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O0mas xapakTepuCcTHKA padoThI

AKTyaJILHOCTDb NP00/IeMbI

[TUKIIOTPOHBI, YCKOPSIOIIXE 3apsDKeHHBIE YacTHIBI IO HHU3KMX M CPeNHHX
SHEPTHH, ABISIOTCS OCHOBHBIM WHCTPYMEHTOM UL NPOBEICHUA HCCIENOBaHUN B
00IacTd (U3MKKM aTOMHOIO sApa M SAEpHBIX peakuuid. IIpw 3TOM IMKIOTPOHEI
3apeKOMEHIOBAN ce0sl He MeHee 3HAa4YMMO M JUIA NPUKINHBIX HNPUMEHEHHH, B
YaCTHOCTH, OHHM HalUIM IIHPOKOE TPUMEHEHWe B  MeIUIUHe: IIpU
HETOCPEACTBEHHOM HCIIOJBb30BAHMN ITyYKa YCKOPEHHBIX HOHOB MJISL JICUEHHUS
OHKOJNIOIMYecKUX 3a0ojeBaHui, MJII IIPOM3BOJICTBA KOPOTKOXUBYIIMX H30TOIOB,
BOCTpeOOBaHHBIX B JIWAarHOCTHKE, MEIUIIMHCKUX HCCIIEOBAHUAX U JICUCHUH,
HaKoHell, I HapabOTKH TPEeKOBBIX MeMOpaH. [IpuMeHATHCS Takue MeMOpaHbI
MOIYT B XUMHWYECKOH, METaUIypIrU4ecKod MIpOMBIIIIEHHOCTH, ONHAKO TJIaBHBIM
noTpebuTeneM TaKo IPORYKIMM B HacTodllee BpeMs sBIAeTcs MenuiuHa. Ha
HAYYHO-IIPOM3BOJICTBEHHOM KoMmiuiekce «Ambday [1] (muxmorpon ITUTPEK,
Hy6ua, Poccus) u3roTtopieHHe MeMOpaH OCYIIECTBISETCS IS CEPUIHOTO
IPOM3BOJCTBA MENULUMHCKUX H3Ienud s Iuiasmadepesa: MeMOPaHHOTO
wiasModuieTpa «Poca» u anmnapara s mwiasMadepesa «'eModeHuKe.

ITUKIOTPOHE, NpeJHasHAueHHbIE JUIA  MEIOWIHUHCKUX  IPUMEHEHHUH,
PasIMYArOTCS 10 LEeNIOMY PsIIy lTapaMeTpoB, TaKUX KaK HMHTEHCHBHOCTH ITy4Ka, THII
YCKOPSAIEMbIX YaCTHI], KOHEUHas SHEPrus YCKOPEHHBIX HOHOB, ONHAKO OOIMM
0CTaeTCsI OJJHO — MOBBIICHHbIE TPeOOBaHMUS KO BCEM CHCTEMaM YCKOPHUTEIA.

K 0CHOBHBIM TpeOOBaHUAM, IPEABIBIIIEMEIM K MEAUIIMHCKIM LUKIOTPOHAM,
MOXHO OTHECTH CIIEIYIOIIHe:

® IIPOCTOTAa KOHCTPYKIHHU B, COOTBETCTBEHHO, HEBBICOKAsA CTOMMOCTD,

1. Kommnauus "TPEKITOP TEXHOJIOIXKW" http://www.trackpore.ru/
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® MpocTas CHCTeMa YIpaBJIEHHS, JHOCTYIHas OSKCIUIyaTallOHHOMY
MIepPCOHAIY,
e MaJyioe BpeMs Ha Ipo(MIaKTHKY,
® IIOCTOSHCTBO M BOCIPOM3BOIUMOCTE IapaMeTPOB ITy9KOB yYCKOPEHHBIX
HOHOB,

® DBKOHOMUYHOCTb,

o Hebonpinue rabapuThl U BeC,

® JIOCTaTOYHO BBICOKAS MHTEHCHUBHOCTH ITydKa yCKOPEHHBIX HOHOB,

o HeGOJBIIIe SMUTTAHC U SHEpreTHUecKuil pa3dpoc mydka.

IIpoexTupoBaHHe U CO3JaHHWE IHWKIOTPOHA — KOMIUIEKCHAas 3ajaua,
TpeOyromas yJ9acTHhs IeJ0ro KOJUIEKTHBa pa3pabOTYMKOB BhICOYAMINEro Kiacca.
Hepenko co3aHue COBPEMEHHOTO MEIUIMHCKOTO YCKOPUTENS OCYIIECTBIISTCS B
KoJutaboparyy ¢ HECKOJNBKUMU HAayUHBIMH M IPOMBINUICHHBIME YUPEKICHUAIMU.
OntuMmuzaius mapaMeTpoB  paboTarolmero IMKIOTPOHA Takke Tpebyer
IIPOBEIEHUS CEePhE3HBIX HaydHBIX HcclienoBaHuil. [Ipu s3ToM >QdekT BHeapeHus
ONITUMH3AIMK MOXET OBITh TaKMM K€ BaXXKHBIM, KaK ITyCK HOBOI'O yCKopuTens. B
YaCTHOCTH, yCIleX B IOCTI)KEHHMH SHEpruu IpoToHOoB 60 Mb»B Ha yckoputene
AUII-144 (UsA® TIAH, Ilompma) [2,3] mpuBen X TOMY, YTO C IIOMOIIBIO
LUKJIOTPOHA HE TOJIBKO IPOU3BOAAT U30TOINBI VIS MEAUIMHCKUX U IIPUKIATHBIX
IpUMEHEHHUH, HO ¥ OCYIIECTBIIAIOT JISUSHUE [IalMEHTOB C MeJIaHOMO Iia3a.
Hdng  co3maHWs HOBOTO MEOMIMHCKOTO IMKIOTPOHA B Hamle BpeMsd

HEeoOXOIUMO IPOBOIUTH HAayYHBIE MCCIESNOBaHUI Ha Oojiee BEICOKOM YPOBHE, TaK

KakK caMH IMHUKJIOTPOHBI HOpOﬁ IIpeaHa3sHa4eHbl Ui PEIICHU BCE Golee CIIOXKHBIX

2. Uncruryt Sneproit ®usvku [TAH, http://www.ifj.edu.pl/str/dc
3. U.H.KusH, aBTOpedepat aucceprauuy, 11-2012-72.



3amau. Hampumep, pa3paboTka cBepxmpoBosiero nukiaotpora C400 [4] (OVAU-
IBA, benbrus), npegHa3sHaueHHOTO [JIf JIEYEHHSI PE3UCTUBHO YCTONYMBBIX
OIlyXOJIEH MOHAaMH YIJlepofia, YCKOpeHHbIMH 10 SHeprud 400 MbsB/Hyki.,
notpeGoBasa pemIeHHs psoa HETPUBHANBHBIX 3a1ay, CIOCOOCTBYIOLIMX
IOOCTHKEHHIO OSHEprud, He XapaKTepHOH [UIi IMKIOTPOHOB C KOMIIAKTHON
MarHuTHOU CHCTEMOH.

ITpoexTrpoBaHUE KaXKIOH CHCTEMBI IUKIOTPOHA OCYIIECTBIIAETCS Ha OCHOBE
[POBEAEHUS WCCIIC[OBAaHNSA Pa3IMYHBIX BApUAHTOB HCIIONHEHUA WM ONTHMH3ALUH
CTPYKTYpPBl YCKOpUTeNsl. PacdeTsl IuHAMMKH Iydka TpeOyroT ydera CIeTyIOMHUX
9 deKToB: AUCCOIUANUY HOHOB B JJIEKTPOMAarHUTHOM IIONIe, IIOTEph Iydka B
pe3ynpTaTe Iepe3apsiKd IPH B3aMMOJEHCTBHU C OCTATOYHBIM Ia3oM, 3(¢heKkToB
[POCTPAHCTBEHHOTO 3apsia, B 3aBHCHMOCTH OT THIA pa3pabaTbiBaeMOro
uKiIoTpoHa. g obecredeHus BceX TPeOOBaHUN K MEAUIMHCKUM YCKOPUTEIAM
HEoOXOIMM KOMIUIEKCHBIM IOAXOX K pa3paboTke ¥ KOHCTPYHPOBAHHUIO
IUKJIOTPOHOB, TaK KaK U3MEHEHNE IapaMeTPOB OJJHOM CHCTEMEI ITUKIIOTPOHA BELET
3a c000i He0OXOMUMOCTh H3MEHEHHUS PYTUX CUCTEM.

MO>XHO BBIIEIIUTH OCHOBHBIE npemv’[ymeCTBa MEIUIMHCKOr0 IUKIOTPOHA:

® OrpaHHYEHHOE YUCIIO PETYIHPYEMBIX IapaMeTpOB, MOpsaka 5 (TOK MUTaHUA
OCHOBHOT'O MarHuTa, HalpsDKEHUE YCKOPSIOIIeH CHCTEMBI U T.11.);

® BO3MOJKHA ITPOCTasl KOHCTPYKITUS MarHUTa;

e paboTra Ha PUKCUPOBAHHOH YacTOTE;

® U30XPOHHBIA LHUKIOTPOH OOECHeYrBaeT KBasHHENPEPBIBHEIA IIy4OK, YTO
rapaHTHpyeT BO3MOXKHOCTh HEIIPEPBIBHOIO KOHTPOJS O3Bl IpU OOIIydeHUU

MAINEHTOB;

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 yMEHBIIIEHHE Pa3MepOB IMKIOTPOHA NPU NPUMEHEHHM BBICOKHX

MarHUTHBIX ITONeH (CBEPXIPOBOSAIINX MarHUTOB).

Takum 00pa3oM, aKTyaJbHOCTh TEMaTHKU OOyCJIOBIEHA, IIPEXAEe BCETO,
[IPaKTUYeCKON 3HAYMMOCTBIO NPHMEHEHHS pe3yJNbTaToOB IJI CO3MaHUS HOBBIX
YCTaHOBOK C HEOOXONWMBIMK IlapaMeTpaMd § COBEpIISHCTBOBAaHUI YXKe
CYIIEeCTBYIOLINX IUKIOTPOHOB.

Ieap AuccepTalMOHHON PaGoThI — pa3paboTKa, CO3MaHUE W ONTHMU3ALN
IUKJIOTPOHOB, NpeAHa3HAUeHHBIX IS MEOUIMHCKUX NpuMeHeHud. JlocTrxeHue
9TOH LeNH CBS3aHO ¢ Pa3pabOTKOH U IPUMEHEHHEM MaTeMaTH4eCKHX Mojelel,
CpeNCTB ¥ IpOrpaMM JUis pacdyeToB CHCTEM IMKIOTPOHOB M JMHAMHYECKUX
IIPOLIECCOB B YCKOPHUTENAX, CO3MaHHEM BO3MOXKHO Ooiee IOTHON MMUTAIMOHHON
KOMIBIOTEPHOM MOJENIM BCEro IMKIOTPOHA M [JWHAMUKH ITydKa YCKOPSIEMBIX
HOHOB, YYUTHIBaOIed 3(QeKTs MPOCTPaHCTBEHHOIO 3apsiia, Iepe3apsiaKd IpH
B3aUMOZEUCTBUN C OCTATOYHBIM Ia30M, JUCCOLUAIMYU B 3JIEKTPOMArHUTHOM II0JIE
yckoputend. KoHeuHas Ienb — BBIOOP ONTHMAIBHEIX KOHCTPYKIHHM cHCTEM
IUKIOTPOHA C HCIOJH30BaHHEM pa3pabOTaHHEIX KOMIUIEKCOB IIPOrPaMMHBIX
CpeICTB.

Hayuynasi HOBU3HA 3aKJII09aeTCA B TOM, UTO:

1. B 2002 r. BHEpBEIE COCTOSUICS IIyCK IIPOMBIIUIEHHOI'O LUKJIOTPOHA
IIUTPEK, pabGoraromero B coctaBe HIIK «Anb¢a», KOTOpPBIH OCYLIECTBIISET
CepUHHBIM BBITYCK TPEKOBBIX MeMOpaH IUIi MEOUWIMHCKUX W3IeNuil L
iasmadepesa;

2. BIIEpBEIE pealM30BaH M YCIEMHO 3KCIUIyaTHpYyeTCd IpU JIEYSHUH
OHKOJIOTHYECKUX IAI[MEHTOB PEXXUM YCKOPEHHS IPOTOHOB 1o dHepruu 60.5 MaB
Ha 1ukimotpoHe AUWII-144. [Ins oToff menmm Oblma co3maHa METOAMKA

Mar€éMaTu4eCKoro M1  KOMIIBIOTEPHOI'O MOJCIHPOBAaHUA  PEXUMOB pa6OTBI



MHOTI'OIIEJIEBBIX M30XPOHHBIX IHKJIIOTPOHOB, TI03BOJISIOIIAS [TEPEXOIUTh Ha paboTy
B HOBBIX peXuMax 0e3 OCTaHOBKM U pa3OOpKM YCKOpUTeNeH i NpoBEAeHHS
JIOTIOJTHUTENIbHBIX MarHUTHEIX M3MEpeHud. Pa3paboTaHsl HOBbIE MaTeMaTHYECKUE
MOJIEJIH U IIPOrpaMMHBIE JITOPUTMBI, II03BOJISIOIINE [IPOBOIUTE pacdeT TOKOB BO
BceX OOMOTKax BO30YXKIEHMs OIIEKTPOMAarHuTa MHOTIOLENIEBOIO H30XPOHHOTO
LUKIOTPOHA,;

3. paspaboTaH KOHIIETITY aJIbHBIH IIPOEKT CBEPXIIPOBO/IAIIETO
mukmoTpoHa C400, yckopsromiero WoHBL yriepoma mo sueprum 400 MsB/myxt.
OpurpHanbHas BBICOKOYACTOTHAs CHCTEMa CBEPXIIPOBOISINEIO IHMKIOTPOHA
obecrieyrBaeT HEOOXOMMMBINA IHMaNa3soH 4YacTOT M TpeOGyeMoe pachpereeHue
HaIpsDHKEHUsT 0T pajuyca IMOCPEICTBOM OITHMU3AINM PacIIOIOKeHUI, GOpPMEI U
IIOTIEPEYHOT0 pa3Mepa YEeTHIPEX OIIOP PE30HATOPA;

4. CO3[aHHBIM [ pacyeToB HOBBIM KOMIUIEKC KOMIIBIOTEPHBIX
IIPOrpaMM U IIPEII0KEHHbIE aBTOPOM METOJIBI OITUMHU3AIIAH UCTIONb30BaIACH IS
pacueroB nukioTpoHoB IIUTPEK, C400, C235 (IBA, Bembrus), AUILI-144 u
MoryT OBITh IIPAMEHEHBI IIPH pa3paboTKe U KOHCTPYHWPOBAaHUH IPYTHX
LUKJIOTPOHOB, INHUH TPaHCIIOPTUPOBKY U HAKOIIUTEIEH.

IIpakTHYecKkas HEHHOCTb PadoThl

IIpakTHUecKH 3HAUYUMBIMM pe3yJibTaTaMu paboT, IpEeNCTaBICHHBIX B
IICCePTalliy, ABIIAIOTCS CIIETyOIKe:

1. C 2002 roma pa6otaer HpOMI:-IIHJ'IéHHBIﬁ nuknorpon ITUTPEK B cocrase

KoMILIeKca «AJb(ay, KOTOPEIH OCYIECTBIISIET CepUMHbIN BBITYCK TPEKOBBIX

MeMOpaH 1 MeIUIMHCKUX U3 s m1a3Madepesa:

a) JOCTHIHYTH! IIPOEKTHBIE ITapaMeTpsl NUKIOTPOHA, TakKue Kak sHeprus 2.4

M»5B/ayKi0H, BenuurHa KoddhduimenTa Beisona ~50%;
y > ’



6) ONTHMH3MPOBAaHO pacHpeleNeHre Iydka IT0 OONydaeMod IUIeHKe,
momoOpaHbl  peXUMBI  OONydYeHHWsS Ha OCHOBaHMM  PacUeTHBIX U

SKCHEePUMEHTAIBHBIX UCCIIEJOBaHMUM;
84 11
B) paspaGoTaHbl MpPEIOKEHHS I10 pealu3allid yCKOpeHHs HOHOB ~ Kr'

paccuWTaHBl I[apaMeTphl HEOOXOMMMBIX PEXHMOB, 4UYTO BaXHO ML
IaIbHEHITero YTy dIleHus KauecTBa TPEKOBEIX MeEMOpaH.

2. CdopMupoBaHO BHICOKONPENM3HOHHOE MAarHATHOE IToJe IuKiIoTpoHa AMII-
144, obecmeynBaromee pexXuM YCKOPEHHS MPOTOHOB ¢ HEOOXOMUMBIME IS
aJIpOHHOH Tepanuy MeJIaHOMEBI Ila3a ITapaMeTpaMy: KHHETHYECKON SHepruen

BEIBOoga E,,~ 60 M>B, 3HaueHueM U CTaOWIBHOCTHIO TOKa BBIBEJCHHOI'O
myuka I,,=20+40HA, of,,~x5 % cooTBeTcTBeHHO. Braromaps BEICOKOM

CTaOUITBHOCTH YCTAaHOBJIEHHOI'O PeXUMa paboTHl, oApa3elieHie IPOTOHHOH
tepammu VIO IIAH BnepBele Ha OPOTSDKEHHM psfa JIeT IIOMYYHIIO
BO3MOXHOCTh OecriepeOoiHOl paboThl I MPOU3BOACTBA PATHOU30TONIOB U
IIPOBEeNIEHNsI YCIIEIIHOM IIPOTOHHON Tepanmuy MeJaHOMBI IJla3a y IIepBOH
rpymnsl nanuerTos B 2011-2012 ropax.

3. PesynpTaThl pacyeToB ILEHTPaJIbHOH 00J7acTH, IIOTEpPh HMOHOB B IpOIlecce
Iepe3apsiIKy IIPpU B3aUMOIEHCTBIM C OCTaTOUHBIM I'a30M U BBICOKOYAaCTOTHOMH
YCKOpSIIOIel CHCTeMBI cBepxIpoBoadmero mukinorpoHa C400 (dpupma IBA,
Benbrus) BoIUIM B TeXHHWUYECKUH mpoekT IuiinorpoHa C400, peanmzanus
KOTOPOTro Hawanach B paMKax IIpoekTa «Archade» [5] B MEIUITMHCKOM LIEHTpe
r. Kann (@panmus).

4, Co3maHHBIH I TPAeKTOPHOI'O MOIETHPOBAHUS TUHAMUKH ITydKa KOMILIEKC

KOMITBIOTEPHBIX IIpOrpaMM H NPEIOKEHHBIE aBTOPOM METOAbI aHallh3a

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



Pe3yJIbTaTOB MOJIENMPOBAaHMS HCIIONB30BAIHCH HJI PacueTOB IUKIOTPOHOB

IIUTPEK, C400, C235 (IBA, bensrus), AUILI-144 u MoryT OBITh IPUMEHEHBI

OpH  pa3paboTKe ¥ KOHCTPYHPOBAaHWM OPYTHX IUKJIOTPOHOB, JHUHUH

TPaHCIIOPTUPOBKU M HAKOIUTEIEH.

OCHOBHbIE MOJIOKEHHS U Pe3yIbTaThl, BHIHOCUMbIE Ha 3aIIHTY:

. Pesynpratel mycka npomeinuierHoro mukiorpona IIUTPEK, paGoTaromero
B cocTaBe KOMIUIeKca «Aibday», KOTOpeii B TedeHne 10 mMOCIEOHHUX JIEeT
OCYIIECTBIISIET CEPUIHBIA BBIIYCK TPEKOBBIX MeMOpaH IJIsI MEIUIMHCKUX
u3zenui ais mwiasMadepesa.

. ®opMupOBaHUE BBHICOKOIPEIIM3UOHHOIO MarHUTHOT'O ITOJIS Ha IMKIOTPOHE
AWII-144, obecrneunBaOMEr0 PexXUM YCKOPEHHS IPOTOHOB O JHEPrHH
60.5 Mb>B, 4ro cHenmago BO3MOXKHBIM IIPOM3BOACTBO H30TONOB I
MEIUIVHCKUX ¥ INPUKIAAHBEIX IIPUMEHEHNH, a TalkoKe JICUYCHHE MeJaHOMBI
rnasa y nepsoi rpynmnsl nanuenToB Ha AWII-144 B 2011-2012 rogpax.

. HoBasgs MeTommka KOMIBIOTEPHOTO MOMAENHPOBAHUS pEXHMOB pabOTHI
MHOTOLIEJIEBOrO  M30XpOoHHOro mnukinorpona AWII-144, no3Bonstomas
IEepeXoiuTh Ha paboTy B MOENHpPYeMBIX pexuMax 0e3 OCTaHOBKH H
pa3bOpKH YCKOPHUTENA JUIsl IPOBENECHHS [JOMONHHUTENBHBIX MArHUTHBIX
U3MEpEHUN.

. KoMniexkc anroputMoB i TPaeKTOPHOIO MOAEIUPOBAHMS IUHAMHUKH
IIy4dKa B HUKJIOTPOHAX C YYETOM AEHCTBUS CHI IPOCTPAHCTBEHHOTO 3apsiia,
Iepe3apsaikd HOHOB IIPU  B3aHMOJGHCTBUM C OCTaTOYHBIM Ta3oM,
JUCCOIMAlK B OIEKTPOMAarHHTHOM IIOJNe ¥ IIOTeph Ha CTPYKTYPHBIX
9IIEMEHTAX yCKOPUTEIS.

. KoHnenryaneHerifi npoekT  cBepxmpoBojsgmero — mukiorpora  C400,

IPEaHA3HAYCHHOI'0 UIA aI[pOHHOﬁ TEparnuu OHKOJIOIrMYECKHUX 3a00J1eBaHMHA



YCKOPEHHBIMH JICTKIMH HOHAMH, pealn3aliis KOTOPOro Hadalach B paMKax
npoekTa «Archade» B MequnuHCKOM IeHTpe T. Kann (Opanmms).
a) TpebyeMslil ypoBeHb BakyyMa B Kamepe mukioTpoHa C400 u auHUM
WH)KeKIIMM Ha OCHOBAaHMM pacdeToB IIOTepb MHOHOB B IIpoIiecce
B3aMMOJEHCTBYS C OCTATOUYHEIM T'a30M.
6) OpurrHaneHas KOHOQUIypaldsi ¥  KOMIIOHOBKA  3JIEMEHTOB
LIEHTPAIBHOM 001acT! cBepXIpoBoAAIIero mukioTpora C400.
B) PexuM MOAynAnuy WHTEHCHBHOCTH BBIBEIEHHOTO IIyYKa KOHOB
yraepoma ¢ dactotof 1 kI'm mpu ympaBIeHHHM HanpsDKeHHeM Ha
9NIEKTpOAax HHOIEKTOpa, YTO aKTyalbHO Uil peai3alid TEepalud C
aKTUBHBIM CKaHHPOBaHUEM.
r) OpuruHanbHas KOHCTPYKIMA  BBICOKOYACTOTHOIO  pe3oHaropa
nukioTpoHa C400, obecneunBaromas HEOOXOMUMBIM IUama3oH 4acToT,
pacripenesieHue HalpsDKEHUS BIOJb paguyca, IepecTPOUKy YacTOTHI IIpH
CMEHE YCKOPSEMOT0 HOHa.
Anpobanusi paGoThl
OCHOBHBIE Pe3yJIbTaThl JUCCEPTALAH TOJI0XKEHE! 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 European 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);
o 11th International Conference on Heavy lon Accelerator Technology HIAT-

2009 (Venice, Italy);
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o International Particle Accelerator Conferences: IPAC-2010 (Kyoto, Japan),
IPAC-2011 (San Sebastian, Spain);

e European 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), XXIIT RuPAC-2012 (Saint-Petersburg);

¢ 5-M, 6-M, 7-M Hayunom cemunape namsru B.I1. Capannesa, {y6Ha;

e B 2007-m u 2009-M romy — IOKIamsl Ha IEpBOH U BTOPOH SKCIepTHOH
komuccud B I.JIroBen-na-Hes (Benbrus) no paspaboTke cBEpXIPOBOAAIIETO
muknoTpona C400, npenHa3HAaYEHHOT0 IS aipOHHOM Tepanuy;

e PesynpTaThl AUCCEPTAlNK HEOTHOKPATHO 00Cy X aauch Ha ceMuHapax JISIII
01752148

JIugHoe yuacTue aBTOpa

Bce mpezncraBiieHHBIE B IUCCEPTALIMU PE3YNIbTATHL OIYUYEHBI aBTOPOM JITYHO
b0 IOJ €ro HENOCPEACTBEHHBIM pyKoBoiacTBoM. ConepKaHHe IUCCepTalud U
OCHOBHBIE IOJIOXKEHHUS, BEIHOCHMEIE Ha 3alllUTy, OTPaKAIOT IIePCOHATBHEINA BKIIaN
aBTOpa B OIyOJIMKOBAHHbIE PaOOTHI.

My6ankanuu

Bcero aBTopoM 10 TeMe AuCcepTaIyy omyoarkoBano 6oiee 60 paboT, 13 HUX
23 - B pedeprupyeMBbIX KypHaIaX (3apyOexkHBIX U POCCHUCKHX, PEKOMEHJOBaHHbIX
BAK).

JuccepTanus BBIIOJHEHA B COOTBETCTBHH C INPOOJIEMHO-TEMAaTHUECKUM
[UTAHOM HayJHO-HCCIIEIOBATENbCKUX PabOT M MEXTYHapOJHOIO COTPYIHHYECTBA

O6’BeHI/IHeHHOI‘O HHCTUTYTa  AOCPHBIX HCCIIEOBaHUN B paMKax  TEMbI
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«CosepmencrroBanne ®azotpona JUIIT (OMAN) u pa3paboTka MUKIOTPOHOB LT
¢busyecKux M MNPUKIATHBIX HccienoBanuii». Pabora mo nuximorpory AWII-144
BBIIOJIHEHa IIpYd (UHAHCOBOM IOIIEPXKKE IIOJNHOMOYHOTO IIPEACTaBUTEINT
IMpasurenscTBa Pecnyomuku I[onemu u PO®U, rpast Ne 10-01-00467a.

B 2004 romy 3a pabory "OOmyuarenbHbI KOMIUIEKC «AJbday L
IPOM3BOJCTBA TPEKOBBIX MeMOpaH" aBTOpy B COCTaBe KOJUIEKTHBa ObLIa
npucyxznesa npemus OV B o6acTi HayYHO-TEXHIYIECKUX MPUKIIAHEIX paboT.

B 2010 romy 3a nmkn myOnuKamuii mOo pa3pabOTKe MeETUIMHCKUAX
IIUKJIOTPOHOB, IpeAHa3sHaYEeHHBIX Ui aApOHHOM Tepamluy, B COCTaBe KOJUIEKTHBA
aBTOp OBLT ymoctoeH nmpemun JIITT OVSINL.

CtpykTypa H 00beM AuccepTauun

JuccepTanus COCTOMT M3 BBEACHHWSA, YEThIpeX IJIaB W 3aKiIoueHus. B
IPHIOKEHUH K TUCCePTaldy HaXOmATCs OnarofapcTBeHHBIE MIHChMa OT JUPEKLIIN
VA® T1IAH, r. Kpakos (ITonsmra) B pupeximio OV (IyOHa).

TlonHEI 00BEM HHUCCEPTAIMU COCTAaBILET 246 CTpaHMI] TEKCTa, BKiroyas 18
Tabur, 120 pUCYHKOB U CIHCKa TUTEPATYpPH U3 70 HauMEHOBAHUIA.

Copepxcanue padoThl

Bo BBefeHMH O00OCHOBBIBAETCSI aKTyalbHOCTb TEMBI AHUCCEPTAIlUH,
(bopMynupyeTcs Ielb paboThl, YKa3bIBAIOTCS €€ IPaKTHIeCKas EHHOCTb, Hay YHasl
HOBM3Ha palbOThl, IIEPEYHCITIOTCS BEIHOCHMBIE Ha 3alllUTy IOJIOXKEHHUS,
IPUBOAATCS 0OIIasi XapaKTepHCTHKA M KPaTKoe COIep)KaHKe NUCCEPTAI[FOHHON
paboTEL.

B rmuccepramum MeTOmBl pacueTa IIPOJEMOHCTPHUPOBAHBI Ha IIpHUMepe
PasIUYHBIX ITUKIOTPOHOB, pa3pabaTEIBaeMBIX B OTHENe HOBBIX YCKOpUTenen
JlabopaTtopuu simepHBIX HpobieM. IIpOeKThl IHMKIOTPOHOB IS MEIMLIHCKHX

IpUMEHEHHUH, B KOTOPBIX POJIb aBTOpa ObLIa HanOosee 3HAYNMOM, IPEACTABIICHEI B

12



OTHENBHBIX IJIaBaX, B YaCTHOCTH, BO BTOpPOH IJIaBe IOAPOOHO OmMCaH
paspaborannbli u cosmaHHeld B JUIII OMSAM nuxnorpon ITHUTPEK,
IpeqHa3HAYSHHBINA U HapaOOTKK TPEeKOBBIX MEMOpaH, TPeThs INlaBa IOCBAMIEHA
cBepxmpoBopsaeMy ukiotpory C400 ¢upmsl IBA, geTBepTas I1aBa OIKCHIBAET
pe3ynbTaTel (OPMUPOBAHHS MAarHUTHOTO IIONsS MHOTOIENEBOTO HM30XPOHHOIO
mukiotpona AWII-144 ¢ mpuMeHeHHEM HOBOM METOAMKHM MaTeMaTH4ecKOro
MOZETUPOBAHIS PEXIMOB PaOOTHI YCKOPHUTENA.

B nmepBoii ryiaBe ITOAPOOHO ONHCAaHEI METOAUKH KOMIIBIOTEPHOTO
MOZEMPOBaHMS CHUCTEM NHKIOTPOHA W PEIIeHUS OCHOBHBIX 3afad IUHAMUKH
Iy4Ka.

IIpouecc co3maHus LUKIOTPOHA, KaK I[IPaBUJIO, HAYWHAETCSA C IIPOBEICHUA
AQHAJINTAYECKUX OLEHOK OCHOBHBIX IlapaMeTpoB yckopurtens. Ilposenmenue
IpeBapUTEeIIBHEIX PAacIeTOB II03BOJIAET BEIOPATh CTPYKTYPY LUKIOTPOHA, UCXOIL
U3 3aJad, OIpEeNeNeHHBIX Ul yCKOpuTensi. BrIOOp OCHOBHBIX IapaMeTpOB
IUKIOTPOHA CBs3aH C THUIOM YCKOpAEMOW 4YaCTHIBI, KOHEYHOHl »sHepruet,
TpebyeMoif HHTEHCUBHOCTBIO ITydKa U PAIOM JPYTUX XapaKTepUCTHK.

ITocnenoBaTebHOCTh pacdyeTOB HWHIWBHAYyalbHA IUIS KaXIOTO YCKOPHUTEINS.
OmHY W3 TEepBHIX BHIOMPAaEMbIX IIapaMeTPOB — YPOBEHb M (IaTTep MarHUTHOTO
IOJNS B YCKOPUTENEe — ONpPENelIOTCA KOHEYHOH SHepruei yCKOpseMBIX 4acTHI,
1eJIecO00Pa3HOCTRI0 HCIIONB30BaHMU CBEPXIPOBOAMMOCTH M PSIIOM JPYTHX
[apaMeTpoB, HaIpuMep, NpU YCKOpeHHH H - MOHOB ypoBeHb U (riarTep
MarHATHOTO HOJS BHIOMPAlOTCS Ha OCHOBE OLEHKM IIOTeph Ha JUCCOLUAIUIO
HOHOB B JIEKTPOMAarHUTHOM IIOJIE.

ITocme BBIOOpPa OCHOBHBIX IIapaMETPOB IMKIOTPOHA M €ro CHUCTEM
HEOOXOMMO TIPOBEICHUE MOJEIHUPOBAHUSA KaK OTHENBHBIX CHCTEM LHUKIOTPOHA,

Tak U OJAHAaMHKH IIy4YKa B Pa3jIMYHBIX 30HAaX YCKOPHUTEIIA. Ilo aHanUTUYECKUM
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¢opMynaM ONpeNendoT TOJNBKO OCHOBHBIE IapaMeTphl LHUKIOTPOHA. OTOro
COBEpIIEHHO HENOCTaTOYHO [UI IHPOEKTHPOBAaHUA LHKIOTPOHA C BBICOKOM
5 QeKXTUBHOCTHIO YCKOPEHNI M BBIBOJA, OCOOEHHO €CIIHM IPH 3TOM HE0oO0XOJUMO
obecreunTh BBICOKYIO SHEPIrHI0 WM WHTEHCHBHOCTH Iryuka. HeobOxomumo
IIPOBOIUTH OIPOMHOE KOJIHMYECTBO YHCIECHHBIX PACUETOB JUIA INPOEKTHPOBAHUA U
ONTHMHU3ALIMY IIPAKTUYECKH BCEX CHCTEM LHUKIOTpoHA. B riase 1 mokasaHo, KaKkue
IPUOIIDKEHNs TOCTaTOYHB! ISl PacdeToB TOM WM MHOM CHCTEMBI LHUKIOTPOHA,
KOTia HeoOXOOIMO IIpoBeneHue 00jiee TOUHOTO KOMIIBIOTEPHOr0 MOJEIUPOBAHMUS.
Hamo moapoOHOe oOmmcaHWe KOMIUIeKCa IIporpaMM, pa3paboTaHHOrO L
TPaeKTOPHBIX PacueTOB TUHAMHKH ITydKa ¢ ydeToM 3 ()EKTOB IPOCTPaHCTBEHHOIO
3apsa, oTeph Ha qucconuanyio H - HOHOB B 21€KTPOMAarHUTHOM II0JI€ U IIOTEPh
B IIpoliecce Iepe3apaiKd JIETKUX M TSDKEIBIX HOHOB IIPH B3aWMOIEHCTBHU C
OCTaTOYHBIM I'a30oM I IIHPOKOIO NMaNa3oHa SHEeprui, MOHOB M KOMIIOHEHTOB
OCTaTOYHOTI'O rasa.

B OCHOBE  KOMIUIEKCAa  JieKaT  [porpaMMBbl,  HHTETPHpYIOIIHE
muddepeHnuanbaple ypaBHEeHUs ABIDKEHHS TPeX BUIOB, IpeJHA3HaYeHHbIE ML
pacveToB pa3NUYHEIX obnacTel yckoputens. CucTeMa ypaBHEHHI B JeKapTOBOH
cucTeMe KOOpIMHAT INPUMEHSETCS M pacyeToB JIMHUM TPaHCIOPTUPOBKUA M
LeHTpaJbHOH oO0nacTé nuKIoTpoHa. CucreMa ypaBHEHUN B IMIMHIPUYECKOHN
crcTeMe KOOpAMHAT C IEPEeMEHHON WHTETPUPOBaHUSA (0 (@3MMYTalbHBIN yroi)
MpUMEHsETCS IIpU aHalW3e IPOXOXKACHUA ITydKOM PE30HAaHCOB B IIpoIlecce
yckopenus. CucreMa ypaBHEHHMM B IMIMHAPUYECKOH CHCTEME KOOpAWHAT C
HepeMEeHHOM MHTErpHPOBaHuA t (BpeMs) — IPH MCCIENOBAHNN UHAMUKHY IIyYKa B
[polecce YCKOpeHWs ¢ ydeToM 5(QeKToB IPOCTPaHCTBEHHOIo 3apsma. B
KOMILJIEKC [POrpaMM BXOHNAT IPOrpaMMBI  HOCT-OOpabOTKH  pe3yNbTaToOB

TPaeKTOPHBIX pPacyeToB (pacdersl IIONEepeYHBIX SMHTTAHCOB, OTHOAIONIHX,
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aMIUIATY[ PaldalbHBIX KojeOaHWi, JacToT OeTaTpoHHEIX KoiebaHuii, (a3zoBoro
moptpera, KodhduimeHTa  INPOXOXKEEHMA IIydka ¥ TJ.), pacdeTa
BBICOKOYACTOTHEIX ~ PE30HATOPOB  (YCKOPSIOIIETO  HANpsSXKEHHd, CHUCTEMBI
OXJIAKIEHHMS Pe30HaTOpa), 00pabOTKH SKCIIEPUMEHTANBHBIX JaHHEIX, ITOTyYeHHBIX
C BU3YaJIbHOI'0 IIPOOHNKA U T.JI.

B riaBe mompoOHO OIMHCAHBI HOBBIE MaTeMaTHIECKUe MOJIEIIH, UCIIONb3yeMbIe
IS pacdeTa TOKOB B ITaBHOH OOMOTKe, B IBAAIATH KOHLICHTPUYECKHUXK KaTyIIKax
M B JBYX IIapax TrapMOHHYECKHMX Karymek nukiorpoHa AMWII-144. I'maBras
oOMOTKa mpenHa3HaueHa I (DOPMUPOBAHMA OCHOBHOTO MAarHUTHOTO ITOJL,
KOHI[EHTPUYECKHE KaTYIIKU — I KOPPeKUUH OCHOBHOI'O MAarHUTHOIO IIOJNS U
CBEIEHMs ero K pe3ylpTUPYIOIEMY, ABE IIapbl I'apMOHHYECKUX KaTyIleK — Ui
KOPPEKIUY I1epBOA TapMOHUKH PE3yNbTHPYIONIIEr0 MarHUTHOIO II0JIs Ha pagiyce
3abpoca IIydka yCKOPEHHBIX MOHOB B 3JIEKTPOCTaTHYeCKUi fedexTop.

Juccepranus NOCBAIIEHa pa3paboTKe, IPOSKTHPOBAHUIO W ONTHMH3AIHH
UKIOTPOHOB. Jlnst sTo#f menm OBLUT CO3MaH KOMIUIEKC IIpOrpaMM, OIHAaKO,
pa3paboTaHHbIe IPOrpaMMBl IIMPOKO IPUMEHAINCh TaKKe U I IPYTUX TUIIOB
ycKkopuTened, B YaCTHOCTM [UI1 IIPOEKTUPOBAHMS CHCTEMBl OKTYIIOJIBHOMN
Koppekuuu TmepBoi crymeHu cuHxporpoHa YHK [K30], yckoputeneit Tuma
Tputpon [K31,K32], cucremsl BbIBozja u3 3ieKkTpocraTHieckoro koisua USR
[K33+K35] (mpoext FLAIR, GSI), cuctemsl umxekiuu B Koibpo AD-REC [K36
+K39]. Omucanue 3THX NPOEKTOB BBIXOIWT 3a PaMKHU TUCCEPTAIOHHOM paboTEL,
OIHAKO, IPUMEHEeHHe pa3pabOTaHHBIX METOOWK JUIi CYIIECTBEHHO Ooee
IIAPOKOTO Kpyra 3amad, dYeM pa3paboTKka IMKIOTPOHOB, ITOXYEPKHBAET

YHHUBEPCAIBHOCTD HCIIOJIB30BaHHBIX METOAUK U IIPOTPaAMM.
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Bo BTOpOIl raase mperncrapineHo onvcanue IukiaoTpora IIUTPEK, Gazosoit
YCTaHOBKH 00JTy4JaTelIbHOT0 KOMITIeKca «Abday.

B OObenuHEeHHOM WHCTUTYTE SIEPHBIX MCCIIENOBAaHUN [UIS XOJIIUHIOBOMH
KomraHun «TpeKIop TeXHONOMKW» pa3paboTaH M H3TOTOBIIEH OOIIydaTeNbHBII
KoMIUTeKe «Anbda» [6], mpenHasHaUESHHBIH IS IPOMBIIUIEHHOIO IPOU3BOACTBA
TPEKOBBIX MeMOpaH, UCIOIb3yEeMbIX B JaJbHEHAIIeM IUI BRILYCKa Pa3ieNsIOIiX U
(GUIBTPYIOUIMK  3JIEMEHTOB MEIHWIMHCKOIO, IPOMBINUIEHHOTO M OBITOBOTO
HasHaueHus. OupMmoit «TpeKnop TEeXHOJIOMKUY» IMPOM3BOAATCS YCTAHOBKH IS
MeMOpaHHOro ItasMadepesa, obecreunBarome BEICOKO3()(HEKTUBHOE JIeUeHHe
Pa3IMYHEIX 3a00JIeBaHUH U IOyYeHIe JOHOPCKOH IIa3MBl.

KoMmiekc cOCTOMT K3 HM30XPOHHOIO IMKJIOTPOHA C BHEIIHEH HHXKEKIMeH
HOHOB, CHCTEMBI BBIBOJAa M TPAaHCIOPTUPOBKUM YCKOPEHHBIX HOHOB M
00JIy4aTenbHON YCTaHOBKHM HMCXOJHOTO Marepuajia — MOJUMepHOH IuteHku. Ha
00NyJyaTeIbBHOM KOMILIeKce «Ainbda» BO3MOXHO H3TOTOBIIEHME TPEKOBOM
MeMOpaHbl W3 IOJMASTHIIEHTepedTanara (JlaBcaHa) TOMMMHOM 1nO 25 MKM U
mupUHOH 32 cM.

B rmaBe 2 maHO ommcaHHe IIPEAIIECTBYIOIIMX IIYCKY PacdeToB IUHAMHUKH
IIydka HOHOB aproHa B IHKIOTPOHE C y4eToM 3((eKTOB Mepe3apsaku IIpH
B3aUMOJEHCTBUM C OCTATOYHBIM Ia30M. BBUIM NpOBENeHBI YHCIEHHBIE PACYUEThI
MHDKEKIMH, YCKOPEHHs U BbIBoJA MOHOB B nukinoTrpoHe IIUTPEK no aBropckum
IporpamMMaM, OIMCAaHHBIM B IepBoii rmaBe. Ha Puc. 1 mokasan oOmmid BuA

YCKOPHUTEILA.

6. IO.I. Anenuukuii ... I A.KapamsIwesa u 1p. Pa3pabotka u co3nanue obnydaTensHOro KoMIiekca
«Arnbay 115 TPOU3BOACTBA TPEKOBBIX MeMOpaH// AToMHas 3Heprus. T.97, oL 1. c. 34-40,
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Puc. 2. ®azoBoe IBWKEHHUE ITydKa
PacueTsl IponeMOHCTPHUPOBATIN BO3MOXKHOCTh YCKOPEHHS M BBIBOAA HOHOB
aproHa c¢ osHepruedt 2.4 MbdB/HYkn. B chopMHpPOBaHHOM MAarHUTHOM IIOJIE

mukiaorpona IIUTPEK (cm. Pmc. 2), npemocraBmmu HHQOpMamuo 06
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ONTHMAIBHBIX IapaMeTpax YCTaHOBKH, HEOOXOMWMEIX MIA S(P(eKTHBHOTO
yckopenus Imydka. B 2002 1. coctosinca myck mukiorpoHa IIWMTPEK. Ilpu

BBICOKOYAaCTOTHOM HaIPSAXKCHUU 40 xB O6bI1 YCKOPEH U BBIBEACH ITYYOK HOHOB

VA ¢ sHeprueii 2.4 MaB/HyKi. ¥ UHTEHCHBHOCTHIO BEIBEIEHHOrO Iydka 200
HA, mnpu o5ToM 3¢¢eKTUBHOCTE BBIBoZa cocTaBuna okomo 50%. Bce
KOHTPOIIUpYeMble IapaMeTphl TEXHOJNOTMYECKMX CHUCTeM OO0IydaTelbHOIO
KoMIuteKca «Aib(a» BBIBOAAICA Ha SKpaHBl IBYX MOHHUTOPOB CO CMEHHBIMU
«manensMuy. Ha Puc. 3 mokasaH ofWH U3 BapHaHTOB BBEIOMPaeMBIX «IIaHENEeH» B

IIporecce HaJlalKu ITUKJIOTPOHA.

[ Tlommmovssite yoionrmensit | OTpLETOmIbIE MARIM
| & KonrmexrNal | & Obmymm
i || € Bym no mogymo Tarexs ynpasxemms
| ] Comum || Kovmerha2 | Beoymenenngt
Tpaguu  MPopuns | Mapamerpu | 07 Woms 03 . 16:05:33__| ]

(o 0,0293  0,0293
02 ¥.02 Ip.31. Uua. mkA 10,0000 _0,0000
03 ¥.03 Fp.1 Mpogunomerp nona muer. Oce Y 1. nA  0,0000 0,0000 |

04 ¥.04 I'p.1 Npogunomerp Bnoxa auan, Oc» Y 2. nA 0,1710 0,170 |
05 ¥.05 Fp.1 Mpoguaomerp Bnoxa muen. Ock Y 3 nA  0,0000
06 ¥.06 Ip.1 NMpogunomerp Bnoxa muan. Ocs Y 4 nk .0,0000 O,
07 ¥.07 Fp.1 Npogunomerp Bnoxa muen. Ock Y S nA 0,0000
08.Y.08 Ip.1 Npoduromerp Baoxa auan. Och Y 6 nA 0,0000 0
09 ¥.09 I'p.1 Npogunomerp Broxa mxar. Ock Y 7. nk 2,4035
10 ¥.10 T'p.1 Mpodunomerp Gnoxa Zuar. Ocs Y 8 nA  3,5515
11 ¥.11 T'p.1 Npogunomerp Grnoxa muar. Och Y 9 nA  2,3351
12 ¥.12 Tp.1 Npogunomerp Groxa wan, Ocs Y 10 nA  0,0000
13 ¥.01 I'p.2 Opogwiomerp Broxe mxer. Oce Y 11 nA 0,0000
14 ¥.02 T'p.2 Npognnomerp Groxe awar. Oce Y 12 nA 0,0000
15.¥.03 T'p.2 Mpogunomerp Gnoxa mwar. Ock Y 13 nA  0,0000
16 ¥.04 I'p.2 NpogunoMerp 6ioxe mxar. Oce Y 14 nA 0,0147
17 ¥.05 T'p.2 Mpogunomerp Gnoxa muan. Ock ¥ 1S nk 0,0837
18 ¥.06 I'p.2 Mpogunomerp Gnoxa muan. Ock X 1 ni  0,0049
19 ¥.07 I'p.2 Npogunomerp Bnoxa xuen. Ocs X 2 nA 0,0049
20 .08 I'p.2 Npogunomerp Gnoxa muar. Ock X 3. nA_0,1124
21 ¥.09 Ip.2 Npogunomerp 6noxa muan. Ocs % 4 nA 0,0879
22 ¥.10 I'p.2 Tpogunomerp Gnoxa muar. Ocs X 5 nA  0,0684
23 ¥.11 I'p.2 Npodunomerp Groxa muan. Oce X 6 nA 0,0928
24 ¥.12 Ip.2_ Npodunomerp Groxe mxan. Oce X 7 nA _ 1,9834
25 ¥.01 I'p.3 Npodunomerp Gaoxa amar. Oc» X 8 nA 3,2340
26 ¥.02 Ip.3 Npodunomerp Grone auar. Ocb X 9 nA 2,1886
27 ¥.03 Ip.3 Npogwnomerp Gnoxa xuar. Ocs X 10 nA  0,2638
28 ¥,04 I'p.3 Npogunomerp Broxa auar. Ocs X 11 nA 0,0049
29 ¥.0S T'p.3 Npogunomerp Baoxa auar. Ocy X 12 nA  0,0098
30 ¥.06 I'p.3 Mpopunomerp Gaora muan. Oce X 13 nA . 0,0000
31.¥.07 Ip.3 Mpogunomerp Groxa muan. Ock X 14 nA 0,0489
32 ¥.08 I'p.3 Npogunomerp Gnoxa auan. Ocs X 15 nA 0,0000

33 ¥.09 I'p.3 Npogunomerp namens 1 nA 0,0489 0,0489 YeuneHus -
34 ¥.10 I'p.3 NMpogunomerp namens 2 nA .0,0000  0,0000 Konnumatop UnnuHap @upueim
35 ¥.11 Ip.3 Npopunomerp nemens 3 nA 0,0000 0,000 Mpogunomerep Tpaxra Nt [i0°9 ~
28 La12E0a?. Frofuncunrn. gaeie... 4 nh .0,0000 0,000 | Mpogunomerep Snoke auerHocTuk4 [109 ]

Pyuc. 3. IIpoduns myuka Ha IpoQUIOMETpe B JIMHIY UHXEKIHH (PacCTOSHHE
MeXIy IIPOBOJIOKAMH SMM)
Ha Puc. 4 mpezncraBieHa 3aBUCHMOCTh HMHTEHCHBHOCTH ITyYKa OT pajHyca,
[TOJTy4YeHHas! TP IIOMOIIY paJualbHOro IPOOHHKA, PACIIONIOKEHHOTO B CEPEIHHE

XOJIMa MarHura. BI/I)IHO, 9TO B LIEHTPE NUKIIOTPOHA Ha6J'IIO).Ia}OTC$I CYyHICCTBCHHBIC
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MOTEpH ITydKa, CBA3aHHBIE C OTOOpOM wacTHil mo ¢azaMm (JacThipl ¢ (Ha3soBbEIM
pazbpocoM 3a mpemenamu +£30° TepsdioTCs Ha KpOMKax J[yaHTOB), a jajee
OKCIEpUMEHTAIbHAS KpuBas (IITPUXOBas JIMHUA) XOPOIIO COOTBETCTBYET
pacyeTHOM 3aBMCHMOCTH HMHTEHCHBHOCTH OT pajuyca (CIUIOIIHAS JIMHHSA) IPH

BEJINYMHE CPETHETO NaBJICHUS B KaMepe UKIOTPOHa 10 Topp.
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Puc. 4. OxcniepuMeHTanbHas 3aBUCUMOCTh HHTEHCHUBHOCTH ITy4YKa OArY ot
paiyca, Ioy4eHHas IIPY IOMOIIH PaguaIbHOTr0 NPOOHUKa (IITPUXOBas JIMHNA);
CIUTOIITHAS JIMHUS — pacyeTHbIe JaHHBIe

B panpHeiimeM Ha OCHOBE pacdeToB ObLIM MONOOpAaHBI PEXXUMBI O0IydeHUS

IUIEHOK C HEOOXOOMMBIMH JUIsI [POM3BOACTBA (IIBTPOB IapaMeTpaMil.
PaBHOMEpHOCTE OOJNydYeHHs B IIONEPEeYHOM HAampaBleHHH obecredrBaiach
CKaHMpOBaHHEM IIydKa C HalpsHKeHHeM Ha CKaHupymoolleM Maraute 73 B,
PaBHOMEPHOCTh B IIPOJOJBHOM HAaIpaBIEHHH — IIOCTOSHCTBOM CKOPOCTH
MPOTSKKY IUISHKH M CTaOWIBHOCTBEO TOKa ITydKa MOHOB Ha IPOTSXKEHUH BCETO
IKKIIA 00Ty IeHu.

B Hacrosimiee BpeMs H3YYalOTCS CIIOCOOBI PACIIMpeHMs BO3MOXXHOCTEH

YCKOpHUTEJIA, B YaCTHOCTH, I10 PE3yJIbTaTaM aHaIKM3a JVUHAMUKH MOHOB KPUIITOHA B
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84z +11
nukiotpore [IUTPEK pexoMeHIOBaHO yCKOpEHHE HOHOB Kr™" | ax xax mis

3TOro mnoTpedyeTcs MUHHMAaAbHOE H3MEHEHHE YPOBHS MArHUTHOIO IONA —
yBenuueHne Ha 1.6%. YckopeHue Oonee TSKENBIX MOHOB ITO3BOJHT YIyYIIUThH
Ka4ecTBO POU3BOIMUMBIX TPEKOBBIX MeMOpaH.

Tperbsi raaBa OuccepTallMi IOCBAIIEHa IpoekTy mnuxiorpoHa C400. B
ociuefHWe TIIATh JIET B paMKax coTpynHudecTBa IBA-OVSIM rpymnmoi
cuenuanucrop OVISIN Oput pa3paboTaH KOHIENTYAIBHBIA IPOEKT KOMIIAKTHOTO
CBEPXIIPOBOIAIIEI0 M30XpOoHHOro nukinorpoHa C400 mns amponHO# Tepamuu. C
ITOMOIIBIO 3TOTO YCKOPHTeNs Mpejronaraercs moxydars myskn C™" u ‘He* ¢
sHeprueit 400 MaB/HyKII0H, a TaKkXe MIPOTOHEI ¢ SHeprueii 260 MaB.

OnurcaHbl TapaMeTpbl MarHUTHOM M YCKOPSIOIIEH CUCTEM, JIMHUY HHXKEKIUU
¥ BBIBOZA, LIEHTPAIbHOM 00IacTH IUKIOTpoHA. [loka3aHo, YTO BEICOKAs TOYHOCTh
NPOEKTUPOBAHMA DJIEMEHTOB ILEHTpa IMKIOTPOHA OIpefeNsieT KadecTBO
YCKOpSIEMOI'O ITy4yKa, CIIOCOOCTBYeT yMEHBINCHHIO IOTeph HE TOJBKO B CaMOM
LIEHTpe, HO W B IIPOIlECCe YCKOPEHWs M BBIBOZA. [IpencTaBiieHBI pe3yJIbTaThl
MOJIeJIMPOBaHUs LEHTPAIBHOM 00JacTH IUKIOTpOHA. BEIOpaHBl mapaMeTpsl
UHOIEeKTOpa, IOM0XKEHHE M TEeOMETpHs 3JIeKTpoNoB, AuadparM, paccuuTaHa
IUHaMUKa IIyYka MOHOB C y4eTOM IIOTepb Ha dJIeMEHTaX CTPYKTYphl LUKIOTPOHA
(cM. Puc. 5).

PacuerHas > (peKTUBHOCT 3axBaTa B YCKOpeHHE HeOaHUMPOBAHHOIO ITydKa
HMOHOB cocTaBmia 12 % Ipu orpaHNYeHUH Ha aMIUTUTYAY paguaIbHBIX KoJieOaHui
4 MM, 9YTO IPEBOCXOAUT CYIIECTBYIOIIMM  IOKas3arelb  3(PQeKTHBHOCTH

paboTaOMKX CBEPXIIPOBOISIIHX IUKIOTPOHOB.
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X, em

Puc. 5. YckopeHue ITydka B IIEHTpe UKIOTPOHA (BUIHO, YTO YaCTh HOHOB
TepsIeTCs Ha BTOPOM II0 XOJy ITydKa KHOCHKe» IyaHTa)

B nuccepranuu cienaH aKkIeHT Ha pacyeThl JUHAMUKY ITydKa B YCKOPHUTEIE C
yaeToM 3((deKToB Iepe3apsAnKy HOHOB IIPU B3aUMOJAEHCTBHH C OCTaTOYHBIM
rasoM. Ha ocHOBaHuMM pacueToB IIOTeph MOHOB IIPH B3aUMOJEHCTBUH C
OCTaTOYHBIM T'a3oM CHOPMYIMPOBaHEL TPeOOBaHUI K YPOBHIO BaKyyMma B JIMHHUH
HEDKEKIMM U B Kamepe muxioTpoHa C400. PacueThl mokasainy, 4YTO YpOBEHB
BaKyyMa ONpeNeNsIeTcs HOTePAMH HOHOB '“C®' B IIHHMM MH)KEKIMH M IOTepsMH
FOHOB MoJeKynspHoro Bojgopona H,” B kamepe muximorpora. Jlnd maBneHHs
2107 Topp pacueTHblE IOTE€pPH HHTEHCUBHOCTH IIydKa 2C% pomo B nHHMH
HEKEKIUH COCTABIISIOT OKOJIO 2 %, MOTepH MHTeHCHBHOCTH myuka H,™ B kamepe

[HUKJIOTPOHA COCTABIIIOT 0KOJIO 5 %.
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B riaBe 3 mozpo6HO ommcaHa Ipoleaypa BEIOOpa I€OMETPUH M OCHOBHBIX
[apaMeTpoB BBICOKOYACTOTHOM cucTeMbl. OKOHYATENbHBIN BapuanT monenu BU-

pe3oHaTopa npeicTaBieH Ha Puc. 6.

Puc. 6. Bun xommiproTepHOH Monenu BU-pe3onaropa

W3 pe3ynpTaToB pacueTa AUHAMUKH IIyYKa CIIeIyeT:

1. yckopsolnee HanpspKeHHe B LEHTpe NHUKIOTPOHA IOJDKHO COCTaBIIATH
oxomo 80 kB. OHO orpaHHuYeHO HampsHKEHHEM Ipo00s, OIpeenseMbIM
kputepreM Kunnarpuxka,

2. HeoOXoouMO MMETh MAaKCHUMAaJbHO BO3MOXHOE HampsKeHHe B 30HE
BEIBOZA MII1 oOecredeHus OombIIoro mara OpOHT, a ClIeHOBaTeIBHO,
6ompuieii 5¢)GpeXTUBHOCTH BHIBOJR;

3. Ba)XHO MMeTh II0 BO3MOXKHOCTH 00Jiee BBICOKOE HaIpsDKEHHE Ha paauyce
okoino R=150 cMm, Tak Kak B 3TOM MeCTe€ IIy4OK II€peceKaeT OIacCHBIH
CTPYKTYpHELA pesoHaHc 3Q=4 (B pacyeTax JMHAMEKH IydKa HAIpSDKCHIE
coctasiuio 100 xB).

Ha Puc. 7 mokazaHO pacHpeieleHre YCKOPSIOIErOo HampsHKEHU,

COOTBETCTBYIOIIECE BhINICOIIMCAHHBIM YCIIOBUAM.
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Puc. 7. Pactipenienenne yCKOPSIONIETO HAPSDKEHUS BIOJIb Paguyca I IByX
YCKOPSIFOIIUX 3230pOB

BenuuuHa HanpsDKeHHS OIpelelianach HHTEIPHPOBAHHEM SIIEKTPHYECKOrO
II0JIA BAONB JYTH OKPYKHOCTH B MEIUAHHOH IUIOCKOCTH pe3oHaTopa. TpeOyemas
(GopMa 3aBUCHMOCTH HAIIPsHKEHUS OT pajuyca ObUla IOJIydYeHa BbIGOpOM
HOJOXeHUS, HOPMBI U TIOTIEPETHOr0 pazMepa Omop.

Kak mokaszamd pe3ynbpTaThl pacueTOB IMHAMHKM ITy4yKa, IJIS Iepexoma OT
peXuMa YCKOPEHHI HOHOB YIJIepoda K PeXUMYy YCKOPEHHS MOIEKYJSIPHOTO
BOJIOpoAa MOTpedyeTcsl M3MEHEHNEe YacTOThl pe3oHaTopa Ha 450 x['m. (s sToit
IeNIH IpeAroaraeTcs UCIoIb30BaTh TIOHep auamerpoM 10 cM, pacIonosKeHHBIH
Ha paccTosHEM 120 cM OT IeHTpa IMKJIOTPOHA M Ha PacCTOSHMM 6 CM OT
moBepxHOCTH AayaHTa (cM. Puc. 6). Pacdersl mokasamu, YTO TakKoi TIOHED

o0ecreynT U3MEHe e YacTOThI He MeHee ueM Ha 1000 kI,
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IomydeHHBIe pe3ybTaThl MCHONB3YIOTCS MPU IMPOSKTUPOBAHUY YHHUKAIBHOI'O
cBepxImpoBoadmero mukinorpona C400, peanuzanus koToporo Hadanack B 2010 1. B
pamKkax mpoekrta «Archade» B MenuimmuackoM nenTpe I. Kans (@pannus).

B 4eTBepTOIl IJ1aBe OTPaXKEHEBI PE3yJbTaThl PACUETHBIX U SKCIEPUMEHTATBHBIX
paboT M0 pealH3alli¥l peXUMa YCKOPEHWS ¥ BBIBOAA IIPOTOHOB C SHeprueit
60.5 MaB npu uyactore BU-reneparopa 26.26 MI'1{ Ha H30XpOHHOM IMKIOTPOHE
AWII-144, dyuaxrmonupyromeM B VSID [TAH, r. Kpakos (ITonbima).

IMuxnorpor AVII-144 Opi1 pa3paboTaH ¥ NPUMEHSIICS MPENMYIIECTBEHHO AT
IIPOM3BOJICTBA PAaJFIOM30TOIIOB Ha BHYTpeHHe#d MumeHd. JInd paclupeHus
BO3MOXKHOCTEH HHKIOTpOHA OBLIa IIOCTABIICHA 3a/avya peayM3alldél OCHOBHOI'O
pexxuma pabotel nuknorpona AWII-144 nng monmydeHHs BBIBEEHHOTO ITydYKa
YCKOPEHHBIX HOHOB ¢ IapaMeTpaMHu, He0OXOIUMEIMH IS IPOBEAEHUS IPOTOHHOMN
Teparuy MeJIaHOMBI IJa3a.

Hdnsa oToff menmm ObUIM IIPOBEHNCHBl W3MEPEHMs, OCYUIECTBIICH aHATW3 U
(dbopMupOBaHHE MAarHUTHOTO IIONA ILIMKJIOTPOHA, pa3paboTaHbl HOBBIE METOMBI
pacdera TOKOB B OCHOBHOHM OOMOTKE, KATYIIKaX KOPPEKIHH W TI'apMOHHYECKUX
KaTyIukax. B mpolecce MarHUTHBIX H3MepeHHH OBUIO MOZOOpPaHO MOJIOKEHUE
BaKyyMHOM KaMephl LHUKJIOTPOHA, MUHHUMU3HPYIOIIEEe BEIWYNHY AaMIUIUTYIbI
[epBOii TapMOHMKM MAarHUTHOI'O II0Js, NPOBEAEHA KOPPEKIUS MarHUTHOTO ITOJLI
UL pabovYnX PeKUMOB YCKOPEHHUS IIydKa.

CMopmenupoBaHHBI C ITOMOINBIO CO3JAHHOIO IIPOrPaMMHOrO OOeCHeUeHUsI
ocHOBHO# pexuM pabotel AWII-144 Obut ycTaHOBIEH Ha HUKIOTpoHE B 2009 romy
6e3 SMITUPHIECKOH IOACTPORKH TOKOB B KOHIIEHTPUYECKHUX KaTYIIKaX ¥ 4acTOTHI
BY-reneparopa.

Ha Puc. 8 mokasaH TOK BHYTPeHHErO IydKa YCKOPEHHBIX IPOTOHOB B

3aBUCHMOCTH OT pagmyca, u3MepeHHst Ha AUII-144, nva Puc. 9 — doTorpadus
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npoduns myuxka. M3 Puc. 8 BummHO, 4TO (ha3oBBle M aKCHAIBHBEIE IOTEPU

YCKOPAEMBIX ITPOTOHOB B obnacti HU30XpOHU3alUNA pa6oqero MardvuTHOT'O IIOJIA

MHUHHMAaJIbHEL.
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Puc. 8. Tok BHyTpeHHEro IIydKa yCKOPSIeMbIX IIPOTOHOB B 3aBUCHMOCTH OT

panuyca

Puc. 9. I[Ipodunp mmyuka BEIBEAEHHBIX IPOTOHOB
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V3aMepeHHBIH Tociie IPOX0XKAEHUSI IBYX KOPPEKTUPYIOUNX MarHiuToB U IBYX

KBaJPYIOJBHBIX JIMH3 TOK IIyYKa BEIBEAEHHBIX IIPOTOHOB cocTaBiul /,, =21 HA.

JuameTp BEIBEIEHHOTI'O ITydKa paBeH @ = 2.2+0.3 cM.

Iompasnenenue nporonHoi Tepamuu IS® IIAH BoepBrle OIydHIo
BO3MOXXHOCTh OecriepeOoiHON pabOTEl U HCHONB30BAHUS ITy9Ka BBIBEIEHHBIX
IIPOTOHOB IS

®  HACTPOUKHU MEIWIMHCKUX IPHOOPOB U ammaparypbl B KaOHHeTe IPOTOHHOH
Tepanuy;

e [IPOBENCHMS YCIEIIHOH IPOTOHHOU Tepaluy MEeNaHOMEI Iia3a Il IepBoH
rpynnsl naruenToB B 2011-2012 rogax (15 wenosek).

JanpHeitmas ontuMu3alyg IapaMeTpoB MACHUTHOH CHCTEMBI AWII-144, B
YaCTHOCTU BEJNHWYMHEI U (OPMBI LEHTPAIbHOro Oamiia, IpuBesia K YBEIHYECHHIO
3¢ HEeKTHUBHOCTH YCKOpEHHs ¥ BHIBOJA IIyYKa IIPOTOHOB H0 35%, uro GIHU3KO K
pacueTHOMY 3Ha4EHHIO.

B 2013 romy mmaHUpyeTcs MCHONB30BAaTh YCTAHOBJICHHBIH OCHOBHOM pEXUM
pabotsl nukiorpona AVII-144 nyst nedeHus MalMeHTOB B KOam4YecTBE 50 uemoBek
B IOJI.

B zaksioueHuH CcQOpPMyIHPOBAaHEl OCHOBHBIE pe3yNbTaThl ¥ BEIBOJBI
IVICCEePTAIIOHHON paboThL.

1. C 2002 roma pabotaer mpomsinuieHHsni nukiotporn IIMTPEK B cocrase
KoMIiekca «Anbda», KOTOPBI OCYIIECTBNISET CEepHUIHBIM BBIIYCK TPEKOBBIX
MeMOpaH 11 MeIUIUHCKIX U3Ienui [uid miasMadepesa:

a) COCTOSUICS IIYCK NMKIOTPOHA HAa OCHOBE IIapaMeTpOB, ITOJNYYEHHBIX B
pe3ynbTaTe pacdeToB AUHAMUKY IIydKa NOHOB aproHa;

0) HOCTUTHYTHI IIPOEKTHBIE IapaMeTpPH LHKIOTPOHA, TaKWe KaK OSHEeprus

2.4 MaB/uykiioH, BenununHa Koddduipenta BiBoga ~50%;

26



B) OIITUMU3UPOBAHO PACHPENCIICHUE ITydKa I10 06J1yqaeM0ﬁ IIJICHKE, HO)IO6paHBI
PEXUMBI 06J'Iy"ICHI/UI Ha OCHOBaHHH PaCYCTHBIX H OSKCIICPUMEHTaJIBHBIX

HCCIIeOBaHMI];

84 +11
I) BHECEHBI IPEUIOKEHHI II0 YCKOPEHHIO HOHOB Kr™, paccuuTaHbl

mapaMeTpbl HeOOXOIOMMBIX PEXKUMOB, YTO Ba)KHO IV JaJbHEHIIEro yIydIIeHHs
KavecTBa TPEKOBBIX MeMOpaH.

2. BmepBble COHOPMHPOBaHO  BHICOKONPEIM3MOHHOE MAarHWTHOE IIOJE,
obecrieunBaromiee pexkXuM YCKOPEHHUS MPOTOHOB CO CIEAYIOMKMME IIapaMeTpaMu:

KHHETHYeCKoM »Heprueil BeiBoma E,, ~ 60.5 MaB, 3HaueHweM M CTaOMIBHOCTHIO
TOKa BbIBeeHHOro myuka [, =20+40 HA, of,,~15 % cooTBeTcTBEHHO. Pexum

peammzoBan Ha IUKIOTpoHe AUII-144 Oe3 sMmupHIecKoi MOACTPOMKH TOKOB B
KOHI[EHTPUUYECKUX KaTyIMKax i 9acToTel BU-reneparopa.

VeTaHOBNEHHBIM peXuM paboTel OBUI HCIONB30BaH MJIS IIPOM3BOACTBA
pPanvoM30TONIOB, a TaKKe IIPH IPOBENCHHM YCIEIIHOW INPOTOHHOH Teparuu
MENaHOMBI IJla3a y IepBOM IpPyIIBl IAIMEeHTOB, NpoBefeHHOM B Ilombime Ha
AWII-144 8 2011-2012 roxax.

[ TmodydeHHs JTHX pPe3yNbTaToB ObUIa pa3paboTaHa HOBas METONUKA
MareMaTH4ecKOro  MOJENHUPOBAaHHUA  PEKUMOB  pabOTHI ~ MHOT'OLEIEBOTO
M30XpPOHHOIO  IMKJIOTPOHA, IIO3BOJIAIOIIAS  IIEPEXONUTH Ha paboTy B
MOJIEIMPYEMBIX PEXKUMAaX 6€3 OCTAHOBKH U Pa3OOpKU YCKOPHUTEIIS IS IIPOBELECHUT
IOTIOJIHUTENIFHBIX MarHUTHBIX M3MepeHHH. MeToguka I03BOJSET IPOBOAUTH
pacder Toka:

e B IJIaBHONH OOMOTKE Ha OCHOBE KapT HMCXONHBIX MAarHUTHBIX IIOJNIEH,
U3MEpPEeHHBIX [UI1 TpeX YpOBHEH TOoka B OOMOTKE BO30YXIEHHUI

TJIABHOI'O MarHurTa,
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® B KOHIIEHTPUYECKHX KaTyIIKax JUIs PacCUUTaHHOTO YPOBHS TOKa B
IJIaBHOM OOMOTKE;

e B JBYX IIapaX IapMOHHYECKHX KaTyIIeK MJIs PacCUMTAHHOTO ypPOBH
TOKa B ITIaBHOH 0OMOTKe [IUKJIOTPOHA.

3. Pa3paboTaH KOHIENTyalbHBIH IIPOEKT . CBEPXIIPOBOLSIIEIO IKKIIOTPOHA
C400, npemHa3HAYEHHOIO IS aPOHHON Tepaluy OHKOJIOTHYecKHuX 3aboseBaHuit
YCKOPEHHBIMH JIETKHMMK HMOHAMH, pealu3alyisi KOTOpOro Hadanach B paMKax
npoekra «Archade» B MeguHCKoM neHTpe I. Kann (Opannus):

a) chopMyJIHpPOBaHE! TPeOOBaHUA K YPOBHIO BaKyyMa B KaMepe LHKIOTPOHA
C400 Ha OCHOBaHHH pPacyueTOB IIOTEPh HOHOB Ha B3aWMOJEHCTBHE C OCTAaTOYHBIM
ra3oM, YTO OIPEEIHIO OCHOBHEIE IIapaMeTphl BaKyyMHOH CHCTEMBI YCKOPUTEINS.
PacueTsl IoTeps MOHOB Ha B3aMMOZEHCTBHE C OCTAaTOYHBIM [a30M ITOKAa3allH, 49TO
wis pasenus 2:107 Topp noTepu MHTEHCUBHOCTH IIydKa 12C% nomos B mrHEK
MHKEKIIHH COCTABJIAIOT OKOJMO 2 %, MOTepH MHTeHCHBHOCTH myuka H,” B kamepe
IIUKJIOTPOHA COCTABIIIIOT OKOJIO 5 %0;

0) paspaboTaHbI CTPYKTypa M KOMIIOHOBKA BJIEMEHTOB LIEHTpPaIbHOM 00IacTu
cBepxipoBogsmero IukinoTpoHa C400. BriOpambl mapameTpbl HHGIEKTODA,
HOJIOKEHHEe U T'eOMETPHUS JIEKTPORoB, nuadparMm. PacuerHas 3¢dexTuBHOCTH
3aXBaTa B IIPOIECC YCKOpPEHWs HEOaHYMpPOBAHHOTO Iy4ka HOHOB 12 % mmpu
OrpaHWYeHWH Ha aMIUTUTYHy pPaiHalbHBIX KoJieOaHWH 4 MM, YTO IIPEBOCXOIUT
CYIIeCTBYIOIMMI ITOKa3aTelnb 3(P(EKTUBHOCTH pPabOTAIOLUIMX CBEPXIIPOBOISIIIX
IIUKJIOTPOHOB;

B) BIepBEIE B  MEAUIMHCKAX [UKIOTPOHAaX  pa3paboTaH  pexuM
BBICOKOYACTOTHOM Momynsuuu (~1 xI'1l) MHTEHCHBHOCTH BBIBEJEHHOIO IIyYKa
HOHOB yIJIepofia IpH YIIPaBIeHUN HaIpsHKEHUEM Ha DIIEeKTpoax HH(IeKTopa, YTo

aKTyaJIbHO U1 peain3aliuy TE€paly C aKTUBHBIM CKaHUPOBAHUEM,
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r) paspaboraHa W  ONTUMH3HPOBaHAa  OpUTMHAIbHAS  KOHCTPYKIHA
BBICOKOYACTOTHOTO  pe3oHaropa  IwmKiIoTpoHa  C400,  obecreunBaromas
HEOOXONMMEIN IHMama3oH YacTOT, paclpeielieHHe HaIpsHKeHWs BIOJb paguyca,
HEPeCTPONKY YaCTOTHI IIPH CMEHE YCKOPSIEeMOro MOHa; HaliieH crioco0 M3MeHeHUs
YaCTOTHl pe30HaTopa MOCPENCTBOM YMEHBIIEH!U IhaMeTpa YeTBepTOd OIOpEl, He
BHOCSIIMY HMCKa)XEHWS B paclpemeleHie YCKOPSAIONIEro HampsiKeHHs BHOJb
pazuyca.

4. Co3maH  KOMIUIEKC MpPOTPaMMHBIX  CpPEIOCTB  [UII  TPaeKTOPHOTO
MOJETUPOBaHNsl TUHAMUKY IIydKa B IUKIOTPOHAX, COCTOSIIMH M3 IPOTrpaMM B
cpene MATLAB, npenHasHaueHHBIX U1 MOJENHPOBAHUS BMIKEHHS YacTHI[ B
IUKJIOTPOHAX, UCCIIeJOBAHU IIpolecca MPOXOXKICHHS Yepe3 PE30HaHCHl C YIeTOM
IEUCTBUS CHII IPOCTPAHCTBEHHOIO 3aps/a, Iepe3apsiku PH B3aUMOIEHCTBHH C
OCTAaTOYHBIM ra30M, IHCCOLMAIMM B SJIEKTPOMAarHUTHOM II0jlé ¥ IIOTEph Ha
CTPYKTYPHBIX JIEMEHTaX YCKOPHUTEIS.
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