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OPULIMANBHOTO OMMOHEHTA, KAHAMAATA TEXHUYECKIX Hayk, Kopcmimka
Pyponsda Cepreesuya Ha aucceptaumio Epvakosa Cepres bopurcosua
Ha Temy «PagpaboTka TexHonorum 1 060pyaoBaHA NNAa3MEHHOO
PacnbINeHs NOPOLLKOB ANst aAAUTUBHBIX MaLLIMH», MOEACTABNEHHYIO Ha
COMCKaHWE YHEHOW CTerNeHn KaHavaaTa TeXHUYECKUX HayK
no cneynanbHoCcTh 2.6.17 — MartepuanoseneHue

1. AKTyaslbHOCTb TEMbI gUccepTaummn

Hvcceptauma Epmaxosa C.B. «Paspafotka TexHonoruv v 060opynoRaHMs
NNIASMEHHOTO PacnblIeHWs MOPOLLKOB ANd afAMTVIBHBIX MalUMH» NMOCBSLLEHA
paspaboTke TEXHONOrMn n obopynoBaHus Anst NoNyYeHUs
BbICOKOKA4YECTBEHHbIX CHEPUHECKIX MOPOLLKOB 3aaHHoro
FPaHyNIOMETPMHECKOrO  coCTaBa W3 CTaflelt WM LBETHbIX  Criiasos,
NPefHasHa‘ieHtbx 019 MCNONb30BaHWA B a4ANTVBHbBIX MALLUHAX PasfuHbIX
TUMNOB.

o HacToawero  BpeMeHW  UMEBHHO MeTannoobpabaTtbiBaroLLas
MPOMBILUNEHHOCTb, UCMONb3YIOWES TPAANUMOHHBIE - BbIYATAIOLME METOabI
00palboTky 3aroToBOK SBASETCH Hambonee 3aTPaTHON ¢ TOYKM 3peHus
MCNONb30BAaHWA METANNMHECKMX 3ar0TOBOK ~ KOSMDMDULIMEHT MCMONb30BAHS
MeTanna npu NPoUSBOACTBE MPOAyKUMM He npesbiaeT 50%, a npw
M3TOTOBNIEHUWN CHIOXHBIX M3penvn gaxke 10%. Obecneuve nocreneHHoe
SameLLeHNe BbMUTAIOLLIMX onepauui (ToueHrs, hpesepoBaHs, CBepeHUS,
CTPOraHns) B CTOPOHY afaMTUBHbIX TEXHOMOMMN 3D-nevaty, BO3MOXHO NouTH
ABYKDATHOE MOBbILLIEHNE KO3MMULIMEHTA MCMONB30BaHUs MeTanna. OaHaKo,
Pas3BUTVE TEXHONOTWA 3D-Nevatn y Hac B CTPaHe CIePKMBASTCS OTCYTCTBUEM
HaOEeXXHOW MPOU3BOACTBEHHON 6asbl Ans  M3roTOBMEHUS chepnyecKmx
METAMHECKNX NMOPOLIKOB 3aAaHHbIX FPaHYNIOMETPUHECKIX XapaKTEPUCTUK,
a BBEASHME CaHKUWI NPOTWB Halle CTpaHbl elue Bofee yoyryBuno 3Ty
CUTYaLLtO.

OaHUM 13 MEepCneKTUBHBLIX MyTel CO3OaHVN Takux MOPOLUKOB ABRNSETCH
MIa3MEHHOE  pacnbiNeHe TBepAbiX METanIMYecKnX 3aroTOBOK B CTpye
Mnasmbl, 4emMy noceslleHa paboTta Epmakosa C. B., 4To ykasbiBaeT Ha
aKTyalbHOCTL  AUCCEPTaLUMOHHON  paboThl, MOCBALLEHHOW paspaboTke
NEPCNEeKTMBHLIX HanmpPaBAEHWA MONYYEHUST KaAYeCTBEHHbBIX METAUTNINHECKIX
MOPOLWKOB ANs afANTUBHBIX MallH Pa3IVHHbLIX TUMROB MyTeM MIa3MEHHOro
pachblieHNs TBepAbiX MeTanin4deckiix 3aroToBOK B pa3pa6OTaHHOM i
M3rOTOBNEHHOM [NA 3TUX Lefen NnasmMeHHOM aTtoMaisepe.
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2. Hay4uras HOBWU3Ha guccepTaunm

B aucceptaupm C.B.  EpmaxkoBbiM  NPEACTaBneHbl  PE3ynbTarbl,
06r1a020WLME HAYHHOM HOBU3HON, MEIOLINE MPaKTUHECKYO 3Ha4MMOCTb. K
HM OTHOCUTCS!

- TeopeTnyecku OOOCHOBaHbI W BKCMEPUMEHTAIbHO  [oKasaHbl HOBble
NPUHLMNBI PACTbIEHNA MPOBOJIOK 13 XPOMOHUKENEBbIX CTaflen N UBETHbIX
CMAABOB, pPeanM30BaHHbleé Ha MAaKeTHOM YCTaHOBKE [N MNNasmMeHHoN
aTOMM3ALNN.

- KOMMBIOTEPHOE MOZAS/MPOBaHNe W PACYETHO-TEOPETUHECKU  aHau13
MPOUECCos8 00pasoBaHNa Karyii pacnniaBfieHHOro MeTana, YCNOBWUIA €€
AMCMeprv3aLn, KpucTanmsaumm 1 OXNedKAeHNs, KOTOPbIe  MO3BONAN
ONpeaenTb KOHCTRYKTUBHbIE W TEXHONOrNYeCcKUe napameTpb!
MPOMBILLMEHHOY  YCTAHOBKM  MIAa3MEHHON  atomn3auun  MeTaIHeckux
AOPOLUKOB,  OnpefjenvTb  ONTUMaiibHble  napaMeTpbl  PachiblieHns
METANNMMYECKKX MOPOLIKOB B  3aBMCUMOCTUM OT XMMUYECKOro COCTaea,
OMaMETPOB U CKOPOCTEN NoJaqm pacrblisembiX MPOBOJIOK.

- VCTaHOBMEHVE B3aWMOCBSI3N  MEXZy TeOMEeTpUHECKON thopmon,
FPaHySIOMETPUHECKUM 1 XUMNHECKMM COCTaBamn PachibiifieMbiX MOPOLLKOB,
TEXHOSIOTMHECKAMM PEXUMAMY PACTIBINEHVSE METAUTIMHECKOW MDOBOJSIOKN U
MEXAHNYECKUMIA  CBOMCTBaMW  M3AeNnA, NONydYeHHbIX W3  PachbiIeHHbLIX
MOPOLUKOB.

- BbINOMHEHHOE KOMMLIOTEPHOE MOZenmpoBaHne W paspaboTaHHas
LMdpoBas MOLENb MPOLEecca PachbiiieHnst MeTanIMHeCcKnX MNPOBOMOK 1
TEPMOONHAMUYECKVX MNMPOLECCOB, MPOUCXOAAUINX B KOMOHHE PaciiblIeHNs
NAasMeHHoOro aromainzepa npu OAHOBPEeMeHHOW paboTe OfHOro U TPEx
reHepaTopOs M/asmbl.

CopepXaHie — guacceprauun  COOTBETCTBYET — Macropty Hay4HOIA
crieupmanbHocT 2.6.17. MatepuanosefieHue no CiegytowmM nyHKTam:

M. 8. PagpaboTka W KOMMbIOTEPHaA peamsalya MaTeMaTn4eckmx
Moaenem HUBNKO-XNMUNHECKUX, rUAPOONHAMUYECKUX, TENNOBbIX,
XEMOPEONOrniecKx, PasoBbix K AeOPMaAUMOHHBIX npeBpaLUeHnia  npu
npouasoacTse, obpaboTke, nepepabotTke W aKcnnyaTauuy Pasn-HbIX
METAINMNYECKUX, HEMETASSIMHECKUX U KOMMNO3VLIMOHHBIX — Marepmnasnos.
CospaHne UMpoBbIX ABOVHNKOB TEXHONOTMUYECKMX TIDOUECCOB, a TakxKe
paspaboTka CrieumnansnpoBaHHOro 00opyaoBaHns,

1. 14. Passutie Hay4HbiX OCHOB KOMIMIEBKCHOTO UCMOMb30BaHNA ChlDbs,
MECTHBIX CbIDbEBbIX PECYPCOB M TEXHOTEHHbIX OTXOAO0B ANA NONY4eHNs
METAMNIMHECKNX, HEMETATNYECKMX U KOMMO3ULMOHHBIX MaTepnanos A4
geranem, nsgenuii, Malk U KOHCTPYKUWA.



Ha ocHoBe nonydeqHbix C. b. EpMakoBbiM TeopeTuieckmx PEe3ynNLTaToB:

- pa3paboTaHbl TEXHOMOMMHECKNE PEXIMMBI MIASMEHHOMO PAaCHblAeHNS
MOPOLLIKOB HePXKaBEOLLIMX CTamNen, CNiasoB TUTaHa, HUKEN, Meau:;

- NOJyYeHbl OMbITHLIE MAPTUN MOPOLKOR 1N AOKa3aHa BO3MOXKHOCTL WX
NCMOMb30BaHNA B 84ANTUBHOM MPOUN3BOACTBE!

- MOJNy4eHbI PE3YNLTATHl MATEMATUHECKOrO MOAEIMPOBAHUA HEOOXOaMMbIE
ANA NPOBKTVMPOBaHNA WU M3rOTOBMEHUS MPOMBILLNEHHO  BbiMyCKaeMbIX
NasMeHHbIX aTOMan3epoB;

- W3TOTOBAIEH MOJIHOPa3MEPHbIN  MakeT MiasMeHHOro  atomaniaepa,
NO3BOMSIOLWMA  MCCNIEAoBaTL  MPOLECC  MAasMEeHHOro  PacriblieHUs,
paspabarsiBaTts TEXHONOTWW MPOU3BOACTEA W MOAYYaTh NOPOLLKA CTafel 1
CNiaBoB LBETHbIX META/VIOB 3a4aHHOrO rpaHyfioMETPUHECKOro cocTasa.
[MNonyy4eH nateHT PO Ha nonesHylo Mofienis Ne204335 «YCTpoicTBo ans
NONYHEHNA METAIINHECKIMX MOPOLLKOB»,

- paspaboTtaHa 1 MPOMBILLAEHHO ONpPoBOBaHA TEXHONOMMS pacnbineHus
METaNNNHECKNX MOPOLLKOB HEPXXaBEIOLLIMX CTanel, CniasoB TUTaHa, HUKens,
MEAW, NPEANOMXEHbl  PEXUMbl  PachbIIEHUST MOPOLLKOB B YCIOBUSIX
MPOMBILLNEHHOrO  NPoM3BOACTBA. [lonydeHHble pesynbTartbl BHEOPeHb! B
MPOMBILLNEHHOCT, a rmeHHO B [MAO «CesepcTane» («CCM-Taxmar») n1 AQ
«0O3 «MWKpPOH».

3. Crenetb OBOCHOBAHHOCTU W LOCTOBEPHOCTU HayYHBIX MONOXEHWN,
BbIBOAOB W peKOMeHAaUMn 0beCcnequBaloTCsl BOCMPOU3BOAVMOCTHIO I
COrfaCOBaHHOCTBIO MOJIYHEHHbIX PE3yNbTaToB, MOATBEPMKAAETCSH BOSbLLIAM
OOBEMOM  OKCMEPUMEHTASbHBIX  MCCNEAOBaHWA,  MPOBEAEHHBIX ans
NOATBEPXKACGHNA  OCHOBHbIX TEOPETUMECKUX MOMOMEHWA, MPUMEHEHWEM
COBPEMEHHOI0 CEPTUDNLIMPOBAHHOMO UCCEAOBATENLCKOrO 060PYA0BaHNS 1
JIAUSH3MOHHbIX  MPOrPaMMHbIX  CPEACTB A1 06paboTku  MHGopMaLK,
KOPPEKTHOCTBIO  MOCTaHOBKW — 3a0a4  WCCNeNOBaHUS 1 KOMMIEKCHBIM
Nnoaxoaom.

4. Hay4Hble pesynsTarhl, UX UEHHOCTb

K Hay4HbIM pesynbTartam ChnefyeT OTHeCTU paspaboTky MPUHLIMMOS
KOHCTPYMPOBAHNA MNasMeHHbIX aTOMaN3epoB, BbINOSHEHHBIX MO CXEMe
TPEXMNAa3MOTPOHHOMO UCTMIONHEHWA C pasfenbHbIMU Dakenamy nnasmbl B
06BbEME  KOMOHHbI  pacrbleHnst, pPazpaboTKy MaTemMaTUyecKon Mogenu
npouecca NNasmMeHHOro PachnbUIeHWA TBERALIX METAMHECKUX TEN; raso- U
TEPMOJUHAMUHECKX MPOLECCOB, MNPOTEKAIOLMX B KOMIOHHE PACTILIIEHNS!.

YunTbiBagd KOMMAEKC PasHOOBPASHBIX KOMMYECTBEHHbBIX M Ka4eCTBEHHBLIX
NapameTpoB  Mpouecca  MnnasmMeHHoro  pacrbiieHus),  a3ddeKTVBHOCTb



MOMy4eHHbIX PE3y/bTaTOB A8 MaTepUanoBenqecKon OTPac/n He Bbi3biBasT
COMHEHUS.

PeaynbTaTthl AUCCEPTALMOHHOMO UCCNE0BaHMst B OCTATONHON CTerneHu
ocselleHbl B 13 nevaTtHblx paboTax, B TOM YWChe B 2 CTaTbsiX - B U3JaHUAX U3
MEpEYHS PELEH3MPYEMbIX HayqHbIX V3AaHW, B KOTOPbIX [OOMKHbI ObITh
OnyBMKOBaHbI OCHOBHbIE HAyHHbIE PE3YSLTATbI AUCCEPTALN HA COMCKaHMe
yYEHOM CTeneHn kaHamaaTa Hayk, (nanee ~ MepedeHb BAK), B 7 CTaTbsX - B
M3OAHMSAX, BXOOALUMX B MeXayHapogHble 0asbl faHHbIX W CUCTEMb
upTUpoBaHKns (Scopus). MNonydyeH 1 nateHT.

5. Teopetudeckass W Mpakiv4eckas  3Ha4MMOCTb  Pe3YNbTartoB
anccepTauyv

Ha ocHose nonyyverHbix C.B. EpMaKoBbiM TEORETUHECKMX U NPaKTUHECKNX
PE3yNLTATOB Bbiiv MOMyyYeHbl HOBble MpeAcTasfeHns O opmrposaHim
pacrnaBfeHHol Kanm MeTanna B KOJOHHE pachblieHns atomansepa,
YCIIOBUIA e KpucTasmmaaummu u - OxNlaxkaeHusl,  TepMognHaMmn-eckux
MpoLeccax B KOMOHHE pPacrhbiieHns, (HOPMUPOBaHNA  MUKPOCTPYKTYPbI
MOPOLLKOBOW  YacTvupl,  PaspaboTaHbl  TEXHONOMMHECKWE  PEXUMbI
Ma3MEHHOTO  PachblieHnst MOPOLUKOB HepXXasetoLLyX CTanei, CruiaBoB
TUTaHa, HUKENS, MEOU; MOonydeHbl OMbITHbIE NapTUM NOPOLLKOB U [0Ka3aHa
BOSMOXHOCTb MX UCMONb30BaHWSA B &AONTUBHOM MPON3BOACTBE; MOAyHeHb!
pesynbTaTthl  MATEMATUHECKOrO  MOJENMPOBaHVs  HeoOxonymbie  And
APOEKTVPOBAHWS Y U3rOTOBNEHUS MPOMBILLMEHHO BbINMyCKagMbIX NIa3MEHHBIX
aroMarisepoB;  W3roTOBMEH — MOMHOPA3MEPHbIM  MakeT  Mna3meHHoro
aroMansepa, NO3BOASOLIMA  UCCNedOBaTb  MPOUECC  IM1a3MeHHOro
pacnbiieHust, paspabateiBatb TEXHOAOMMM MNPOU3BOACTBa ¥ MONy4aTb
MOPOLUKIA  CTaneil u  CNaeoB  LBETHbIX — METaNIOB  324aHHOro
rpaHyNoMeTpU4ecKoro coctaea. ony4eH nareHT PO Ha nonesHylo Mofesib
Ne204335 «YCTPONCTBO [ANA  MONYYEeHUsT METaNMHEeCKnx  NOPOLUKOB».
PagpafotaHa W NPOMBbILLNEGHHO OnpoboBaHa TEeXHOMOorvs  pacnbiieHna
METANTUHECKMUX NOPOLLKOB HEPXKAaBEIOLUMX CTaNel, CrjlaBos TUTaHa, HUKeENs,
MeM, NPEANOXKEHb! TEXHOMOMMHECKUE DEXUMBI DACTIbIIEHNA MOPOLLKOB.

6. PexkomMeHgauy No UCNonb30BaHNIO Pe3yNsTATOB PaboTh!

Pesynbtatsl  OMCCEPTAUMOHHOIO  UCcnefosBaHua  MOryt  OblTb
NCMNOM30BaHb! MPW paspadoTke NePCrneKTUBHOrO 0B0PYA0BAHNA N PEXKUMOB
MMa3MEHHOr0  PacrbifieHNsl  METalMYecknx  MOPOLIKOB;  BHEAPEeHbl B
npombllineHHocTs B [MAO «Cesepctane» («CCM-Tsxmaw») n AO «O3
«MUNKPOH»,



7. 3ameqaHuns 1 Bonpochkl no paboTe

1) B paboTte ykasbiBaeTcs, 4TO npu PopMUpoBaHMK  Karmu  Apw
PacnniasneHn NPOBOSIOKM B MOTOKE MNad3mbl BO3MOXHbI B8 MEXaHN3Ma —
KUNEHWA MOBEPXHOCTY, HanpaBieHHOW B CTOPOHY (hoKyca MAasMeHHOro
(hakena NpoBOMOKK 1 POPMUPOBAHUS Kanv Ha ee TOopLUEeBOW Yactn. Kak
NOKa3aHo aBTOPOM BTOT MEeXaHusM, B TMepByld o4epedb, OnpenenseTcs
TEMNEPATYPON MNNaBfeHns pacrbisemMoro BelecTsa. AsTop, B OCHOBHOM,
VICCIIE[0BaN Marephansl ¢ JOCTATOYHO BbICOKOM TEMMNEPATYRON MNiaBneHNs
(32 vCkmtodeHMeM  craBoB  Memny).  BOSMOXHO NPUMEHEHNE
pas3paboTaHHOro  06OPYAOBAHUA U TEXHONOrM MPU  pacrbiieHnn
JIerkonnaBknx MaTepuanos, HarnpuMep, MNPYNoes UK CrnaBoB artOMUHMS.

2) i3BecTHO,  “TO  npW  MAa3MeHHOM PaChbIIEHAN  BO3MOXHO
(POPMUPOBAHME [ABYX TUMOB KPUCTANMSALMOHHBIX CTPYKTYP 4acTtuy, — 3T0
AHEMCTAR KPUCTAM3AUNA 1 ABHAPUTHAS KpUCTaNM3aLus YacTud, Mpn 3Tom
BO3HWKAIOT pasnvdHble yKTyaLmm XMMUHECKOro CocTaBa HacTull, KOTOpbIE
B NPOLECCE CNNaBNeHnsa MOryT OKasaTh BIIMSAHME Ha MEXAHNYECKUE CBOVMCTRA
NoMly4aemblX  M3Aenmn. Bbino 6bl MONE3HLIM  OMpPefeuTs THM CTRYKTYP
KprcTtannmsauim Hactul, nofly4eHHbIX METOAOM Ma3MEeHHOO DAaCMbINEHUS
KaK B YCNOBUAX MaKeTHOW (nabopaTopHON) YCTAHOBKM, Tak U npwu
MPOMBILLNEHHOM NPOLECCe pacrbiieHus.

3} Tak Kak rpefnaraeMblii MeTon, NPEcTaBAseT COBOM OTAMYHBIA OT
CYWECTBYIOLLMX  MPOLECC, XOTenocb Obl YTOYHUTL  CeBecTOUMOCTb
MOMy4eHHBIX  MOPOLWKOB 1 WX  COOTHOLLUEHWE C LeHaMU  MOPOLLKOB,
MPEeACTaBNeHHbIX Ha PbIHKE.

4) B paboTe WMPOKO npencTaBneHsl pesyssTarhl KOMMbIOTEPHOIO
MOAENMPOBaHUA  TeNNOMUBNHECKUX 1 adPOAMHUMUYECKUX  MPOLECCOB,
MPOVCXOAAUMX B aToMari3epe B 3aBUCUMOCTW MPW PAas/INHHLIX PEKMMAX
MAG3MEHHOrO PacnbINeHNA: TeMNepaTypa, CKOPOCTh U HaMpPaBieH1e rasoBbiX
MOTOKOB, TeMneparypa CTeHKN KOMOHHbI B 06bEMe KOMOHHBI. Kakune moaenm
NCNONL30BANUCHL B pacHeTax? Kakume Bbliv NPUHSATL! HAYanbHbIE U MrpaHUYHbLIE
ycnoeust? Tawk e [1s MOHUMaHUS TOYHOGCTU PE3YyNbTATOB  Pacu4&TOB,
MOMYHEHHBIX  C MOMOLLBIO  KOHEYHO-3MIEMEHTHOrO  naketa  (ANSYS),
HEOOXOAMMO 3HaTbL KOMYECTBO BMIEMEHTOB U Y3N0B MOOSH, pasmep sueexk.

YKasaHHble  3aMeqaHnst  He  CHWKAT  3HAYMMOCTW MOy YEHHbIX
PE3yNbTATOB 11 HE BIMSIOT  HA  OOWYIO  MOSIOXWTENBHYIO  OLISHKY
AuccepTaumnorHoro nccnegosaqus C. b. Epmakosa.



8. 3aknoveHre No guccepTauin

NviccepTauma «PagpaboTka TexHonorum v 00opyHoBaHUs MiasMeHHoro
pacribifieHnst NMOPOLUKOB AfA aAfUTUBHBIX MallnH», MpencTaBneHHas Ha
couUCKaHWe Y4eHOW CTeneHn Hayk Mo cneuvanbHOCTY 2.6.17 -
MaTepuanosegeHie MOSHOCTBIO  OTBeYaeT  TpebosaHuam  pasaena 2
JIONOXKEHUA O  MPUCYKOSHUM  y4eHbIX  CTeneHel»  (defepalibHOro
FOCYapPCTBEHHOMO BOIKETHOro 06Pa30BaTENBHOMO YHPREXKASHNS BbICLLIEIO
obpasosaHua «CaHKT-IeTepOyprekui ropHbIA YHUBEPCUTET MMMepaTpvLbl
ExaTteputbl ll», yTBEPXAEHHOIO MPUKa30M PEKTOpa CaHkT-TeTepbyprckoro
FOPHOTO yHUBEPCUTETa MMMepaTpuLbl ExatepyHbl 1l oT 20.05.2021 Ne953, a
e& asTop EpmakoB Cepreit Bopucoi4 3acnyxvsaeT NpUCYXneHus y4EHOM
CTEneHn KaHoupata TEXHWHECKUX HayK Mo CrneunanbHoCTU 2.617 -
MaTepuanosegeHue.

OdhnumansHbiA ONNOHEHT
HayanbHUK TEXHONOMYECKOoro oTaena
NHCTUTYTA NA3EPHBIX 1 CBAPOYHBIX TEXHOIOTIA
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Ceeperus 06 ouLmansHOM OfMOoHEHTE:!

deflepanbHOe rocyaapcTBEHHOE BIOIPKETHOS 06pa30BaTeIbHOE YHPEXAeHE
Bbicluero obpasosaHns «CaHkT-IeTepBypreKkuii rocyfapCTBEHHbIR MOPCKOA
TEXHUHECKUIA YHUBEPCUTET

190121, CankT-TleTepbypr, yn. JioumaHckas, 3

OduLmarnbHbI CaiT B cev ViHTepHeT: https://www.smtu.ru/
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