Mikpo- Ta HAHOCTPYKTYPHI pouecH B NOBEPXHEBHUX IIAPAaX KOHCTPYKUIHUX CIIaBIB 3a
YMOB BHCOKOEHEPTreTHYHOI 00pOOKH.
MuKkpo- 1 HAaHOCTPYKTYPHbI€ NPOLEcChl B IOBEPXHOCTHBIX CJI0SIX KOHCTPYKIMOHHBIX
CILIABOB B YCJIOBHUSIX BHICOKOIHEPreTUYECKO 00padOTKH.
Micro-and nanostructured processes in the surface layers of the structural alloys under
conditions of the high-energy processing.
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(Yxp.)

[IpoBeeHO KOMILJIEKC EKCHEPUMEHTAIbHHUX JOCHIHKEHb, PE3YJIbTAaTH SKUX JIO3BOJIAIH
BCTAaHOBHUTH BIUIUB PEXHUMIB YIbTPa3ByKoBoi yaapHoi oOpoOku (Y3YO) Ha moBiTpi, B iHEpTHIiH
aTMocdepi Ta CepeZOBHUIIIl PIIKOTO a30Ty Ha MIKpPOTBEPAICTh, TOHKY MIKPOCTPYKTYpY, (pa3oBUli Ta
XIMIYHUW CKJIaJlT TTIOBEPXHEBUX IIapiB amtoMiHieBoro cruiaBy [[16 Ta TuraHoBoro crmaBy BT6.
BusnayeHno, mo MakcUManbHHHA e(eKT 3MiIlHeHHs MpH oOpoOli Ha MOBITPI Ta B CepelOBHIIAX
aprony Ta renuito He nepesuirye 200 %; ans crasy J[16 3a Manoi TpuBanocTi ynbTpa3ByKOBOi il
XapaKTEPHUM € ICTOTHE 30UTBIICHHS MIKPOTBEPAOCTI (€PEeKT 3MIITHEHHS), a JUIsl OLIbIIT TPUBAIIOT
00pOOKM — 3HUKEHHSI MIKPOTBEPJOCTI 0 BHUXITHUX 3HA4eHb (€PEKT 3HEMIITHEHHs). MeTOoauKy
MPOBEACHHS yABTPa3BYKOBOI yAapHOi 0OpOOKH B PIAKOMY a30Ti 32 YMOB BCEOIYHOTO CTHCKAaHHS
3paszka 3alporoHOBaHO Brepiie — edekT 3MinmHeHHs cmnaBy J[16 mocsrae ~500 %, 3MeHIICHHS
3HAYeHb MIKPOTBEPJAOCTI TpH  30UIBIICHHI TPUBAJOCTI OOpPOOKHM HE  CIIOCTEPITaeThCs.
Kpiogedpopmaniis 00yMOBIIIO€ MOAPIOHEHHS BHXIAHOT CTPYKTYpH cIuiaBy 1o 15-20 HM npu
30epexeHH1 TTeBHOI KITBKOCTI 3¢peH MIKPOHHUX PO3MIPIB.

BinnpareoBano pexxumu Y3YO mis GopMyBaHHS KOMIIO3UIIHHUX TOKPHUTTIB 13 MiBUIIEHOIO
(1o 5 paziB) MIKpPOTBEPIICTIO 3a paxyHOK BTUICHHS [0 TIOBEpXHEBUX ImapiB cruiaBy J[16
BYyIJIELIEBUX HaHOTPYOOK, nucnepcHux yactuaok Al,O3, Ti, Ni, BC.

BusiBneno ¢i3uuHy nOpupoJy 3MiH  XIMIYHOTO CKJIaAy HPUIIOBEPXHEBUX  ILAPIB
HU3BKOJIETOBAHOI CTalll Mij JI€0 MJIa3MH Ta30BOTO PO3PSANY B PI3HUX cepenoBHInax. BuznaueHo
MeXaHI3MU 10HHO-1HyKOBaHOI MTOBEPXHEBOI cerperaiii eJIeMeHTIB Ta aHOMaJIbHOT'O MPOHUKHEHHS
aTOMIB 13 Tra3opo3psaHOi Ta3Mu B 00°€éM Marepiany. 3amporiOHOBAHO PEXUMH OOPOOKH IS
TiBUIIICHHS] aHTUKOPO31MHUX BIACTUBOCTEH MMOBEPXHI.

Buznaueno 3akoHOMIpHOCTI (POPMYBaHHS CTPYKTYpPU Ta XIMIYHOTO CKJIaay MPUITIOBEPXHEBUX
mapiB cmiasiB cucremMu Co-Cr-Mo MeAMIMHCHKOTO MPHU3HAYEHHS 32 YMOB JIa3epHOI 00poOKU B
pI3HUX CepeloBUIaX. BCTaHOBIEHO, IO HEOJAHOPIAHICTH XIMIYHOTO CKJIAMy TIO TUTOUIWHI
OIJIaBJICHOI TOBEPXHI MOB’f3aHAa 3 PI3HOI IMIBUJAKICTIO MEpeKpHCTali3alii Ta MOBEPXHEBOIO
Cerperai€ero eJIeMeHTIB CIUIaBy Mij Ji€l0 Ja3epHoro onpomiHeHHs. JlazepHa oOpoOka crasiB Co-
Cr-Mo B cepenoBuIlll aproHy MPU3BOAUTH IO YTBOPEHHS Ha MOBEPXHI MEPIOAUYHOTO KUIBIIEBOTO
penbedy, mepioJ] XBWIb SKOTO 3aJICKUTh BiJ TYCTMHH MOTYXHOCTI JIa3€PHOTO OMPOMIHEHHS.
Brnepiie BusiBnene ¢popMyBaHHS HAaHOKPHUCTAIITIB 13 BICCIO CUMETPIi 1’ ATOr0 mopsnky. JloBeneHo,
10 OCHOBHUM YHMHHUKOM 3HIKEHHS 3HAUYEHb EJCKTPOXIMIYHMX MOTEHIaliB € (GopMyBaHHA Ha
MMOBEPXHI CYIIILHOTO apy okcuay xpomy Cr0Os.

(poc.)

[IpoBeneH KOMIUIEKC SKCIEPUMEHTAIBHBIX UCCIEIOBAaHUM, pe3yIbTaThl KOTOPHIX MO3BOJIMIN
YCTaHOBHUTBH BIIMSHUE PEXHUMOB YIbTPa3BYKOBOW ymapHoil oOpabotku (Y3YO) Ha Bo3myxe, B
MHEpPTHON atMmocdepe U cpene *KUAKOro a30Ta Ha MUKPOTBEPAOCTh, TOHKYIO MUKDPOCTPYKTYpY,
(ha30BBII 1 XUMHUYECKUI COCTaB MOBEPXHOCTHBIX CJIOEB aTIOMUHKEBOTrO cruiaBa J[16 u THTaHOBOTO
crutaBa BT6. Onpeneneno, 4To MakCUMaJIbHBINA 3P GEKT yIpoUHEHUs Mpu 00paboTKe Ha BO3IyXE H
B cpenax aproHa u renus He npesblmaet 200%; mis crmaBa J[16 mpu manoil IIMTENBHOCTH
yIbTPa3BYKOBOTO  BO3JCHCTBUS ~ XapaKTepHBIM  SBISETCS  CYIIECTBEHHOE  yBEJIMYECHHE
MUKpoTBepaocTd (3ddexr ympouHenus), a miast Ooyiee ATUTETBHOH OOpaOOTKH — CHHKCHHS
MHUKPOTBEPJOCTH 10 HMCXOAHBIX 3HadeHUU (3ddexT pasympouHeHus). MeToauka TPOBEACHHS
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yIABTPa3BYKOBOH YyAapHOH 00paOOTKM B JKHAKOM a30Te€ NPU YCIOBHHM BCECTOPOHHEIO CXKATHs
oOpa3ua mnpeasiokeHa BrHepBble — 3¢dekT ynpouneHus cmiaBa J[16 gocturaer ~500 %,
YMEHBIICHUS! 3HAUYEHUH MUKPOTBEPAOCTH IPH YBEIMYEHUH JUIMTENBHOCTH OOpabOTKH HE
HaOmonaetcsi. Kpuonedopmanusi 00ycmoBIMBaET U3MEIBUCHUE WCXOMHOW CTPYKTYPHI CILJIaBa J0
15-20 HM IpU COXpaHEHUH ONPEJIETIEHHOTO KOJINYECTBA 36PEH MUKPOHHBIX Pa3MEpOB.

Otpaboranbl  pexumbl Y3YO nns  (GOpMUpOBAaHHMS KOMITO3UIIMOHHBIX TOKPBITHH  C
MOBBIIIEHHOW (0 5 pa3) MUKPOTBEPJOCTBHIO 3a CUET BHEIPEHUS B MOBEPXHOCTHHIE CIIOM CIUIaBa
J116 yrinepoaHbix HaHOTPYOOK, mucnepcHbix dactuil Al,Os, Ti, Ni, BC.

BoisiBiiena Qusuueckas nmpuUpoja M3MEHEHHH XHMHYECKOrO COCTaBa IMPUIIOBEPXHOCTHBIX
CJI0O€B HU3KOJETMPOBAHHOW CTajdu MOJ JICUCTBHMEM ILJIa3Mbl Ta30BOTO pa3psija B pa3HbIX Cpeaax.
OmnpeneneHbl MEXaHU3Mbl MOHHO-UHIYLMPOBAHHOM IOBEPXHOCTHOM Cerperaluuu 3JIE€MEHTOB U
AHOMAQJIBHOTO TIPOHUKHOBEHHUS AaTOMOB W3 Ta30pa3psAaHON Tuta3Mbl B 00BEM Marepuana.
[TpeioskeHsl pexXUMbl 00paOOTKH /7S TOBBILICHUSI aHTUKOPPO3HOHHBIX CBOMCTB TOBEPXHOCTH.

OmpeneneHbl  3aKOHOMEPHOCTH  (POPMUPOBAHUS CTPYKTYPhl W XHUMHYECKOTO COCTaBa
MPUIIOBCPXHOCTHLBIX CJIOCB CIIJIABOB CHUCTCMBbI Co-Cr-Mo MCIUIIMHCKOI'0O HAa3HAUCHUA B YCIIOBUAX
Jla3epHON 00pabOTKH B Pa3HBIX cpefiaX. Y CTAHOBJICHO, YTO HEOHOPOIHOCTh XUMHYECKOTO COCTaBa
B IUIOCKOCTU OIUIABJICHHOW IIOBEPXHOCTH CBA3aHA C Pa3HOM CKOPOCTBIO MEPEKPUCTAIIU3ALMMU U
MMOBEPXHOCTHOM CeTperamueil 3JeMEeHTOB CIIaBa Mo JeHCTBUEM Ja3epHOro oOmydeHus. JlazepHas
obpabotka cmmaBoB Co-Cr-Mo B cpeae aproHa NPUBOIUT K 0Opa3oBaHUIO Ha IOBEPXHOCTU
MNEPUOANYCCKOro KOJIBIIEBOT'O penbe(ba, nepruoa BOJH KOTOPOIro 3aBUCHUT OT IINIOTHOCTH MOIIHOCTH
na3epHoro oOaydeHus. BnepBeie oOHapyxeHO (opMupOBaHME HAHOKPUCTAJUIUTOB C OCHIO
CUMMETPUHU TATOrO Tmopsiaka. JlokazaHo, 4YTO OCHOBHBIM (DaKTOPOM CHIDKEHUS 3HAUYCHUN
QJICKTPOXUMHUYCCKUX MOTCHIHUAIIOB SBJIACTCA q)OpMI/IpOBaHI/IG Ha MNOBCPXHOCTU CIUIOHIHOTO CJIOA
okcuaa xpoma Cry0s.

(anru.)

The complex of the experimental studies which enabled us to establish the influence of the
ultrasonic shock treatment (USST) regimes in the air, in an inert atmosphere and liquid nitrogen on
microhardness, fine microstructure, phase and chemical composition of the aluminum alloy D16
and Ti6Al4V titanium alloy surface layers was performed. It was determined that the maximum
effect of the hardening in the processing on the air and in argon and helium does not exceed 200%
for alloy D16 at the short duration of ultrasound exposure is characterized by a significant increase
in microhardness (strengthening effect), and for the longer handling - reduced to the initial values of
the microhardness (loss of strength). USST technique in the liquid nitrogen with the full
compression of the sample offered for the first time - the effect of the alloy D16 hardening was
with ~ 500%; reduction of the microhardness values with increasing of the treatment duration was
not observed. Cryodeformation causes crushing of the alloy to 15-20 nm, while maintaining a
certain number of the micron size grains.

Worked of USST regimes for the composite coatings formation with a high (up to 5 times)
microhardness through the introduction to the of D16 alloy surface layers of the carbon nanotubes,
dispersed particles of Al,Os, Ti, Ni or BC.

The physical nature of the changes in the chemical composition of the low-alloy steel surface
layers under the influence of the gas-discharge plasma in different environments was revealed.
Mechanisms of the ion-induced surface segregation of the elements and anomalous penetration of
the atoms of a gas-discharge plasma in the bulk of the material was proposed. The treatment
regimes to improve of the corrosion properties was determined.

The formation of the structure and chemical composition regularities of the medical Co-Cr-
Mo alloys surface layers by laser treatment in the different environments was investigated. It is
established that the heterogeneity of the chemical composition in the plane of the melted surface is
associated with different rates of the recrystallization and the surface segregation of the alloy
elements during laser irradiation. Laser treatment of the Co-Cr-Mo alloys in an argon atmosphere
leads to the formation of the periodic surface relief ring, wave period depends on the power density
of the laser irradiation. It was first observed the formation of the nanocrystallites with the



symmetry axis of the fifth order. It is proved that the main factor in reducing of the electrochemical
potentials values on the surface is the formation of a continuous layer of the chromium oxide Cr,Os.
4. HasiBHiCTh OXOPOHHHX IOKYMEHTIB Ha 00’€KTH NPaBa iHTEJEeKTyaJbHOI BJACHOCTI

3asBKa Ha MATEHT Ta CBIIOIITBO HA aBTOPCHKE MPaABO y CTaJii po3pOOKH.
5. IlopiBHSIHHA 3i CBITOBHMH aHAJIOTaMH.

PesynbraTty BiANMOBIMAIOTH CBITOBOMY PiBHIO. MeToIMKa YIbTPa3BYKOBOI yAapHOi 0OpoOKH
MOBEPXHEBUX MIAPIB METAJIEBUX CIUIABIB B PIIKOMY a30Ti HE Ma€ aHAJOTIB y CBITOBIM MpaKTHIl
1HKeHepil TOBEPXHi.

6. ExoHoMiuHa NpUBa0JMBICTH VISl POCYBAHHS HA PUHOK
3acTocyBaHHS pO3pOOJIEHUX METOAUK JT03BOJIUTD JOCATTH:
— edekry 3minHeHHs moBepxHeBux mapiB Big ~200 % no 500 % B 3aJIeKHOCTI BiJl peXKUMIB
00poOKwu;
— 3HIDKEHHS TPHUBAJIOCTI MPOLECiB 0OpOOKM MOBEPXHEBHX LIapiB Marepiaiy (yac oOpoOku He
TIEPEBUIIYE EKITHPKOX XBUIINH);
— TIIBUIICHHS 3HOCOCTIMKOCTI Ta KOPO3iiHOT cTiiiKocTi B ~1,5 pasu;
—  3HWKEHHS MUTOMUX eHeproBUTpaT (Ha ~30%).
7. TloTeHuiiiHi KopucTyBayi

Opnepxani B poOOTI HAyKOBI PE3yJbTaTH 1 BCTAaHOBIEHI (i3MYHI 3aKOHOMIPHOCTI MarOTh
NPAaKTUYHUNA 1HTEpeC JUIsi CTBOPEHHS METOAWYHHMX Ta HAYKOBUX OCHOB 3MILIHEHHS MOBEPXHEBUX
mapiB KOHCTPYKIIIHHUX CIUIaBIB 331 IUIECIIPSIMOBAHOTO KEPYBAHHS I1X EKCIUTyaTallliHUMH
XapaKTepUCTHKAMHM, a TaKOX JUIS BIPOBAKECHHS HOBMX TEXHOJIOTiIH OOpOOKH MOBEpXHi (B TOMY
YHUCJT METAJIEBUX CIIABIB MEAUITUHCHKOTO TIPU3HAYCHHS ).

Moxmusi kopuctyBaui: IE3 im. €.0. Ilatona HAH VYkpainu, mignpueMcTBa aBialiiHO1
MIPOMHCIIOBOCTI, MAIIMHOOYIyBaHHS, NPWIagoOyayBaHHsS Ta 0aratbOX IHINUX  Taly3eu
MIPOMHCIIOBOCTI.

8. CTaH roToBHOCTI po3poOKH

BinnparpoBaHi pexXUMHU yIbTPa3BYKOBOI yAapHOi 0OpOOKH MOBEPXHEBUX IIApiB METAJIEBHX
CIUIaBiB B PIAKOMY a30Ti Ta METOAUKH (POPMYBaHHS KOMIIO3HUIIIMHUX TIOKPHUTTIB 13 IiJIBHIIECHOIO
MIKpPOTBEPIICTIO (10 5 pa3iB); po3poOiieH] MPaKTUUHI PEeKOMEHAallii 100 BUKOPUCTAHHS TUIa3MU
ra30BOTO PO3PSIY Ta JIA3EPHOTO OMPOMIHEHHS B PI3HUX CEPEAOBHINAX IS ITIABUIIICHHS KOPO31HHOT
CTIMKOCTI MOBEPXHI METAJIEBUX CIUIABIB, B TOMY YHCII MEAULIUHCHKOTO MPU3HAYCHHS.

9. IcHyoui pe3yjbTaTH BIPOBAKEHHS

Pesynpratn pobotu, po3ninum mMonorpadii «Audysis B MeTaneBUX IUIIBKax 3 MIKpO- Ta
HaHOPO3MIPHOIO CTPYKTYPOIO» Ta €IIEKTPOHHOTO MiJipydyHuKa «Teopis Ternao- Ta MaconepeHocy B
MaTepianax» BIPOBAIKCHO B HABYAIBHUI TPOIEC MPHU BUKIAMaHHI Aucuuriiinu «Teopis Tero- i
MacoIepeHocy B Marepiajax». BrpoBamkeHO HOBI JieKIiiHI Kypcu: «lHpopMaIiitHi TexHOoIoril
po3B’s3aHHA  (I3MKO-TEXHIUYHUX 3afauy» Ta «MDKIUCUMIUTIHApHI —mpobiemu  (i3uuHOro
Marepiago3HaBcTBay.  Howuit OumiHrBampHuii kypc Jekmiii “Computational material design”
anpoOoBaHo y BapiiaBcbkoMy yHIBEPCHUTETI TEXHOJIOTIH B pamkax mporpamu “Warsaw University
of Technology Development Programme”.

3anjgaHoBaHe CHUIbHE BHUKOPHCTAaHHS OJEpXKaHMX pe3yabTaTiB MpHU po3poOIi TEXHOJIOTil
3QJIIKOBYBaHHS TPIIIMH B 3BapHHUX 3 €JHAHHSAX METOJOM YJIbTPa3BYKOBOi yIapHOI 0OpOOKH 3
IactutyTom enekrposBapioBanus iM. €.0. [latona HAH VYkpainu.

3a wMarepiajaMd poOOTH TOTYEThCS KaHauAaTchbka pgucepramis «CTpykTypHO-(ha30Bi
MeXaHI3MHU 3MilIHEHHs MOBepxHi criaBy J[16 3a yMOB yJbTpa3ByKOBOTO yJapHOTO OOpOOJIECHHS B
PIZHUX CEepPEIOBHUIIIAX .
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