOHE U30XPOHU3AIUU (bopMpreMoro

MAarHUTHOT'O IIOJI COCTaBILIET | Oy | <2, 5E—4, YTO COOCTaBHMO IO CBOEH BETTMUUHE CO

S3HAaYCHUEM MOIOYJIIA OTHOCHUTEJIbHOU MOrPEIIHOCTH HM3MEPEHUA KapT HCXOIHBIX

MarHdTHBIX IIOJIEH, H3MEPSEMBIX ¢ TOMOIIBIO IaTIuKa Xomna, | o, |~ ~2E—4 [K14].

6. Ha s3pixe mporpammuposanms C++ B cpene MS Visual Studio .NET B crarzaprax
DBA (Dialog-based Application) u SDI (Single Document Interface) cosman xomIexc
nporpamm Cyclotron Operator HELP Program Complex 2004-2012, peamu3yrormuii
pa3paboTaHHBIE MATEMATHIECKHE MOJIENH 1 AJITOPHTMBL

7. C momomsro komiuiekca mporpamm Cyclotron Operator HELP Program Complex
2009 mns AUII-144 Oburo BHIIOMHEHO KOMIIBIOTEPHOE MOJEIMPOBAaHHE OCHOBHOI'O
pexuMa ero paboTBl, NpPeNHA3HAYEHHOIO IS YCKOPEHHs IIydka IIPOTOHOB C
HeoOXOJUMBIMHE /IS IIPOTOHHOM Tepanuy MeIaHOMEI ra3a napamerpamu [K7]+[K10].
8. CMozmenupoBaHHBI# C IOMOINBIO CO3JAHHOIO IIPOTPaMMHOrO 0OecIieueHH
OCHOBHOM pexxuM pabotsl AVII-144 6pur ycTaHOBIEH Ha HUKIOTpoHE B mroHe 2009
rona 6e3 SMIEPUIECKON HOACTPORKH TOKOB B KOHIICHTPHYIECKHUX KAaTyIIKaX M YaCTOTHI
BY-rereparopa. Y CTaHOBIEHHEBIH pexuM paboThl ObLT UCIIONB30BaH MIPU IIPOBEICHAN
YCIEITHOM NPOTOHHOM Tepanuy MeJaHOMEI IJia3a y IIEPBOM [apTUH NAIUEHTOB,
BHepBBIe mposeneHHOU B Ilonbme Ha AUII-144 B mepmon ¢ ¢deBpans mo ampens 2011
roma [K12]+[K14].

9. C momormupro xomiiekca mporpamMm Cyclotron Operator HELP Program Complex
2011 mns ocaoBHOTO pexkuma padoTer AULI-144 B anpene 2011 roma Opuia mmpoBezeHa
ONTHUMHU3AIKS NApaMeTpOB MarHUTHOHM cuctemsl IukiIoTpoHa [K13]. BriemeHHBIH
IY4OK YCKOPEHHBIX IIPOTOHOB OBLI ycmemrHo wucmons3oBaH B VS® TIAH s
IIPOM3BOJCTBA PaIHOM30TOIOB, HApa0aTHIBAEMBIX C IIENBIO IIPOBENCHUS HAayUYHBIX
HCCIeIOBaHUH B 00JIaCTH SIIEPHOH CIEKTPOCKOIHH.

B npuioxkeHnn K IuccepTanuy NPUBOAITCS aHamuTHueckue popmynst M.M.IoproHa,
HCTIONB3yEMBIE I pacdeTa M30XPOHHBIX MAarHWTHBIX IOJIEH B MUKIOTPOHAX C Majoi
BEIMYMHOM a3WMyTalbHONM Bapualliy MAarHWTHOIO IMONSL. 3JeCh TaKKe HaxOMITCH
JOKYMEHTEHI, IOATBEPKAAIONINE YCIEITHEIE PEe3yIbTaThl QH3UIECKUX SKCIIEPUMEHTOB U

skcmryaTanuu AUII-144 B o0CHOBHOM pexuMe ero pabOoTEL
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