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MerTauibl ¥ UX CIUIaBBI IIMPOKO UCHONB3YIOTCS BO
BceX 00NMacTAX HayKu, TEXHUKHU M MEIULMHEL B Guo-
MEIHIMHCKUX YCTPOUCTBAX METAUIBI HCIONB3YIOTCA
Gnaronaps cBOei MHEPTHOCTH M CTPYKTYPHBIM (hyHK-
M. OGBIYHO, OHU NpPEANOYTHTENIbHEE IOJIUMEPOB
WM KepaMHKU (0COOEHHO B TeX Cllydasx, KOraa M-
IJIAHTAThl MOABEPralOTCs CTATUYECKUM, AUHAMHYe-
CKMM WIM LMKIMYECKHM Harpy3kaM, KOTOpbIE Tpe-
OyI0T coueTraHHs NpPOYHOCTH M IUIacCTUYHOCTH) [1].
XoTs K0CTaTO4HO GONBIIOE KOMMYECTBO METAIIOB U
MX CIUTaBOB MCIIOJIB3YETCA B MEOHMIMHCKUX YCTpOH-
CTBaX, HauboJee pacmpOCTPaHEHHBIMH SBJSIOTCS
Hep>KaBEIOLME CTATH, XUMHYECKH YHUCTHIH THTaH U
THTaHOBBIE CIUIaBbl M CIUIaBBl Ha OCHOBE KOOabTa
[2], a Taxoke TaHTaJ, AMFOMUHMN U UX OKCHJIBL.

Lensio paGoThl ABNAIOCH U3YYEHUE CTPYKTYPHO-
MOp}ONOrHIECKUX XapaKTepUCTUK M HAHOMEXaHH-
YeCKHX CBOMCTB OJHOCIIOMHBIX HAHOCTPYKTYpPHpO-
BaHHBIX MOKPBITHUH OKCHIOB TaHTala U aJFOMHHWUS,
HAHECEHHBIX METOJOM MAarHeTPOHHOTO pPacIbUICHHUS
Ha MeTaJUIMYECKHe MOAJIOKKH. M3BecTHa B3aumo-
CBS3b MUKPOCTPYKTYPHOTO COCTOSIHHA MOBEPXHOCTH
Y MEXaHU4YECKMX CBOUCTB NMOKPHITHIA [3].

Mopodonoruio nMoBepXHOCTH HAHOCTPYKTYPHpO-
BAaHHBIX IUICHOK HCCJIEN0BAIM Ha aTOMHO-CHJIOBOM
Mmukpockone (ACM) Dimension FastScan (Bruker,
CHIA) B pexxume PeakForce Tapping QNM. Hcnons-
30BaIM CTAaHAApTHBIE KPEMHHEBbIE KaHTMIEBEPHI
MPP12120-10 (Bruker, CIIIA) ¢ paguycoM KpuBH3-
Hbl ocTpus 30HZA 10 HM M KECTKOCTBIO KOHCOJIM
5,72 H/M. Paguyc KpUMBH3HBI OCTpHs 30HAA ONpees-
JI ¢ MOMOIIBIO 3TaoHHOro obpasua RS-12M (o6pa-
3e1l LEPOXOBATOCTH MOJIMKPUCTAIUTHYECKOTO THTAHA).

Ha pucynke 1, a npencraenena cIpykrypa mo-
BepxHOocTH cTanM Trna 316L SS. Ha ocHoBanuu mo-
nydeHHbIX ACM-m306paxkeHMi OBUIO YCTaHOBJIEHO,
4TO MOJMPOBaHHAs NOBEPXHOCTh CTAJIH UMEET 3epeH-
HyIO CTpYKTypy. Pa3Mep 3epHa coctaBnser 3040 HM.
[Tocne HaHeceHMs IUIGHKM OKCHIa TaHTajla Ha He-
PKaBEIOUIYIO CTallb HA HEKOTOPBIX y4acTKaX MOBEpX-
HOCTH TOKpBITHS IOSBJISIOTCS OCTPOBKHM OKCHOHOM
wieHKu (pucyHok 1, 6). Bricota o6pa3oBaBIIMXCS
OCTPOBKOB COCTaBINseT 5,5 HM, pasmep 100-500 HM.

Ha pucyHke 2 npuBeneHb! pe3yisTaTsl HCCIENO0-
BaHUA CTIPYKTYpbl NOBEPXHOCTH IneHoK Al,Os.
YcraHOBNIEHO, YTO MOBEPXHOCTH COCTOUT U3 3€peH,
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¢dopma xoTopbIx Onm3ka K coepudeckor. Pasmep
3epeH B aJIOMOOKCHIHBIX IUICHKAaX IpPHMEPHO Off-
HaKoB M cocTasiseT nopska 100 uM (prcyHok 2, 6),
YTO COTJIACYeTCsS C paHee IOJyYeHHBIMH pe3ybra-
Tamu ACM-uccnenosanuii mieHok Al,O; [4).
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Pucynox 1 — ACM-u306paxeHns IOBEPXHOCTH:
a - crainb 316L SS (10x10 Mxm?), 6 — TuieHKa OKCHAR
tanrtana (10x10 Mxm?)

MakcuManeHblil nepenan (pa3Max) BBICOT MoX-
HO paccMalpHBaTh KaK TOJIIHHY IOBEPXHOCTHON
CJI0S, KOTOPBIA He MOJIHOCTBIO 3aIOJIHEH MaTepie-
JIOM M B KOTOPOM IIPOUCXOAUT H3MEHEHHE perbede,
HIDKE€ JAHHOTO CJIOA MPEIIOJIOKHUTENBHO JEXHT
CIUTOIIHOM Matepuan [S]. Jns uccienoBaHHbIX IWie-
HOK JaHHBIA mapaMeTp He mnpesblmaer 20 HM, 40
COCTaBJIET OKOJIO 2 % OT 061Iel TONIIMHBI IIEHKH.

ITapaMeTphl mIEPOXOBATOCTH 1A ATIOMOOKCH]-
HOi IUIEHKH C YBeNHYEHHEM IUIOIIAdM CKAHWPOBa-
HUS W3MEHSIOTCS HE3HAYMTEbHO, YTO CBHUAETENs
CTBYET O PaBHOMEPHOCTHM HAHOCHMOIO TOKPHITHS.
3a cyer Majnoro pa3Mepa JacCTHI[ U MEpenaja BHCOT
JOCTHIalOTCs MOHIWKEHHbIe 3HaYeHud Ra. B uenon,
HEBBICOKME 3HAYEHMs IIEPOXOBATOCTH IpPEINoNars
IOT BO3MOXXHOCTh NPHMEHEHMS TaKHMX IUTCHOK A
MEIMLIMHCKOTO MUCHOJIb30BaHMA.
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Prcynox 2 — ACM-n306pake¢HHMS IOBEPXHOCTH OKCHI2
AMOMHHAA (2X2 MKM?)

HemanmoBakHOM XapaxkTepHCTHKOH MaTepHaja
fBIETCA aAre3dOHHas, TaK KaK CYIMIEeCTBYeT BBICO-
kit puck 0OpazoBaHHsA TpoMOOB Ha MMILTaHTHpYe-
MOM MaTepuayie. 3HAYEHHS CHJIBI aAre3nH H YAeIb-
KO}l MOBEPXHOCTHOM 3Hepruu ObUIK ONpenesieHbI Ha
Ionax ckaHMpoBaHMsA 5x5 mMkM m 10x10 mkmM (Tab-
mmna 1) [6]. YcraHoBIEHO, YTO HambUleHHE TUICHKH
OkCHIa TAHTAJIA HA HEPXKABEIOIIYIO CTajlb NPHUBOIAUT
K yMEHBUICHHIO 3HA4Y€HWH CHJBL anaresud Ha 61 %.
lloBepxHOCTHAs DBHeprus IPH O3TOM COCTABJIAET
042 mTa/m?.  Cuna  afresmm  amoMOOKCHIHOMN
IIeHKY 3HAYMTEJILHO BBIIIE TAHTAJIOBOM M COCTaB-
mer 58,03 HH. CnenoBaTtensHO, MaHHOE NMOKPBITHE
MeHec IOAXOAUT U1 MEAUIIUMHCKOTO NPHUMEHEHUS.

Tabmaua 1 — 3HadeHuMst CWIBI aAre3uMl M YAENLHOHN
koBepXHOCTHOM JHEPTMM OKCHAHBIX IUICHOK TaHTana
H ATIOMHHNA Ha MCTAJUTHYECKHX TIOAJI0KKAX

Fadn, HH+ 10 % ¥, mJx/M?
Obpasens 5x5 10x10 | 5x5 |10x10
MKM MKM | MKM | MKM

Crans 316 L SS 56,19 | 49,99 | 1,19 | 1,06

Ta:0s /(316 L SS) 36,93 19,69 | 0,78 | 042

ALO: /(amomu- | g4 g1 | 5503 | 180 | 123

eBblii crinas [[16)

3akoyenune. B pesyinrTare MNpPOBECACHHBIX HC-
Cne10BaHH I TMIOBEPXHOCTH CTAJIN N AJIIOMHHHEBOI'O
Cl1aBa ¢ HaAMNBUJICHHBIMU IVICHKAaMH OKCHAOB TaHTa-
12 ¥ aMIOMHHHUS METOJIOM aTOMHO-CHJIOBOM MHKpO-
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CKOIMH YCTAaHOBJIEHO, YTO CTPYKTYpa NOJTy4YEHHBIX
MOKPBITHH CYIECTBEHHO OTIINYAETCSI.

Jins [UIeHKH OKCHIA TaHTajla Ha HepKaBeloIeH
CTaIM XapaKTepHa IUIOTHas [JIajKas I[OBEPXHOCTS,
IJIsl OKCHAA AalIOMHHMS — HaHO3epeHHas MHKpO-
crpyktypa. Metogom ACM 6bu10 3aMKCHPOBAHO
CHWDKEHHE CHIIBI aAre3nH Ha 61% mociie HaHeceHHs
OKCHJa TaHT&la Ha HEPXKaBEIOIIYIO CTajlb, YTO B
JajbHEMIIEM TMO3BOJIMT YMEHBLIMTh arperaimio
TpoMOOIIMTOB Ha MOBEPXHOCTH MMIUIaHTaToB. CHila
aJire3My Ha TOBEPXHOCTH AIOMOOKCHIHOHN IUIEHKH

“cocraBmia 58,03 gH.

Bbnaropaprnoctd. Pabora BeInonHeHa npu ¢u-
HaHCOBOH noanepxke benopycckoro pecmybnnkas-
ckoro ¢onma GyHAAMEHTANBHBIX HCCIIENOBaHHMIA
(T20YKA-030)
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B Hacrosmee BpeMs TEXHOJOIHMA ILIa3MEHHOM

l [96paBoTKE MOy IPOBOXHHKOBEIX MaTEPHANIOB ABJIS-
€1t HEOTBEMJIEMOM YacThIO TEXHOJOTHYECKOro
npolecca M3TOTOBJIEHHS COBPEMEHHBIX YCTPOHCTB
|lugkpo- M HaHOBIEKTPOHUKM. B CBsi3W C pocToM
f luaciraGos npomsBoxcTBa B IIPOMBILLIEHHOCTH
'0CYIIECTBIISETCA Mepexol Ha o6paboTky KpeMHHe-
BEIX TOAJIOXKEK BCE OoJipIero auaMerpa, 41o o0y-
t12BIMBAET HEOOXOOMMOCTh pa3paboTKH, NpUMeHe-

| "HM M MCCTEMOBAHMSA XapaKTePUCTHK IUIa3MEHHBIX

HACTOYHHKOB, CIIOCOOHBIX 00eCIeYHBaTh Ka4eCTBEH-
HOE BBIMOJIHEHHE TEXHOJIOTHYECKHX OIepalliid Ha
MOBEPXHOCTAX OOJIBITON ITOIIAH.

OxHNM H3 MeTOAOB IUTa3MeHHOH 00pabOTKH sB-
JsIeTCs. MCTIONIB30BaHMe HECTALIMOHAPHOIO CBEPXBBI-
cokovacrotHoro (CBY) paspspa. BeinosHenue co-
BPEMEHHEIX TpeOOBaHMM, IPeNBARIAEMEIX K HOBOMY
CBY m1a3sMOXMMHYECKOMY  TEXHOJIOTHYECKOMY
000pyXOBaHHIO, OCYIIECTBIISIETCA 3@ CYET IIPAMEHE-
HAS B €ro KOHCTPYKUHM OOBEMHBIX PE3OHATOPOB.
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