BIATYK
oILKOrO onoHeHTa Ha gucepTtauinty podoTy
Boumewnka Onexkcandpa Mukonaiioeuva
«MIKpoNNasMoBE aA1TUBHE HaNNaBNeHHS NROCTOPOBUX BUDODIE 3 METANERWX
MaTemans»

NPEACSTABNEHOT HA 3000YTTA HAYKOBOTO CTYNEHS GOKTOPa Binocodii no ranysi snaHb
13 «MexarivHa imxeHepiny 3a cneuianeHicTio 132 «Martepiano3HaBCeTRO»

AKTyaneHiCThE TeMK auceprauil

AONTBHI TEXHONOMT BUTOTOBREHHR MeTaneBix Bupobis € CAHKM i3 LLSXIB BUPILISHHS
npodnemMi  CTBOPEeHHSs  Be3BIaXOAHKX  TEXHOACTHA i3 MOWIMBICTIO  WBMAX0T  3MiHn
TUNIOPOIMIPIB ABTaNneW Ta Nepexody Bld OCAMHWMHUX eKIeMONSLIB AU senuks cepid
supobiB. Y CBOIO YERIY. MIKDORNA3MoBe HannaenedHa npoctoposux 30 obextie 13
BUKOPUTTAaHHAM  Taneeux APOTOBAX ¢ NCOLOUWKOBKX MDUCAZHKYBANBRIAX  Marepiams,
JGUMBIOHK  NPOMBKHE  MICLE MK BUCOKONROAVKTUBRUM. ang HeACCTaTHLG  TOMHUM
TRAAMUIMHWM HaNMasNeHsAM. 1« JOBOMH TOMRUM, ane HUIbKONDOAVKTABHUM NasepHum
HaNNABNSHHRM, BAANO NOSAHYE MOXIIMBICTb 38CTOCYBAHHA WNDOKOTC CNBKTDY BUTPATHUX
METANEBNX  MaTeplanis 13 BWCOKMMM  MNOKAIHKKAMUW  NPOAYKTUBHOCTL,  TOYHOCT
POPMOYTEOREHHS, 3ajannm DIBHEM (DIZVKO-MEXAHINHUX BIBCTURBOCTER Ta 330MWIKOBWX
Hanpyxeds  Tomy  tema  gueaprauyiinol poBoTi Bolresrka O M sika  npucesqena
ACCHIDKEHRIC NPOUESIB DOPMYBaHMA MIKDOCTOYKTYRA | HANPYXEHO-AeDOBMOBARDIC CTAHY
(HOC) ocaepwysBanux ofekrie  pospobuyl  HTBNeKTyaliprnX  33C0BIB MOHITOPUHTY
YIpasnisHe npouecom astomatianora 30D apyky 3agannx of'emuvx metanesux supcbis,
BAOCKCHANEHHKD OCHOBHOTS 0BNAgHAHKS € aKTyansHOW

Ouivka amicTy Ta 3asepweHocTi aucepTauil

Anceprauitna pobora Bowlredxa OM  mae saranbeui ofcsr 217 CTOPIHOK,
CRIALEETHCR 3 aHoTadl. acTyny. 5 pO3AINI8 3arancHnx BUCHOBKIR, CITUCKY BUKDBUCTAHMX
paepen 3 135 nafimerysats, 404aTKE 3 2 AOBIAKAMI WOL0 BOROBAKEHHS oBnagranHs.

Y BeTyni oBrpyHTORAHO axTyansHicTs BUBPAHOT TeMy JOCNIAMEHHS. noKa3aHuh
3B'H30K 3 HAYKCBUMMW NPCipamamu. nnadHaMu remam ChopMynsosara Merta 1a 3ajaq
AcChigxerts. BRasaHo Npo NpakTiuHe 3HAVEHHR OTPUMEHWX pesynbTartie. ocobueTun
srecox sgobysava. npo anpodadiv | nyBnikaul pesyneTaTIe AOCHIKEHL. BUIHAMEHA
HEYKOBa HOBU3HA

Y NepwomMy DoAY NpeacTaBneHi pesynbTaTh aHaNTAMKOTD OISy fiTepaTypHux

Po

DKEDEN 3 MUTanL AucepTauiine: pofc ¢

TAHYT ANeTEDHATMER CNOCOS

OTPUMAHHA

TRUBAMIDHUX OO SKTIE @AUTURHUMK TexHONONSMr [ loxazano

LPA BWIOTOBNERHS
MeTanesux supobis 3D-4pyKoM 3 nO3MUIR AKICTL/BAPTICTL AOLIIBHO BUKOPUCTOBYBATH

aauTuBHe mikponnasmose (Pofouri CToyM 40 30 A) HANNSBAEHHA 3 BUKOPUCTAHHAM



NOPOIKIB Ta APOTOBUX NPWCAAXYBANbHIX MaTepianis. CdhopMynsoBani 3apadl 7a Mera
AOCTUKEHHR

Y APYroMy pPO3Zint A0CHIKEHT XIMIYHMA CKNaa | OCHOBHI CTDYKTYPHI CKnajgos:
npucagxyBaneHUX Martepianis, WO 3aCTOCOBYIOTHCS B EKCNEPWMEHTax. polpobneHo
METOANKY NPOBEASHHA EKCNEPUMEHTIB, 0BPaHO BIANCBIAHE TEXHONOMYHE 0DMaaHAHHS | Ha
BOTG  CCHOBI  CTBOPEHO  nabopatopHulm  CTewg AN NPOBSASHHs  aocniam
BukopuCTOBYBANKCA  HACTYHI  METOLWM  A0CHIDKeHHs  DiduHHe | MAaTeMaTuuHe
MOAEBHOBAHHA  NPOUECI8  AfUTUBHOMO  MIKPOMIA3MOBOre HANNABNEHHR  METANEBUK
MATEPIANB.  YWUCENbHE  NPOTHOBYBAWHA  HANPYXKEeHo-ZedopMoBanore  cTany  (MAC)
OAEPHYBAHUX METANEBUX TPUBUMIDHUX OD'EKTIB. MOZBAKBAHHA [A30BKX CTOKIB ANS
NOKPRWEHHA  KOHCTDYKUWIR NOA3MOTRORIB, TEXHONOTIUME  AochnigmeHHn ocobnusoccren
NCLAPOBOTO HOPMYRAHHE MeTanesux 00EKTIE Ta IX BNNWBY HA CTLVETYPCYTBOPEHHA
CTIHKN. BIBYANbHE TE XPOHOIpAdiMK METOAW KORTROMG, ONTHYHE | MEXAHISHE BUMIDIOBAHHS
rEOMEeTPUYHIX  MapamMeTpiE  HANNEBNeHWX  3Pasis.  METanorpaditkl  JOCIDKEHRHS
CRepWAnKMX  CTPYKTYR 13 338CTOCYBAHHAM  ONTUMHO! T3  ENEKTPOHHOT  MIKROCKOM,
MIKDOZIOPOMETDUMHIIA GHANI3 TBEPACTT BUNPODYBaHHS Ha CTaTuMHe PO3TATYBAHHA

Y TPeTbOMY PO3Lint HasegeH PesynbTaTy PO3PAaxyHKOBWX AOCHIAXKEHb NPOUeCs
fA30OVHAMIKK B KOHTYPaX  CTAHAAPTHOrG  NasmoTpoHy 3 BUAKOPUCTAHHSA
MIKDOTINIAZMOTPOME  NOKPALIEHD! KCHCTPYKUIT NPOBEASH NOP BHANBHI SKCOSHUMEHTY 3
BAUTUBHOIG HANNABIGHRA METANesux ApOCTOPOEMX NPUM TURIB TPeOMa aanTUBHUMW
meTogamu. enekTpoayrose MAG HahNaBnNeHHN enekTPoaHMM CTPYMONPOBIAHUM 4POTOM,
MIXPOTIIa3MOBE HAMNABNEHHS NPUCaAXKYBANbHUM APOTOM | nopowkem. Buaxaueni Dasos
OCORNUMBOCTI NPOLECHS, X B3AEMHI HEAOMIKN Ta nepeary. ODPEHC ONTHMAENBHI NapamMeTpu
DEKUMIE ASUTUBHOTO HANNABNEHHS 32 KPWTEPRIAMI AKICHOTQ 3'CAHAHHS | YTBODEHHS
RIBROUBAMHCT CTPYKTYDW Kannasnewux wapis

Y NeTBRePTOMY PO34UNT POIPCONEHO NATL CKIHWEHC-ENEMEHTHUX MOAENER CknagHaol
npoCTORABOl  ODMK («UMNTHADY  CTPUKYTHE  Npuamar,  «KBIAPATHA  pU3ME»
APOZWAPEHUA KOHYC» . «3BYHEHUP KOHYTH) ANA SBK3HANEHHS 38MALLKOBIX HANPYXEHL
nedopmadinn (nepemiilient), AK BPAXCBYIOTh TEXHONOTIYMY NOCAIAOBHICTE BUKOHAHHA
HATNNABNEHNX BAMMKIE HE MIAKASAUL 3 YPAXYBAHHAM XIMIMHOMO CKNE4Y | MEXariHHUX
BMACTUBOCTEN MATER@NIB NIAKAaAKY | NPUCAZKYBANbLHOrO /ApoTy. Po3paxyHKoBuM
CnocoBoM 13 HACTYNIHOW LOCAIAHOIC NepeBipKoKs BLTAHOBAEHT pIBEHE  3ANMWWKOBWX
BRBIBALISHTHAX HATIPYMEHD | Aed:0pMaLtii,

Y op'ATomy  peagin pospobrent B2308!  TEXHOMOMYHL  NDUUIOMK  aAUTHBHOIO
ROPOWKOBOIC MIKDONNA3IMOBOI0 HANNABMNEHHS | 0NUCAHC CTBOPERHS TEXHOMNOMNMHOMD
Komnnexcy obnajHaHHs. AKWA  03BOSIAE  BUKOHYBATWM  aAWTUBHE MIKpONNasmose
HannasnenHa ob'exTieE AOBINBHO! opmu ¥y  npoctopt XY Z=500x400x400 mm i3
npoAysTushicTo A0 0.8 xr/ rog. Creopedo asi ninky obnagsankg, ykomnnektopanux 30D
fpvHTEpaMK  Ta ssapoBancHuMi  pobotamu. Onucano  ACCRIAHO-NDOMWUCNORE
ENEOBAAKEHHS PO3PoDnernx komnnexsis obnagHanHs.



Cryninb OOrPYHTOBAHOCTI HAYKOBHX NOMOXKEHb, BUCHOBKIB | peKoMeHAauIN, ix
OOCTOBIPHICTL | HOBU3HA

Mg vac BUKOHEHHA TEOPSTWMHUX JOCNIDKEHL HANPYKeHO-A8(OPMOBAHOIo CTaHy
CREDWYBAHUX METANMEBUX TPUBMMIDHWX OD'EKTIB T3 MOASNIOBAHHS A30BUX NOTOKB VY
KOHCTRYRUD Ma3sMOTRORIB BUKOPUCTEHE CYWaCH! METCAW YUCENHOMO -MOAENBAHHS.
EscnepuMenTanbni A0CAIPKEHHR BUKOHAK! 33 METCAMkamy ujc 3abesneqyioTs BUCOKY
AOTTOBIPHICTD DTPUMaHNAX Pe3yneTaTtie. Haykos! NONOXKEHHS Ta BUCHOBKW. Rkl 3pCGeH: 3a
pE3YNLTaTAMI AncepTauiftial poBoTr AocuTe OBPPYHTOREH! TA HE CYNePEHaTh CyNacHUM
YABMEHHSM  LWOAC (DI3UKWM [POUEBCIE. WG CYNPOBOAXYIOTh fowapscse POpMyBaRHS
CIPYKTYPY Ta DISUKO-MEXaHIYHUX BRAcTuBoCTelW Bupobis, OTpWMAaHWX 3a LONOMOIoH
ASUTUBHIX TEXHONOMA.

OCHOBHI HAYKOBI PE3YNLTATH T2 1X HAYKOBA HOBU3HE

Cepef pesynsTaTIB. 8K OTPWMAH! A 4ac BUKOHAHHA aucepTadiubol peloTi | MakTe
HEYKOBY HOBM3IHY, CA BIAZHAWKTI HACTYIIHL

- Brneple BCTAHOBNEHO, Wo Y xom BesnepepsHore nowaposors mMikponniasMosoro
HANNEBAGHHS 13 MeTtanesux marepianis of'emHux Bupobis TNy «napaneneninear.
CUMNIHAPY, «TPYUKYTHA NPU3Ma». (KBAAPATHA NPUMAR, KPOSWMPEHWUA KOHYCY | «3BYKERW
KOHYOH» 13 MEKCUMATbHIMY rabapuTami 4o 85 MM | TOBUINHOW CTIHKW BIA 2.5 MM B iHTepBarn
crpymis (20 30) A 3anuiLKOBI HANPYXKEHHR ¥ KOXHOMY HACTYNHOMY HaTNABISHOMY Bannky
IMEHUWVIOTRCR  Ha {7,201 %, 8 makcumanbHi 3HaveHHst pazianerux  gedopmadin
{nepemiliens) He nepeBuiLyIcTe (0 22...0.28) mwm!

BAEPLE HA OCHOB! SKCNEPWMEHTANLHUX ACCHIKeHs BCTAHOBNEHO. WO Yy pasi
fa3nepepBHoOro NOWARCBOCTO MIKROTINA3mMoBOro HanNaBNeHH: apory 13
HU3LKOBYTEUEBOT CTAN ¥ HAnpaMRy BIR Nepworo wapy cnoctepiracThes 30INbueHKs
pC3MIpY 3epHa HannasneHoro meTany sig (15 .20) mkm go {150...200) mkm no Bucom
HanNaBNeHo! eIk 40 10 po3mipiB 7 WMpKEK, @ y NOAANBWOMY PO3MIP 3EPHA NPAKTUHHG
HE 3pOCTaT;

- BNEPWE BUSHAYEH! JANA30HIN ONTUMATNBHAX 3HAYEHD NOTOHHO! EHEPTI AKX KPUTEPIO
onTUMIBAUIT PEXUMIB MIKDOTNA3MOBOrC aAWTMBHOrC Hannasnesss (80, 90} x/ Mm Ta
(160...200) K / Ma. BIANOBIAHO. 38 YMOBU BUKOPUCTAHHA NUPOWKY 13 BO3MIDOM HACTIHOK
40 150 mim | apoty @(0,8.. 1,2) MM, B MEXAX SIKUX JOCHTAETHCA IMEHWEHHA COIMIPY 30HMW
crinasnaHHA wapis go (0.1...0.3) mm. poamipy sepHa Ha (15.. 30) %. poasmipy CTiHku AC
(2.5 .3 mm, 8 Takox aBinsuierns TBepaocT meTany o (500...600) MMa 13 ogroYacHum
ADCArHEeHHAM Binbiu0! 0AHOPIAHOCTI MIKDOCTRYKTYPK

IMoBroTa BUKNagy pesynbraTiB guceprauyil 8 nydnikayiax
OcHosHWA 3MICT auceptauirHol pobotu Bodteska O. M. suknaaerni y 18 HaykoBux
npausx, 3 Akux 10 crated y Haykosikx (haxoBux BuAAHHAX YKpalui Ta NepioauuHiX
BAJAHHAX (HOISMHAX JEPXAEB, 3 3 AKAX BKOKHUEH! 20 MIKHAPOLHO! HaykomeTpuurol Hasn



SCOPUS. 3 natedTy Yepainy Ha Bunaxia 7a 5 nybraui y maTepianax MokHAROLHMX
koHbeperuii. Ha macTas aHanay onyonikoBANUK GBTOPOM NRaUL MO¥HA CTBEDIIKYRaTY
L0 MaTepiany aucepTauivine! pofoTy ANCTaTHLED NORKC BUCBITAEH Ta anpoboBaH!

3ayBaXeHKA No Anceprauii
- CyTTEBO  sasuliennit  saranemsui ofem pobortw {217 CTopt nOpBHAHO 03

peKoMERAOBAHUMY (4.5 . 7) aBTODCHKMMI APKYIAMY (10

[

5}

- B aHaRITUMHOMY OTNRA HE AKUESRTOBAHE aHalTUYHC-RRUTUHKHE CTABNEHHS aBTopa
A0 HAYKOBUX DE3YNIBTATIB. OTPUMARMX IRLUMK AOCNIAHNKAMK 3 NTUTAHS, 5K aaeknaposaHi
y AncepTauil K 338841 Ta METa JaHOTO AUCHIDKEHHS

-y (hOPMYIIIOBAHHAX HaYKOBO! HOBUIWK HE NOKA3GHA BIOMIHHICTD  OABDMAHAX
Pe3YNLTATIE Bid BIIOMKX PEHILE T3 HE OMMCAHWE CTYNIHE HOBKM3HK (BNEPWE CASDXAHO
YAOCKOHANEH, AICTAN0 NOAANDLIUK ROIBUTOK I T iH

- BUCHOBKW 38 DO3MNOM 2. 3a pozsmom 3 (noa 12 71 posginom 4 {(nos. 1. 2.7}
po3ainom 5. 3aransh: sucHoB 1103 & 103 HOCATE aROTAWRKIKA XapaKkTap

-cytreRur oBem  podoTy 330mMAacTh  PEIVARTATH  MOLENICBAHHA NPOUeCIB ¥
SNAZMOTROKL, 8Ne HEBPAXYBAHHS HASBHOCTI eNerTprunel JAyri CTasWTe Ny CYMHIB
KOPEKTHICTL OTpUMaHIX pesyfbTatie. o BAOMO. Wo ayra cyT1eso nepelynosye CTpyKTypy
fIOTOKY TA3Y. AKWY I OMUBAE, T2 3MIMIE NOT0 PI3UMHE NApaMETPH

- PEIYALTATI MOLENIDBAHKA NPOUECIB ¥V NNAIMITROH! HOCATL 8 CCHOBHOMY AKICHO-
FHOCTPATUBHNN XAPRAKTEP | ADAKTWMHO HE BUKOPUCTAHI ¥ X0 BAOCKOHANEHHS KOHCTDYKLI
MasNcToOHa  30KpeMa  3acTOCYRAHHR OBOX WAsxis SBCAY BWXIAHOTO marepiany Ans
oTBOPEHHS BiNbuUl CUMETPUUHOIC FA30NCROWKCRUIC NOTOKY € CHERWARIN DILIEHHAM AKX He
norpedye nONeReiRbOre MOAEIOBaANHA

- MATEDIAN HEPIBHOMIPHO POINOIINEHIA B MEKAX TEKCTY AucepTaull po3am 3 3anmae
make 35% aktudHoro ob'emy ancepraud, NpUYoMy KPYr NtTAHL, POIMMAHYTUX B UbOMY
DO3AINT N CYTH OXONRI0E BC (BAaKTUMHI A0CTIDKEHRS . Bkl npopeasst 8 podori

HaBeaeH! 3ayBAXEHHS, BTIM. HE NPUMEHIUYOTh 3araneHol ADIMTURHOT  OUMKK
AMCEPRTAUMHOT PODOTI TA HE GHKYIOTE DIBHA 1T HAYKOBO! LiNHOCT

3arasibHi BUCHOBKM N0 auceptauinHol poboTi

Ha riacTast BVULEHABRABRHOID BRAKAK, W0 awcepraumHa pebora Boltewska O M.
«MIKpONNasMoBe aanTUEHE HANNABMNEHKS NPOCTEPOBKX BUPODIE 3 MeTaneaux MaTepanisy
€ 3aBEPLLSHOK HAYKOSOK NPAUeIo. MICTUTb OJepxari aBTOpOM HOBI HAYKOBI Ta npuknaan
pesYNLTATI B ranys MaTepiancinascTsa, SKi DOIBRIYIOTE aKTYRNLHE HAYKOBE JaBAAHNS
MABULEHHSA NPOAYKTUBHOCT!, TOUHOCT TA SKOHOMIYHOCTI TEXHOMNGII MIKPONNA3IMOBOro
xannasnenHs 30D-08ekTie 12 matanesux maTepianis.

Auceprading pohoTta 3a 0BCAroM BMKOHAHMK AOCHIINKEHDL, HOBUIHOW T MAYKOBOH
IHAMUMICTIO OTDUMAHVX DE3YNETATIS Ta 1X DIBHEM NOBHICTIO BIANOBIAAE Bumoram Hakasy
Minicrepctaa ocsiti | Hayky Yepainu Nedl i 12 cura 2017 o «lpo savsepiprerys Bumor



AC OMOPMNEHHA aucepTaun-. Ta suworam. nepesbasersm aywitor 10 «opaaky
NROBELCHHR SRUNEDUMENHTY 3 DUUCYIKEHHR CTYIIEHS A0KTCRA NOCodmis IBTBEDAKEHOMY
nocTasesore Kabidety Mt Yepainu iy 8 Oe

Ne 167 a i oastop -
Bodterko Onexcanap MukonaloBud. 3aCRyroBYE Ha MPUCYIKEHHS HOMY HayKOBOTO
CTYNeHa AokTOpa dinocodit 3a cnew@anericne 132 - MaTepianoanascTao.

OhidinHnn onoxHenT,

A7 H. Npodecop raenpy 3BASIORANLHOTO BUPOoDHWLTRA.

HauioHaneHoro TeXHINHOFO yHIBEDCHTETY YRRETHN

«HPIBCHLKIA NOMMTEXHIMHAY IHSTRTYT
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