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2. AHOTALIA

MeToro MpoeKTy € MPOJOBKEHHS pecypcCy ILBUIKO3HOIIYBaJbHUX JeTajleld MallluH
BIICBKOBOTO ~ TIpU3HAYeHHs, OyAiBeNbHOI Ta  aBTOTPAKTOPHOI  TEXHIKH,  sKi
eKCIUTYyaTyIOTbCS B YMOBax IIiJIBUIIEHOTO aOpa3sMBHOIO 3HOLIYBaHHS 33 pPaxXyHOK
HaIJIaBJICHHS 3aXWUCHUX I[IapiB. byne po3poOjeHO TEXHOJIOTI0 HallJIaBIeHHS 3a
omHo4acHOi [aii MexaHiyHoOi BiOpauii Ta ejgexkTpoMarHiTHoro mnoss. TexHoJsoris
JIO3BOJIUTh MIJABUILKTH 3HOCOCTIMKICTh HAIUIABIEHOIO METaJly 3 JELIEBUX MTOPOLIKOBUX
apotiB cuctemu Fe-Cr-B-C nmo piBHS 3HOCOCTIMKOCTI HaIJIaBJIEHOTO MeTajy, LIO
JIerOBaHUW [TOPOTOBApPTICHUMH €JIeMEHTaMH THUITy: BOJb(paM, BaHalAlld, MOJIOAEH,
Hi00i#. byne BU3HaueHO abpa3uBHY 3HOCOCTIHKICTH Ta TPUOOJOTIYHI XapaKTepUCTUKH
MIOKPUTTIB B 3QJIE)KHOCTI Bl yMOB TepTs. [[1anyeThcsi MpoBECTH JOCIIAHO-IPOMHUCIIOBY
nepeBipKy e(pEeKTUBHOCTI OTPUMaHUX MOKPUTH, 3a pe3yJsibTaTaMu Kol Oy/ie po3poliieHo
TEXHOJIOTIYHY IHCTPYKIIIO IS X ITMPOKOMACIITaOHOTO BIPOBaKEHHSI.

3. CTAH ITPOBJIEMU

barato neranedl MalllMH Mpaliol0OTh B yMoBax alOpasuBHOro cepenoBuina. lle
KOBIIIl €KCKaBaTOpIB Ta I'yCEHHWUHI Majblli BiHCHKOBOI TEXHIKH, Ball COJIOMOTPSCIB Ta
1HIII JeTajl CLIbCHKOTOCIOAApPChKOI TEXHIKHM;, TaJbMiBHI BaJld BEJIMKOTOHAKHHUX
aBToMOOLIIB Towo. Taki jeTasni MBUAKO 3HOLIYIOTHCS Ta BUBOJATH i3 J1ajdy arperaT B
nuioMmy. Binomuil croci® npooBXKeHHsI pecypcy YCTaTKYBaHHs IIISIXOM HalllaBJIeHHs
BI/IHOBJIIOBJIBHUX  3HOCOCTIMKUX IIapiB Ha 3HOINEHI IOBEPXHI €JIEMEHTIB 3
BUKOPUCTaHHAM NOpoIukoBux ApoTiB (I1/1). ¥V cBiToBi# mpakTuii BUKOpUCTOBYIOTH [1]1,
J0 CKJIaay IIMXTH SIKHX BXOISTh JOPOrOBAapTICHI HamoBHIOBadi (BoJb(paM, HIOOIH,
moniOneH, BaHaliil Ttomio). HartaBneHi 3 TXHBOIO JOMOMOroi0 Imapu e(heKTUBHO
3aXMILAIOTh €JEMEHTH YCTaTKyBaHHS BiJl aOpa3vBHOTO 3HOIIYBaHHS 38 YMOB YJIapHOIO
HaBaHTakeHH:A. [IpoTe, yepe3 BUCOKY BapTiCTh CKIQJHHUKIB IIUXTH LIUX JPOTiB, CYTTEBO
M1JBUILY€THCS BapTICTh BiIHOBICHUX Hetayiell. B Ykpaiui fms HariaBieHHs 3HOLIEHUX
ejeMeHTIB 3acTocoBytoTh [1]] cucremu Fe—Cr—B—C. OtpuMani miapy MarTh 3a810BUIbHY
3HOCOCTIMKICTh Ta HM3bKY cobiBapricTh. Bucokuii BMicT 6opy (10 4 mac. %) y cknani
wmxTh [TJ[ miel cucteMu crpusie BUAITEHHIO Y MIKPOCTPYKTYpi HArIaBJI€HOro METaly
BEIIMKUX JEHAPUTHHUX BKJIO4YeHb OopuiiB. IIpore, Matoun ronkonomioHy Mopdosioriio,
BOHM BHMKOHYIOTb DOJIb KOHLIEHTPATOPIB HaIpyXKeHb, IO MOJETIIYE PO3TPICKYBaHHS
HaIlJIaBJIEHOro MeTally 3a YyAapHUX HaBaHTaxeHb. [lonpiOHEHHS TakMX BKJIIOYEHB
[IOBUHHO CIIPUATH ITiJBUIIEHHIO 3HOCOCTIHKOCTI HAIUIABJIEHOrO MeETany i 30LIbIIEHHIO
0ro JIOBroBIUHOCTI 3a Jii yJapHHX HaBaHTaxeHb. CaMe TOMY METOO JJAHOIO MPOEKTY €
JIOCJIIJKEHHsS. CMHEPreTUYHOrO BIUIMBY ITiJ] Yac HaIUTaBIEHHs 3HOCOCTIMKMX ILApiB Ha
JMCNePTryBaHHs ~ CTPYKTYPHUX  CKJIaJOBUX 3a Jii MexaHiuHoi BiOpawil Ta
€JIEKTPOMArHITHOTO IOJIA.



4. MeTa | OCHOBHI 3aB/1aHHS IPOEKTY
MeTo10 NPOEKTy € MPOAOBKEHHS PeCypCy IIBUIKO3HOIIYBAIbHUX AeTaled MalliH

BIMCHKOBOI'O

NpU3HAYeHHsd, OyAiBeJbHOI Ta  aBTOTPAKTOPHOI  TEXHIKH, SKi

eKCILTYyaTyIOTBCS B yYMOBAaxX IIJBUIIEHOT0 aOpa3WBHOIO 3HOLIYBAHHsS 3a pPaxyHOK
HaIlJaBJIeHHs 3aXHUCHUX LIapiB.

OcHOBHI 3aBJIaHHS [IPOEKTY:

OOTpyHTyBaTH BHOIp XIMIYHOTO CKIany i KOHCTPYKIIII MOPOIIKOBUX APOTIB IS
HaTUTaBJICHHS;
ONTHMI3yBaTH PEXHUMHU HaIUIaBICHHs 3HOCOCTINKUX IIapiB;

BCTAHOBUTH 33aKOHOMIPHOCTI CTPYKTYpPOYTBOPEHHS B HAIUIABIIEHHMX IIapax 3a

CUHEpPreTH4HOI Aii MexaHiuHoi BiOpamii 1 eNeKTOpMar"iTHOro IoJs Ha
KpHUCTaJli3allilo po3IlIiaBy;
JOCHIAMTH  TpUOOJOTiYHI  XapaKTEPUCTHKM  OTPUMAHUX  IIOKPHTTIB  Ta

HaIUIaBJICHUX 1IapiB;

BCTAHOBUTHU MEXaHI3MHU iX 3HOIIYBaHHS B 3aJIEXKHOCTI BiJl YMOB TepTH;
IIPOMUCIIOBA NIepeBipKa HAITUJICHHX IIIapiB

S. ETanu po6oru

No /it Hasga 1a 3micT eramy OuikyBaHi pe3ybTaTu

1. PospoGuienns  TexHosorii HamJaBieHHs - 3a il | OrJisl 3apONOHOBAaHUX CHCTEM
MexaHi4Hol BiOpanii Ta MarHiTHOro moJis. XIMIYHOTO CKJIay MOPOIIKOBUX
AHaIITUYHUA  OIJIAA HPOOJIEMATUKH; OIIPALFOBAHHSA | JIPOTIB § CTATTAX NpO(iTbHEX
METOJIUKH JOCJIJKEHB; MiJrOTOBKA Ta BHUTOTOBJICHHS | )ypHAsIax. Po3poOka
eKCIICPUMEHTAIIBHUX 3Pa3KiB; NOCHIKEHHS CTPYKTYPH | €KCIIEPUMEHTAIBHOI yCTAHOBKH
XIMIYHOrO  Ta  (Da30BOr0  CKJIaAy  IOKPHTTIB, | i3 BHIOTOBJICHHSM JOCIIIHHX
3HOCOCTIMKOCTI. 3pasKiB. JocnimkeHHst

MIKPOCTPYKTYpH  HANMJIEHUX
IIapis.

2 Hocaiano-npomuciioBa nepeBipka mopomkoBux | OTpumary 3HaueHHs  (i3HKO-
APOTiB. MEXaHIYHUX  XapaKTepPHCTHK,
BusnavenHs (i3uko-MexaHiuHUX XapaKTEPUCTHK | a caMe: ajaresis, Koresis, piBeHb
(amresis, Koresis, piBeHb HAIpPyXeHb, MOJYJb | HAMPYKEHD, MOJYJIb
IPY>KHOCTI). IPYKHOCTI. [TpoBectu
Hocnixenns TPUOOTIOTTUHUX XapaKTEepUCTUK | JOCTIIHY NEPEBIPKY
IIOKPHUTTIB 3a PI3HUX YMOB TEPTSL. HaIJIaBJIEHUX IIapIB HA JETANISIX
OnTumizartis TE€XHOJIOTIYHOIO NIPOLECY | MAaIlUH BiiCEKOBOT Ta
€JIEKTPO/yrOBOrO HAHECCHHS MOKPHUTTIB Ta IMiArOTOBKA | CLIBCHKOrOCIIOAAPCHKOT

TEXHOJIOTIYHOT

TEXHIKH.




6. OYIKYBAHI PE3YJIbTATH BUKOHAHHS ITIPOEKTY TA IX HAYKOBA HOBU3HA

[IpoexT crnpsiMoBaHW Ha pO3B’SI3aHHS BAXKITHBOL NPUKIAAHOI 3aja4i, a Horo
pesysbTaTi MaTUMYTh BaXJIUBY COLIAIbHO-€KOHOMIYHY 3HAYUMICTB i OyJie aKTyalbHHM
AT IEKUIBKOX CyMIXKHUX rajly3el HayKu.

Byne po3pobneHo HOBY TEXHOJOTIIO OAEpXkAHHS 3HOCOCTIMKHX MOKPUTTIB, a
TaKOX HAaIJIaBICHUX IIApiB 3 BUKOPUCTAHHSM [OPOIIKOBUX JIPOTIB ISl BiAHOBJIEHHS
netajied BIHCBKOBOTO IMpPHU3HAYEHHS, CLIbCHKOTOCIIONAPChKOI  Ta  ABTOTPAKTOPHOL
TeXHIKH, MoJirpadgiuHoro ob6najHaHHsA, MepepoGHOI IPOMHUCIOBOCT TOWIO, SIKi
NpalliooTh B YMOBAaxX IPHUCYTHOCTI abpasuBy, IO 3abe3MeYdTh MPOJOBKEHHS IX
pecypcey B 2,5...4 pasu.

OnHOYacHO MariTHe IMoje BIUIMBAEC Ha MPOIEC KPUCTaii3allii alloMiHieBUX Ta
CIIABIB HA OCHOBI 3aJli3a B raily3i JIMBAPHOTO BUPOGHMIITEA. ITpu upomy BinOyBaeThCs
CYTTEBE MOJPIOHEHHS 3ePeH, IO 3yMOBJIOE MOKPALICHHS MEXaHIqHUX XapaKTEePUCTHK,
Binomo, mo, mexaniuna Bibpauis Ta Mommdikyroui nomatkm B pO3IUIaB TaKOX
NOJIPIOHIOIOTE 3€PHA i 3yMOBIIOIOTH MOKPAILIEHHS MeXaHIuHHX XapaKTepUucTuK. Jlis
TPOLIECIB HAIUIABJIEHHS Ta Jie KPUCTAaNi3alis BiIOyBaeThCs HAI3BUYANHO IIBUIKO, a B
CTPYKTYpI HaIUIABJEHHWX 3HOCOCTIMKKMX wapiB abo MOKpUTTIB 6a3080i cucremu Fe-Cr-
C-B, sik npaBuJIO, BUALIAIOTECS 3MiLHIOBANBHI (as3u (kapOinm, Gopuau, kapGobopuK)
TOJIKOBOI (DOPMH, IO CYTTEBO 3MEHIILY€e 3HOCOCTIHMKICTh, B NaHUii 4ac muTaHus BIUIUBY
€JIEKTPOMATHITHOTO 10 360 JOJATKIB Ha MPOIKC KPUCTANI3AINT i Yac HAILIABICHHS
PO3KPUTO HEIOCTATHLO. MU OYiKyeMO, 1110 B3aeMOist HaKJIaJICHOTO eJIEKTPOMAarHiTHOTO
MOJIA 3 MEXaHI4HOIO BiOpalliero i MarHiTHUM MojeM ayrH Oyzne cyTTeBO BILUIMBATH Ha
KpucTasisauito posmiaBy. [lpu mpomy Mae 3MEHIIYBATUCs IIOBEpXHEBa EHEepris
posiiaBy, 3BY3UTBCSL IHTepBal KpHCTami3alii, IO 3yMOBHUTE NOJpiOHEeHHST Ta
IJI00YTi3alilo TONKOBUX 3MILHIOBATBHUX (a3, OdiKyeThCsl, M0 TaKWi KOMIUTEKCHUIA
BILJIUB 3YMOBHUTB ITIIBHIECHHS 3HOCOCTIMKOCTI HAILIABICHUX 1IapiB, 0COOIMBO 338 yMOB
yJAapHO-adpa3suBHOTO 3HOLIYBAHHS.

7. llpakTHYHA BHKOPHCTAHHS Pe3y/IbTaTiB

® PesynbraTn NpoexTy crpsiMoBaHi Ha PO3B’SI3aHHS BAXKIHBOL NPUKIIaHOT 3a/1a4i,
Ta € aKTyaJlbHUM JJIf JEeKUIBKOX CYMDKHHUX ramy3edl Haykd. 30KprMa Oyne
pO3pO0JIEHO TEXHOJIOTIIO OAEPKAHHS 3HOCOCTIHKUX TIOKPUTTIB 3 BUKOPHUCTAHHSM
TOPOUIKOBMX APOTIB JUIsl BiJHOBJICHHS JieTaleil IBUIyHIB OpoHeTpaHCcHoOpTEpiB,
CLTBCBKOrOCMONAPChKOl  Ta  aBTOTPAKTOPHOL TEXHIKH,  ToJirpadigHoro
obJiaiHaHHsl, TepepoOHOT MPOMHCIOBOCTI TOIO. B pe3ynbTati i geTanei siki
[PaIioIOTE B yMOBAax MPUCYTHOCTI abpasuBy, 3a0e3MEeYUThCS MNPOOBKEHHS
pecypey B 2,5...4 pasm.

* HaykoBi pesynpraté npoekty 6ymyTh BUKOPHCTaHI IPH PO3pOOLI TEeXHOJOTT
3axXUCTy Bij abpasMBHOTO 3HOLIyBaHHS. Lle facTh 3Mory 3aGesneunTty CTBOPEHHS
HOBOI MPOAYKLIT, IKa HE Ma€ aHaJIOTiB Ha JaHMI Yac.



* byzne pospobneHo HOpPMATHUBHI [OOKyMEHTH Ha TEXHOJOTiIO (TEXHONOTIYHA
IHCTPYKLIsA HA MPOLEC BiJHOBIECHHs JeTaliell TUIy Ball, IO eKCILTyaTyIOThCS B
yMOBax abpa3uBHOTO 3HOIIYBaHHS).

e OuikyBaHi HayKOBi pe3yJbTaTH BiAIOBINAIOTH CBiTOBOMY piBHIO. Po3poGieHa
TEXHOJIOTisS  JIO3BOJIATh HAJATH IMiABHINEHHX MEXAHIYHMX XapaKTepPUCTHK
OBEPXOHb, 110 MiABUILUTH JOBrOBIUHICTE BY3/iB MAIIHH.

8. OcHoBHI ny6uikauii aBTOPIiB 32 TEMATHKOIO POEKTY 32 OCTAHHI TPH POKH.

ITy6aikauii mo BxoaaTe 10 MizkHapoaHOI 6asu naHuX Scopus.

1. IToxmypceeka I' B. Bruins BiOpaniil mig 4ac HamiasieHHs 3aXHCHOTO IIapy Ha HOro
MIKPOCTPYKTYPy =~ Ta ymapHo-abpasuBHe 3HoumryBaumHs / I. B.Iloxmypceka,
M. M Cryzenr, O. C Jlaneus, A. A BoiitoBuy // ®i3.-ximM. MexaHika MarepiaiB. —
2015. 51, Nel. - C. 107-111.

2. BoiitoBu4 A. A.  MikpocTykTypa Ta  onip  ab6pa3sWBHOMY  3HOLIYBAaHHIO
BIOpOHAIIABIEHOr0 MeTally 3 IMOpPOIIKOBOrO APOTY 0a30Boi cuctemu Fe—Cr—B /
A. A BoiitoBuy, I'.B.Tloxmypceka, M. M Crynenr, O.3 Crymenr // ®iz.-xim.
MexaHika MarepiaiiB. — 2016. — 52, Ne3. — C. 63-68.

3. I3106uk A. P. Koposiiina TpuBKicTs 3BapHuX 3’eaHanb crami tuny ARMSTAL 500 /
A. JI3robux, H. Yepsinceka, A. BoittoBuu, JI. [3106uk // ®iz.-xiM. MexaHika
marepiainis. — 2016.— Criesumn. Nell. — C. 115-118.

4. Iloxmypckas I'. B. KoposiiiHa TpuBKicTh BiGpoHaIIaBIEHOTO MeTaJjly 3 IOPOIIKOBUX
aporie  Gazooi cuctemum Fe-Cr-B /T B.IToxmypceka, M.M CryneHr,
A. P. I3106uk, A. A. Boiitosnu, O. I1. Xionuk // ®i3.-xim. MexaHika MarepiaiB. —
2016. - 52, NoS. — C. 83-87.

ITyGurikanii mo BXoasiTh 10 paxoBUX BUAAHBL YKpaiHu
I. Ioxmypebka I' B, YyapHo-apasuBHe — 3HOIIyBaHHS MOBEPXHEBUX  UIApiB,
HAIJIaBJICHUX TMOPOMIKOBUMHU JpoTamu cuctemu Fe-Cr-B—C / T, B.IToxmypceka ,
A. A. Boiitosu4 // Hayxosuii Bicaux HIITY Vkpaiuu. — 2015, — Ne 25.3. — C. 129—
L35

2. IToxmypcerka I'. B. MoaudikysanHs MIKPOCTPYKTYpH HAIlJIaBIE€HUX IIAPiB Ha OCHOBI
nopomikosoro npoty IIJICr10B3 i3 nonasammsam Al, Mg / T'.B. TToxmypcska,
M.M. Crynent, A. A. BoiitoBuu // IIpo6nemu tpuGomnorii. - 2015, — 78, Ne3. —
C. 98-104.

3. BoiitoBu4 A. A. Oco6imBocTi hopMyBaHHSs Ta pyWHYBaHHs HAIUIABICHUX IIapiB 3
MOPOIIKOBUX JpoTiB cucteMu Fe—Cr—B-C 3a ymapumx HaBauTaxenb / A. A.
Boiirosny, I'. B. IToxmypcska, M. M. Crygmenr, O. 3. Crynent // Ilpobiaemu
TpuboJorii.-2015. — 78, Ned4. — C. 105-113.



4. Iloxmypcekas I'. B. BiaustHue BBICOKOYaCTOTHBIX MEXaHHYECKUX KOJEOAHMH H3me/us
Ha CTPYKTYpY M M3HOCOCTOMKOCTh HaIlIaBieHHOro Mertamia XI10P3I2C /
['. B. [loxmypckast, M. M. Cryzenr, A. A. BoiitoBuu, A. 3. Crynenrt, A. P. JI3r06uk
// ABToMar cBapka. — 2016. — Ne10.-C. 22-27.

Te3u nonogiai Beeykpaincbkux Kongepenuisax

1. BofitoBi4 A. MiKpOCTpYKTypa HAIIaBIEHHX IIAPiB HA OCHOBI TOPOLIKOBOTO JpOTy
Crl0B3 i3 nomaBanusm Al, Mg / A. BoiitoBuu, P. Muxanbcekuii, I. Xomuu,
M. I'ontosayk // 36. npans XXII Bigkp. HayK.-TexH. KOH(. MOIOIUX HayK. 1 CIlell.
OMI HAHY (JIbBiB, 2015). — JIsBis.: ®MI HAH Vkpaiuu, 2015. — C.142-145.

2. IToxmyperka I'. B. Brumus BiGpauii mix wac HamiasieHHs Ha MIKpPOCTPYKTYpYy Ta
MIKpPOTBEP/iCTh ~ HAIUIABIEHUX WIAPIB 3  OPOLIKOBOIO apoty X10P4KO /
I'. B. Iloxmypceka, A. A. BoiitoBuu // Tesu VIII Bceykp. KoH}. MOIOAMX BYEHUX Ta
crienianicTis "3BaploBaHHs Ta criopisHeHi Texnounorii", Kuis, 2022 TpaBHA 2015 p. —
K.: IE3 HAH VYkpaiun, 2015. - C. 122.

Tesu nonosini na mizknapoanux koudepenuisx B Ykpaini
1. BoiitoBuu A. A. TliABUINEHHS 3HOCOCTIMKOCTI HaNIaBICHHUX HIapiB  METOHOM

BEPTUKAJILHOT BiOpariitHo1 00po6ku / A. A. Boiitosuy, . B. IToxmypceka,

P. Muxanbcekuit // Tesu non. 12-ro Mixuap cumios ykpai IH)KeHepiB-MeXaHiKiB y
JIeBosi (JIbBiB, 2015) — JIbBiB: KIHITATPI JITI. — 2015 — C.-101.

9. OuikyBaHa KinbKicTh ny6.aikaniii 3a TeMaTHKOIO IPOEKTY
OuikyeTbest 2—myGuikanii 1Mo BXOASTH 10 MiKHaponHoi 6a3u jmanux Scopus, 3-

my0Jikauii, ski BXOAATH 10 (HaxOBHX BHIaHb YKpaiHu, MIaHyeTbCs B3ATH y4acThb Y
OJHIHM KOH(DepeHLii.



