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®U3UKA U TEXHUKA YCKOPUTEJIEN

ITPUMEHEHHUE UCKYCCTBEHHOI'O UHTEJIJIEKTA
B ITIPOEKTUPOBAHHU IUKJIOTPOHOB

O. B. Kapamoiwes® ', H. JI. JIanun @,
T. B. Kapamoiwesa®, M. A. [llypasur *

¢ O6beIMHEHHbIE HHCTUTYT IIEPHBIX HccaenoBanui, Jy6ua, Poccus

[Ipu paspaGoTke LMKJIOTPOHA TpebyeTcsl MpoBeileHHe OOJBLIONO KOJMYECTBA PAaCueTOB KakK OT-
JeJIbHBIX CUCTEM YCKOPUTEJSl, TaK W NTUHAMHUKH ABHXKEHHs 4acTHL. VICKyCCTBEHHbIH MHTEJNJIEKT MO-
JKeT CIocoOCTBOBATh yBeJMYEHHIO CKOPOCTH NPOBENEHHS PAaCueTOB, ONTHMHU3MPOBATH IPHMEHSEMble
IJIS PACYETOB KOJbl, YIYULIUTh KAa4eCTBO MOJyuyaeMbIX pe3y/bTaToB. [IpencTaBiieHbl nepBble pesyJib-
TaThl IPUMEHEHNs MalIMHHOrO 00y4YeHHs A8 (GOPMHUPOBAHHS MArHUTHOTO MOJS, TPOAHANTH3UPOBAHEI
BO3MOXKHOCTH HCII0JIb30BaHHSI KOMIIbIOTEPHOT'O 3pEHHUS U MEPCIEKTHBb IPUMEHEHHST HCKYCCTBEHHOTO
MHTeJJIeKTa 115 ONTHMHU3aUHH IBHXKEHUS MydKa.

In cyclotron development, a large number of calculations are required for both individual
accelerator systems and particle motion dynamics. Artificial intelligence can contribute to
increasing the speed of calculations, optimizing the codes used and improving the quality of the
results obtained. The initial results of using machine learning for magnetic field formation are
presented, and the potential applications of computer vision and AI prospects for optimizing beam
motion are analyzed.

PACS: 29.20.dg

BBEJAEHHE

HckyccrBennniit untennekt (M) yxe mpodyHo Bolles B Hally MOBCEIHEBHYIO *KH3Hb
1 HaXOIUT NPUMeHeHHe B caMblX pasHooOpasHbiX cepax. Ha npaxktuke MU ucnosnbayercs
IJs pacllO3HaBaHUs JIML Ha yCTPOHCTBaX, TAKUX KaK CMapT(OHBI U CUCTeMbl 6e30MacHo-
CTH, a TakxKe JJI aBTOMAaTHUECKOro NepeBOfia TeKCTOB U TPAHCKPUOUPOBAHMS ['OJIOCOBBIX
COOOIIEeHUH.

3HayuMocTb npuMmeHenus MM B Hayke TpynHO nepeoueHHTb, 0coGeHHO B Tex obJja-
cTsiX, roe Tpebyercs oOpaboTka GoJsblIMX 00BEMOB NaHHBIX. HauboJiee nepcrieKTHBHbIE
HarpasJieHUs1 Hay4yHoro ucrnonb3oBanus UHU:

e MeguuuHa: aHa/ U3 reHOMHbBIX JAHHBIX, MOJEJHPOBaHHE OHOJOTMUECKHX MPOLECCOB,
JAuarHoctuka 3aboJieBaHui, o6paboTKa MeJULHHCKUX M300paxKeHUH U pa3paboTKa HOBBIX
JIeKapCTB.

'E-mail: olegka@jinr.ru
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e KnumaTosmorusa: MonenupoBaHUe KJIMMAaTHYeCKMX H3MeHEHHH, aHalu3 IKOJOrHye-
CKHX JaHHbIX.

e ®du3uka M XUMHSA: MOJEJHUPOBAHHE CJOXKHBIX (PU3UUECKHX IPOLECCOB, CO3MaHHE
HOBBIX MaTepHaJIOB.

e AcTpoHOMMSA: aHAJM3 JaHHBIX O KOCMOCe U padoTa ¢ TeJecKONMYeCKHUMH HU300paxe-
HUSMH.

[Tpexxne uem paccmarpusaTh npuMeHenrne MU B mpoekTHpoBaHUH LHUKJIOTPOHOB, BaXKHO
TMOHATb OCHOBHble TepMuHbl. MM — 3To MmHpoKoe MOHSITHE, BKJOUYAIILIEE aJTOPUTMBI,
KOTOpble TI03BOJISIIOT MAallMHAM BHINOJHATH KOTHUTHBHbIE (DYHKLHH, TaKHe Kak pelleHHe
3ajay, paccyxxjaeHue U obydyeHHe.

TexHoJstorun u Metonsl pa6otsl ¢ momenssMu MM (Artificial intelligence, Al) o6benuns-
IOTCS IOl TEPMUHOM MalliiHHOe o6yueHne (Machine learning, ML), mogpasaesom KOTOPOro
sBasieTcst ryounHoe obyuenue (Deep learning, DL). [Ipenmetom nayuenust DL siBasiiotes
UcKyccTBeHHble HelipoHHble cetH (Artificial neural networks, ANN).

Knaccuueckue nopxonsl B MalIHHHOM 00yUeHHUH MO3BOJISIOT aJArOPUTMaM 00yuaThCs Ha
CTPYKTYPHPOBaHHBIX HNAHHBIX, BHISB/ASAS 3aKOHOMEPHOCTH, U 3PQPeKTHBHO pellaTh N0CTaB-
JieHHble 3ajaud. [lyisi aHa/M3a HECTPYKTYPUPOBAHHBIX NAHHBIX, TAKUX KaK H300paKeHHs,
3BYK M 00pab0TKa eCTeCTBEHHOrO s13blKa, TpebyloTcsi 06oJiee CJOXKHBIE aaropuTMmbl. Hed-
DOHHBIE CETH UMHTHPYIOT PaboTy HEHPOHOB YeJOBEUECKOTO MO3Ta W CHOCOOHBI TeHepH-
poBaTh MPOTHO3BI U pelleHHs. YBeJHYeHHe KOJHYeCTBa CJO0EB, YCJIO0XKHEHHE apXUTEKTYypHI
U IpefocTaBieHue 60J/blIero o6beMa KaueCTBEHHbBIX NAHHBIX MPUBOIUT K YJIY4YLIEHHIO pe-
3yJIbTaTOB.

C pocToM CJI0XKHOCTH 3ajau, pelraeMblx ¢ nomouisio MM, BospacTaioT v norpe6HOCTH
B BBIUHUCJIUTENBHBIX MOLIHOCTSX. OCHOBHBIE TpeGOBaHUS BKJIOYAIT UCIONb30BaHKe Tpadu-
YeCKHX UJIM TEH30PHBIX TPOLECCOPOB, AOCTYI K GOJBIIUM 00beMaM NaMsATH U BO3MOXKHOCTb
MacIITabUpPOBaHUS BBIYUCIUTENbHBIX cucTeM. PasButue MU cTuMynnpyer U pa3BUTHE TeX-
HOJIOTHH, TAaKMX KaK KBAaHTOBble BHIUMCJIEHHUS U 0oJjiee 3 peKTUBHbe anropuTMel. OnHaKo
o0yueHHe KDYIHBIX MOZAEeJeH W aHajlu3 JaHHBIX TPeOyIOT 3HAYUTEJbHBIX BBIUHCJIHTEJNb-
HbIX ¥ 3Hepretndeckux 3atpat. B OWHAW cospanbl Bce ycnoBus ngs npumenenus MU
B HayKe: COBpPeMeHHble BbIYHCAUTENbHBIe MOIHOCTH JIVT U pasBuTas sHepreTHueckasi MH-
tdpactpykrypa Poccun mosBossiioT Hcnosnb3oBaTh nepenoBele MeTonsl MM nsis Hay4yHBIX
UCCJICJOBAHUH.

IUKJOTPOHBI 1 UX IPUMEHEHHUE

[IUKJIOTPOHBI — 3TO THIl YCKOPHUTEJEH YacTHL, LIHPOKO MPUMEHSEMBIX B TaKHX 00-
JIACTSX, KaK siiepHasi MeIWlMHa, MaTepHasoBeleHue W (hyHAaMeHTaJbHble MCCJeI0BaHUs
B ¢usuke. B mocsenHue rombl HaGJIIOAAETCS] CTPEMUTENBHBIA POCT YHUC/IA LHUKJIOTPOHOB,
npeaHA3HAYEHHBIX [IJ151 TPOU3BOACTBA MEIUIUHCKUX PafHOM30TONOB K IPOTOHHOH Tepanuu
(puc. 1).

['papuku Gblnu momosHeHsl o 2023 r. uHdopmauueii us [2].

YBesinueHue crnpoca Ha HUKJIOTPOHBI YCHUINBAET KOHKYPEHIHIO MEXIY TPOU3BOAUTES-
MU U MOAYEPKUBAET BAXKHOCTb MOMCKA ONTUMAaJbHBIX KOMIIOHOBOK LMKJIOTPOHOB JJIsI HY XK
paivOMeIULHHBI, OXBATBIBAKOLIMX NHana3oH 3Hepru# ot 10 mo 230 M3B.
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Puc. 1 (uBeTHOH B 3/eKTPOHHOH Bepcur). JJHHAMUKA POCTA KOJMYECTBA LHUKJIOTPOHOB B MHpE IO To-
nam. 3ejieHble TPEYTOJbHHKH MMOKA3bIBAIOT YHCJIO LUKJIOTPOHOB, PaBOTAIIIUX B HCCIEN0BATENbCKUX
LEHTPAaX, KPaCHBIE KPECTHKH — KOJMYECTBO LKKJIOTPOHOB, HCIO/B3YEMBIX [JIsi IPOU3BOACTBA MEIH-
LUHCKHX PaIMOM30TOINOB, YepHble KPYKKH — YHCJIO UHKJIOTPOHOB, MPUMEHSIEMbIX JJIsi TPOTOHHOMH
Tepanuu [1]

Bo/sbIMHCTBO MEANLMHCKHX IUKJIOTPOHOB MOCTPOEHO 10 CTaHAAPTHOH cxeMe, KOTopast
CTasa «30JI0TBIM CTAaHAApTOM» B oTpacsu: 4 cektopa u 2 (uHornma 4) pesonaropa. Ho cy-
IIECTBYIOT JIU aJbTePHATHUBHblE pelleHHs? MHOXKeCTBO MHTePeCHBIX HAed OBLIO Tpenso-
JKEHO M INPOTECTHPOBAHO, U cefiuac HeoOXOAUMO OOBEIUHUTb JyYllMe M3 HUX B OIHOM
ONTHMaJbHOM ycTpoicTBe. [IpoeKTHPOBaHHE U ONTHUMH3ALMs TAKUX CJIOKHBIX CHCTEM, KaK
HUKJIOTPOHBI, Tpe6yeT THIATEJbHOIO yUyeTa MHO2KE€CTBa B3aUMOCBA3AHHBIX [MTapaMeTPOB. ITo-
CTOSIHHO BeNyTCsl UCCJIENOBAHUS WU MOUCK METONOB IJisi pa3paboTku GoJsiee 3((PeKTHBHBIX
CHCTEM LHMKJOTPOHOB C LEJbI0 YJIYYLIEHHs UX XapaKTePUCTHK W MOBBILIEHHS MPOU3BOIU-
TEJNIbHOCTH YCKOPHTEJIS.

UCKYCCTBEHHBIN UHTEJJIEKT
B ITIPOEKTUPOBAHHUH U OIITHMHU3AIIUH TUKJIOTPOHOB:
OB30P JIUTEPATYPbI

Huxxe npencrasieH kpaTkuit 063op npumenenuit MM pas npoekTHpoBaHus U yIpasJe-
HHS LUKJIOTPOHAMH, KOTOpble YAAJ10Ch HAUTH B OTKPLITOH Me4aTy 3a nocsaenHue rogsl. I[lpu-
MeHeHueM MM B yckopuTesbHOH (DH3HKe 3aMHTEPECOBANUCH CIELNUANUCTBl B PA3JHUHBIX
TUNax yckoputeseil. [TosiBUscs psin cTaTell 0 caMbix pasHbix npuMeHeHusix MW, nanpumep,
B paboTtax [3,4] onucano npumenenue MU B ynpasnenun cuuxporponom. Hac unrtepeco-
BaJlo, B IepBylo odepenb, npuMeHeHne MM nas mpoekTHpoBaHHS LUKJIOTPOHOB, OIHAKO,
MIOMHUMO 3Tamna npoekTHpoBaHus, MM TakKe MOXKeT CHIrpaTh BaxKHYIO POJb B YNpPaBJeHHH,
9KCIIyaTallud U OOCJHY’KMBaHUHM LHKJOTPOHOB. AHa/NU3Upys NaHHblEe C NAaTYMKOB H pa-
6oure XKypHaJsbl, BUIUM, 4TO cucTeMbl Ha ocHoBe WM moryr o6HapyXnBaTh aHOMAaJ/HH,
NpeNCcKa3blBaTh MOTEHLUHAbHEIE OTKAa3bl U PEKOMEHIOBATh NMPO(PUIAKTHUECKHE MEPHI.
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Onno#t u3 kJwueBbIX obnactedt, rie MM MoxeT BHeCTH 3HAUMTEJbHBIH BKJAA B MpPO-
€KTHPOBaHHe LUKJOTPOHOB, SIBJSETCS MOIENHPOBaHWE M CUMYJ/SLUS AMHAMHUKHU MydKa da-
ctul. JlMHamMMKa my4yka MMeeT peluaioliee 3HaueHHe [/l pabOThl LUKJIOTPOHOB, TTOCKOJIb-
Ky OT Hee 3aBUCAT 3(D(MEeKTHUBHOCTb MPOXOXKAEHHS MyyKa U ero MHTEHCUBHOCTb. Mopenu
Ha ocHoBe MM MoxHO 06yuuTbh Ha 6OJBIIMX HabopaxX SKCIEePUMEHTAJbHBIX U PacyeTHbIX
JIaHHBIX JJIS TOUHOTO MPOTHO3UPOBAHUS MOBENEHHS NMYyYKOB YACTHI, YTO MO3BOJHUT GoJjee
3(p(PeKTUBHO ONTUMH3UPOBATH MapaMeTPhl yCTPOUCTBA.

Kpome Toro, MM moxeT npumeHATbCS [/ ONTHUMH3ALUM OTAEJNBHBIX KOMIIOHEHTOB
IUKJIOTPOHOB, TAKUX KaK MarHWTHasl CHUCTeMa, yCKOPSIOLIYe PE30HATOPEl U CHUCTEeMa BbIBO-
na nydka. VMcnosb3yst aaropuTMbl MallMHHOTO 06y4YeHUsl, UCCAe0BAaTeN MOTYT aHAJIU3H-
poBaTh OTPOMHOE KOJMUECTBO BO3MOXKHBIX KOHCTPYKLUMH W BHISIBJASATH Te KOH(UTI'YpaLHH,
KOTOpBIE HE TOJBKO MaKCHUMH3UPYIOT MPOHU3BOAWUTENBHOCTb LIUKJOTPOHOB, HO U CHHIKAIOT
3HepronoTpebaeHe U MOBBIIAIOT HAAEKHOCTb.

Hcnonbays anroputmel MU, nccnenoBaTenn MOryT aHaJM3HpOBaTb OrPOMHBIE 0ObeMBI
JaHHBIX, BHISBJIATb 3aKOHOMEPHOCTH U ONITHMHU3HUPOBATh NTPOEKTHPOBaHKE UKJIOTPOHOB 60-
Jee 3¢ (eKTUBHO, YeM MpPU TPAAULHUOHHBIX PYYHBIX METOAAX.

CHUCTEMbI YITPABJIEHHUSA

OnHo# 13 Kao4yeBEIX obJacteil mpuMeHeHust MM B LUKJIOTpPOHAX fIBJSETCS ONTHMH3A-
LHsl CHUCTEM yIpaBieHusi. Anroputmbl Ha ocHoBe MM MoryT ucnosnb3oBaTbesl OJi TOUHOM
HacTPOHKM MNapaMeTpPOB Pa3JHUUHBIX KOMIIOHEHTOB LHUKJOTPOHOB, TaKMX KaK MarHUTHOE
noJie, Heprusl Myyka U MeXaHU3MBbl BblBOJA, [JIS JOCTHKEHHS ONTHMaJbHOH MPOU3BOAM-
TeJIBHOCTH U CTaOUJBHOCTH.

B paGore [5] mpexncTaB/eH HOBHIH MOIXOM, UCMOJb3YIOLIKE UCKYCCTBEHHBIE HEHPOHHbBIE
CeTH [IJis TIPeCKa3yeMOro yIpaBJeHHs HOHHBIM UCTOYHHUKOM B LuKAoTpoHe RFT-30, yto
nogyepKrBaeT TpaHchopMalUoOHHBIH noTeHMaa MM B TexHosorun yckopuTesel.

Kpowme ycoBepiieHCTBOBaHHH B 00/1aCTH NPeACKA3yeMOro YIIpaBJ/eHHs, IOTeHLUaa pe-
weHHd Ha ocHoBe MM mnpoctupaercs pajeko 3a mnpefenbl ONTHMH3ALUH HOHHBIX HCTOY-
HUKOB. OHM MOTYT 3HAUHUTEJbHO YJAYYIIUTb MeXaHM3Mbl OOHApy:KeHHs W BOCCTaHOBJe-
HUSI HEMCIIPAaBHOCTEH B YCKOpHUTeJsAX yacTul. Hampumep, HHTerpauus CI0XKHBIX aJTOPUT-
MOB MALIMHHOTO 00y4eHHsI MOXKET 00eCMeyHUTb MOHUTOPHUHT ITPOU3BOAUTENBHOCTH CUCTEMBI
B peaJbHOM BpeMeHH, M03BOJsisl HeMeNJIeHHO BBISIBJAATb HECOOTBETCTBHS, KOTOPBIE MOTYT
yKa3blBaTh Ha HEHCIIPABHOCTH MJH Hed(PPeKTHBHOCTb. TaKOH MPOAKTUBHBIH IMOAXON He
TOJIbKO MMHHMH3HpPyeT BpeMsl IPOCTOsl, HO U CHHXKaeT HeOOXOOUMOCTb B MHTEHCHBHOM
pPY4YHOM KOHTpOJe, TPaJAULIUOHHO TpefyeMOM NpU 3alycke YCKOpUTeJel oc/e TeXHHUecKo-
ro oOC/yKMBaHHUSA WM HENpeiBUIEHHBIX COOEB.

Kpowme Toro, 6.1arogapsi npuMeHeHHI0 KOMOMHAUUKU UCKYCCTBEHHBIX HEHUPOHHBIX ceTel
U NIPOJBHUHYTOH aHAJUTHKH JAHHBIX, OIlepaToOpbl MOTYT pa3paboTaTb OoJiee HaJexKHble MO-
JeJld, CIIOCOOHBIE CUMYJIMPOBATh pa3/iHdyHble ONepalMOHHBIE CLeHapUH, YTO yJay4llaeT 00-
Y0 YCTOMYMBOCTb CUCTEMbl U ee aflalnTHUBHOCTb B AMHAMHUYHBIX HayuHBIX cpefax. Takue
MHHOBAUWUM MOAYePKUBAOT TpaHc(opMauuoHHoe BausiHue MM Ha Gynyliee TexHoJOrui
YCKOpHUTeJIeH, OTKPbIBas MyTb K PacLIMPEHHBIM 3KCIIEPHMEHTAJbHEIM BOSMOXKHOCTSIM U YBe-
JIMYEHHUIO TIPOU3BOJUTENbHOCTH B HAay4HBIX UCCJIEJOBAHHUSAX.
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B o6sacti anpoHHON Tepanuu, KOTOpasi UCIOJb3yeT 3apsiKeHHblE YaCTHLbl, TaKHEe KaK
MPOTOHBI MJIK MOHBI YIJiepofa [Jisi JeueHusi paka, HemaBHue moctuxkenusi B MU [6] Tak-
JKe T0Ka3aJau CBOK 3((PeKTUBHOCTb B MOBBIIIEHUH TOYHOCTH U 3(()EKTUBHOCTH IpoLecca
JieyeHH!s.

IIPOEKTHPOBAHHWE PE3OHATOPOB B4

[ToMuMO cHCTEM yIIpaBleHHUS, BEIUHCJIMTENbHbIE METONBl HAa OCHOBE HCKYCCTBEHHOTO
UHTeJ/IeKTa TaKxKe I0Kas3ald CBOIO M0JIE3HOCTb B ONTUMH3auuu BY-pesoHaTopoB, KoTO-
pble ABJSIOTCS KPUTHYECKHM KOMIIOHEHTOM B NPOEKTHPOBAHMM LMKJOTPOHOB. Baaronaps
HCIO0JIb30BAHUIO TPOABUHYTHEIX aJTOPUTMOB MALIMHHOTO 00yUYeHHSs], HCCIE0BATENN CMOTJIH
6osee 3(p(heKTUBHO aHANHU3HPOBATh CJOXKHOE MPOCTPAHCTBO NapAMETPOB NTPOEKTHPOBAHHUS,
YTO MPUBEJIO K OTKPBITHIO HOBBIX T€OMETPHUH PE30HATOPOB, MPEBOCXOASALINX TPALULHOHHBIE
KOHCTPYKLHH N0 3(P(PEeKTHUBHOCTH U KayeCTBY MyuKa.

B cratbe [7] omwuceiBaeTcsi 3HauMmocThb 1ukJoTpoHa [ranCYCI10, koTopsi#i siBasieTcs
10-M3B uuk/aoTpoHOM ¢ asumyTansbHO nepemeHHbIM moJeM (AVF), paspaGoTaHHbIM a5t
pa3JIMYHBIX MPUMEHEHHUH, BKJII0Yasi TIPOM3BOACTBO U30TOIOB, siiepHble PeaKIMK U MeIUIMH-
CKHe HCCJIeIOBAHUS B 00JIACTH s1I€PHOH CIIEKTPOCKONHH. LIMKIOTPOH yCKOpSIeT MPOTOHHL 10
Pas3/MYHbIX IHEPTUH C MOMOILBIO ABYX Pe30HATOPOB. 3apsi?KEHHbIE YACTHLBI IPOU3BOASATCH
BHYTPEHHHUM HCTOUHUKOM HOHOB. CTaTbsl MONUEPKHUBAET CJOKHOCTb MOAEJIHPOBAHUS PE30-
HaTopa LUKJOTPOHOB, KOTOPbIH BK/I04aeT B cebsl pa3/HyHble MapameTphl, BAHAILIME HA
€ro MPOU3BOJUTENBLHOCTE, TAKHe KaK AHAMeTp W 3a30p TIOHepa-AucKa. ABTOPB OTMeYaloT
He06X0IUMOCTb 3(P(EKTHUBHOTO TMOAXOAA K MOJEJNHPOBAHHIO JJISI MOHMMAHHSI B3aHMOCBSI-
3ell MEXJY 3THMHU NapaMeTpaMy M KeJaeMbIMH pPe3yslbTaTaMH, B UaCTHOCTH PE30HAHCHOH
YacTOTOH W MapaMeTpaMy paccesiHus, TaKUMH Kak S11.

Jlns perieHust 3TOH 3amaud B CTaThe NpelJsaraeTcsl UCIOJNb30BaHHE MPSAMON HEHpOH-
Hoii cet (FNN), o6y4yeHHOi ¢ ONTUMHU3HPOBAHHBIM aJTOPHUTMOM OOPATHOTO PacHpoCTpa-
Henus (BP). ABTopsl cTpeMsiTcs 1OKas3aTb, YTO 3TOT IIOAXOJ MOXKET TOYHO OLEHHBATh
napamMeTpsl MPOEKTHPOBAHHS PEe30HATOPA LMKJIOTPOHOB 6e3 HeOOXOTUMOCTH JJHTENbHBIX
CUMYJISILUHA, KOTOpble 06bIUHO TpebyloTes.

JUHAMMHUKA IIYYKA

B rtekcre crare#t [8,9] omuchiBaeTcsl HOBBIE MOIXOM, MCHOJb3YIOUIMH MalIHHHOE 06Y-
yeHHe (ML) nsis cospmaHust cypporaTHbIX MOZeseH Ha OCHOBE PEJKHX HaHHBIX (H3HUe-
CKOr0 MOJIe/IMPOBAHHS, UTO M03BOJIET OBICTPO M TOYHO MNPEACTABJATb AMHAMHUKY IyuKa
B YCKOPHTEJ/X YacTHL. DTH Mojeau Ha ocHoBe ML mMoryT 6blCTpo NpeicKasblBaThb Mapa-
MeTphl My4yKa C TOYHOCTBIO, CONOCTAaBUMOH C (hU3UUECKUMH CUMYJ/SLHSAMH, UTO [IOMOraeT
B MHOTOKPUTepHaJbHOH ONTUMHU3ALMU, [IIAaHUPOBAaHUH 3KCIIEPUMEHTOB U OlepaTHBHOH OIl-
THMH3alKU B Xofle paboThl yckoputens. Mcronb3oBaHue MallMHHOrO oOyueHHS B 3TOM
KOHTEKCTe Ipe[cTaB/seT co00H 3HAUMTeNbHbIHA Nporpecc B ONTHMH3aLHH NPOU3BOAUTEb-
HOCTH YCKOpHTeJIell M yNpOLIeHHH IIpoliecca NPOeKTHUPOBaHHUs, MpejJaras nepcreKTHBHOe
HalnpapJleHue [1Jis MOBbILIEHHs] BO3MOXHOCTeH cUcTeM ycKopuTesed uactuu. Ilpunuun pa-
6otel ML /st pacueTa 1MHaMUKH MydykKa nofpoGHO onrcaH B ctathe [10] n usoGpaxeH Ha
cxeMe puc. 2.
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Puc. 2. Cumyssiuusi, Tpebytomias GOJMbLIMX BBHIYUCAUTEbHBIX pecypcoB (a). Mbl HCHOJb3yeM 3Ty
(h13HUeCKYI0 CUMYJISILUIO /s CO3NaHHsl Habopa oOydyalolMX AaHHBIX JJIs MOLENH MALIHHHOrO 00Y-
YeHHsl, OXBATHIBAIOLIET0 WIHPOKUH NHana3oH BXOAHBIX NapaMeTpoB. [lapameTpsl Mofesd MalIMHHOTO
06y4eHHUs] ONTHMHU3UPYIOTCS A0 TeX MOp, MOKa MpelcKa3aHWs NapaMeTpPoB MyuyKa He HauHyT COB-
najgath ¢ pe3ysnbTaTaMH (Guanueckod cumynsuuu (6). PesysnbraToM siBasieTcsl OBICTPO HCHOJHSEMAst
MoJe/b (PU3HUECKOH CHMYJISILIUK, KOTOpPasi MOXKET UCMOJb30BaThCs /s ONTUMH3aLHMH U MOJENHPOBa-
Husi (8) [10]

Kpowme Toro, aBTOpBI MOAYEPKUBAIOT NOTEHIMAJ] OOHOBJIEHUS 3THX MOJEJEH Ha OCHOBE
ML c ucnosb3oBaHueM (paKTHUECKUX U3MEPEeHHH Ha yCKOpUTEJIe, YTO MO3BOJNUT YAYULIUTb
UX TOYHOCTb U COOTBETCTBUE PEAJIbHOMY IMOBEIEHHIO YCKOPUTEJIS.

INPUMEHEHHSA B PASPABOTKE HHUKJIOTPOHA MSC230

H3oxpoHu3anus KapThl MATHUTHOTO MoJs. [Ipy NpoeKTHPOBaHMH LMKIOTPOHA OfHON
U3 KJIOYeBbIX 3a/ay fBJseTcsl pacyeTHoe (OpMHpPOBaHHEe MarHUTHOro noJs. B mMenuuuH-
CKHX LMKJOTPOHaX TpeOyeMoe MarHUTHOe MoJjie 00bIYHO (hOPMHUpYeTCs 3a cYeT KOH(UTY-
paLMH TOJIOCOB MarHUTa. BaxHO o6ecrnedyuTb CTaOWUJIBHOCTb ABHKEHHS MydKa, KOTOpas
JNOCTHUraeTcsl IONEPeYHOH yCTOMYMBOCTBIO U CHHXPOHH3ALHeH YCKOPeHHs C (DUKCHPOBaH-
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HOU 4acTOTOH yCKopsitolled cucTeMbl (TpefyeTcst H30XPOHHOEe MarHUTHOe moJe). s no-
CTHKEHHUS] U30XPOHHM3Ma B OHOM BapHaHTe MarHUTHOH CHCTEMBEl HEOOXOLHMMO BBITIOJNHUTH
OKOJIO JIeCATH HTepallMi M3MeHeHHWH KpUBOH LIMPUHBI ceKTopa. B ciyyae LUKJOTpPOHa
MSC230 [12] 6bl10 paccCMOTPEHO HECKOJbKO COTEH TaKHX BapHAHTOB, MOCKOJBKY JIHO-
60e HM3MeHEHHEe B PACIIOJNOXKEHUM KaTylIeK, pa3Mepax KpUocTaTa U APYTHX KOMIIOHEHTOB
BJeYeT 3a co6oii HeoOXOMUMOCTb 3aHOBO H30XPOHH3HMPOBATb MarHUTHOE IIOJIE.

®yHkuusa oTKanKa. OIHUM U3 METOIOB, KOTODPBIH MO3BOJsIeT M30eXaTh PYYHOH TOA-
CTPOMKH MIMPHUHBI CEKTOpa Ha KaXKJAOM pajiuyce, SBJSETCS pacyeT Ha OCHOBe (PYHKLHH
OTK/MKa. [1J1s1 3TOro CHayaja pacCUUTbIBAeTCS MAarHUTHOe MoJe 118 IBYX MofeJseH, OT/IU-
YaWIIMXCS N0 YIVIOBOH LIMPHHE CeKTopa Ha (PUKCHPOBAHHYIO BeJMUYMHY, HallpuMmep, Ha 1°
171 Kaxkaoro paguyca. Popmyna oTKJIMKA BHINVISAUT CJAeLYIOLHUM 06pa3oM:

o A
TP Aw(r)

TakumM 06pa3oM, MOXKHO ONpPEAENUTh OTKJIMK CHCTEMbl — H3MEHEHHe YacTOThl 06palleHus

YaCTHLl B 3aBMCHMOCTH OT W3MEHEeHHs LIMPHHBI cekTopa (pHc.3). DTOT MeTon MO3BOJSET

OblCTpEee U TOYHEe HACTPOMTh MapaMeTphl LUKJIOTPOHOB, MUHUMHU3UDPYS PYUYHYIO paboTy.

Fy, MHz
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Puc. 3. Tlpouecc H30XpOHU3ALUK MeTONOM (PYHKLUHH OTKJIHKA

IloctaHOBKa 3ajayd MalIMHHOTO OOyuyeHMsl IJ HM30XPOHM3ALUM MarHUTHOrO
nojsd. HakonseHHble JaHHBe 110 FeOMETPUU U paclpeleleHHI0 MarHUTHOTO II0JIS MOXHO
UCTO0/b30BaTh AJ11 00yueHHs MOLe/M MallMHHOro obyueHusi. IlepBble BapHaHTHI CpaBHe-
HHSl MeXJy MOfieslblo, OCHOBaHHOH Ha ML, u MeTonoM (yHKLUHH OTKJ/HMKA MOKa3aJH, uTo
o6yyeHHe MOXKET 3HAUUTEe/JbHO COKPATHTb BpeMs, He06X0AHMOe AJIsl H30XPOHHU3ALHH.

Jlist o6ydeHHs: aArOPUTMOB OblIM BEIOpAHBl JECSTKH Nap AaHHBIX, BKIOYAOLUX KPH-
Bble LIMPHUHBI CEKTOpPAa M PACCUMTAHHble YacTOThbl B 3aBUCHMOCTH OT paiuyca. IIpu stom
(busnueckas Mojesb MarHuTa HEOJHOKPAaTHO HM3MeHsJach: BaAPbUPOBAJNUCh pa3Mepbl KpHO-
cTaTa, TOK KaTyLIKW W Apyrue napameTpsl. Takum o6pa3oM, coOpaHHble NaHHble OTJIHYa-
JIUCh HEe TOJIBKO IO LIMPHHE CEeKTOPOB.
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K coxasenuio, s Toro 4ToObl HampsMylo NpeAcKasblBaTh H30XPOHHYIO KPHUBYIO LIU-
pUHBI CEKTOpa, UMEIOLIUXCS JaHHBIX 0Ka3a/loch IBHO HejocTaTouHo. [losToMy 3amauy pe-
LUK NepeopMyNUpOBaTh: ajJrOPUTMY MpPeNJIOXKHIIN NpeJcKa3blBaTb U3MEeHEHHe YacTOThl
OT pajguyca [0 U3MEeHEHHIO YIVIOBOH LIMPUHBI OT paguyca, YTo NpeicTaB/aseT co0ol cBOero
pona aHasor GyHKLHH OTKJHUKA, HO GoJsiee CI0XKHBIH. DTO 03BOJIUIIO, UMES CEMb PAaCUETOB
IJIsl ONHOH (DH3MUYECKOH MOJeJM MarHHWTa, COCTaBHUTb 21 mapy rpacukos, riae (GpUKCHpoBa-
JIUChb U3MEHEeHUs LIUPHUHBI CEKTOpPA U COOTBETCTBYIOLIME UM M3MeHeHHUs 4yacToThl. IIpu aTom
pacueTbl B Kax/I0H nape MOXXHO OblJIO MeHATb MecTaMH, osydyas oOpaTHble 110 3HaKy pe-
3y/bTaThbl, YTO TaKKe HMCIO0J/b30BaJIOCh [/151 00yUyeHUs] MOLEJH.

[TpusHaku paccYUTHIBAJIUCh 115 KaxKI0H napbl rpaduKoB ¢ HHTepBasoM B 10 MM 1o pa-
IMYyCy, TAKKUM 00pa3oM, IJisi 00ydyeHus: aaroputma oblio cobpano 6osee 50 000 o6pasiios.
B utore Mbl MOJy4HJIM OOBIUHYIO 3aJady perpeccHu: AJs KaxKAOro paguyca Mbl IpejcKa-
3bIBae€M OJHO 4MCJIO — H3MeHeHHe 4acToThbl. [Ipu Takol MocTaHOBKe 3aa4M Mbl [0JYYHIIH
JOCTaTOUHOE KOJMYeCTBO JaHHBIX [J/151 00y4eHHUs] MOJeJH.

Obyuenue mamemamuueckoti modeau. Belmn paccuuTansl C/IefyIONINe NPU3HAKU IS
MOJIeJH:

1. PesyabTHpyloliee U3MeHeHNe YacTOThI (res) — OTpakaeT MTOrOBOE M3MEHEHHe
YacTOTHl YaCTHLBl HA pacCMaTpUBaEMOM panuyce.

2. U3MeHeHue LIMPUHBI CEKTOpa Ha paguycax, CMEMIeHHbIX 0T 3agaHHoro Ha 0, 5,
10, 20, 200 u 1000 MM B 06e cTOpoHBbI — 0603HauawTCcsa Kak wdX X (n/s cMelleHH# B
TIOJIOKHUTENbHYI0 CTOPOoHY) U wd — X X (/s cMelleHUH B OTPHLATENBHYIO CTOPOHY). DTH
3HaUEeHUs MOKA3bIBAIOT, KAK M3MEHsIeTCs [IMPHHA CEKTOPa B 3aBUCHMOCTH OT YAAJIEHHS OT
HCXOHOTO paauyca.

3. CpeaHue 3HaueHUs] M3MEHEHUs IIUPUHBI CEKTOPA MEKIY CMEKHBIMH TOUKAMU
(mean_wd_XX_YY) — BHYUC/SIOTCS AJS HHTEPBAJOB MEXIY Pa3JHUUHBIMH PaguyCaMH.
ITU cpenHUe 3HAYEHHUS TIOMOTAIOT CIVIAAUTD JIOKaJbHble H3MeHEeH sl U 60Jlee TOUHO OLEHHTb
TIOBe/IEHVE ILIUPHUHBI CEKTOPA.

4. PasHunma Mexay yacToTamMH [Jis IepBoro pacdera Ha pamuycax 0, 7, 20
u 50 mm (fr_dXX) — srtor mapamerp (HKCHpYeT pas3HHIy B HacTOTaxX, HO HCIOJb3yeT
TOJIBKO OJHY M3 YaCTOTHBIX KPHUBBIX, I03TOMY HANpsIMyIO He CBSI3aH C Pe3y/bTHPYIOLIUMH
3HAUEHUSMH 4aCTOTHI.

s pelienust naHHo# 3ajmauu Oblal BblOpaH anaroputm CatBoost — peanusauus rpanu-
€HTHOro OYCTHHIa Ha JePEeBbSIX pelleHHH, pa3padoTaHHbIH KomnaHuel dHpekc. B kauectse
obyuatoiiero Habopa ucnosb3oBanuchk 30000 o6pasuos, okosno 20000 GblH BblIENEHDI 1J15
TECTHPOBAHHS. DTO COOTHOLIEHHE OblJIO 00YCJIOBJIEHO TeM, UTO IIPH MepeHOCe OJHOTO pac-
YyeTa B TECTOBYIO BBIOODKY TyZHa »Ke MONaialoT BCe ero KOMOMHALWH, HCIOJNb30BaHHBIE
B JPyTUX o0pasuax.

Urobbl u3bexaTb NepeoOydeHHs, mpoliecc 00ydyeHHss ObLT OCTAHOBJEH, KakK TOJbKO
yJIydllleHHe Pe3ylbTaToOB Ha TeCTOBOH BBIOOpPKE MPEKPaTHIOCh.

Ha puc.4 npencrasieHbl nepsole 10 NpuU3HaKoB, OTCOPTHPOBAHHBIX MO YOBIBAHUIO MX
BaKHOCTH. KaK W 0xHIa/och, Ha MEPBBIX IBYX MeCTaX HaXOAATCS Ha3BaHHe (DU3HUECKOU
MOJEeJIM U H3MeHeHHe LIMPHUHBI CEKTOPA Ha COOTBETCTBYIOLIEM paiuyce.

Pesyabrarbl. [y oueHKH paboThl pa3paboTaHHOrO ajroputMa OblIH MPOBEIEHBI 1Ba
TecTa Ha HOBOH (DM3HMUeCKOH MOJesd C U3MEeHEHHBIM fPMOM M TOKOM KaTywku. [lepBbiid
TeCT ObLJ BBITIOJIHEH C MCMOJb30BAHUEM MeToNa (PYHKLUHH OTKJHKA, Pe3yJbTaThl KOTOPOTO
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Feature Importance
2| model name 14.043936
1| wd0 14.009209
15| mean _wd 200 1000 | 13.312181
13 | mean _wd_20_ 200 9.678120
8| fr_d150 6.021971
4| wd20 5.214260
14| mean _wd_ —200_ —20| 3.859361
3| wdl0 3.428996
11| mean _wd_10_ 20 3.248552
18 | wd—20 3.171732

Puc. 4. Tlpusnaku B nopsinke yObIBaHUS Ba’KHOCTH

npelcTaBJeHbl Ha puc. 4. Bropoll TecT MpoBOAMJICSA C HCNOJNb30BAHHEM CO3JAaHHOH MaTeMa-
TUYECKOH MOZEJIH.

CHauaJia OblJ BbIOJTHEH 6a30BbIH pacueT (random curve), aHaJOTHUHBIE TOMY, KOTOPbIH
NpUMeHsieTcsl B MeTofie ()YHKLHH OTKJAHKA. 3aTeM NpPOBe/ileHa ONTHMH3ALMs KPUBOH LIHpPHU-
HBI cekTopa. 1/l KaxKI0oro HOBOro 3HaYeHMs ILIHUPHUHEI C L1aroM Mo paanycy B 1 MM Mopesb
npejcKasblBasa U3MeHeHHsl yacToThl. Ha KaxkgoM 3Tamne BblUMCJsJIACh CpeJHeKBaipaTHy-
Has omwn6ka (MSE) 4yacToThl OTHOCHTEJBHO LieIeBOr0 3HAYeHHs B JHANa3oHe paguycoB
M30XpOoHHOro noJssd. ONTHMHU3aLUsA OCYLIEeCTB/IAIACh METOAOM I'PaJUEHTHOrO CIyCcKa U 3a-
HUMaJsa nopsiika 1-2 MuH.

Takum o6pa3oM, UCIONB30BaHHE MaTeMaTHYeCKOH MOZAEJH M03BOJSET NPeACKa3aTh U3-
MeHeHHSl 4acTOThl C HOBOM KPHMBOH BCEro 3a AOJM CEeKYHAbl, TOTA KaK TPafiHLHOHHBIE
pacuyeTbl 3aHUMaIOT nopsaka 1 u.

Ha puc. 5 mpencraieH pe3yabTaT U30XPOHHU3ALUH C IPUMEHEHHEM METONOB MAlIMHHO-
ro ooyuenus. s onTUMU3aLuK OblJ UCIO/NB30BaH BCEro OAUH Npe]BapUTeNbHbIH pacyeT
(B oTiiMuMe OT ABYX B MeTOAe (DYHKIHMM OTKJIHMKA), MOCJe 4Yero IMPOBENEHHl [Be HTepa-
und (puc.6). B urore ymajnoch DOCTHUb YJIY4IIEHHOTO pe3ysbTaTa, BHIIONHUB BCETO TPU
pacuerta BMeCTO MATH.

F., MHz
Orbital frequency compared to the mean one
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Puc. 5. Hpouecc U30XPOHH3AUHHU C MCIOJb30BaAHKWEM MAIIWHHOTO O6yquI/IH
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Puc. 6. Pa3Huua mMexay rnepBoHa4yasbHOH IIMPHHOH CEKTOpA M IIMPUHOK MOC/e BTOPOH HTepaluH,
TMOJIYYeHHOH C HUCIOJIb30BAaHHEM MALIWHHOrO 00yUeHHs

Tabauya 1. CpenHeKBagpaTH4YHasi OLIMOKA OT LieJeBOM YaCTOTHI

Pacuer, utepauus Oyukuus oTkauka | MaiunHHoe o00yueHHe
[IpenBaputenbublil pacuer 1 132 132
[TpenBaputesbHEId pacuet 2 653 —
Hrepauus 1 12 2
Urepauus 2 3,6 0,7
Urepauus 3 0,86 —

CpaBHeHHe CpefHeKBaJpAaTUUYHBIX OIIMOOK /s HECKOJbKHX HTepaluil 060UX METONOB
MoKas3aHo B TabJ1. 1.

C yBeJII/I‘-IeHI/IEM 0613eMa JAaHHBIX [OJ4 06yqu1/1;1 TOYHOCTb 1131—11—101'/’1 MaTeMaTH‘-IeCKOfI
MoOJ€eNH GYNeT yaydlliaTbCs.

ATy Monesb MIAaHUPYETCs HUCMOJIb30BaTh U Ha dTare MyCKOHAJIaIouHbIX paboT aJs pe-
aJbHOr0 (DOPMHUPOBAHHST MATHUTHOTO MoJs. [IperMyIecTBO MOMENH 3aKJIK04YaeTcs B TOM,
4TO, HUMesi TOJIbKO OIHY KapTy TO0Jis, OHA MOXKET AOCTaTOYHO TOYHO NpencKasaTb Heob6Xo-
JMMble U3MeHeHHsl LIHUpUHbI cekTopa. Ilpu dopmupoBanuu noss OyAyT UCIOJb30BaTb U3-
MepeHHYI0 KapTy TOJIs.

INPUMEHEHHWUE METOJA0B KOMIIbIOTEPHOI'O 3PEHHSA
JJI YIYIYIIEHHUA KAYECTBA KAPTbBI
MATHHUTHOIO IIOJI1 HUKJOTPOHA

[Tpu co3naHuM LUKJIOTPOHA BaxKHOH 3amadel siBjseTcs (GOpPMUpPOBaHKHE MarHUTHOTO IO-
Jis1, cniocobHoro obecneurTh 3PeKTHBHOE YCKOpeHHe NydKa. [y 3TOH LeNu IPUXOAUTCS
aHa/JM3UPOBATh KapThl MAarHUTHOIO MOJIS C LeJIblo NOC/aeLylollell KOpPeKTUPOBKY MarHuTa
A/ mpuaHus TpefyeMblX XapakTepucTHK. Kapra MarHMTHOro moJjs npeicrabiseT co6oi
MaTpHULy pacnpejieeHHbIX 3HaYeHHH HHAYKLHUU MarHUTHOTO MOJsl B MeAHAHHON MJIOCKOCTH
nukJotpona. [Ipouenypa usmMepeHuil KapThl MarHUTHOTO MOJIST — AJIUTEJNbHBIH IpoLecc, Cy-
IL[ECTBEHHO 3aBUCALIUN OT KOJHYECTBA TOUeK U3MepeHHs. Llesbio paboThl fBJAsSETCS MOUCK
MEeTOMKH, [03BOJIAIOIEH MONYyUUTh YIy4lleHHYI0 KapTy MarHMTHOro NoJis, NpH HeGoJb-
IIOM KOJIM4YecTBe U3MepeHHH, KauyecTBO KOTOpOH OyneT BbIlEe, uYeM P HCIIOJb30BAHHU
OUKYOUUECKOH HHTEPIOJSILHIH.
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Oo6yuenue mogaegeii. O6yueHne Mojesell OCYIIECTBJISAI0CH C HCIOJb30BAHUEM PACCUU-
TAHHBIX KapT MArHUTHOrO MOJIsi HA CETKaX C MEJKHM M KPYIHBIM 11aroM (BUAHO OTJIHYKE
110 pa3pellleHHI0 Ha PUCYHKAaX BHHU3Y).

[esb: uMesi KapTy, aHaJoOrHuHylo Kapte (puc.7), pacnosoxenHoit caeBa (LR), mosy-
4uTh GoJiee KaUeCTBEHHYIO KapTy, Kak Ha pucyHke crnpasa (HR)

Puc. 7. BHSyaJ’IbHOG npeacTaB/ieHHe KapT MAarHUTHOTrO MOJisg

[Ipy npoBeneHHH 3KCIIEPUMEHTOB PacCMAaTPUBANUCh METOAB M MOIEJH: OUKyOHUYecKast
unreprnossinusi, VDSR, SRGAN, ESRGAN, Real-ESRGAN, SR3, Stable Diffusion,
SwinlR.

Pesyabratel. Bbln npoBefeH CpaBHUTeJbHBIH aHA/IM3 MeTOAa OUKYyOUUeCKOH HHTep-
MOJISIUMK U METOIOB MOBBILIEHHS] KauecTBa H3MepPeHHBIX KapT MAarHUTHOTO MOJsl, OCHO-
BaHHBIX Ha HelpoceTeBOM MOAXole, a UMeHHO cymneppaspewienuu (SISR, Single Image
Super-Resolution).

KauecTBo mo/siyyeHHbBIX Pe3yJbTaTOB OLIEHUBANOCh C HUCMOIb30BaHHeM MeTpHK: 1) PSNR
(peak signal-to-noise ratio — mnukoBoe oTHOweHHe curHasa kK wymy dB) u 2) SSIM
(structural similarity index measure — HHIEKC CTPYKTYpPHOrO CXOICTBA).

2
PSNR = 10log;, (ML—SE> , (1)

rae L. — MakcuMaJsbHOE 3HAaYeHHe, NpHUHUMaeMoe MMUKCeaeM I/1306pa}KeHI/IH. B namem CJay-

Yae 3TO 3HaUEHHe paBHO 25D.

(2papz +Ci)(oh4 +Co)
(W4 + 1 + C1)(0% + 0% + Ca)’

SSIM (A, A) = (2)
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rie A — n3obpakeHHe BBICOKOTO KadecTBa; A — BOCCTAHOBJIEHHOE H300paKeHUE; f14 —
cpennee A; p 4 — cpenHee A oyq— nucnepcus A; o ; — aucrepcus A; 0 44 — KoBapuauus
Mexay A u A; Cp u Cy — KOHCTaHTBI, 03BOISIIOLIHE H30€KaTh HECTAGHIBHOCTD.
[TonyueHHble pe3ysbraThl (TabJ.2) NPOIEMOHCTPUPOBANH MPEBOCXOACTBO MOJEJEH, MO-
CTPOEHHBIX Ha OCHOBE apXHTEKTYp reHepaTHBHO-cocTs3aTebHEIX ceTell (GAN), B yacTHO-
ctu Real-ESRGAN [16], a Takxe TpaHcdopmepHoit apxutektypsl SwinlR [17] u cBepTou-
Hoil apxuTekTypbl VDSR [18] no cpaBHeHMIO ¢ METONOM GHKYOHYECKOH HHTEPIOJSIIHH.

Tabauya 2. Pe3yapTaTsl U IapaMeTpPbl IPOBEJEHHBIX 9KCIIEPUMEHTOB

Method Trtai1rrr11;ng eIgI;crEs Ws;%gts Comments deI\BjR' SSIM
Bicubic — — — — 37.573590 | 0.989502
SRGAN 3h 20 k | Pre-trained | Unofficial Sgrvinod | 34.672982|0.968103

implementation
ESRGAN 6 h 400 k | Pre-trained Official 49.711051|0.996742
implementation
Real-ESRGAN 6 h 400 k | Pre-trained Official 53.765625 | 0.997906
implementation
SR3 6 h 500 k | Pre-trained Unofficial Janspiry 28.608477 | 0.968259
implementation
Stable diffusion — — Zero-shot Version 2.1. 34.036395 | 0.972982
official x4-upscaler
VDSR 1.5h 100 k | Pre-trained | Unofficial Lornatang |49.724477|0.996429
implementation
SwinlR ~4h | 50 k |Pre-trained | Official implementation, | 50.363990 | 0.997275
task: classical SR

JlydimmiMu  MomensiMH - 1/ pellleHHs IIOCTaBJE€HHOHM 3ajaud MOXHO CUHTaTh
Real-ESRGAN, SwinlR, VDSR. Real-ESRGAN mnokasana HauBbICIliee KauecTBO, HO 00Y-
YyeHHe MPOXOAUT NOCTATOYHO MJHUTEJBHO ¥ TpeOyeT BHIEOKAPThl BHICOKOH MPOMU3BOAMTEJb-
Hocth. SwinlR nokassiBaeT kKauecTBo, 6/Mu3koe K Real-ESRGAN, Ho Mo3BoJisieT MPOBOIUTD
obyueHue Ha OoJjiee cnaGoil BUieOKapTe 3a MeHbliee BpeMmsi. VDSR sBisieTcs camoii mpo-
CTOH MOZEJIbIO M3 TPeX BbILIENEPEUUCHEHHBIX, HO, TEM HE MeHee, CIOCOOHA BBINOJHSATD
COM3MepHUMOe KaueCTBO TeHepalllu MPH MHHHMaJ/bHBIX 3aTpaTaxX PecypcoB Ha oOyueHHe.

B nanbHeiilieMm KauecTBO Mofesiedl OymeT MOBBIIATHCS 3a CUET YBEJIMYEHHs oObeMa
obyuarollel BbIOOPKH.

Takum o6pa3om, pe3ysnbTaThl JTaHHOH PabOThl UMEIOT MPaKTHUECKYI0 3HAUHMOCTb U MO-
TyT ObITh MPUMEHEHBI B IabHeHIIeM HCCIeOBAHHH U COBEPLIEHCTBOBAHNH CYIIECTBYOIIHX
METOJIOB YJIyULIeHUs] U3MEPEHHBIX KAPT MarHUTHOTO MMOJIsi LUKJIOTPOHOB MJisl IPOTOHHOH Te-
panuu.

BJIVNKAWIIUE IIJIAHBI U TEPCIIEKTHBBI

1. IIpogomxkeHne oOydyeHUs MoJeJeH IS M30XPOHU3AUMU MarHUTHOr 0 noJs. [1po-
IOJKeHHe pabdOThl ¢ MOIEJNSMH [Jis NOCTHKEHHS U30XPOHHOCTH B MArHHUTHBIX MOJAX —
KJIIOYEBOH LIar B YJYYIIEHHH XapaKTePUCTHK LHUKJIOTPOHOB. JJisi 3TOTO CTOUT YCHJIHTD
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NOAXOAH 10 00paboTKe AaHHBIX, ONTHMHU3UPOBATb apXUTEKTYPY HCIIOJNb3yeMbIX MofeJel,
a TakKe BBECTH HOBBIE NapaMeTpbl AJIs1 0OyUeHHs] HAa OCHOBE NOJIYUEHHBIX JaHHBIX.

2. Ucnoab3oBanue uHpopmauuu npu ontumusauuu BU-pesonaropa MSC230
s o0yueHus moaenei. JlaHHble, OJyyeHHble IpU onTUMU3auuu BU-pesoHatopa, Mox-
HO HCII0/1b30BaTh AJIS CO3/aHUsl 6oJlee TOYHBIX MoJeJied, KOTopble CMOIYT NpeicKasbiBaThb
TN0BeJleHUe pe3oHaTopa AJs APYTHX THIOB LUKJAOTPOHOB. [locTpoeHue u oOydyeHue Ha 3THUX
JaHHBIX MOXeT IOMOYb B CO3JaHHUU OoJjlee 3(P(PeKTUBHBIX NpeAcKasaTe/bHbIX MOJEJeH,
KOTOpble OyAyT IPUMEHATLCS NIPU pa3paboTKe HOBBIX YCKOpHTeJsed.

3. OOyueHne nmapaMeTpH30BaHHBIX MOJeJell AJfl pacyeTOB MAarHUTHBIX KaHAJOB.
[TapameTpusoBaHHbEIE MOLE/IN y2Ke PUMEHSINCh JJ/15 PacyeTOB MarHUTHbIX KaHasoB. Cie-
LyeT MpoBecTH HOBoe o6y4yeHHe ¢ UCIONb30BAHUEM MOCAeJHUX JaHHbBIX, YTOOB IPOBEPUTD,
HaCKOJIbKO 3()(heKTHBHO 3TH MOJEJIHM MOTYT afaNTHPOBAThCS K HOBBIM YCJIOBHUSIM H OITH-
MH3HPOBaTh paboTy KaHaJOB.

4. Paspa6otka moaxomos 1Jjs npumeHeHus MM B ynpaBieHUH HCTOYHHKAMH
uoHoB. [Tonxoxel ¢ ucnonb3opanuem WM nis ynpasieHHss HOHHBIMH HUCTOYHHKAMH MOTYT
3HAUUTEJIbHO MOBBICHTb 3(P(PEKTHBHOCTb PAbOTbl CHCTEMbl. PeKOMeHAyeTcs HCCle0BaTh
BO3MOKHOCTH TIPUMEHEHHs a/JrOPUTMOB MALIMHHOTO OOyUeHHs HJISI YIIPABJIEHHUS T1apaMeT-
paM{ HOHHOT'O HCTOUHHKA B PEXMMe pPeasJbHOrO BPeMeHH, a TaKiKe NPOBECTH HCIBITAHUS
Ha CTeHJe.

5. TectupoBaHue U reHepaunus uaeil AJsd CO3JaHHUA ONTHUMAJIbHOIO IUKJIOTPOHA.
DTOT 3Tan MO3BOJMT HCCJEN0BAaTh pasJjMUHble KOH(QUIypaLuH, oLeHHBaTbh UX 3((heKTHB-
HOCTb U BBHISIBJISITH JIyUIIHe PeLIeHUs MJIs YIY4lIeHHs XapaKTePUCTHK YCKOPUTES.

3AKJIIOYEHHE

[TpoekTHpoBaHre U ONTUMM3ALHUS LUKJIOTPOHOB TPeOYIOT TIIATENBHOIO yueTa MHOXKe-
CTBa B3aUMO03aBUCHMBIX apameTpos. [Ipumenenne MM B npoekTHpPOBaHUH U IKCILIyaTaUN
[UKJIOTPOHOB YK€ MPHUHOCUT 3HAYUTENbHBIE PE3y/NbTaThl, TIOMOrasi YCKOPUTb MpoLlecC pas-
paboTKH, yAy4IIUTb yIpaBJeHHe U MOBBICHTb HAEKHOCTb 3THUX CJOXKHBIX cucTeM. Merto-
Ibl UCKYCCTBEHHOTO HHTeJJIeKTa 00/1afaloT MOTEeHLHAIOM PEBOJIOLHMOHU3UPOBATE TIPOLIECC
pa3paboTKKU M ONTHMH3aLWH LUKJIOTPOoHOB. bnaromaps Bosmoxunoctsam UM uccrenosare-
JIX MOTYT YIIPOCTUTb NMPOEKTHUPOBAaHHE, pacCMaTpUBaTh 6oJiee MIMPOKHUH CIEKTP BapUAHTOB
U YJIYUIIATh OOLIYI0 MPOH3BOAUTEIBHOCTb YCTPOHCTB.
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