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HAYYHO-TEXHHUYECKOE OBOCHOBAHME ITPOJJIEHUA
IHNOAIMPOEKTA KPYIITHOI'O UH®PACTPYKTYPHOI'O IPOEKTA
IO HATIPABJIEHUIO UCCJIEJJOBAHUI
B NIPOBJIEMHO-TEMATHYECKOM IIVIAHE OUSIU

1. O6mue cBeieHNsI 0 MPOEKTe / MOANMPOEKTE KPYIMHOIr0 HH(PPACTPYKTYPHOT 0 MPOEKTA
(nanee KHUII)
1.1. Indp Temsr / KUII (us npoaneBaeMbix mpoektoB) — 08-2-1127-2016
wughp memol 6KIIOUGEM Oamy OMKpuIMUs, 0ama OKOHYAHUSL He YKA3bl8Aemcsl, M. K. OHA onpeoeis-
emcsi CpoKamu 3a8epuietus NPoeKmos 6 meme.

1.2. llIngp npoexta / nognpoexta KNI 08-2-1127-1-2024/2027 (a5 npojuieBaeMbIX IPOEKTOB U
HOJIPOEKTOB)

1.2. JIaGopaTopus JIAII

1.3. Hayuynoe nanpasJjenue Ycxopumenu, oemexmopul, R&D, npukiaonvie ucciedosanus
1.4. HaumenoBanue npoexrta / moanpoexkra KUII

Co3znanue UCIIBITaTeIbHBIX CTEHIOB JIJIsl TECTUPOBAHUS OTAETBHBIX cucTeM IukioTpona MSC230.
1.5. PykoBoaurtenn(u) npoexra / nognpoexra KUIIT

Kapamsbimesa ['anuna AHaTtonbseBHa

Skosenko Cepreit JIeonnnosuu

1.6. 3amecTuTenn(n) pykoBoauTessi npoexrta/ moampoekta KHWII (HayuHblii pyKoBOAMTETH
npoekta/ moanpoexkta KUII
2. HayyHoe 000CHOBaHMe M OPTAaHM3ALMOHHAN CTPYKTYpa
2.1. AHHOTAUA
Jlnist co3maHusl MEIMIIMHCKOTO UKIOTPOHA HEOOX0auMa pa3paboTKa BUPTYAIbHOTO MPOTOTHUIIA, HA
KOTOPOM TECTHPYIOTCS OCHOBHBIE CUCTEMBI U BBIOMPAIOTCsl 0a30BbIE TApaMETPhl YCKOPUTEIIS.
BuptyanpHbIii TpOTOTUTT MPEACTABISAET COOOW KOMIBIOTEPHYIO MOJENTb (U3MUECKOT0 0O0BEeKTa (B
HalmeM ciy4dac I_[I/IKHOTPOHa), MO3BOJIAIOIYI0 aHAJIM3 U TCCTUPOBAHUC KAK OTACIIBHBIX CUCTCM, TaK U
u3Jenus B 11eJoM. TeM He MeHee, BUPTYyalbHOIO MPOTOTUIIUPOBAHUS OKa3bIBAETCS HEAOCTATOUHO IS



mpou3BoACTBa  A((PEKTUBHOrO  NHMKJIOTPOHA, TaK KaK  HEKOTOPbIE  CHUCTEMBI  TpeOyloT
IKCIIEPUMEHTAIHLHON MTPOBEPKH HA MOJICISX U OMBITHBIX 00pa3iax. Hanbosee BaKHO ONTUMU3UPOBATH
U TECTUPOBATh MOHHBIA MCTOYHHK W JEQIECKTOp, TAKKE JUIsl TIPOBEICHUS MyCKO-HAJIAIOUYHBIX padoT
muksotTpona MSC230 tpebyeTcst co3aanue creHaa Asl KATMOPOBKY IaTYMKOB XOJLIA.

B skcniepumentansaom 3ane JIATI HOOHY nenecoob6pa3Ho UMETh CIIEAYIONINE CTCHIBI:
1. Crenn BHYTpEHHEr0 UCTOYHUKA. TecTupoBaHUEe BHYTPEHHETO HCTOYHUKA, AedieKTopa.
2. KamubpoBounslii crenn. KanuOpoBka gatunkoB XoJuia.

3. Crenn nnsg Hamotku Katymiek u3 BTCII neHTsl.

4. Cteny 1k HAMOTKH MEJIHBIX OOMOTOK.

5. Kpuorennslii creH i A1 OTpabOTKU METOIUKH OXJIAXKICHUSI.

2.2. HayuyHoe o0ocHOBaHuUe (Lie]b, aKTyaJbHOCTh M HAay4YHAss HOBHM3HA, METOABl U TOIXOJBI,
METOMKHU, 0’KHJIa€MbI€ PE3yJIbTAThl, PUCKH)

AKTyaJIBHOCTL IMPOCKTa, OPHCHTHPOBAHHOI'O Ha MOACIUPOBAHWC HNHUKIOTPOHA H €TI0 CHUCTEM,
06YCJ'IOBJ'ICH3. IpexKAC BCEIO BAXKHOCTBIO CO3AAHHA OTCUCCTBCHHOI'O YCKOPHUTCIIA JIA HpOTOHHOﬁ
TCpannun HauoOoee COBPCMCHHBIMU METOJaMH, OTIINYAIOIICTOCA YHHKaHBHOﬁ HHTCHCHUBHOCTBIO ITyYKa,
da TAKXKC aKTYaJIbHOCTBIO MeI[I/IKO-6I/IOJ'IOl"I/I‘IeCKI/IX I/ICCJ'IGIIOBEIHI/II‘/'I, KOTOPBIC 6y,I[YT IMIPOBOAUTHCA B
HMHHOBAallTUOHHOM LCHTPEC.

Meaunko-bmnonornyeckne nccnenosanma 8 ONAN

OUSU nmeeT MHOTOJIETHUI ONBIT (yHIAMEHTAIBHBIX M NMPHUKIAJHBIX pa3paboTOK B 00JIACTH
paavalMoHHONW Oumosiorun W MeauuMHbl. IlepBbie paguoOuonornueckue sxcrnepuMmentsl B OUAUN ¢
UCIOJIb30BAaHUEM ITYYKOB IPOTOHOB CHUHXPOLMKIOTPOHA ObUM HavaTel B 60-x roxax. IlepBrie ceaHCh
KJIIMHUYECKOI0 MPUMEHEHHUS! My4YKOB IPOTOHOB, F€HEpUPYEMBIX cHHXpouukiaorponom JIAIT OUAU
npoBoawinck ¢ 1967 r. Bnepsoie B Poccun Obuta peann3oBaHa METOJUKA TPEXMEPHOM KOH(MOPMHOM
npotoHHo# syueBoil Tepanuu B MTK JIAIL. B nepuon ¢ 2000 o 2019 rr. kypc npoToHHOM J1y4ueBoi
Tepanuy Ha Mydkax ¢a3zoTpoHa mpouwu okoso 1300 manueHTOB (B TOM 4YMCIE€ M HE POCCHMCKHX
rpaxzaaH u3 crpan-yyactHuly OUSN) ¢ paznuuHbIME HOBOOOPAa30BaHUSIMH.

MeTtoa ®nsw tepanmn. LUnknotpon MSC 230.

[To cpaBHEHHUIO C JTy4eBOW Tepamueil, IPOBOAUMON ¢ OOBIYHON MOIIHOCTBIO 03Bl (1-7 I'p/mMuH),
@ 06yueHue OCyIECTBIsSIETC IpU MOIIHOCTH A03bI cBbiiie 40 I'p/c 3a Bpemst menee yem 0.5
CEKYH/Ibl. 3/10pOBast TKaHb JIy4IlIe TPOTUBOCTOUT D311l 06JyYSHHIO, B TO BpEeMs KaK OIyXo0Jib 00J1a1aeT
TaKUM K€ YPOBHEM UYyBCTBUTEIBHOCTH, YTO U K OOBIYHOMY JIeU€HUIO. MeTo/l BBI3bIBAET OIPOMHBIN
UHTEPEC Y CIEIUAINCTOB, TaK KaK HE TOJIBKO YMEHBIIACT BO3ACHCTBUE HA 3JOPOBBIC TKAHU, COKPAIIAET
KOJIMYECTBO IPOLIEYp JIEUEHHUs, HO U IO3BOJIAET JICUUTh HEKOTOPBIE PaJMOPE3UCTEHTHBIE OIyXOJH.
Celiuac aKTUBHO NMPOBOJATCS HUCCIIENI0BAaHUS Ha IyYKax MPOTOHOB Pa3HOW MHTEHCUBHOCTH, BEPXHHM
npesen Mo MHTEHCHUBHOCTH ITydYKa, LielecooOpa3HOi s Tepanuu He ONpeiesieH, B YacTHOCTH, B
r.Tpourike Ha CHIBHOTOYHOM JIMHEHHOM yckoputene mnpotoHoB (JIY) USAN wuccnenyror pexum
00yueHus: OMOJIOrMYeCKUX OOBEKTOB MPHU PEKOPIHBIX JI MPOTOHOB 3HAYEHUSX MOIIHOCTU 03Bl 1
MI'p/c, KOTOPBIIl MO’KHO Ha3BaTh ‘“3KCTpeMaIbHBIM ™ DIIIII-PEKUMOM.

[TpumeHeHre HOBOUM MeTOoAuKW JedeHus Ddiml Tepanuu menecooOpa3HO HAYMHATH C METOJAMKHU
TpeXMEpHOH KOH(GOPMHOW MPOTOHHOW JIy4eBOM TepanuH, TaK KakK JOCTaBKa HEOOXOAMMOU O3B



W3JIyYCHHS] TIPU CBEPXBBICOKON MOIIHOCTH J103bI, obecreunBaromnieii Oadmr MeTos, HaMHOTO Oojee
npoOjeMaTUYHa MPU JICYSHUH MTOCPEACTBOM TOUYECYHOTO CKAHUPOBAHUSI.

[TuotHbIe paboTHI 10 MccaenoBanuto GudmI-3gdexrta 6pun Hauatel B OUAN eme B 2020 roxy. C
9TOM 1enbl0 Ha (a3oTpoHe ObLT CHOPMUPOBAH BBICOKOMHTEHCUBHBIA, OJHOPOJIHBIA B CEUCHMH,
IOPOTOHHBIA Iy4OK. BBUIM Takke CIPOEKTUPOBAHBI, W3TOTOBJIEHBI W YCHEIIHO HCIBITAHBI [IBE
MOHU3aLMOHHBIE KaMephl 1711 MOHUTOPUHIa MHTEHCUBHOCTH ITy4Ka U U3MEPEHUs €ro TOPU30HTAIBHOIO
¥ BEepTUKaJIbHOrO Tpoduiel, pa3paboTaHO MpOrpaMMHOE oObOecredeHue s JKcrIpecc-00paboTku
OTCKaHUPOBAHHBIX M300paXEHUH ¢ paJiMOXPOMHBIX IUIEHOK, 3aledaTiieBaolmx npoduim myyka. Bee
3TO MO3BOJWIJIO HAuaTh MPOBEIEHUE UCCIeNOBaHUN (QrdmI-3dexTa mpu 00TydeHUH KaK KIETOYHBIX
KYJIbTYp, TaK U MaJIbIX Ja0OpaTOPHBIX KUBOTHBIX (MbIILEH, KpbIC). B HacTosiee BpeMs 3aBeplieHa
paboTa 10 M3YYEHHIO BBDKMBAEMOCTH KYJIBTYphl KJIETOK KapLIUHOMBI JIETKOIO uenoBeka JMHUU A549
nocse 00aydYeHHs IPOTOHHBIM IMyukoM. O0myueHHs BO GUIBII-peKUME OKa3bIBAETCs AJIs KIETOK Ooliee
magsamuM. [losromy nanpHeimee n3ydenne Guan-3¢dexra mpeacTaBiIsieT OrPOMHBINA TEOPETHICCKUN
U IpakThdeckuil unrtepec. Ilpumenenue ¢adu-pexxuMa B pajnoTepanuu MOKET MUHHUMHU3HPOBATH
MOBPEXICHHUS 370POBOM TKAaHM M COKPATHTh KOJMUYECTBO (pakuumii oOiaydenus. Tem He MeHee, K
HACTOSIILEMY BPEMEHU OTCYTCTBYET XOPOILIO IPOpabOTaHHOE MPE/ICTaBIEHUE O MEXaHU3ME JeHCTBUS
¢mur-apdexra. HeoOxoaumpl mampHEHIINEe WCCIEIOBAaHHUSA, KOTOPBIE IMOMOTYT TPOSICHUTH €ro
panuoOuonoruueckuii MexanmsMm. Takke cienyeT yaenuTb oco0oe BHUMaHHME pa3paboTke
CHENHATBHOTO O0OPYJOBaHUS M CPEACTB JO3UMETPHUU JUIS MPOBEICHUS SKCIEPUMEHTOB B PEXUME

GbuI-06myyeHus. Ty 3aga4un Oy 1yT BHIHECEHBI B OT/ICIBHYIO aKTHBHOCTh B paMkax Tembl 08-2-1127-
2016.

Oxunaemsele npeumyuiectsa ddm meTona:

1. VYwmeHnbliaer Bo3/eHCTBHE Ha 3/10pOBbIE TKAHU

2. Tlo3Bomser mpoBoIUTH OoJiee FPPEKTUBHOE JICUSHNE PAJUOPE3UCTEHTHBIX OMYXOJIeH, a
TaKXe PelUIUBHBIX 3a00IeBaHUN

YMeHbIIAeT KOJIMYECTBO CIy4aeB, I HEOOXOAUMMO IPUMEHEHUE HOHOB YIIIEpPOa
Coxkpalaer KOJIMYECTBO IPOLEAYP JICUEHHUS

»ow

C mosiBiieHHMEeM HOBOrO Merojaa obOmydeHus Flash morpeOHOCTP B CHIIBHOTOYHBIX YCKOPUTEISX
BO3pPOCIIa, YTO MPUBEJIO K pa3zpaboTke HoBoro npoekta MSC230 ¢ manbiM MarHuTHBIM nosieM 1,7 Ti B
nenTpe. Paspabortan mpoekt 1ukiaorpoHa MSC230, oCHOBHBIE TEXHHUYECKHE PEIICHUS KOTOPOTO
OCHOBAHBI Ha OIBITE YCIIEIIHO paboTaromux yckoputenei (Varian, C235).

B PE3yJabTaTC LUKIIOTPOH CIIOCOOCH 00CCIIeUNTh MAaKCHMAJIbHO BO3MOJKHBIM TOK B ATOM KJIacce
YCKOpHTeHeﬁ, TaK KaK B JOIIOJIHEHHWEC K CPAaBHUTCIBbHO HCBBICOKOMY IIOJIO MMECT peKOp}IHBII\/’I TEMII
YCKOPCHUA TP MUHHUMAJIIbHOM BHCPFOHOTPCGHCHI/II/I KakKk MaFHHTHOﬁ, TaK U YCKOpHTCHLHOﬁ CUCTEM.

B Uncturyre snexkrpodusnyeckoit anmapatypsl uM. EppemoBa B Cankrt-IlerepOypre B TeKyiiem
roJly Ha4aJloCh TEXHUYECKOE IPOEKTUPOBAHUE U U3TOTOBJIEHUE OCHOBHBIX CUCTEM LIUKJIOTPOHA.

CTeHA BHYTPEHHEro UCTOYHMKA. TeCTUpoBaHME BHYTPEHHErO NCTOYHMKA, AedaeKTopa.

Hns ycmemuoro mycka mwmkiorpoHa MSC230, tpeOyercsi TecTHpOBaHHE OTAEIBHBIX CHCTEM
IIUKJIOTPOHA HA PEAJbHBIX MOEISIX U MPOTOTUMAX. Psiji cucTeM, SBISACH PacXOIHBIMH MaTepHallaMH,
Oy/IyT HY>KAaThCsI B 3aMEHE B IPOLIECCE IKCILTyaTaIllH, 3TO MPEXK/IE BCETO HCTOYHUK HOHOB, IEPIICKTOP.
JI7isi HEKOTOPBIX CUCTEM BaXKHOM 3ajaueil Oy/leT ONTHMH3AIUs, HANPaBICHHAsS B KOHEYHOM CUeTe Ha
YBEIMYCHNE HHTCHCUBHOCTH ITy4YKa, BEIBEJICHHOTO M3 YCKOPHTEIIS.

BeiBozt mydka M3 JaHHOTO IUKJIOTPOHA OyIET OCYHIECTBISATHCS C IOMOIIBIO AJIEKTPOCTATHIECKOTO
neduexropa (3CJI), pacmonokeHHOro MEXAy CEKTOpaMH LIUKIOTPOHA.



Hampsoxenne va DCJl, HeoOXxoaumoe Jytsi BBIBOJA IMy4Kka, coctaBiisgeT okoyo 90-100 kB/cm. ITydok
MOCIIe IPOXOXKICHUS uepe3 Ae(IESKTOp MPOXOIUT Yepe3 YCKOPSIOIMINN PE30HATOP U 3aTEM BBIXOJIUT U3
IIUKJIOTPOHA 10 CXEeMe, paHee pa3paboTaHHO i BeIBOA Myuka u3 rukioTpona SC200.

Tonmuua centyma aeduekropa HUKIOTPOHA HAPSAMYIO CBsI3aHA C BETMYMHOMN MOTEPh MPHU BHIBOJIE
IIy4yKa, UMEHHO BEJIMYMHA NOTEpPh HAKJIAIbIBAET OIPAaHMYECHHE HA MAKCUMAJIbHBIA TOK BBIBOAMMOIO
nyyka. MUHUMAaNbHAs TONIKMHA ceNTyMa OyJIeT 3aBUCETh OT MaTepualia U TEXHOJIOTHH U3TOTOBJICHHUS.
Hyxnaercst B mpoBepke MUHUMAIIBHO JIOCTHKHMAsl BBICOTA Je(IIEKTOpa, YTO HANPSMYIO CKaXKETCS Ha
MPOEKTax CIEAYIOLIUX BAPUAHTOB LIMKIOTPOHA.

TectupoBaHre MOHHBIX UCTOYHHUKOB M JIe(IIEKTOpA CO3AACT YCIOBUS U CO3/IAaHHUS ONTUMAIBbHBIX
KOHCTPYKUUH U OyeT CIOCOOCTBOBATH YIYUIICHUIO UX XapaKTePUCTHK.

KannbpoBoYHbIA MarHuT

st popMHpPOBaHUS MATHUTHOTO TTOJIS IIMKJIOTPOHA BaKHO OPTaHU30BaTh TOUYHYIO KaJTMOPOBKY J1aT-
yrKoB XoJU1a 3a0J1arOBpeMEHHO HAa MarHuTe, UMEIOIIEMCS B OT/IENe, C TEM YTOOBI 00eCTIeYUTh JOCTO-
BEPHYIO HH(OPMAIIHIO, TIOTYYaeMYI0 TIPU MPOBEJCHUHM MAaTHUTHBIX U3MEPEeHUH. MIMeronuiicst Karmopo-
BOYHBIN MAar”Hur, Tpe6yeT IMPOBCACHM A PCBU3UHN U TICPCACIIKHU ITOJIFOCA C LCJIBbIO YBCIIMUCHUA MArHUTHOI'O
noJisi. [ToAroTOBICH TEXHUUECKUI MPOEKT U U3TOTOBJICH HOBBIH MOJIIOC JIJIsl KATMOPOBOYHOTO MarHUTa.
Onnako, nosie Oyner yBenuueHo 10 3.2 T, xenarenbHO UMETh BO3MOXKHOCTh KaTuOpoBkH 110 3.6 T u
Bhimie. [Ipemmaraercss M3roTOBUTH ISl KAIMOPOBOYHOTO MarHUTa OOMOTKY U3 BBICOKOTEMIIEPATYPHOTO
ceepxnpopoanuka (BTCII) ¢ nenpio yBeTu4eH!sI MArHUTHOTO TOJISL. & B IEPCIIEKTUBE [T IPUMEHEHHUS
TaKUX OOMOTOK JJIsl IIMKJIOTPOHOB IS HAPAOOTKU H30TOIIOB.

[TepcriekTHBa MPUMEHEHUS OOMOTOK W3 BBICOKOTeMIlepaTypHoro cBepxmpoBoaauka (BTCII) B
MEJIUIIMHCKUX I[MKJIOTPOHAX HE BbI3bIBaeT coMHeHuil, Tak kak BTCII ompaBapiBaeT mpumeHeHUE
CBEPXIPOBOJUMOCTH HE CTOJIBKO JJI JIOCTUKEHHUS BBICOKOI'O MOJIS, CKOJBKO IJIsl CYIIECTBEHHOM
SKOHOMHUU IHEPro3arpaT MpU MPOCTOTE OOCTY>KUBAHHS, CPABHUMOM C OOCIIy’KUBAaHUEM MAarHUTOB C
MeAHbIMU OOMOTKamMu. EnuHcTBeHHBIM orpanudeHueM mnpumenenus BTCII na ceroans siBisiercs
BBICOKAsl I[€HAa Ha CBEPXIIPOBOJHHUK BTOPOTO TMOKOJIEHUS, MPHUTOIHBIM ISl U3TOTOBJICHUS OOMOTOK
LHUKJIOTPOHA.

Tak xak oomotku u3 BTCII 1o cux mop B IUKIOTPOHAX HE MPUMEHSIIHCH, MIPEIaracTcsi CO3AaHne
tectoBoit BTCIT 0OMOTKHM [171s1 KamMOPOBOYHOTO MarHMTa, ¢ 1EJbI0 MOBHIIICHUS! CPETHETO MAaTHUTHOTO
ons go 3.5 T. B O JIH® umeeTcst onbIT CO30aHUS TECTOBOTO MaruuTa u3rorosiennoro uz BTCII
JIEHTHI, OXJIAKIAEMOT0 KPUOKYJIEPOM 3aMKHYTOIO IIUKJIA, MPETHA3HAYCHHBIN 11 HEUTPOHHOTO JKCIIEe-

pumenTa (Uepauxos A.H.). Ucnonb3osanace BTCII nenta 12 MM mmpuHoi u 0.1 MM TonuHoi pupmsl
SUPERPOWER.

[ToaroroBka k hopMupoBaHUIO MAarHUTHOTO oS nukI0TpoHa MSC230 He OyneT orpaHHYMBATHCS
paboTaMu Ha KaTMOPOBOYHOM CTEHJIE. Y K€ MOJATOTOBJICHA IMPOrpaMMa aHajIi3a XapaKTepUCTUK H3Me-
peHHbIX kapT MaruutHoro noiyiss — CORD, kotopas Obiia OTTEeCTUpPOBaHA HA paHEe MOTYYSHHBIX KapTax
nukiorpona C235 IBA, u C200 Xadoit. [lpogomkarcs paboTh 110 MOATOTOBKE IJIAHOB IIMMMUPOBAHMS,
a TakXKe MO MOJTOTOBKE K TECTUPOBAHUIO CTEIIEHU M30XPOHM3MAa MArHUTHOTO TOJISA, @ UMEHHO, pa3pa-
0aTBIBAIOTCSI METOJIMKN 00pAOOTKHU Pe3yIbTaTOB U3MepeHus: KpuBbix CMuta-I"appena.

LINKNOTPOH-CNYTHMK

B nenTpe npoToHHOI Tepanuu KpoMe JiedeHUs: HE0OXO0JMMO POBOUTH TUATHOCTUKY MPH MOMOIIN
[19T Tomorpaduu. OnTUMAaTbHBIN MEAUIIMHCKUNA [IUKIOTPOH 0JIKEH 00J1a/1aTh pAIOM XapaKTEPUCTHUK,
TaKMe KakK MPOCTOTa 3KCIUTyaTallud, KOMIAKTHOCTb, YHEProd(pPeKTHBHOCTb. boiblnas 4acTb 3THX
XapaKTePUCTHUK JOCTUTAETCS €CIM CBECTH K MUHUMYMY KOJIHUYECTBO aMIep-BUTKOB, HEOOXOIUMOE ISt
OUTaHUS MarHuta. PasMepsl KaTyllek HpU 3TOM YMEHBINAIOTCS, YCKOPHUTEIb CTaHOBUTCS Oolee
3HEepProdPPpeKTUBHBIM U JemIeBbIM. [I0CKONbKY B TaKOM cily4yae UKIOTPOH TpeOyeT MEHbIIEro o0beMa
Marepualia Jijisi MpOM3BOACTBA KaTyliek, ucnoyib3oBanue BTCII ctaHoBUTCS TpueMIIEMBIM T10 LIEHE.



Mpg1 paboTaem HaJ MPOEKTOM ITUKIJIOTPOHA JTsl HapaOoTku n3otonoB s [I19T tomorpaduu. B ornene
OHY umeroTcst UHTEpecHbIE HAPAOOTKH ISl CO3JIaHMs TO100HOTO UKIOTpoHA. Hike Ha prcyHKe
IIpEJICTaBJIEH BUJI IUKIOTPOHA, yckopsitoero H - nonos 1o snepruu 15 MsB

Internal source

Vacuum
chamber

BeprukanbeHusliii paspes.

Tl'opu3oHTanbHbINA pa3pes.

Pucynok 1: Buo 3D xomnviomepHotl Mooenu YyukiompoHud.

[IpennoxxenHas KoHGUTypalus HUKIOTPOHA U3 TPEX MIMPOKUX CEKTOPOB U KOMIAKTHBIX YCKOPSIOLIUX
pe30HaTOpOB, paboTarOMIMX Ha BRICOKOM yacToTe 145 MI 11, BRITOHA KaK /71l KOHCTPYKIIUU MarHuTa,
TaK U i yckopstouieit BU-cuctemsl, Tak Kak MarHuT, odecreyrBasi HEOOX0AUMOE CpeHee MarHUT-
HOE TI0J1e, ABJISIETCS] O4eHb AP PEKTUBHBIM (MMeeT HeOoIbIIoe KoarnuecTBo amnep-BuTkoB -27 000), a
BUY-cucrema ob6magaeT BEICOKOM KOMIAKTHOCTBIO. Pe3CTUBHBIC KAaTYIIKHA U JOBOJIBHO OOJIBIIION /THa-
METP MOJIIOCA CHUKAIOT TPY103aTPAThl U CTOMMOCTD IIPOM3BOACTBA 3TOM MAIIVHBI.

Ta6muma: [TapamMeTpsl MUKIOTPOHA-CITY THHUKA.

Tun marauTa DNEKTPOMAarHUT ¢ PE3UCTHUBHON OOMOT-
koit/BTCII 06MOTKO#

M cToYHMK HOHOB Buaytpennnii/Baenauii H

Koneunas sueprus MsB 15

Paaunyc BeIBOa, mm 360




Cpennee marautHoe nose, T 1.55
I"a6apuTsl (BBICOTA X AUAMETP), MM> 750 x 1290
Bec, xr 5500
Xomw/Jlonuna mone, T 2.1/0.3
Xonm/[lonuHa 3a30p, MM 25/210
KonuuectBo A*BUTKOB 27 000
MOoniHOCTbh NOTEeph MaruuTa, KBt 25

BY ugacrora, MI'ny 145
KparHocTs yckopeHust 6
Hanpsokenue, kB 30-50
MontHOCTh NOTEPh PE30HATOPOB, KBT 8
KonngecTBo 060p0oTOB 120
WHTEHCUBHOCTD Iy4Ka, MKA Up to 1000
Brisoz o0upKa

AHaJIn3 MarHUTHOTO TOJIS U OLEHKU TUHAMUKH YaCTHII.

Cpennee MarHuTHOE 1oJie U Quarrep, noyryueHHble B pe3yasrate mogenupoBanus CST, npencras-
JIEHBI Ha PUCYHKE 2. beTaTpoHHbIE YacTOThI, PACCUMTAHHbIE HA PABHOBECHBIX OPOUTAX, MPEACTABIECHBI
Ha PUCYHKe 3.
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Pucynok 2: Cpegnee MarHuTHOE TI0JI€ U (DrIaTTep B 3aBUCHMOCTH OT pajuyca.
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Pucynoxk 3: YacToTsl 6€TaTpOHHBIX KOJICOAHUIA.




Pucynok 4: PacrnpenenceHue INIOTHOCTH MAarHWTHOTO MOTOKAa B MEIMAaHHOH IUIOCKOCTH (BBEpXY),
BHYTpH sipMa MarHurta (BHH3Y).

Pacnipenenenne IoTHOCTH MarHUTHOIO IIOTOKA ITOKA3aHO Ha pUCyHKe 4. CTpyKTypa HUKIOTPOHA U3
TPEX IHUPOKUX CEKTOPOB UMEET BbICOKHUE 6-10 U 9-10 Dypbe rapMOHUKH B CTPYKTYpE MAarHUTHOTO TOJIS,
KOTOpBIE€ BMECTE C TPEThel rapMOHUKON MPUBOIAT K JOCTATOUHO OOJIBIIOMY 3HaueHHIO ¢uarrepa (pu-
CYHOK 2).

[TockonbKy KOHIENIUS JOBOJIBHO HEOOBIYHA, I MOATBEPKICHHS IPUHIIMIIA ObUIO MPOBEJEHO MO-
JenupoBaHue ABMkeHus yactull. [lydok O6bu1 yckopen B 3D-kaprax marauTHoro u 3D-kaprax BU-3mek-
TPHUUYECKOTO TOJIsl C HaUYaIbHBIMU aMIUTUTyJaMH OeTaTpOHHBIX KosebaHui 10 5 Mm. Ob11ee KOIM4ecTBO
000pOTOB J10 AOCTHKEHUSI IPOeKTHOM 3Heprun 15 MaB nipu yckopsitomem Hanpsikenunn 20 kB cocra-
Buito 125. Tloreps yacTuil He OBLIO HU Ha OJTHOM pajJHycCe.

Yckopsitomas cuctemMa U eHTpalibHas 00J1acThb

['eomeTpryeckas MOJENb JIByX-3a30pHOTO JEJIbTa-pe30HaTopa, pa3MEIIEHHOTO BHYTPH JOJIUHBI Mar-
HUTHOU cuctemsbl nukiorpona RC3/6, cmonenupoBannas B CST STUDIO SUITE, npencraBnena Ha
pucyHke 5. PacyéTHO ObUIM MOJYYEHbI MPOEKTHAs YCKOPSIOIIAs 4acToTa W HY)KHOE Ul YCKOpPEHHUs
HanpsiKeHHe BIoJb paguyca. O6a pezoHaropa padoTaroT cCHH(a3HO U rajJbBaHUYECKU COSTMHEHBI B IIEH-
TpaJbHON 00NacTH.

Coupler

Cavity

tem

Connection under the central region
Pucynoxk 5: Bun BY pe3onaropa.

AKTHBHAsl CUCTEMA HACTPOMKHU ISl KOMIIEHCALUU PACCTPOMKU M3-3a TEMIIEPaTypHbIX U3MEHEHUU
npu HarpeBe BU moxeT ObITh peann3oBaHa eMKOCTHBIM TIOHEPOM € paJMajbHOTO HampasieHus. Pacuer



MOKAa3bIBAET, YTO YACTOTa MOJENU cocTaBiseT okoio 145 MI'u. lnsa yckopstomero Hanpsixenus 30 kB
pacueTHbIC IOTEPH COCTABIISIOT OKOJIO 8 KBT.

ALIIY
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100000
90000
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Pucynok 6: BBepxy: Buj nieHTpanbpHO# o0nactu
BHU3Y: TpaeKTOpHH YacTHI] B LIEHTPAILHOM 00J1acTH.

KoHneuHo, BbICOKas 4yacToTa PaguO4acTOTHOM CHCTEMBbl INOTEHIMAIBHO MOXKET INPUBECTH K
IUIOXOMY 3aXBaTy YacTHUI[ B IEPBOM yCKopsitoueM 3a3zope. Ho 3Ty npobiemMy MOKHO peluTh, €CllU B
MEePBBIA YCKOPSAIOLIMI 3a30p YaCTHUIIBI TOMAAYT ¢ HEKOTOPOM 3HEprueil, Onaronapst yuemy MmpouyT
4yepes MepBbIii 3a30p ropasno ObIcTpee.



Yactuipr craptyoT n3 ucrouHuka PlG, koropeiii HaxomutTcs mona HampstbkeHuemM 7500 B,
Pa3TOHSIOTCS IO «4amim» (KpacHas 4acTh Ha pUC. 6 BBEPXY) U MPUXOIAT B IEPBBIN 3a30p C YHEPTHEH
7,5 x¥3B. Taxke NMpeuMyIIeCTBOM TaKOH IEHTPaJbHOW 00OJACTH SBISETCS TO, YTO OJWUH HMOHHBIN
MCTOYHHK, Pa3MEIICHHBIA B IEHTPE, MOXKET JIOCTABIATh MYyYOK B KAXKIYIO IIEIb OJHOBPEMEHHO,
Oyarogapsi CHMMETPUH TaKOH IIEHTpaIbHON 00IacTH.

JIBI>KeHMe 4YacTWIl Ha IEPBOM BHUTKE MPEACTaBIEHO Ha puc. 6 BHU3Y. Takoil moaxox K
IPOEKTHUPOBAHUIO LIEHTPAIbHON 007aCTH MOKET ObITh HCIOJIb30BaH Ul JOCTUKEHHS BBICOKHX
TOKOB Iyuka. J[pyrue KoH(UTrypanuu BHYTPEHHUX HMCTOYHHMKOB m3ydatorcss B HOOHY u Oynyt
TECTUPOBATHCS HA CTEHJC HOHHOIO HCTOYHUKA.

[Muknorpon RC3/6 ma 15 M»dB - aro nmump mpumep, konmemnims RC3/6 TpexceKTOpHOTO
LUKJIOTPOHA, paOOTAOILEr0 B PeKUME 6-11 KpaTHOCTH YCKOPEHUS, CTaHET H3(PPEKTUBHBIM peILICHUEM
JUIs YyCKOpeHHsI 10 Oosee BBICOKMX HHepruid. IlepcrekTuBHa pa3paboTKa HUKIOTPOHOB JUIS
IPOM3BOJICTBA ab(a-U3IyyarolluX M30TONOB, TaKUX Kak At-211 M BIIIOTH O LUKIOTPOHA JUIs
yckoperuss H Ha 70 MaB. Orpanunuenuem juis yckopenuss H - sBisiercst sneprust okosio 70 MaB,
TaK Kak JalbHeiilee yCKOpeHHe MPHBENeT K MAarHUTHOW Juccumanud noHoB H  u morpebyer
YMEHBIIEHNS MarHUTHOT'O MOJIsl, YTO CEJIAeT LIUKIOTPOH OOIBIINM, a 3HAUUT, JTIOPOTHM.

Takxe mo100HBIN MOIX0J] BOZMOXKEH ISl MPOTOHHBIX IIUKIOTPOHOB 0OJiee BHICOKUX SHEPTHUH,
takux kak 230 MsB [OK6] aiist mpoToHHOM Tepanuu.

IIpuMeHeHre NCKYCCTBEHHOIO MHTEILIEKTA B IPOCKTUPOBAHUN LIUKJIOTPOHOB.

[IpoexTpoBaHHEe M ONTHMH3ALUSA LUKIOTPOHOB TPeOyHOT MPOBEAEHUS OOJBIIOr0 KOJUYECTBA
pacyeTOB KaK OTAEIBHBIX CUCTEM LUKIOTPOHA, TaK U JUHAMHUKH ITyYKa YaCTHULl B IIPOLECCE YCKOPEHUS
IIPY YCIIOBUU TILIATEJIIBHOIO Y4Ye€Ta MHOXKECTBA B3aMMO3aBUCHUMBIX mapaMmerpoB. IIpumenenue WU B
IIPOEKTUPOBAHUM U IKCIUIYATALMK LUKJIOTPOHOB YK€ IMPUHOCUT 3HAYUTEIbHBIE PE3YJIBTATHI, IOMOIast
YCKOPHUTH TpoIiecc pa3pabOTKH, YIYYIIUTh YIpPaBIEHHE M MOBBICHTH HAJEKHOCTb 3THUX CIOXHBIX
cucteM. MeToabpl HMCKYCCTBEHHOTO MHTEUIEKTa OO0JaJaloT MOTEHIHAJIOM PEBOJIIOLIMOHU3NPOBATH
npoliecc pa3pabOTKU U ONTHUMHU3ALUHN IUKJIOTPOHOB. braronaps Bo3zmokHocTssM WU uccrnenoBatenu
MOTYT YHOPOCTHTH IIPOEKTHUPOBAHHUE, pacCMaTpUBaTh OoJsiee MIMPOKUI CIIEKTP BapHAHTOB U YIYUIIUTh
00I11yI0 TPOU3BOUTEIBHOCT YCTPOUCTB.

bawxaiiiume niiansl 1 NEPCIICKTHBLI

1. Ipoxoaxuth o0y4yeHue Mojesei 11 H30XPOHU3ALNU MATHUTHOI'O NOJIS
o Ilponomxenue pabOThI C MOJENISAMU Ul TOCTUKEHUS U30XPOHHOCTU B MarHUTHBIX IO-
JSX — KJIFOYEBOM HIar B YJIyYIIEHUU XapaKTEPUCTUK LMKIOTPOHOB. [[st 3TOro crout
YCUJIUTbH TOAXOJbI 0 00pabOTKe NaHHBIX, ONTUMH3UPOBATh APXUTEKTYPY HCIONb3Yye-
MBIX MOJIEJIEH, a TAK’Ke BBECTU HOBBIE ITapaMETPhI [J11 00yUEHHS Ha OCHOBE MOTYYEHHbIX
JTAaHHBIX.
2. Hcnoan3zoBanue undopmanun npu ontumusanuu BY pezonaropa MSC230 s 00yueHust
MojaeJiei
o /JlaHHBI€, Mony4YeHHbIE TpU onTuMu3anuu BY pe3oHaropa, MOKHO UCIIOJIB30BaTh IS CO-
31aHus 0oJjiee TOUHBIX MOJEJeH, KOTOpble CMOTYT IMpEICKa3bIBaTh MOBEICHUE PE30Ha-
TOpa sl IPYTUX TUIOB UKIOTPOHOB. [TocTpoeHne u o0yueHne Ha TUX TaHHBIX MOXKET
MIOMOUYb B CO3/IaHUH OoJiee 3((HEeKTUBHBIX MPEICKA3aTENbHBIX MOEeH, KOTOpble Oy IyT
MPUMEHSTHCS ITPH pa3paboTKe HOBBIX YCKOPHUTETEH.
3. O0yyeHue mapaMeTpU30BaHHBIX MoJeJell ISl pacC4éTOB MArHUTHBIX KAHAJIOB
o [lapamerpuzoBaHHbIE MOJENH YK€ MPUMEHSUIMCH JJI pacd€TOB MAarHUTHBIX KaHaJIOB.
Crenyer mpoBeCTH HOBOE 00yUEHUE C UCTI0JIb30BAaHMEM MOCIIEHUX TaHHBIX, YTOOBI IIPO-
BEPUTh, HACKOJIBKO 3()(PEKTUBHO 3TU MOJIENIN MOTYT aJalITUPOBATHLCS K HOBBIM YCIIOBUAM
¥ ONTHMU3HUPOBATH PabOTy KaHAJIOB.
4. PaszpaboTka noaxoaoB 1Jjs npuMeHenusi UM B ynpaBjieHUH HCTOYHUKOM HOHOB



o Ilomxoxsl ¢ ncnonezoBannem MU ni1st ynpasieHUs HOHHBIME HCTOYHUKAMH MOTYT 3Ha-
YUTEIBHO MOBBICUTH APPEKTUBHOCTh PadOTHI cUcTeMBbI. [lmanupyeM uccienoBarb BO3-
MOYKHOCTH TIPUMEHEHHUS aJITOPUTMOB MAIIMHHOTO OOY4eHHs JUIs yIIPaBICHUS TapaMeT-
paMy HFOHHOTO UCTOYHHKA B PEKHME PEaIbHOTO BPEMEHH, a TAK)KE TPOBECTH HCIIBITAHUS
Ha creHje. KoppekTHoe ynpaBieHre HCTOYHIKOM HOHOB B YCKOPHTEJIE JUIsl TPOTOHHOM
TEpanuy O4eHb BaKHAs 3a/1a4a, 0COOEHHO st BHEIpeHUs: MeToaa Dma.

5. TecrupoBaHue U reHepanus uaei JJIsi CO3AaAHUS ONTHMAIBHOIO IUKJIOTPOHA

o DTOT 3Tam MO3BOJIUT UCCIIEAOBAThH PA3IMYHbIC KOH(DUTYpaLIUH, OLIEHUBATh HX 3P PEKTUB-

HOCTb U BBISBIIATH JIYUIIIHE PEIICHUS IS YIIyYIICHUS XapaKTEPUCTUK YCKOPUTEIIS.

2.3. [IpeamnoJiaraemMblii CPOK BbITOJIHEHUSI
2026-2027 roast

2.4. YuacrBywuue jJadoparopun OUAN
JIAIL, JIMT, IH®, JI®BD



2.4.1. Ilorpednoctu B pecypcax MUBK

BoruuciauresibHbIe pecypebl

Pacrlpez[e.ne}me o rogamM

1 rox 2 rox 3rox

4 ron 5roxn

Xpaunenue nanubix (Th)
- EOS
- JIeHThI

Tier 1 (sapo-4ac)

Tier 2 (sapo-4ac)

CK «I'oBopyn» (s11p0-uac)
- CPU
- GPU

Oo6umaka (CPU snep)

2.5. YyacTBywouye CTpaHbl, HAy4Hble H HAY4HO-00pa3oBaTe/IbHbIe OPraHU3ALNHU

Opranusanus

Crtpana

T'opon

YyacTHUKH

Tun coraamenus

ASIPP Kuraii

Xagu

Yuntao Song

Chen Gen

CotpyanunuecTBo

2.6. OpraHu3anuu-cOUCIOTHUTETH

(me  compyonuuaowue

opeanusayuu/napmuepol  6e3

PUHAHCO0B8020, UHPDPACMPYKMYPHO2O YHACMUSL KOMOPLIX GINOJIHEHUE NPOSPAMMbL UCCIEO08AHULL
HegozmodicHo. [Ipumep — yuacmue OUAU 6 sxcnepumenmax LHC 6 CERN)

3. KagpoBoe o0ecnieuenne

3.1. KagpoBble NOTPeOHOCTH B TeYeHHE NEPBOI0 roJa peajn3anuu

NeNe Karteropus OCHOBHOIi mepcoHa, ACCOUMMPOBARH I
n/n paGoTHUKA cymma FTE nepcoHad,
cymma FTE

1. | HayuHbIe paOOTHUKHU 11 0

2. | MHXXEHEpHI 6

3. | cmeuuanucTsl 5

4. | ciyxaiue 2

5. | paboune 1

Hroro: 30 0




3.2. locTtynHble KaaApoOBbIe pecypChl
3.2.1. OcHoBHoii nepconan OUAN

NeNe |  Kareropus PHUO Ionpasnenenne | Jomknocrs | Cymma FTE
n/n | pabOTHMKOB
1. | HayuHsbIe Kapawmpies O.B HOOHY JIAIT Hau.c.Nel 1
pabOTHUKHU Kusu U.H. HO0HY JIAII Hau.c.Ne3 1
I'ypckuii C.B. HDO0HY JIAI H.c. 1
Hons C.H. HDOOHY JIAI C.H.c. 1
Kapawmpiesa T.B. JIAT C.H.c. 1
Manunun B.A. HO0HY JIAII M.H.c. 1
Jsanun U, HDO0HY JIAI M.H.C 1
[Tomnos /1. B. HBO0HY JHAI M.H.c. 1
Ckpurnka .M. HOOHY JIAII H.c. 1
YecnoB A.D. HOOHY JIAI C.H.c 1
[Hupkos C.I'. HOO0HY JIAII C.H.c. 0.5
YepuukoB A.H. JIHO C.H.c. 0.3
Horuko M.C JI®BD CH.c. 0.2
2. | MH)XEHEPHI Bnacos A.U. HOOHY JIAI Cr.uHKXK. 1
lNankun P.B. HO0HY JIAIL WNux.-xoner. |1
I'epacumos B.A. HO0HY JIAII Nux. 1
TlNonmmop A.JI. H20HY JIAI Cr.unx. 1
Jlenkuna O.E. H20HY JIAIl Cr.unx. 1
Jlomakuna O.B. HO0HY JIAII Nux. 1
Maneim JI.A. HDO0HY JIAI Hux. 1
[Terpos /I.C. H20HY JIAIl Cr.unx. 1
[TannbHUKOB .M JIATT Nux. 1
Pomanos B.M. HO0HY JIAIL COBETHUK 0.5
Cununia A.A. HODO0HY JIAIT Nux.-xoner. | 1
®enopenko C.b. CT.HHX. 1
3. | cnemmanuctel | Cemos JI.JI. HDOOHY JIAI nabopaHT 0.5
EBceesa I1.B. HOORY JIAII TexHuk 1
Mauneim JI.A. HBO0HY JIAI TexHuk 1
4. | pabouune Porozun /1.B. HOO0HY JIAI MEXaHUK 1
Hroro: 25

3.2.2. AccouuupoBaHHblii nepconaa OUAN




Jj;"/‘]:l‘g Kareropusi padboTHuKOB Opranusanusi-napTHep Cymma FTE
1. | HayuHble paOOTHUKHU
2. | MHXEHEPHI
3. | crenuanucTh
4. | pabouune
Hroro:

4. ®uHaHCOBOE O0ecreYeHue

4.1. ITotHass cMeTHasi CTOMMOCTH npoekTa / noanpoexkra KUII
ITporHo3 nonHoOM cMeTHOI cTouMOoCTH (YKa3aTh CYMMapHO 3a BECh CPOK, 3a uckimoueHrueM O3IT).
Jletanuzanus npuBOAUTCS B OTIENBHOM (hopme.

500 000$
4.2. BHeOoaKeTHbIE HCTOYHUKHU (PUHAHCHPOBAHUS
[Tpenmonaraemoe GUHAHCUPOBAHUE CO CTOPOHBI COMCIIOTHUTEIICH/3aKa39MKOB — OOIIHI 00beM.

PykoBoaurenn npoekra / nognpoexra KUII / /

Mara npeacrasienus npoekra / nognpoexra KUIT 8 JJTHO/T
Hara pemenuss HTC Jlaboparopun , HOMEp JI0OKyMeHTa
['on Hauana npoekta / moanpoexta KUIT

(U1 IpoATIeBaeMbIX IPOEKTOB) — I'0J] Hayaja paboT Mo MPOEKTY

IIpennaraemslii nu1an-rpaguk 1 Heo0XoAUMBIE pecypchl AJIs 0CYIeCTBICHUS
ITIpoexTa / IlognpoexTa KUIT

CroumocTthb CroumocTs,
HanmeHoBaHMs 3aTPAT, pecypcos, (TBIC. HOJLL) pacnpejiejieHne o roxam
HCTOYHMKOB (UHAHCHPOBAHU noTpesHoCTH
1 2 3 4 5
B pecypcax
rof | TOA | TOX | TOXI | TOX

MexayHapoiHOE COTPYAHUYECTBO

AyHapoa pyA 40 20 20
(MHTC)
Marepuanbt 90 45 | 45
Ob6opynoBaHue U yCIyTu
CTOPOHHUX OpraHU3alnn 200 100 | 100
(mycko-HaJIaI0uHble paboThI)
[Tycko-Hamamoyasie paboThHI
VYenyru Hay4HO-
UCCIIEIOBATEIbCKUX OpraHU3aInit
[TprobpereHue nporpaMmMHOTO

10 5 5

o0ecrieueHus
[TpoexTHpOBaHNE/CTPOUTENHCTBO




CepBucHBbIE pacxo/ibl
(nranupyromes 6 cnyuae npsamotl
NPUHAONEHCHOCMU K NPOEKM))

° Pecypcnl

L)

. ¢

§ 2 Z — cymma FTE,

S| =

=9 | 3

g2 | 8 —  YCKOpHTEs1/yCTaHOBKH,
D =

= — peakrtopa,.....

bromxer OUAU (cmamovu

BroxxkeTHbie
CpeacTBa

®
=
=
=
o 340 170 | 170
= O10021cema)
o
=
=
=
=
=) BKJ1aibl COMCIIOTHUTENCH
= et ~~
% o S
= £ 5
= s 2 Cpenctsa 1o 10oropopam
A € 9| C3aKa3yuKaMH
~ e =
3) v =
= = <
M = [Ipyrue uCTOYHHUKHU
(dbuHaHCUpOBaHUS
PykxoBomutens npoekra / momnpoekra KUIT /
Okonomuct Jlaboparopun /




JUCT COTJIACOBAHHUM MMPOEKTA / IOJAIPOEKTA KHII

HAMMEHOBAHUE ITPOEKTA / IIOJITPOEKTA KHUII

YCJIOBHOE OBO3HAYEHUE ITPOEKTA / TIOAITPOEKTA KHIIT

HIN®P [TPOEKTA / ITOAITPOEKTA KHUII

HIN®P TEMBI / KUII

@O PYKOBOAUTEJIA ITPOEKTA / IIOJITPOEKTA KUIT

COI'JTACOBAHO
BULE-AUPEKTOP UHCTUTYTA

['JIABHBIM VUEHBIUA CEKPETAPD
NHCTUTYTA

T'JIABHBIN UHXXEHEP

JUPEKTOP JIABOPATOPUUN

T JIABHbBIN MTH)XXEHEP JIABOPATOPHU

YUYEHBII CEKPETAPH JIABOPATOPUN

PYKOBOAUTEJIb TEMbI / KUIT

PYKOBOJUTEJIb [TPOEKTA /
[TOAITPOEKTA KHUIT

OIOBPEH IIKK I10 HAITPABJIEHHIO

MNOAIMUCH

TOJIITNCE

[)5(0)

[5(0)

noAINMuCh

[)5(0)

noAINMuCh

[5(0)

NoAINMUCh

[5(0)

NoAINMuCh

[)5(0)

noAINMuCh

[)4(0)

MOAINCH

[)5(6]

MOAINMCH

[)4(0)

JIATA

JIATA

JIATA

JIATA

JIATA

JIATA

JIATA

JIATA

JIATA



IMpuiaoxenne 4.

®Dopma omuema no npoexkmy | noonpoexmy KHIT

1. O6mme cBexenust mo npoekry / mognpoexty KHII
1.1. HayyHoe HanpaBJ/ieHHe

1.2. HaumenoBanue npoekra / mognpoexra KUII

1.3. llIn¢p npoexra / nognpoexra KUII
Ipumep (04-4-1140-1-2024/2027)

1.4. lllugp temsr / KUII
Ilpumep (mema 04-4-1140-2024, KHII (02-0-1065-2007)

1.5. ®akTH4yeckuii cpok peaausanum npoekra / noanpoexkra KUII
1.6. PyxkoBoanTesn(im) npoexrta / moanpoexra KUIIT

2. HayuHblii oT4eT
2.1. AuHoTAnUA

2.2. Pa3BepHyThIil HAYYHbIH 0TYET
[TpoBeneH aHamU3 KapT MOJICH MOCIeTHEH MOUPUKAIINN U30XPOHHOTO IKIoTpoHa MSC230 mst

NPOTOHHOM Tepanuu U MeAUKo-Ononorndeckux uccnenopanuii. B mporpamme CORD, odopmiennoit
B BHJIe ucnonHseMbix Mmoayiien (Executable Notebook) Live Editor Matlab, o0beauHeHbI METOIBI 1
QITOPUTMBI JIsl TOYHOTO ¥ 3(PPEKTUBHOTO aHATN3a IEKTPOMATHUTHOTO OIS ITUKI0TpoHa. Koa
CORD ocymiecTBiseT aHau3 TUHAMUKA YaCTHI] HA OCHOBE KOMOWHAIIUY aHAJIN3a KapThl MAarHUTHOTO
TMOJISI C AaHATTU30M KapThl JIEKTPHUUECKOro MoJisl. B mepBoii 4acTu mporpaMMBbl OCYIIECTBIISETCS TTIOUCK
3aMKHYTBIX OpOUT U pacueT GOKYCHPYIOIINX XapaKTEPUCTUK MarHUTHOTO 1oJisi. Bo BTOpoit yacty -
aHaAJIU3 TMHAMUYECKUX XapaKTePUCTHK MOJISl MarHUTa JIOMOTHEH YYETOM 3JIEKTPOMAarHUTHOTO TOJIs
YCKOPSIOILEH CUCTEMBI, a TAK)KE pacyeTOM MHTETpaJIbHOTO (pa30BOT0 CABUTA U PSIIOM IOJIE3HBIX Xa-
PaKTEPUCTUK, TAKUX KaK, KOJIMYECTBO 0OOPOTOB U IIar OpOUTHI B 3aBHCUMOCTH OT pajuyca.
2.3. Craryc u ctaaus (TDR, CDR, ongoing project) peasu3anuu npoekrta / moanpoexra KHUII

(BKJTFOYAs TIPOIIEHT peaTi3allii 3asiBICHHBIX 3TANoB 1Mo mpoekty / moanpoekty KUIT

(ecu npumenumo))

2.4. Pe3yabTaThl CONMYTCTBYIOLIEH 1eATEJIbHOCTH

2.4.1. HayyHo-o0pa3oBaTenbHast 1esTeIbHOCTh. CIHUCOK 3alUIEHHBIX JUCCEePTAIUi.

2.4.2. Ilonyuennsle rpanThl (ctunenaun) OUAN.

2.4.3. Harpanpl ¥ IpeMHH.

2.4.4. Vabple pe3ynbTaThl (IKCIIEPTHAS, HAYYHO-OpTraHU3AIMOHHAS, HAYYHO-TIOMYJISIpU3aI[iOHHAS
JIEATEeILHOCTD ).

3. MexxkayHapoaHOe HAYYHO-TEXHUYECKOe COTPYIHHUYECTBO.
DaKTUYECKH YIaCTBYIOIUE CTPAHbI, HHCTUTYTHI U OPTaHU3AINH

Opranmn3zanus Crtpana Tun
P H P I'opon Y4yacTHUKH
corJIalleHus

4. Ilnan/(pakT aHAIN3 UCIIOJIb30BAHHBIX PECYPCOB: KAIPOBBIX (B T.4. ACCONUMPOBAHHBIN
nepcoHas), GMHAHCOBbIX, HHPOPMAUMOHHO-BbIYUCIUTEIbHBIX, HHPPACTPYKTYPHBIX



4.1. KaapoBsble pecypcsl ((hakTHIECKH Ha BpeMs MTOJa9H OTYETA)

NeNe Kareropust pabornuka OCHOBHOIT mepcoHau, AccolMMpoOBaHHBIN NEepcoHaT,
n/n cymma FTE cymma FTE
1. Hay4HbIC PAaOOTHUKH
2. WH)KEHEPBI
3. CTELUAHCTHI
Hroro:

4.2. DakTHUyecKas CMeTHasi CTOUMOCTH npoekTa / moanpoexkra KUII

HaumeHoBaHusi 3aTpaT, pecypcoB, HCTOYHHKOB

¢puHaHCHMpOBaHuS

CroumMocTth

(TBIC. 10JLI1.)
NoTpPeOHOCTH

B pecypcax

IIpenso:xenne 1adopaTopun
10 pacnpeneieHUI0
¢puHaAHCUPOBAHUS U

pecypcoB

1 2 3 4 5
rojx | rox | rox | rom | roxd

MexayHapogHOe COTPYIHUYECTBO
(MHTC)

Marepuansl

O6opyoBaHME U yCIyTU CTOPOHHUX
Opra"u3anuin

HYCKO'HaJ'Ia,I[OLIHI)Ie pa6OTBI

VYciyru HayqyHO-UCCIe10BaTENbCKUX
Opra"u3anun

[IpnoGperenne nporpaMMHOTO
o0ecrieueHus

[TpoexTrpoOBaHNE/CTPOUTEIHCTBO

CepBuCHBIE pacXosl (naanupyromcs
8 cyuae npsAMOU NPUHAOIEHCHOCTNU K
npoekmy)

o Pecypcsl
- 3

- 0
£ T — Cymwma FTE,
SE ¢
k§ 2 5 —  YCKOpPHUTENS/YCTaHOBKH,
S =
= — peakropa

<

EE|EE
5 2 § S | Bromker OUSIU
5 S| 5 &| (cmamvu 6100xcema)
=~ E|g°

S| KR




Bxnagpl concnoyiHuTeNIeH

CpenctBa 110 10roBopam
C 3aKa3YMKaMu

BHueOromxer
(mom. cMeTAa)

Jlpyrue ucToyHuKU
(buHaHCUpOBaHUS

4.3. Ipyrue pecypcbl

Pacnpenesienne mo rogam

BolruuciauTesibHbIE pecypchl
1 rox 2 o 3roxn 4 ron 5roxn

Xpanenue nanubix (Th)
- EOS
- JIeHThI

Tier 1 (sapo-4ac)

Tier 2 (sapo-4ac)

CK «I'oBopyn» (si1p0-uac)
- CPU
- GPU

Oo6mnaka (CPU sinep)

5. 3akarouyenue

6. Ilpenaraembie peneH3eHThI

PykoBoautens Temsl / KUIT

/ /
“ “ 202 r.

PykoBoautens mpoexTa (uu¢p npoekrta) / mognpoexkra KHUII

/ /
« z 202_T.

Jxonomuct JlabopaTopun

/ /
« g 202_r.

Based on the experience of creating SC200 cyclotron which was successfully
commissioned in Hefei in 2021. The current of the extracted beam was about 10 nA. The

successful start-up of the cyclotron proved the correctness of the calculations of all



cyclotron systems developed by the department of new accelerator design of the new
accelerator was proposed. It is inexpedient to create an isochronous cyclotron with a high
magnetic field, because in this case the main advantage of the cyclotron - high beam

intensity and ease of installation and operation - is lost.

With the advent of the new irradiation method Flash, the need for high-current accel-
erator increased, which led to the development of a new project MSC230 with low mag-
netic field 1.7 T in the center. The MSC230 cyclotron project has been developed, with
key technical solutions based on the experience of successfully operating accelerators
(Varian, C235).

As a result, the cyclotron is able to provide the maximum possible current in this class
of accelerators, as it has a record acceleration rate with minimal power consumption of
both magnetic and accelerating systems.

Technical design and manufacturing of the main cyclotron systems are about to begin
in the Efremov Institute of Electrophysical Apparatus, St.-Petersburg.

OcHoBbIBasich Ha ombITe cozganuss SC200, MUKIOTPOH OBUT YCIIEITHO BBEICH B AKCIUTYaTaIHIO B
Xa¢oii B 2021 roay. Tok BEIBOIMMOTO My4Ka cocTaBui 0koio 10 HA. YcnenHsii Myck HUKIOTPOHA
MNOATBCPANII ITPABHUIIBHOCTH PACUCTOB BCEX pa3pa6OTaHHBIX OUKIIOTPOHHBIX CUCTEM, ABTOP IIPHUILIECI K

BBIBOAY O HCHGHGCOO6pa3HOCTI/I CO3AaHnA NU30XPOHHOT'O HUKIIOTPOHA C CUJIBHBIM MAarHUTHBIM I10JIEM,

T. DUKJIOTPOH - BBICOKAsA MHTCHCUBHOCTE ITy4YKa U IMIPOCTOTA MOHTAXXa 1 SKCILTyaTallkuK - TCPACTCA.

C nosiBiieHrEeM HOBOTO MeTo/ia oOiyuenus Flash moTpeOHOCTh B CHITBHOTOUHBIX YCKOPUTEISX
BO3pOCa, 94TO MPHUBEIIO K pa3padoTke HOBOro nmpoekta MSC230 ¢ ManpiM MarHuTHEIM mosiem 1,7 T B
neHrtpe. Pazpaboran npoekt rukinorpona MSC230, ocHOBHbBIE TEXHUYECKHUE PELIEHUsT KOTOPOTO

OCHOBaHBI Ha OMBITE yCIEIHO paboTatomux yckoputeneii (Varian, C235).

B pesynbTare HMKIOTPOH CIOCOOEH 00eCIeYuTh MaKCUMalIbHO BO3MOXKHBIN TOK B 3TOM KJlacce
YCKOpUTENEH, TaK Kak UMEET PEKOPAHYIO0 CKOPOCTh YCKOPEHHSI IPU MUHUMAJIbHOM

HHEPronoTpeOsIeHNN KaK MarHUTHOM, TaK U YCKOPUTEIbHONU CUCTEM.

B UnctutyTe anexkrpodusndeckoii annaparypsl uM. Edppemosa B Cankt-IlerepOypre 10KHBI

HAYaTbCAd TEXHUYCCKOC INPOCKTUPOBAHUC U U3I'OTOBJICHUC OCHOBHBIX CUCTCM IIUKJIOTPOHA.



