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BIAT'YK
Ha JucepTaliiiHy poboty Oaekcanopa Boiimenka
«Mikpormnna3MoBe alMTUBHE HallJIaBJIeHHs IPOCTOPOBUX BUPOOIB 3 METalNeBUX
MaTtepiaiBy,
110 [ToJaHa Ha 3100yTTsA HayKOBOT'O CTyIeHs JokTopa dhiocodii mo raiysi 3HaHb 13

MeXaHI4Ha IHXKeHepis 3a crenianpHicTio 131 MaTepiaio3HaBCTBO.

Huceprauiiina podota Onekcanapa BolTeHka mpucBsideHa aKTyadbHid TeMi —
3D nmpyky MmeTromamMM agMTHBHOTO MIKpOIUIa3MOBOTO HaIlJIaBJIeHHsS MPOCTOPOBUX
00’€KTIB 13 BUKOPUCTAHHSAM CTaleBUX APOTOBUX 1 MOPOLIKOBUX MPUCAKYBATBHUX
matepianiB. B po0oTi mocnimkeHHIO (HOpMyBaHHS MIKPOCTPYKTYPH 1 HaMpyKeHO-
nedopmosaroro crany (HIAC) 3D o0’exty, skuil ApyKyeTbCcs HaruiaBleHHsM. Ha
OCHOBI BMKOHAHWX JOCJIIKEHb CTBOPEHO IHTENeKTyalbHI amapaTypHO-NpOrpaMHi
3aco0u Juisi aBToMaTtuyHoro 3D apyky o0’eMHMX MeTalleBUX BUPOOIB 13 3adaHOIO
CTPYKTYpPOIO 1 POrHO30BaHUM HaMpyXeHUM CTaHOM,

ABTOp  3alpOIOHYBaB  BHMKOPUCTOBYBAaTM  QJUTUBHE  MIKPOILJIa3MOBE
HaIlaBlIeHHs [ ApIOHOCEpIMHOro BUTOTOBIEHHsS O0’€MHUX JeTaled pi3HUX
TUIOPO3MIpIB, 30KpeMa KPUJIbYATOK, eleMEeHTIB YKOPCTKOCTI, YHIKAbHUX 3arOTOBOK
(HanpuKaz, 3aroTOBOK €HJOMNpoTe3iB) Towo. OOpaHuil aBTOpOM MIAXiA TO3BOISE
JOCSTTH TEXHIYHOrO CIIONy4EHHS TOYHOCTI BUTOTOBJEHHS JeTaliel, MOJMJIUBOCTI
YCYHEHHs abo0 3MEHIUEeHHs YacTKM MeXaHI4Hoi 0o0poOkM, a TaKoX 3aJ0BUIBHOI
INPONYKTUBHOCTI BHPOOHUNTBA. 3acTOCYBaHHS MIKPOI1a3MOBOr0  HarlJIaBJIeHHS
J03BOJIA€E BUKOPUCTOBYBAaTH IIOPOLIKOBI Ta MAPOTIB MeTaleBl MpHCcaKyBalbHI
MaTeplany [l CTBOPEHHs BUpPOOIB 13 3aJaHWM piBHEM (I3UKO-MeXaHIYHUX
BJIACTUBOCTEH.

HucepTrauliiHa poboTa ckiafgaeTbes 31 BCTYyMy, I'SATH PO3ALIIB, 3aralbHUX
BUCHOBKIB, CIIUCKY BUKOPUCTAaHUX /uKepeln 3 135 HaliMeHyBaHb i JOJATKIB, 0 SIKUX
BXOJATh Bl JOBIAKM IpO BIPOBA/DKEHHS pe3yibTaTiB. 3aradpHuil o6csr poGoTH
CTaHOBUTH MoHax 197 apkywiB 0e3 CIUCKY JNiTepaTypH 1 JoAaTKIB. Pe3ynbratu poboTu
BUKIaAeHo y 17 HayKOBUX MpalsX, i3 akuX 10— cTaTTi y HayKOBUX ()aXOBUX BUJIAHHIX
YKpalHH 1 MepioJUYHUX BUAAHHAX IHO3EMHUX JepxkaB, 3 3 SKUX BKIIOYEHHUX [0
MiXKHapoAHO! HayKomeTpuuHoT 6a3u nanux SCOPUS, 2 narentu YxpaiHu Ha BUHAXi

Ta 5 myOnikauiil y MmaTepianax MiXHapoaHUX KOH(epeHLiH.



B pobGoTi mnpoaHanizoBaHO cydacHHMH cTaH 3D-TeXHOJOrii BUIOTOBIECHHS
00'eMHUX MeTaneBux BUpoOiB. [TokazaHo, WO AJI BUTOTOBJIEHHS TOYHUX AeTaseil
MaJIiX pO3MipiB € JOLITEHUM 3aCTOCYBaHHsI Ta3epHUX TEXHOIOTIH (Hanpukian, SLM),
I8 BenuKorabapuTHUX JleTallell — 3acTOCYBaHHs 3BaplOBallbHUX TEXHOJIOTIH
(Hanpuknaa, WAAM, PTA). BctanoBieHo, 10 3aCTOCYBaHHS alUTUBHOTO I1JIa3MOBO-
JYroBOTo APYKY JO3BOJISIE MiJIBULIYBATH TOYHICTh BUTOTOBJIEHHS Ta AKICTh IOBEPXHI
00'€eMHUX MeTaleBUX BUPOOIB Y MOPIBHAHHI 3 IHIIMMU €JIEKTPOAYTOBUMH CIIOCO0aMU
HarutaBlieHHs. Po3poOiieHo ©a30Bi TEXHOJOTIUHI NMPUHAOMM IIpoLecy aIWTUBHOIO
MIKpOIUIa3MOBOTO HamJaBlieHHs 1 MiAXOAW A0 aBTOMATUYHOTO MOHITOPUHTY Ta
KEPYBaHHS UM MIPOLECcOM, IO A03BOIMIO 3MeHINUTH 10 0,22—-0,28 MM 3alHIIKOBI
panianbHi 3MileHHsa i 1o 400-500 MIla HanpyxeHHs WapiB, AKI HalJIaBISAIOTLCA 3
HEp)KaBirowoi cTali, AOCATTH BiJXWIEHHS BiA JIHIHHUX po3MmipiB A0 | MM CTIHOK
HaMJaBJIeHUX TPUBUMIPHUX 00’ €KTIB (K MPUNYCK MiJ GIHILIHY MeXxaHI4Hy 00poOKy)
i npoaykTuBHOCTI 0,3-0,6 KI/roA 1X CTBOPEHHS.

BcTaHoBIIEHO, 1O B pe3yibTaTl aJMTHBHOIO MIKPOIUIa3MOBOIO HaIl/IaBIIEHHA
MIOPOIIKY HepyKaBitoyol cTaii (po3mip yacTuHOK 40-60 MkM) GopMyeThCs 11apyBara
CTPYKTypa MeTajly 3 BUCOTOK HAIUIaBJIEHOTO Wapy nopsaxky 650 MKM 1 TOBUIMHOIO
CTIHKM 3 MM. Po3noain meTanmy 3a BHCOTON 3pa3ka piBHOMIpHMIA. BHacnizok
aJIMTUBHOTO (OpMYBaHHs 3pa3ka WIIAXOM HAIUIaBJIeHHS IOPOLIKY YTBOPIOHOTHCH
KOJIOHIT BEJIMKUX 1 ApIOHUX AEHIPUTIB 3 PI3HUMU pO3MIpaMH H OpIEHTALIIO 3aJIeKHO
BIJI BUCOTH JUTSTHKHU, Ha AKIH MpoBOAMIOCS AOCTIKEHHs. Po3Mip cy03epeH cTaHOBHUTH
15...25 MM, a TXHIN cKiax ONU3bKUN 10 cKIady BUXIAHOTO nopouwky. Hannasnenui
meTas 3abe3nedy€e BUCOKY MillHICTb, O CTaHOBUTH MoHax 600 MITa.

[Ipy MikpomnnasMoBOMY HaIJaBlIeHHI JApPOTOM HHU3bKOBYIJELEeBOl CcTalli
niametpom 0,8-1,2 MM bopMyrOTECS TPOCTOPOBI 3pa3ku 3 TOBLIMHOKO CTIHKU NOPAIKY
2,7-3,0 MM 3 r1aIKO10 OBEPXHEI0 0JIM3bKOIO 10 IUTOI. MiXIapoBa ado TpaHClIapoBa
MOPHUCTICTh Yy 3pa3kax He BUsBJIeHa. HannapneH! wapn MaroTh SKICHE 3’€JHaHHA Ta
XapaKTepU3yOThCsl PIBHOBICHOK JEHAPHUTHOK CTPYKTYpPOK MeTally AOCTaTHBOT
WIIBHOCTI 0e3 Mop 1 HeclulaBieHb. Po3Mip 3epeH moOau3y MIAKIaAKU CTaHOBUTH
15...20 MkM, Onukue 10 BUTBHOI ToBepXHI 3pocTae 10 150...200 MxM. BetanosieHo,
L0 TEHJAEHUis HEe3HAyHOro IiABUIIEHHS TBEPAOCTI B HANPsAMKY BiJ HWXHIX

HaraBineHux wmapis  (HV  1626...1705 MIla) no BuibHOI moBepxHi (HV



1893...1936 MI1a) nos'sizaHa 3i CTPYKTYpHUMH NepeTBOPEHHSMH dYepe3 OUIbIIN
NUTOMHUI 00'€M MepIiTHOT CKITaIOBOI B Mipy MiABUIIEHHsS BUCOTH TOHKOI CTIHKH.

Po3pobneHo ©6a30Bi TeXHONOTIYHI MNPUHAOMHM aJUTUBHOIO IOPOMIKOBOrO
MIKpomia3MoBoro HaruiaeieHds. CTBOPEHO HH3KY TEXHOJIOTIYHUX KOMIUIEKCIB
oONaJHaHHSA TS aJAWTUBHOTO MIKPOIUIa3MOBOIO HalllaBleHHs 00’€KTiB JOBIIBHOI
dopmu. s UUX KOMIJIEKCIB po3po0leHO aBTOMaTHYHY CHUCTEMY MOHITOPUHTY 1
KepyBaHHS BIacHOI po3poOKu, fKi 6a3yroThCs Ha Ofep KaHHI 33 JOMOMOTOI CUCTEMH
AaTuhKiB iH(GopMauil Mpo mpouec HamnablIeHHd, O00poOKM olepXkaHMX [daHMUX I
CMIBCTAaBJICHHI 1X 13 HAKOMWYEHUMH Y 0a3i i po3paXyHKOBMMHU JaHUMHU 3a AOMOMOIOO
HEMpPOHHUX MepeX, aBTOMaTHYHIM reHepauil BIAMOBIAHUX KepPYHOUHMX KOMaHJI 1 iX
BIAMpAaLIOBAaHHS 3aBASKWM HAsBHUM 3BOPOTHMM 3B’sA3kaM. Kinbka CTBOpeHHX
KOMIUIeKCIB 00JalHaHHS BINPOBaKEHO B YKpaiHi Ta Kural.

OnHak, He AMBISYUCH Ha JOCTaTHBLO BUCOKWH pIBEHb | MOBHOTY AOCIIXKEHD,
MOYKHa 3pOOUTH HACTYIIHI 3ayBa)KeHHs:
1. Po6oTa mMae neio HaamuiuKoBui o0csar. YactrHa HaBegeHOT B HiM 1HQopMauil He €
000B’s3k0BON. Hanpukian, npu po3po6ui HOBOTO MIa3MOTPOHY aBTOP MPOBIB LOCUTh
[IKMPOKUI aHami3 MPOTOTHUINIB, IKHH HABOAUTH O0YyJI0 HEOOOB’ I3KOBO.
2. B po6oTi npoBeeHO AOCHIIKEHH ABOX MPOLECIB aAUTHBHOTO MIKPOIIa3MOBOI0O
HalJaBJIeHHS — 3 MpPUCAIXyBalbHUM MOpoMKOM 1 ApoToM. OcTaHHIN Mpouec
3ICTAaBJIEHO 3 AYTFOBMM aAUTUBHUM HaIlJIABJICHHSAM [UJIaBKUM €JIEKTPOAOM. SKIIO
npouec afAuTUBHOTO MIKpPOIUIa3MOBOT0 HaIJIaBJIEHHS 3 IPUCAIKYBaJIbHUM MTOPOIIKOM
JOCNIDKEHO AOCTAaTHhO BceOIYHO, TO OCOONMBOCTI IHIIMX ABOX MPOLECIB AOCIIKEHI
crucno. Hanmpuknan, uikasum 6ymno 6 nopiBHsHHSA popmyBaHHs 3asinkosoro HC
TPUBUMIPHUX 00 €KTIB, OTPHUMaHUX MIKPOIUIa3MOBUM |1 JYyrOBUM HaIUIaBIIEHHAM 3
BUKOPUCTAHHAM JAPOTOBUX MaTepiaiiis.
3. AHaniz CTpYKTyp, fKI YTBOPIOIOTBCS NpPH aAWTHBHOMY MIKPOIJIa3MOBOMY
HaIUlaBlIeHHI MeTaleBUMM MarepianiaMu, OyB O OIfblI MOBHUM, SKIIO O aBTOp
BUKOHAB JIOCIIKEHHS Mepepo3noally JerytodnuX eeMeHTIB 3aJeXHO BiJ KIUIBKOCTI
HarmaBieHuX wwapis. Lle no3Bomuno 6w Oibll OOTPYHTOBAHO MOACHUTH 3MIHY
TBEPAOCTI IIAPiB 10 BUCOTI HAMJIABJIEHOT CTIHKH.
4. B pob6OTi AOCHUTH CTHCIIO HagaHO iHGopMalilo oA0 GOpMYBaHHS XapaKTepHUX
nedekTiB 00paHOTO crnocoby aAMTHBHOIO HAaIUIaBlIeHHs. 30Kpema, Mallo yBaru

NPUAISIEHO MUTAHHIO YTBOPEHHS TPILMH (MIKpOTPILIWH) Y HallJIaBjiIeHUX wapax. byno



O JOULIBHO 30LIBIUMTH JAHY HICTRY JOCHITACHD, HANPHKAAL, HABECTH CTPYKTYPH
OOHEPEMHOTO  NEPeTHHY  CTIHOK  HAAPYEOBAHUX  EPOCTOPOBUX  [DUMITHBIBE 3
BLUTOBLIHUMA XaPakTepHUMy HeheKTaMy | TTOSCHUTU YMOBH 1X VTBOPEHHS,

L onney TeNAOBHX NPOTECB ABTOP JACTOCYBAR «. . 00 eMIte JKepeNo HArpIBY 3a
FGotdak 3 nopyadeinay (1avcoBuM) posiioiiany THTOMOT TeTHINROD HOTYHHOCT
BRAOWM BUIX KUOPJUTHATHHN ocell 8 0603 1, o Mac gopyy exincoigay (puc.d. 1)
Fipore, Taxuil maxia € wpulfnsTHiIM  aas 111 3BapOBAIBLHOTO  DKepena v
HAMBHECKI HHeHOMY TLIL Y DAl a1BTHBHONO HANAaBICHHA TOHKOY {2,5-5,0 My ) cTivKy
npoctoposero  BHPOOY  HopMaasmil  {L aveosintl  po3noant mmoMol TenaoBsol
HOTYWHOCTT MOIKE MATH MICHE JHILE 33 KOOPIHHATOW Z. Y naouunl koopausat XY
AMTHME JDKePRI0 Harpiny, nal noKene 10 JHiHoro,

He aupasiuncs Ha 3pobnedi sayBakenns, pobory MOKHA BBAKATH TAKOIO, 1O
BUITOBLAAC BUMOTAM, K BHCYBAIOTBOA A0 pOOIT piBHs HAYKOBOTO CTYUEHS HOKTOPA
hirocodii. He suxnixae cyMHIBIB, IO KBATIDIKAUIT a5TOPA BUTOR AAE LHOMY DIBHIO,
Beaxalo. wo ancepraiis Oaexcanipa Boliredxa ¢ 3aKiHYeHON HaYKOBOI HPAlCo,
SRG BACAVIOBYE BOTHTHBHOT OHUDGL ABTOPD podols 5ac IVIOBY € IPHCY/IKEHHES HoM
HAYKOBOTO CTVHCHA A0KTOPA GLiocoll v fa . i sHuils | «Vexanigaa IHKCHEDI» 38

cnetiatsicTio 132 «Marepiaioisascsoy.
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