®opMyBaHHSI I'PANICHTHUX CTAHIB B HAHOIIAPOBUX MeTaJIeBUX IUIIBKOBUX KOMIIO3HIIAX
yepe3 MPouecH Ha 30BHIlIHIN MOBePXHi

@®opMHpPOBaHHE TPAAHEHTHBIX COCTOSSHHH B HAHOCJOWHBIX METAIMYECKHUX MJIEHOYHBIX
KOMIIO3UIIMSAX Yepe3 Mpouecchl HA BHEelIHel MOBEPXHOCTH

Formation of gradient states in nano layered metal film compositions via processes on the
outer surface

1. Howmep nep:xaBHoi peectpaiii Temu — 011150002319,
2. HaykoBuii kepiBnmk — wien-kop. HAH VYkpaimm, na.¢p.-m.H., nmpo¢. Cupopenko C.IL.,
Cunopenko C.HU., Sidorenko Sergiy I.

3. CyTb po3p0o0KH, OCHOBHI pe3yJibTaTH.
(yxp.)

BcTaHoBIIEHO 3aKOHOMIPHOCTI €HEPreTHYHO 1HAYKOBAaHUX JU(DPY31IHHUX CTPYKTYpHO-
(a30BHUX NEPETBOPEHD B IUTIBKOBHUX (PYHKIIOHATBHO-TPAII€EHTHUX IJIOCKOIIAPOBUX MaTepianax 3
CYyTTEBO BIJIMIHHMMH TEPMOJAMHAMIYHUMHU Ta KPUCTAIOXIMIYHMMU BJIACTUBOCTSIMHU ILAPiB
metaiis (V-Ag, Pd-Ho, Ni-Cu-Cr, Ta in.).

Jlis mochipKeHUX HAHOTOBIIMHHUX TUIOCKOIIAPOBUX MaTepiaiiB BCTAHOBICHO €QeKT
«u(y31HHOTO HACOCY»: TpPH CHEPreTHYHOMY BIUIMBI B aproH-, a30T-, KUCHEBO-, BOJHEBO-
BMICHHX aTMocepax Ta B BaKyyMi 10° ITa, 107 Ma (hi3uKO-XIMIYHI TIpOLIECH HA 30BHIMTHIN
MOBEPXHI TEPMOIMHAMIYHO BU3HAYAIOTH AUQY3iitHe (pa3oyTBOpeHHS B 00’ €Mi.

[li 3aKOHOMIPHOCTI MarOTh O3HAKH CYIIEPITO3HIII MPOIECiB (POPMYBaHHS CTPYKTYpPHO-
KOHIIEHTPAIIHHO-()a30BUX PO3MOAUTIB BHACIIIOK PO3AUICHHS B 4Yaci Pi3HUX JOMIHYIOYHX
MexaHi3MiB audy3iiHOro MaconepeHocy (rpanudHoi qudysii, mudysii mo 06’ emy, MOBEpXHEBOT
mudy3ii) i3 "crmoTBOpeHHAM" — BHACTIIOK ()aKTOPy HAaHOPO3MIPHOCTI — OaNlaHCy PYIIIHHUX CHJI,
YSBJICHHS IO SIK1 ICTOPUYHO CcKiIamanucs. SIK HacaioK — Ha BIAMIHY BiJl ITPOIIECIB B MACHBHOMY
cTa"l — B X0l Mudy3idHUX TEpepo3MOIUTIB B TaKUX CHUCTEMaX TPaJi€HTH KOHIICHTpAIii He
3HUKAIOTh, OJHOPIIHICTh KOHIICHTPALlIMHUX PO3MOILIIB HE TOCATAETHCS.

BapiroBanHs ckimagmy armocdepu BU3HAYAE 3aKOHOMIPHOCTI CTPYKTYPHO-(a30BHX
MEPETBOPEHb, MOXKIIMBICTh KEpyBaHHS MapaMeTpamMu KpHUCTalidyHOi OyJO0BH, TEKCTYypOIO Ta
po3MipoM 3epeH, MOp(OIIOTIEI0 MOBEPXHI.

IIpu BITHOCHO HU3BKHMX TeMIepaTypax OOpOOKH, KOJIM JOMIHYIOUMM MEXaHi3MOM
mudysii € 3epHOrpaHUYHUM, (opMyBaHHS MOTPIOHOT (pa3u 3abe3nmedyeThesl MITPaLi€l0 TPAaHUIb
3epeH, BHACIIO0K YOro Mo3ajy rpaHulli GopMyeThCs peakuiiHuil map notpioHoi dasu.

Po3BHHYTO anropuTMM «KOMIT'IOTEPHOTO KOHCTPYIOBaHHS» MarTepiaiiB: Ha OCHOBI
IHTEPNIOSIIIMHOTO MiAXOMYy IO ONEpyBaHHS BEIUKHMH MacHBaMHM JaHUX TPO CTPYKTYpY 1
BJIACTUBOCTI MaTepiaJiB Ta HAa OCHOBI IOEJIHAHHS KBAHTOBO-IMITAIITHOTO MOJICTIOBaHHS 3
JOCTIITHOIO MEePEBIPKOI0 HOTO Pe3yabTaTiB.

Binkputi B po6oTi (izuko-marepiasio3HaBul €(eKTH, BCTAHOBJIEHI 3aKOHOMIPHOCTI
ijecnpsMOBaHOTO (GOPMYBaHHS TPAAIEHTHUX CTaHIB Yepe3 MpOoIeCH Ha 30BHIIIHIN MOBEpXHI Ta
PO3BHHYTI TEOPETUYHI MiAXOAM BHUCTYNAIOTh B SIKOCTI HAYKOBUX OCHOB PO3POOKH BHCOKHX
TEXHOJIOT1H BUPOOHHUIITBA HAHOPO3MIPHUX METAIEBHUX IIOCKOIIAPOBUX KOMITO3UIIIN AT MIKPO-
Ta HAHOEJEKTPOHHUX MPHUCTPOIB 3 HOBHMH IE€PCIIEKTHBHUMH BJIACTUBOCTAMH (MarHiTHi,
eJIeKTpo(h13MYH1, AaHTUKOPO3iiHI Ta iH.).

(poc.)

YcTaHOBIEHBI 3aKOHOMEPHOCTH JHEPreTHYECKH WHAYIUPOBAHHBIX JAU(PPY3HOHHBIX
CTPYKTYypHO-()a30BBIX  MpEBpalmleHUd B IUICHOYHBIX  (PYHKIIMOHAIBHO-TPATHCHTHBIX
IUIOCKOCJIOWHBIX ~ MaTepHallax ¢ CYHIECTBEHHO OTIWYHBIMH  TEPMOJMHAMUYECKUMH U
KPHUCTAJUIOXUMUIECKUMHE CBoMcTBamu ciioeB Metasuio (V-Ag, Pd-Ho, Ni-Cu-Cr, u ap.).

Jliis riccnenyeMbIX HaHOTOJIIUHHBIX MIOCKOCTOWHBIX MaTepHallOB YCTaHOBIEH AP ekt
«T(Py3HOHHOTO HAcoca»: MPH JHEPreTUYECKOM BO3JIEHCTBMM B aproH-, a3oT-, KHUCIOPOI-,
BOJZOPOA- coiepkamux armochepax u B Bakyyme 10° Ila, 107 Ila du3snko-xummueckue



Ipolecchl Ha BHEIIHEH IOBEPXHOCTH TEPMOJMHAMMUYECKH ONpEAEsoT U dy3MOHHOE
¢bazoobpazoBaHue B oObeMe.

OTH 3aKOHOMEPHOCTH MMEIOT MpPHU3HAKM CYNEpPHO3ULIMU IpoLeccoB (HopMUpOBaHUMA
CTPYKTYPHO-KOHIICHTPAIIMOHHO-(a30BbIX paclpeieiIeHUN BCIEACTBUE pa3elieHUs] BO BPEMEHU
pasIMYHBIX JOMUHHUPYIOIIMX MEXaHU3MOB AU(PY3nOHHOro MacconepeHoca (rpaHMYHOU
muddy3un, muddy3un mo oobeMy, TOBEPXHOCTHOU AUPPY3UN) C «UCKAKCHHUEM» — BCICICTBUC
(akTOpa HaHOpPa3MEPHOCTH — OaslaHCca ABMXKYILUX CUJI, IPEACTABICHUS O KOTOPBIX HCTOPHUECKU
cKiaapBaiCh. Kak ciencTBue — B OTJIMYHME OT MPOLIECCOB B MACCHBHOM COCTOSIHUH — B XOJI€
TU(QPY3MOHHBIX IepepaclpesielieHni B TaKUX CHCTeMaX TIpaJUeHThl KOHLEHTpalUHU He
MCYE3aI0T, OAHOPOJIHOCTb KOHLIEHTPALMOHHBIX paclpe/leIeHUuil He JOCTUraeTcsl.

BapsupoBanue coctaBa atMocdepsl onpeaenseT 3aKOHOMEPHOCTH CTPYKTYPHO-(a30BbIX
IPEBpalliCHUH, BO3MOXXHOCTb YIPABJICHUS MapaMeTpaMu KPUCTAUIMYECKOI'O CTPOEHHS,
TEKCTYPOH U pa3MepoM 3epeH, MOp(OIoTHelt MOBEPXHOCTH.

IIpy OTHOCUTENBHO HHU3KHMX TeMmIepaTypax oOpabOTKM, Korjza JOMUHHUPYIOLIUM
MeXaHu3MOM JU(GGy3UH  SABISAETCS 3E€pPHOTPAHMYHON, (OPMHUpPOBaHHE HEOOXOAUMON (a3bl
o0ecrieunBaeTcss MUIpalUedl TPaHULl 3€pPeH, BCIEACTBUE YEro M03aqu IpaHUlbl (HOpMHUPYETCs
PEaKIMOHHBIN CcJI0H HEOOXOIUMOH (a3bl.

Pa3BUT aiaropuT™M «KOMIBIOTEPHOI'O KOHCTPYHPOBAHHS» MaTepUAIOB: HA OCHOBE
UHTEPIOJSIIUOHHOTO TMOJIX0Aa K ONEPUPOBAaHUEM OOJBIIUMH MAacCHBAMHU JaHHBIX PO
CTPYKTYpPY U CBOMCTBa MaTepHajoB M Ha OCHOBE OOBEIMHEHHsS] KBaHTOBO-UMMTALMOHHOIO
MOJIECJINPOBAHUS C OIIBITHOM IIPOBEPKOU €r0 pe3yIbTaToB.

OtkpbiThle B pabore  (uzMKo-marepuanoBeaueckue SGQEKThl, YCTAHOBJICHHBIE
3aKOHOMEPHOCTH  IIeJICHANpPABICHHOTO (OPMHUPOBAHUS TPAJMEHTHBIX COCTOSHHUM dYepe3
npolecchl Ha BHEIIHEH MOBEPXHOCTH M Pa3BUThIE TEOPETHUECKUE MOJXObl BBICTYNAIOT B
Ka4eCTBE HAyYHBIX OCHOB Pa3pa0OTKM BBICOKMX TEXHOJIOTHUH IMPOM3BOJCTBA HAHOPA3MEPHBIX
METAJUINYECKUX IUIOCKOCIONHBIX KOMIO3MLIMU JJIi MHUKPO- U HAHORJIEKTPOHHBIX HMPUOOPOB ¢

HOBBIMU IIEPCIIEKTUBHBIMU CBOMCTBaMH (MarHUTHBIMH, AIIEKTPOPUZUYECKUMU,
AHTUKOPPO3UOHHBIMU U JIP.).
(anrJ.)

Laws of energy induced diffusion phase-structural transformations in film functional-
gradient materials with significantly different thermodynamic and crystal-chemical properties of
the layers (V-Ag, Pd-Ho, Ni-Cu-Cr, etc.) were determined.

“Diffusion pump” effect was determined for investigated nanothickness materials:
physical and chemical processes on outer surface thermodynamically determine diffusion phase
formation in the bulk during energy impact in argon-, nitrogen-, oxygen-, hydrogen- containing
atmospheres and in vacuum of 10 Pa, 107 Pa.

These laws have attributes of superposition of structural-concentration-phase
distributions formation processes due to separation in time of different dominant diffusion
mechanisms (boundary diffusion, bulk diffusion, surface diffusion) with “distortion” — because
of nanothickness effect — of balance of that driving forces, which were historically accepted. As
a sequence — in contrast with processes in bulk materials — during diffusion redistribution in such
systems concentration gradients does not disappear, homogeneity of diffusion distributions does
not achieve.

Variations of atmosphere compound determine laws of phase-structural transformations
and possibility to control lattice parameters, texture, grain size and surface morphology.

At relatively low annealing temperatures, when dominant diffusion mechanisms is grain
boundary one, formation of required phase could be achieved by grain boundaries migration. As
a sequence behind the moving grain boundary reaction layer of required phase could be formed.

Algorithm of materials “computer construction” was developed: on the bases of
interpolation approach to big data massive related to materials structure and properties operation
on the bases of interconnection of quantum-imitation modeling with the following experimental
check of its results.

Physical and chemical effects that were discovered in this work, determined laws of
direct formation of gradients states via the processes on outer surface and developed theoretical



approaches are scientific base of high technologies development of nanosized metallic
compositions fabrication for micro- and nano- devices with new prospective properties
(magnetic, electrical, corrosion, etc.).
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