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OT3bIB BEAYIIEN OPTAHU3AIIMH
Ha auccepTanmonHyio pa6ory Ilpocosoa Konerantnuna AJlexcaHApoBUYA
«Dusnueckue Gaxropsl GopMupoBanus (HOAKTHBHBIX H
anTHOAKTEpHATBLHBIX KaubiuidocdaTHbIX NOKPBLITHII METOAOM
BBICOKOYACTOTHOr0 MATHETPOHHOTO PAaCHbIICHH, IPEICTABICHHYIO Ha
COMCKAHKE YUEHOM CTENEHH KaH/uaTa GU3HKO-MATEMATHICCKUX HAYK

no crenuanbaoctu 1.3.8. (01.04.07) — «Du3uKa KOHACHCHPOBAHHOTO COCTOAHHS»

AKTYaNbHOCTb TEMbI IHCCEPTAUHHA

Iluccepranwonnas pabora IIpoconosa KoncranTuHa AJleKCaHIpOBUYA [OCBAMICHA
MCCIENOBAHMAM B 00NAacTH (OPMHEPOBAHHSA HA TMOBEPXHOCTH MEJMIHMHCKHX CILIABOB TOHKHX
GHOAKTHBHBIX M  AHTHOAKTEpMATbHBIX  KanbluidocaTHbIX nokpertuit  mMetogom  BY
MATHETPOHHOTO PACIBUICHHs. AHTHOMOTHKOPE3UCTEHTHOCTD M npobneMbl, CBA3aHHBIE C
OTTOp)KEHUEM HMMILIAHTATOB B CBS3H C faxTepuanbHoi HH(EKNMEeH XOpOLIO H3BECTHEL 310
CBSI3AHO KAK C HEPAIMOHANBHBIM NPHMCHEHHEM AHTHOMOTHKOB, |TO BEAET K bopMHUPOBAHUIO
YCTOMUMBOH GWOIIEHKH He MOANAIOMIEHCs KJITACCHYECKOM CXeMe JeueHus, TaKk U C PHCKOM
BO3HHKHOBEHMS W DPA3BUTHs TOCIMTANBHBX uH(pekuuit. Hapany c 3TvM, aKTyaJbHOH OCTaeTCs
MoTpeGHOCTs B YCKOPEHHOH OCTCOMHTETpalid MEIMUMHCKIX u3genuii u  (POpMHPOBAHUH
GapbepHOTO CJIOS MEXY KOCTBIO U METALTHYECKOM OCHOBOM MMITIaHTaTa. PerreHneM MoXKeT ObITh
nonydenne My TbTHOYHKIHOHATBHBIX MOKPBITHH, KOTOPBIC 6ynyT urpath poib GapbepHOro Cios,
YCKOPATD 3@KUBJICHUE KOCTHOH TKaHH, & TAKXKE OKA3BIBATE aHTH fakTepUanbHOE JIEHCTBHE.

Takum 00pa3oM, HCXOMs M3 aKTyalbHOH npobieMaTiki, B pabore HCCIENYIOTCA
3aKOHOMEPHOCTH OCAXICHHUS TTOKPHITHH H3 kanpluitpocdaTHEIX MULIIEHEH pasIuIHOrO COCTaBa —
oT [ByX(a3HBIX MHILUCHEH Ha OCHOBE CMECH THMjpokcHanatdta H tpukansLuipochara 10
AHTHOAKTEPUATBHBIX [MHK MM MeIb 3aMELUEHHBIX IMAPOKCHANaTHTOB C TOHKH speHust QU3KKA

KOH/JICHCHPOBAaHHOT0 cocTosHus. Mccmenopanus B obnact (OpPMUpPOBAHUA AHTHOAKTEPUANLHBIX
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[OKPBITHIL HA OCHOBE KanbIuH(OCHATHBIX MATEPHATIOB H3BECTHLI B HAYIHOM c00011ecTBE, 0JTHAKO
OTIIHUUTENBHON OCOBEHHOCTBIO JAHHOM HCCEpPTAlMOHHOM paboTBl  ABJIACTCS KOMILIEKCHBIN
[OAXON K HCCIIEIOBAHMIO, BKJIIOHAIOMMH B ceds aHami3 CTPYKTYPhl MOMIOKEK, MUIICHENR H
YCTAHOBIEHUM BIMSHUS (U3MUECKHX (aKTOPOB cTpyKTypoo6pasoBaris MOKpeITHil. OTAETBHO
Cllexyer  BBIIENUTH  IOMBITKY  ChOPMHpPOBaTh  CTPYKTYPHO YIOPSIOUYEHHbBIE  CIIOH
kanpLHiochaTHOro MaTepraa ImyTeM KOCOro OCaXKACHUA MTOKPBITHH.

TakuMm 06pa3oM, TMCCEPTALIMOHHOE HCCIEI0BaHE K.A. IlpocosioBa 6€3yC/IOBHO aKTyalbHO
M VMeeT MPaKTHYECKYIO 3HAYMMOCTB, @ IIOJIYYEHHBIE DPE3ybTaThl MOTYT OBITH MHTEPECHBI IS
MpOo(HILHOTO HAYYHOTO COOOIIECTBA.

CTpYKTypa U OCHOBHOE CO/epKanne padoTel

JlunccepraumonHas paboTa COCTOMT W3 BBEACHHS, ATH TJ1aB, 3aKIOUCHUA 1 BEIBOIOB, IBYX
TPHIOKEHUH M CIMCKA JIUTePaTyphl, BKIIOTAIOLICTO 237 wucrouHukoB. PaGota comepxut 197
crparui, 90 pucyHKoB u 25 TabiuLL.

Bo BBexeHMH OOOCHOBaHAa AaKTYaJIbHOCTh TeMbl, COHOpMY/IMpoOBaHA Ledb W 3a/a4H
JIMCCEPTALMOHHOTO HUCCJIE/IOBaHMs, CTCICHD pa3pabOTAHHOCTH TEMbI HCCIIEOBAHMUS, HayqHAs
HOBH3HA, TEOPETHUYECKAs U NPAKTHYECKas NEHHOCTh paGoThl, M3NOKEHDI MOIOKECHU, BEIHOCHMBIC
Ha 3aIUTY, OTPAKEHBI TMYHBIH BK/IJ aBTOPA ¥ IOCTOBCPHOCTD.

B meppofi riaBe H3JIOXKEH MOJAPOOHLIH aHANW3 JIMTEPATYPB! MO TEME UCCIICIOBAHNUS.
PaccMOTpeHbI MaTepHallbl, TPUMEHSEMBbIC B MEIMIIMHE, cr1oco6n! PyHKIIMOHATH3ALUY [TOBEPXHOCTH
MeIMIMHCKUX u3femuil. OTIensHO 3a0CTPEHO BHHMAHHE Ha POJH MOP(OTOTHH MOBEPXHOCTU H
CTPYKTYpBI TOKPBITHH Ha OCHOBE (ocaroB KaybIHs. B KkoHLE TIaBbl CAENAHBl BBIBOMIBI IIO
M3yuaeMoW HaydHOW mpobieme, HTO MO3BOJIMIO copmyanpoBaTh ¥ OOOCHOBATH 3@y
JMCCEPTALMOHHOTO UCCIIENOBAHUS. |

Bropasi riaBa IoCBSIIECHA ONUCAHHIO MAaTEPHAIIOB I 06BEKTOB HCCJICIOBAHUS, TapaMETPOB
BU MarHeTpOHHOM YCTAHOBKH, METOXHKY CHHTE3a MHIIEHEH U MapaMeTpoB TEMIIEPaTypPHOH IOCT-
06paboTky Ha BO3XYXe M B Cpe/ie aproHa IpH PasIiTHBIX 3HAYCHUSX temnepaTypsl. KpaTko
W3IOKEeHB! (PH3MUECKUE HPUHLMITEL paboThl COBPEMEHHOrO MCCICA0BATENLCKOr0 obopynoBaHus,
TIPU TIOMOIIH KOTOPOTO GBLIH 0Ny IeHb! HAyIHbIC Pe3yIbTATEL.

B Tperbeil riiaBe NPUBENEHBI PE3YNBTATEl HCCIEOBAHUS IHMOMIONEK M3 THTAHOBBIX
CIUTABOB, B TOM uHcie (e3BaHaAMEBOTrO THTAHOBOTO CIliaBa H 6rope30opOUpyeMOro cruiasa Ha
ocHoBe maraus, IlokasaHa MHKPOCTPYKTYpa STHX CIIIaBOB M OJICMEHTHBIH COCTaB. Metotom
PEHTreHOCTPYKTYPHOTO aHaNu3a yCTaHOBIICH (a3oBbli COCTAB M CTPYKTYpa MCXOMHBIX TOPOIIKOB
(ochaToB Kanblus ¥ CHHTE3MPOBAHHBIX U3 HHUX mumenei s BY MarHeTpoOHHOT0 PacIiblIEHHS.

Yerpeprasi IJaBa IOJHOCTHIO TOCBAIIEHA HCCICNOBAHMIO ToHKOH cTpykTypel BY

MArHETPOHHBIX KalbluitpocdaTHbX MOKPEITHA B 3aBUCHMOCTH OT MaTepuana, KOTOpBIH ObLI
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HCIIONB30BAH B KAUeCTBE IOJUIOKKH, TEMIEPATyPBl MOBEPXHOCTH MOJIONKKOACPHKATEIH B Xojie
OCKIEHMS, U TEMIIEPATyPBl U aTMOCHEpS! pabo4eil kaMepsl B ClIydae nocT-00paboTKH OTIKUTOM.
Ha ocHOBAaHHY IONYYEHHBIX DPE3yJBTATOB IMPEUIOKCHA CXEMATHHHA BU3yaTH3aLUs W3MCHEHHA
CTPYKTYpBI aMOPGHBIX MOKPBITHH.

B nsiToif riiaBe OCHOBHOE BHUMAHHUE YIENAeTcss MOP(OIOrHH MOBEPXHOCTH K® noxpeiTui,
B ocobeHHOCTH B ciydae (OpPMHUPOBAHUS TaKHX TIOKPLITHHA B YCIOBHSIX KOCOTO OCAKICHHA.
[IpezcTaBIeHsl pe3yIbTaThl 3aBHCHMOCTH CpEeNHEeKBAIPATHYHON IEPOXOBATOCTH, OTIpeeeHHOH
pH  [OMOIIM AaTOMHOH cuioBoi Mukpockonuu ot BY mommoctH B ClyHae [10JII07KEK
PACIONIOKEHHBIX NEPIICHAUKYIAPHO MOTOKY PACTIBUIAEMOr0 1 TIpY HAKJIOHE TMOJUIOKKH Ha yroll 80°.
I[TpencTaBieHbl CPABHUTENBHBIC PE3yJIbTATRl  H3MCHEHHA (GOpMBI  CTPYKTYPHBIX 3JICMEHTOB
[IOBEPXHOCTH B 3aBUCHMOCTH OT yIjla HakjoHa H BY wmowmnoctu. OnpejeneHa 3aBUCHMOCTD
OTHOCHTENBHOM TMIOTHOCTH KanblUH(OC(aTHBIX MOKPBITHH B 3aBUCUMOCTH OT yIia HakJIOHa
[IOJUIOXKKM W HAKOHEI, ONpeJeleH KOHTAKTHBIA Yroia CMaduBaHud H cBOOOIHAS OIHEPTH
TTOBEPXHOCTH (PYHKIHOHANM3UPOBAHHBIX AHTHOAKTEPUATIBHBIME  TIOKPBITHSAMH ~ METAIHUCCKHX
MaTepHaoB.

B 3akjl0YeHNH TPUBEIEHBl OCHOBHBIC IOJYyYEHHBIC pPe3yJIpTaThl H copMyIMpOBaHbBI
BBIBOJIBL.

B npuiokeHHsX [PUBEICHBI PE3YNTBLTATHI OHONOTUYECKUX WCCIIeIOBaHUA W KONHA
THTYJILHOIO JIACTA MAaTEeHTa Poccuiickoit @enepanuu.

Hayunasi HOBH3HA Pe3yJILTATOB AUCCEPTANMOHHOH PAadOThI

1. B pabore BIepBbIe MPENCTABICHBl PE3YIBTATBI ONPEACIICHUA CKOPOCTH [IBHYKEHUSA
(bpoHTa KpUCTALIU3ALNH amopdHoro Qocdara KanpUug M0 M306pAKEHUIM [TPOCBEYMBAIOILEH
snexTpoHHoit Mukpockonuu. [IpoBeneHHEIH aHaIn3 MUKPOJMPPaKIMOHHBIX KapTUH amMopdHOro
CIOSL B COMOCTABJIEHUE IEHTPOB THKECTH» MUBY3HBIX rajno MEXMIOCKOCTHBIM pPacCTOAHUAM
KPHCTAITMYECKOTO THAPOKCHANATHTA, TO3BOJMIO yCTAHOBHTE, yro opmupyemMoe amoppHoe
MOKPBITHE HMEET CTPYKTYpy aTOMHOTO OIVOKHEro IOpsiIKa, COOTBETCTBYIOLIECTO CTPYKTYPE
THJIPOKCHANIATHTA.

9. VCTaHOBIEHO, YTO HA THTAHOBBIX CIUIABAX, KAK B KPYMHOKPUCTAIUIMHECKOM, TaK U B
HAHOCTPYKTYPUPOBAHHOM COCTOSIHMH IPU TEMIEpaType 200 °C dopmupyeTcst kampuukipocdaroe
ITOKPBITHE C PABHOOCHOM 3e€pPEeHHON CTPYKTYpO#, a ¢ yBEJIHUHYCHHCM TeMrepaTypel MOAIOKEK IO
400 °C — ¢ KOJIOHKOBBIM THIIOM pOCTa 3€peH.

3. VCTAHOBIEHO BIHSHHE OPHEHTAUMH TOMIOKKA B XOIE KOCOro  OCAXACHWA
kanplui(ochaTHbIX TOKPHITHH Ha HaHopebed ¥ CKOPOCTh UX POCTA B 3aBUCUMOCTH OT NABIICHHA
paouero Trasa B BaKyyMHOH Kamepe M PaCCTOAHHA OT MHILIEHH [0 IUIOCKOCTH

IIOIOKKOAepyKaTeIIsl.



OCHOBHBIE pe3yjbTaThl AMCCEPTALMOHHOTO — MCCIEAOBAHMS,  BRIBOJBL, TNOJIOKEH KA,
BBIHOCHMbIE Ha 3aIUTy, SBIAIOTCA HOBBIMH, UTO MOATBEPXKACHO aHAIM3OM JIMTEPATYPEI IO TEME
JECCEPTAllMH U OTPAKEHO B IyOIMKALMAX COMCKATEIIA.

J0CTOBEPHOCTH Pe3y/ILTATOB H 000CHOBAHHOCTH BLIBOIOB

JIOCTOBEPHOCTh ~ pEe3yIbTaToB ¥ OOOCHOBAHHOCTh  BBIBOZOB JIUCCEPTAHOHHOTO
HCCIeOBaHUS 00ECIIeuMBAIOTCS IPUMEHEHHEM COBPEMEHHBIX METONOB H3YHCHHA CTPYKTYPBI,
cocTaa W  CBOMCTB, HCHOJB3OBaHHEIX B paboTe  MaTepualios, HCIIOJIb30BaHHEM
CepTH(UIMPOBAHHOIO  HCCIIENOBATEIBCKOI0 000pyIOBaHUs,  PUMEHEHHUEM (hU3UIECKH
06OCHOBAHHBIX METOAMK MCCIICNOBAHMS K  COIOCTABICHHEM TOIyqdCHHBIX pe3yJipTaToB ¢
H3BECTHBIMY SKCIIEPUMEHTAIBHEIME H TEOPETHYECKUMH JaHHBIMH JIPYTHX aBTOPOB.
TeoperHyecKasi 3HAYUMOCTE MOJTYHEHHBIX PE3ybTATOB

K TeOpeTHdecKOH 3HAYMMOCTH padOThl CTOUT OTHECTH duzrveckne 3aKOHOMEPHOCTH
bOpMUpOBAHUS ~ TOKPBITHH, IPEACTABICHHBIC B pabore. CTOMT OTMETHTb, HYTO BCC
SKCIIEPHMEHTAIBHBIE 3aBUCUMOCTH, MONyICHHbIE B paboTe, COMPOBOXK/ICHLI MaTeMATHICCKUMU
ypaBHEHHSAMH, 9TO MOJKET OBITH HCIIOJIB30BAHO APYTHMH HCCIIeI0BATENAMHU JUTSL MOJETAPOBAHUS
[POLIECCOB, OMHCAHHBIX B INCCEPTALMOHHOM HCCIENOBAHHH. B paboTe ycTaHOBjIEHA 3aBUCHMOCTb
H3MeHeHus MOpQONOruy MOBEPXHOCTH KanbLuipochaTHBIX TOKPBITHH OT OPUEHTAIIMH OIJIOKKH
OTHOCHUTEILHO HaNpaB/IeHKs TOTOKA PACIIBUIACMOro MaTepuaa.

[IpaKTHYECKAs 3HATHMOCTH NOJIYYeHHbIX Pe3yIbTaTOB
[TpakTHYeCKyIO 3HAQUMMOCTb B TEPBYIO OHUCPEAb OTpaXarT ABa MaTeHTa Poccuiickoi
deslepannn Ha M300peTEHUE crocoa momydenus KaabluipocpaTHOro MOKPHITHL Ha obpaslie u
crioco6a mosydeHus aHTUOaKTepHaIbHOTO xapiuiipochaTHOro IMOKPHITHA Ha OpTONEAHTIECKOM
uMIITagTaTe, HMerormeM (opMmy Tena BpalleHHsd, ¥ OCHACTKa LA €ro ocylecTBiIeHHs. B TexcTe
palOTBl [OCTATOYHO JETANBHO ~ONHMCAHbBI  YC/IOBHA MONYyYEHUs] TOKPBITHH B PasTAIHBIX
CTPYKTYPHBIX COCTOSHHSIX, UTO MOXET OBITh NPUMEHEHO JA dhopmupoBaHus aHTHOAKTEPHATBHBIX
TOKPBITH Ha MEMIHHCKUX U3ICIUAX Ul OCTEOCHHTE3A B IPOU3BOCTBEHHON MPAKTHKE.
3aMeuaHus 10 AHccePTAMOHHOI padoTe
1. OOwpeM [auccepTalMy W3JIULIHE BEJIUK. JIutepatypHbli 0030p ¥ OCHOBHBIC pE3y/bTATHI
FCCIe/IOBARME MOIIH OBl ObITh MPECTaBIEHBI OONCe JIAKOHWTHO 6e3 kakoi-mubo yTpaThl
CMBICITA.

2. He yneneno B HOJKHOU CTEIIEHH BHUMaHHC aHAIU3Y BY marseTpoHHOHW IUIa3Mbl 30HI0BBIMH
HJIM CIIEKTPOCKOTTMYECKUMH METOAaMH.

3. HexocTaTo4HO WCCIEHOBAaHA MEPEXOMHAs 30HA W B3AUMHOE MPOHMKHOBEHHME MaTepHasoB
[OMIOKKH M TOKPBITHS B pe3yibTaTe H30TEPMHYECKOro OTKHra B CPeic aproHa IpH

temneparype 700 °C.



4. Ha ctp. 95 muccepraunu u cTp. 9 aBropedepara MPHUBEACHBI tabmuuel (3-3 (1) ©3 KOTOPBIX
HabonaeTes yMeHbIIeHHe 00beMa JJIEMCHTapHO! seliki CUHTE3HPOBAHHBIX MOPOIIKOB, a IO
TEKCTY «IIapaMeTpPhl PEIIETKH U OObEM SUSHKH. ......... 3HAYUTETHHO YBEIUIUBACTC»?

HecMoTps Ha BBICKa3aHHBIE 3aMeYaHMs, KOTOpBIE HOCAT CKOPEe pPEKOMEHJATeNIbHBII

XapakKTep, MOKHO 3aKJFOUUTh, YTO AHCCEPTALMA 3aCITy/KHBACT BBICOKOH OIIEHKH.
3akar4enne

Tluccepranponnas padora Ilpocomosa KoHCTaHTHHA AJIEKCAHAPOBHYA «DuU3nUECKUE
daxTopsl (HOPMUpPOBAHUS GHOAKTHBHBIX M AHTHOAKTEPUATBHBIX KampLUH(hocaTHBIX [MOKPBITHHA
METOJIOM BBICOKOYACTOTHOTO MArHETPOHHOIO PaCHbUICHUA) ABJIACTCS HAY4HO-KBATH(QUKALMOHHOM
paGOTOM, CONEPIKUT HOBbIE HAYYHBIE 3HAHMS, BBINONHCHA HA BRICOKOM YPOBHE C HCTIOJIB3OBAHMCM
COBPEMEHHBIX METOJIOB HCCIIEOBAHHs CTPYKTYPbI, COCTaBA 1 CBOHCTB.

ABTOpOM BBITIONHEH OGONBIIOH 00BeM padoT, BKIOYAs riyGOKUi aHaIW3 JIMTEPaTyphl,
SKCTIEPUMEHTAJIBHBIC  PE3yJbTaThl MO  yCTAHOBJICHMIO 3aKOHOMEPHOCTEH  (HOpMUPOBAHHUS
CTPYKTYpHL, ()a30BOTO, OJIIEMEHTHOrO  COCTaBOB aHTUOAKTEPUAIBHBIX M OMOAKTHBHBIX
KanplHihocPaTHbIX MOKPLITHE B 3aBUCUMOCTH OT CTPYKTYPBI MUIIEHEHN, MOANOKEK, FEOMETPHU
ocaxkIeHus ¥ TepMooOpaboToK. M3ioiKeHHBIe pe3yIbTaThl JIOCTATOMHO TOTHO arnpoOupoBaHbl Ha
ME3K/LyHApO/HBIX KoH(pepenuusx B Poccun 1 3a py6exom.

[lo pesynbTaTaM auccepTauuu onmyGnukoaHo 12 paloT B pEUCH3HPYCMBIX HAYTHBIX
U3aHMsAX, W3 HAX 2 CTaTh¥ B JKypHAJax, BXOLUHX B NEPEUCHD BAK. B 6asax mauHeix Web of
Science u Scopus mpezcrasieto 10 crarei. [Tonyyeno 2 narenta PO.

[lo 06beMy TONYYEHHBIX PE3yNbTaTOB M HAYYHOW 3HAYMMOCTH AMCCEPTAlMOHHAS pabota
JBISICTCS 3aKOHYEHHBIM HAydHBIM HCCIeJ0BaHMEM. ABTOpepepaT B LEJIOM COOTBETCTBYET
cozepxanuio aucceprauun. 1o MessM U 3a/a49aM, METO/IaM HCCIEN0BAHMS, CONCPKAHNIO, HOBUSHE
JCCEpPTAlHs YAOBIETBOPsieT TpeboBanusaM «Ilonoxkenns o MPACYKACHUH yICHBIX CTelleHeH, a ee
asrop IIpoconoB KOHCTAaHTHH AJNEKCaHIPOBMY 3aCIyXHBACT TMPHCYXKACHHA YUYEHOH CTENeHH
KaHauaaTa (pU3MKO-MaTeMaTUYECKMX HAayK M0 CHEHHaIbHOCTH 1.3.8. (01.04.07) — «®Dusuka
KOHJIEHCHPOBAHHOTO COCTOSHHUSY.

Pa6oTa paccMOTpeHa Ha 3aCe[aHui PACIIMPEHHOr0 CeMHHapa xadepbl HEOPraHUYECKOH XUMUH,

npotokos Ne 1 ot 8 oxrstpsa 2021 r
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