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BusiBneHo, 110 BHacniiok TpuBaioi nedopmManii BACOKOMIITHOT CTali CHIIaMH TEPTS B CEPEJOBHIL IOBEPXHEBO-
aKTUBHOI PEYOBMHM B IIPUIIOBEPXHEBIH 30HI MeTaly yTBOpHWJAacs LIapyBaTa TOHKOIUIIBKOBA CTPYKTypa, B sIKii
OJHO3EPCHHI 32 TOBLIMHOI HAHO- Ta CYOMIKPOKPHCTAJIYHI IIapU Pi3HOI MPUPOIH HEPEMEKOBYIOTHCS aMOpHHUMH
npomapkamu. [liATBepmKyeTbcss HETEIUIOBHH XapaKTep HACHUCHHS aycTeHiTy cTami KapOoHom, mudysis skoro
BinOyBaeTbCcsl TPH BIAHOCHO HHM3BKHX TEMIIEpaTypax IMiA BIUIMBOM MPYKHOI JOedopmMarii Mg dac TepTs.
ExcrieprMeHTanbsHO 00IPYHTOBYETBCS MOJENb Je(opMariifHo yTBopeHoi amop¢hHOI (a3u, B SKili KOXKEH 3 aToOMiB
OGepymy Ta Kapbomy, mo He B3aemomie 3 OKCHUreHOM, HOHI3yeThCS BHACIINOK Iepenadi CBOTO EJIeKTPOHa
CyCiIHOMY Je(hEeKTOBI CTPYKTYpH. Pe3ymbTaTé poOOTH 1MOCTPYIOTH HOBI MOXIHBOCTI OrKe-CHEKTPOCKOIIT SK
METOJy CTPYKTYPHOT'O aHaJi3y KPUCTan0aMop(GHUX TBEPIHX TLII.

KoarouoBi cioBa: HeteruioBa audysis, enexTporHHa Oie-CIIEKTPOCKOIis, HOHHHN 3apsj, HAaHOCTPYKTYypa,

amopdHuil nporapok.
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I. Beryn

OcTaHHE AeCATUPIUYS CTANO0 MEPIOJOM PETEIbHUX
nociimkenb cyomikpokpucramiyanx (CMK) Ta HaHo-
kpuctaniuaux (HK) TBepaux Ti 1 BUSIBIIIO CYTTEBY POJIb
HepiBHOBa)XHOT aMmop¢HOi 3epHOrpaHn4HOi (asu B
¢dopmyBaHHi ix He3BHUalHUX BiacTuBocrei [1,2]. Cepen
MEepPCIEKTHBHUX METOJIB CTBOPEHHS TaKHX MarepialliB
IHTCHCHBHA MPY)KHO-IDIACTHYHA JedopMariisi T03BOJIIE
OTpUMYBATH HaimibHINI, 6e3 Mikpormop CMK- ta HK-
cTpykTypH [1].

IToxibua x aedopmaliisi CHPUINHIOE i BUHUKHEHHS
KPUCTAJI0aMOP(GHOi CTPYKTYpH HOBEPXHEBHX IIapiB
MOHO- Ta 3BUYaWHUX MOJIKPUCTAIIYHAX 3Pa3KiB MeTaly
B 30HI MEXaHIYHOrO KOHTaKkTy B MOMEHT TepTs. 3a-
POKEeHHs Ta cTabuizalis i€l CTPYKTYpH BiOyBatOThCs
ITiJ] BIJIMBOM JIOMIIIOK, SIKI BHAC/IIJTOK MEXaHOXIMIUHHX
peakuiii BHIyYarOThCs 3 HAWOMMKYOTO OTOYEHHS Ta
JeTyIoTh NOoBepxHIO Metany [3,4]. Ha croroaHi 3akoHO-
MIpPHOCTI IMX TMpoleciB HaOyBalOTh (yHIaMEHTaNb-
HIIIOTO 3HAYEHHS y 3B’S3KY 3 BHSBJICHHSM ITiBUIIECHOL
ctabinpHOCTI Kepamivaux (oxcuganx) HK-cTpykryp [2],
MOJUJIMBICTIO  CTBOPEHHS  TOTPIOHMX  MeEXaHIYHHX,
MAarHiTHUX, €JEKTPUYHUX BIIACTHBOCTEH TOHKHX IIPO-
IapKiB Ha KOHTAKTHHX MaTepiajiaX, MpoOJIEMOIO IacH-
BaIlil MOBEPXHI METATy.

[ana poGora cripsMoBaHa Ha OTPUMaHHS OPHITHAIb-
HOi TpocTOpoBOi KOH(Irypamii BiHOCHO TOHKHX
KpHUCTaoaMOp(QHUX TPOMIAPKIB IMOBEPXHI TEPTS METATY
i, 30KpeMa, Ha KOHKPETH3alil0 BIIACTHBOCTEH HEPiBHO-
BaxHO1 aMOpQHO1 ¢a3u. HabyBae mogampImoro po3BUTKY
MeToanYHUH miaxif [4,5], mo 6a3yeTbes Ha BUKOPUCTAH-
Hi criemuiyHUX MOXIUBOCTeH Oke-crekTpockomii. B
OCHOBY METOJY IMOKJIAJAEHO IOCIIHKEHHS MpoQiTiB po3-
MOJTy SIK KOHLEHTpauil eJeMeHTIB, Tak 1 iX 3apsny,
SIKMH € CYTTEBO CTPYKTYPHO-UYTJIMBIIINM [TapPaMETPOM.

I1I. Oske-cmekTpockomisi JJIsi CTPYKTYPHOIoO
aHAJTi3y TOHKHX NMOBEPXHEBUX NpPOMIAp-
KiB MeTasny

Bimomo [6,7], mo iHTEHCHBHOCTI MYJIBTHIUIETHHX
nmiHid Ha OKe-ClieKTpax MepexiTHUX METaliB Pi3HUM
YMHOM 3MIHIOIOTBCSl TIPH BTPATi BaJCHTHUX EJIEKTPOHIB
(Hanpukinaa, BHACHIIOK OKHCHeHHs). OTxe, y CiB-
BIJHOIIEHHAX IHTEHCUBHOCTEHN BimmoBimuux Oxke-iaiHii
MeTay 3aKjajeHa iHhopMalis mpo 3aps Horo aTomis.

Buznaunmo edekTuBHUMIT 3apsx  p; aTOMIB  i-ro
eJIEMEHTa B IIOBEPXHEBOMY IIapi MeTaly, Iepepa-
XOBaHMH B CEpeIHbOMY Ha OJJMH aTOM 00’ €My:

491



0.0. Mimyk, O.B. Tenemxo, 10.I'. T'opriuako

q; Zn, Lle [f03BONSE  3alMCATH  YMOBY  EIIEKTPO-
pi = T = 0 =Z2,C, o HEUTPAILHOCTI MOBEPXHEBOTO LIAPY SK:
Pre +Po +Pa = ZpLr +ZoCo +p, =0, &)

I€ Pre Ta po — 3apsanu Pepymy ta OKCUreHy 3TiTHO 3
(1); pp — 3apsan xomneHcanii, (i3uuHHIl 3MiCT SKOTO
PO3KPHBAETHCS; (; — FYCTUHA 3apsily i-ro elneMeHry; Z;,
Zg
®epymy Ta OKcureHy BiANOBIIHO; N — cepenHs 00 €MHa
(B HM™) KOHIIEHTpAIisl aTOMIB MaTepiany; n; — 00’eMHa

. Ta Zo — edeKTUBHUN 3aps] aTOMy i-I'O €lIeMEHTY,

KOHIeHTpais (B HM™) aTomis i-ro enementa; C;, Cp,

ta Cy — BiZHOCHa aroMapHa KOHIEHTpAlis i-ro

SEISN
gi/ k=18

ne I, Ta g; — inrencuBHicTs Oxe-miHil Ta daxkTop Bia-
HOCHOT YyTJIIMBOCTI i-TO €JIEMEHTY BIAMOBIIHO, m —
KIJIBKICTh BCIX BHSIBJIIEHUX €JIEMEHTIB.

OxapakTepu3yeMo 3apsIOBHi CTaH HOHIB OKCHIeHY
0% ta BPaxyeMo, 10 I'YCTHHA 3apsjly, CTSTHEHOTO [IUMH

do _ Zon,

ZO:_269 pO :T:

Hns 3apsgy artomiB DepyMy eKCIIepHMEHTAIBFHO

I
Z,. =keA(I,/1,) =ke %—i

2 2,0

ne e— enemeHTtapHuit 3apsm; k =8,70 — koedimieHT
HPOTOPLIHHOCTI, 110 BpaxoBye sk HaOnwxkeHHs (4), Tak 1
ocoOumBOCTI peectpanii Ta pexumu 3anucy Oxe-
crektpis; 1, I, Ta 1,, 1, , — iHTeHCUBHOCTI IUdepeH-
mianbHUX Ly3M,3My; — Ta LysMysMys — Osxe-niniit
depyMy Ui IOCHIJPKYBaHOTO MIapy cTaji Ta Juist
YUCTOTO 3aj1i3a BiIIOBIIHO.

[TincraBuBIM BeMW4MHUA Zp, Ta Zn 3 piBHAHB (5)

Ta (4) B (2), orpuMaemo:

b —¢ 2C, —kC,, Il—;w ©)

2 2,0
VY 3BHYAWHUX MOJNIKPUCTATIYHUX TBOKOMIIOHEHTHHX
cucremax Fe,O, BemuunmHa p, JOpiBHIOE Hymo. B
0araTOKOMIIOHEHTHHX cronykax Pepymy p, HaOyBae

K IIO3UTUBHUX, TaK 1 HETaTUBHUX 3HA4YEHb 1
XapakTepusye 3apsil, KU MalTh TPETI KOMIIOHEHTU
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enemerta (0<C;<1), depymy ta OkxcureHy Bix-
HIOBiTHO.
BennunHn p; XapakTepu3ylOTh 3apsIOBHH CTaH

aTOMIB JIOCIIPKYBaHOI MOBEpXHi yepe3 BenuunHu C; Ta
Z,, 10 MOXYTb po3paxoByBatHcs 3 1l Oxke-CIIeKTpiB.

BinHocHi kxoHmeHtpanii C; BH3HaYMMO 3a JOIO-
MOTOI0 3arajibHOBIIOMUX PiBHSHb:

Zci =1 (3)

Honamu OKCHreHy 3 OTO4YEHHs, OyAe IpormopiiiiiHa
KOHLeHTpalil OKCUreHy B MOBEPXHEBUX IIapax MaTe-
piaiy. Toni:

=Z7,C, =—2eC,- “)

Oyno Bu3HaueHo [4,5]:

I
pFe:keCFe Iil_l ’ (5)
I2 IZ,O

BHACJIJIOK PO3MOALTY 3apsiliB y PI3HUX CTPYKTYpHHX
(azax.
Otxe,

BENMYMHH Pp, 1 P, € CTPYKTYpHO-

YyTIMBUMHU XapaKTePUCTUKAMH CIIOJYK Ha OCHOBI
depyMy i MOXKYTb BHKOPHUCTOBYBATHCS IJISI CTPYKTYp-
HOTO aHali3y NPHUIIOBEPXHEBHX MIKpOOO’€MIB MeTaly,
BUJIO3MIHEHHX BHACIIIOK AedopMariii TepTsM.

III. MeTomnka ekciepuMeHTy

Jocniay npoBeneHo Ha MOJIPOBaHUX KYJISIX 31 cTalli
HIX15 (miamerp 12,7 mm, HRC 62+1, T'OCT-3722).
KonTponboBani ymoBu Aedopmarii Kyiab i 4ac TepTs
3a0e3nedyBaad 3a JONOMOror0 MammHu Teprs Falex.
Tepts BinOyBasocsi B KOJOIZHOMY PO34MHI MOBEPXHEBO-
aKTHBHOI PeYOBHHHU - 12-Tinpokcucreapary mitito (ITAP).

®dopma KyIti 3MEHIITYE BUMOTH /10 BUX1THOT IIOBEPXHi



TOHKOIUTIBKOBI BJIaCTHBOCTI IPUITOBEPXHEBUX MIKPOOO’€MIB METAy. ..

MeTally BHACHIZOK IIBHIKOTO 3HOLIYBAHHS TOYKOBOTO
MEXaHIYHOTO0 KOHTakTy. Ilicis wmporo Qopmyerses
3HA4YHO CTaOUIbHIIIA TIUJIOIIMHHA [UIsSHKA (JiaMeTpoM
O0mm3bk0 1 MM), BIACTHBOCTI SIKOT Hajli BHBYAOTHCS.
HocmimxkeHi B po0dOTi moBepx

HI Oynmu oTpuMaHi BOpPONOBXK | Trox. TepTs HpU
HaBaHTaxkeHHi F, =97 H, mBunkocti koB3anus 0,8 m/c,
KIMHATHIH TeMmeparypi, IO IPHU3BOIUIO 0 BCTaHOB-
JICHHS Ha KIHIEBUIl MOMEHT TepTs BEIMYMHH HOPMAITb-
HOTO THCKY B KOHTakTHid 30HI 300420 MIla i cmmm
teprs F, =-F,=8+1H.

[loBepxHi  Teprs  JOCHKYBaM  METOJAMHU
€JIEKTPOHHOI pacTpoBoi Mikpockomii Ta Oske-CreKTpo-
CKOIIii, TIO€JHAHNMHU 3 HOHHMM PO3MMJICHHSM ITOBEPXHI,
Ha pactpoBoMy Oxe-mikposonai JEOL JAMP-10S.
Judepenuiansui (EAN/dE ) Oxe-ciektpn peectpyBaiu
Npy BU3HAYCHIN (YHKIIT NMPOMyCKaHHS CIEKTpOMETpa
JUIS: eHeprii NepBUHHUX EJEeKTpoHiB 5 keB, miamerpa
npomenst 14+0,2 MKM, pO3AiIBHOI 3AaTHOCTI CIEKTPO-
MeTpa AE/ E =0,7 %, ammityaun moxymsawii 4 eB. Kon-
HEeHTpamii
L,3M53M 5 — ninii

pOo3paxoByBau 3a IHTEeHCHUBHICTIO
Depymy (598 eB), KLL —mniniit
Oxcureny (598 eB) ta Kapbony (272 eB). ®dakropu g;

BU3HAYAIM 3 TIONEPEHIX eKCIIEPUMEHTIB 3 ypaxyBaHHIM
(dhopmu Oxxe-niHiit 115t OKCHIIB 1 KapOiniB Depymy.

Hns nmoOymoBu mpodiniB  po3Moaiy TMOBEPXHIO
MeTaly CTYMiHYacTo po3mumoBamu ioHamu Ar'. 11106
3MEHIIUTH e(eKTH IUHAaMIYHOi cerperamii, HepiBHO-
MIPHOTO PO3MMJIEHHS Ta MEepEeMilllyBaHHS €JIEMEHTIB, Ha
MOJIKPUCTANIIYHUX OKcuaax Ta kapbimax Pepymy mimi-
OpajM ONTUMAIBHUI pPEXUM PpO3MWICHHS Ta Jaii
BUKOPUCTOBYBAJIM: €Heprito HoHiB Ar' 2,2 keB, Iimb-
HicTh mpomers 0,5+0,2 A, nmiameTp He MeHIIe 1 M,
yac OJHOTO PO3MWICHH He Oinpme | XB, 9ac MiX JIBOMa
posmmnenasmMa 3 xB.  [IIBumkicTe  HemepepBHOTO
posmuiieHHs ckianana 3+1 HM/XB.

IV. Pe3yabTaTi nociigxkeHpb Ta ix
00roBopeHHst

3a Oske-CrieKTpaM¥ XapaKTepHOI TUITHKH HOBEPXHi
TEpTS BU3HAYMIIM, 110 €IEMEHTHHUH CKIIaJl MOBEPXHEBUX
MIKpOOO’€MIB CTaJl MICNsl TEPTS B KOJOIMHOMY PO34MHI
I[TAP cyTTeBO BiIpI3HAETHCS BiA 00 €MHOTO JIHIIE
BMicTOM Tpbox enemeHTiB: Pepymy, Oxcureny ta
Kapbony. Cerperauiii Oynp-sK0i 3 BHUXITHHUX JOMIIIOK
crami IIX 15 (Cr, Mn, Si, Ni, Cu) y nocmmKeHnX
HpomIapkax He BHSBIEHO. IX posmomin  36epircs
Onu3pKUM 110 00’emHoro. Sxkuxoces caimiB JIiTiro, 0 €
KaTIOHOM KapOOKCHIIbHOI Ipynu BukopuctaHoi [TIAP, y
MOBEPXHEBUX IIapax MeTally TakoXK He 3adikcoBaHO.
ToMy, KOHKpETH3yeEMO CyMy KOHIIEHTpalliii B pIBHSIHHI
(3) sk:
Cr. +Co+C =1. 7)
[loxubka Big BIUIMBY IHIIMX €JIEMEHTIB IpU
BU3HAYCHHI KOHLICHTpAlii B TakoMy BHIAJKy HE
nepesumyBatuMe + 0,012,
[podini  pozmomimy

KOHIICHTpAIil  eJIeMEHTIB

(puc. 1,a) cBiguaTh, MO B HANPSAMKY h BiX MOBEpXHI 110
00’emy KoHueHTpalis Pepymy 30unbiIyeThes, a OkcH-
reny ta KapOoHy, 3araiom, 3MEHIIYEThCS BijI TOBEPXHE-
BUX J0 00’eMHHX 3HaueHb. OJHAK, MAKCUMYM KOHIICH-
Tpauii OKCHIeHy MOCSATaeThesl MICHs MEBHOTO Mepiomy
HoHHOrO GoMOapayBaHHs. Lle MOACHIOEThCS iICHYBaHHIM
3aJIMIIKOBOTO aJCOPOIIHHOrO mapy, M0 MEepPelIKOIKAE
emicii Oke-eJIeKTPOHIB 3 ICTHHHOI IIOBEPXHI METally S .

Ha noBepxHi BinHOIIEHHS KOHLIEHTpaliit Depymy Ta
Oxcureny Onu3bke 10 onunuIl, a MVV-ninis Okcureny
Mae posliemieHy ¢opMmy 3 MakcumyMmamu Ha 47 Ta
54 eB, mo xapakrepHo s okcupuiB [8]. OxcuaHmit
xapaktep MV V-niHii Ta koHueHTpauiss OxcureHy 30epi-
raeTbCa B Mexax mironmH S, Ta S, . Konuentpamis x
KapboHy B 1bOMYy MpOIIAPKOBI 3MEHIIYETHCS BiJ
BenmuuuHu Ce ~ 0,25, mo BiANoBilae 3HAYEHHIO HOro
KOHIEHTpalil B LeMeHTuTi, no BemmuuHu C. ~ 0,14,
xapakrepHoi s kapoiny (Fe,Cr)sC. Omxke, Ha oBepXxHi
MeTally iCHye OKcoKapOimHuii map S;S, .

OcobmnuBicTio npo¢imo koHueHtpauii Kapbony Ha
BinMiHy Bifg OKCHIeHy € HasBHICTh IOCHTH HPOTSKHOI
JinsHKY 31 cTanuM 3HaueHHsIM C. =C,, =0,078 £ 0,005
ta Sp. L
KOHIICHTpAIliSl € XapaKTePUCTHYHOIO LIS PiBHOBAKHOL
(hazoBoi miarpamu nBokomIioHeHTHOI cuctemu Fe-C [9] i
BIZIMOBiAaE MexXi, [0 sKOi 3IaTeH HacH4YyBaTHUCS
KapboHoM aycreHIT. 3a 1I[i€l0 X KOHIGHTpAIi€0
nofinsitoTh cruiaBu ®epymy 3 KapboHom Ha nBi rpynu:
CTaJi Ta YaByHH.

Cranicte koHueHTpauii Kapbony B moBepxHeBOMY
mapi S;S; € ZOKa30M HeTepMivHOi akTuBaLii oudys3ii-

(2,0+£0,1 % mac.) MiX IUIOIMHAMH S,

Horo mporecy. [ilicHo, 3a mepmum 3akoHoM Dika MOTIK
J; mpomopmiiHMI Tpami€HTOBI KOHIEHTpamii, SIKMHA B

MeKax Iapy JAOpiBHIOE HYJIIO:

1, =pve, = pe

e, =0,

ne D — xoedimient mudysii, e, — OpT y HaANPAMKY
h), mo yHemoxmuBIIOE picT i€l (ha3u BHACTIIOK YHCTO
TEPMIYHOI aKTHBAIIii.

Oxkpim Toro, HacuueHHs C. =C, nocaraerbcs nmpu
temrnepatypi T = 1147 °C [9]. 3a HIWK4YUX TemIlepaTyp
BiZIOYBa€THCST YyTBOPEHHS MBO(A3HOI CUCTEMH ayCTEHIT-
NEMEHTUT 1  3HUKAIOTh  NPUYMHU  CcTadimizamii
xonnentpanii Co =C,,. Temneparypu XK, BUMIpsHi
TEpPMOIIapOl0 Ha MEXi 30HH TEpTs, HE IEePEeBUILYBaIN
70 °C.

OTxe, hopMyBaHHS IIapy OKHCHEHOTO i HACHYEHOTO
Kapbonom aycrenity S;S;  morpebye okpemoro
TOSICHEHHSI 1 KOPEKTHIIIe MOXe OMUCYBaTHCA TUQY3i€r0
M BIUIMBOM TIpajieHTa HampyxeHb o. [us wmporo
BUNaaKy nudys3iiiHuii motik ionis KapOoHy 3amuieTsest

D
YOKT
Ce>C,.

[poriec meMeHTaIlil cTali BU3HAYA€THCSI MEXaHI3MOM

yBeneHHs HoniB Kapbonmy B rTparky y—3amiza [10].

ak: ] C.Vy, nme xoepiniear D —0 1npu
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To6to, 3naueHHs C. =C,, B maposi S;Sy € HempsMUM
MATBEPKCHASAM HAsiBHOCTI TOJTIMOPPHOTO oL —> Y —

repexoy B KpUCTalliuHiil cTpyKTypi crani. Mu BBaxkae-
Mo, mo musi HoHiB KapOoHy Mae wicme CBO€piTHEHA
“eexT KympKa’, KONM TiJ BIUIMBOM TPYXKHOI
nepopmanii OLIK rparka BUXIZHOTO MapTEHCUTY B
MOBEPXHEBOMY IIapi 3/1aTHA 301IBIIUTH CBOIO IIUIBHICTH
3a paxyHok TtpaHcdopmanii B I'IK rparky aycreniry,
micast 4oro i OKTaeApHYHI IOpW 3aroBHIOIOTHCS Kap-
6oHOM 110 MakcuMmanbHOI KoHIeHTpanii C. =C,, . Taknit

BHCHOBOK € HOBHUM, OCKUTBKH B IOTEpeqHIX poOoTax
(mampuxman, [11]) xapOoHyBaHHS (HABYTIICITIOBAHHS)
CTali IMiJg 4Yac TepTs BBakanocs, Ha BIJIMIHY BiJ
OKHMCHEHHSI, YACTO TEPMIYHHM IPOLIECOM.

[lepumii 3 HUX TpUNamae Ha ICTHHHY HOBEPXHIO
Mmerany S,. Hpyruii Ta TpeTii — JoKali3oBaHi Ha
wiomuHax S; Ta S, . Y BIINOBITHOCTI 3 HUMHU PO3TAJIO-
BaHi 1 MIHIMyMH HETraTHBHOI BEIMYUHU 3apsmy P, -

BunuKkae nuTaHHS PO HOTO HOCIS.

MoXIHBICTh 3HAUHOTO HEIaTUBHOTO 3apsiay HOHIB
KapOony Bukimkae cymHiB. Bizomo [10], mo B kapOinax
3d-meramniB B3aemonis 3d- ta 2p-opOiTaneii BinOyBaeThCs
MPAaKTUIHO 0€3 Mepepo3MOALTY MUTBHOCTI eJIEKTPOHHOTO
3apsagy Mix MetanoM i Kapbonom. ToOto, BenuuauHa py

Mae OyTH OJM3BKOIO IO HYJIS. 3 HIIOTO % OOKY, 3HAUHHIA
MO3UTHBHUM 3apsiy P, Ha Mexi S, (puc.l,6) Hanexuts

aToMaM Kap60Hy, 10 OKHWCHIOKTHECH, Bi[[HOBJ'IIOIO‘II/I

S0 8,

Puc. 1. ITpodini posnoxiny komumenrpauiii C; (a) ta 3apsaiB p; (0) Pepymy, Oxcureny,

Kapbony, a Takox 3apsay KoMIeHcalil p, y MOBEPXHEBHUX ILIapaX BUCOKOMIIHOI cTaji, 10

chopMyBaIHCs BHACIIIOK TPUBAJIOL Ae(opMallii TepTsIM y CEpeIOBHII OBEPXHEBO-aKTHBHOT

pedoBrHH. [T03HAYEHHS B TEKCTI.

Hudysis OkcureHy BitOyBaeThCs 3a iHITUM MEXaHi3-
MoM — MexaHi3MoM 3amimieHHs [10]. Llbomy cnpusiroth
HEpIBHOBa)KHI BaKaHCIiHI MOTOKH, 10 BUHHUKAIOTh ITi[{
Yac TepTs BHACHIAOK MIBUAKICHOTO AedopmyBanHs [2,3].
Mouu OKCHreHy po3TalIOBYIOThCS Y BAKAHTHHX By3lax
IpaTKU, BATHCKYIOUH 3 HUX KapOoH.

OTKe, 3riJHO 3 HaBeIEHHMH BUILE MIpKyBaHHIMHU
IUIOIKHA S; BiAMeEXoBYe ()a30BO OZHOPIAHI (B MOMEHT
nedopmariii TepTsAM) ayCTeHITHI HMOBEpXHEBI HIApHU Bix
CTPYKTYPHOI CyMIillli ayCTeHITy Ta IIEMEHTHTYy B
nepexigHoMy mapi S,S;. Ha moBepxHi mepeximHoro
mapy GpopMyeThbesi OKCOKapOimHuii map S,S, .

[Ipodini posmoxiny 3apsmiB  €NEeMEHTIB, IO
KOHKPETU3YIOTh KPUCTATI0aMOP(hHY CTPYKTYPY MOBEpXHi
TEpTs MeTaly, HaBeneHo Ha puc. 1,0. [lepmr 3a Bce, ciin
BIJJ3HAYUTH HASBHICTH TPhOX MAKCUMYyMIB Ha Tpodini
BEITMYMHH Pp,

pFe,max =cC. (8)

Py = —e(Cp, +C. —=Cp) = —e(Cy,
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®Depym, y cTpykrypi kap0oiny (Fe,Cr)sC (nuB. Bume).
Sxmo Binkuuaytn OxcureH, KapOoH, BuxinHI Mikpo-
JoMiiku crtani Ta [igporeH, KOTpUH TexX Moxe OyTh
NPUCYTHIM Yy TpoIIapKax, aje He Mae MoTPiOHuX
akuentopuux BiaactuBoctei (I'iaporen Oxe-MeTOIOM HE
peeCTpYyEThCs), TO HOCIIMH HETaTHBHOTO 3apsity P, B

MeXax MIomMH S;, S; Ta S, CHiJ BU3HAYUTH CTPYyK-

TYpHi Je(eKTH, KOHLIEHTPALlis IKUX CTPHOKOM 301IbIIy-
€TbCs B aMophHUX (azax.

[IpoananizyeMo yMOBH, 3a SKHX CTa€ MOXIHBHM
Bupa3 (8). [lizcraBuBIIM 3HaYEHHS Py, 3 (8) B PIBHAHHSA
EJIEKTPOHEHTPAIBHOCTI TOBEPXHEBOTO 1apy (2), a TaKokK
CKOPHCTABIIMCh HOPMYyBaHHsIM  KoHueHtpauiii  (7),
PIBHAHHAM (4) Ta BBKAKOUH P, = P, , OTPUMAEMO:

e(Cp, +Co +C)—2eCq +p, =0. 3pigcu:

_(Co _Cc))- ©
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Bupa3 (9) o3Hawae, IO KOXXCH HETIOB’SI3aHUN 3
OKcHUreHOM aTtoM y aMopgHild CTPYKTypl cTami Binaae
OJIMH CBIil €IEKTPOH CYCIIHIM CTPYKTypHHM JedeKTam
OMKHBOTO TOPSAAKY (TaKoXK CBOEPIIHUM BaKaHCISIM,
OiBakaHcisM Tomo). Atomu KapOoHy BiTHOBIIOIOTH 1
3BUTBHAIOTH aToMu Depymy Bif 3B’s13kiB 3 OKCHUTEHOM.
Taka Mozenp BpaxoBYe OCOOJIMBOCTI MPYXKHO-TUIACTHY-
HOi (HeTeruIoBoi) akTuBalii amop¢izaliiHIX MPOILECIB,
KOJIM BTpaTa JAICKOTO0 MOPSAKY CYIPOBOMXKYETHCS HE

1 =
0,9 S
0.8+ :
0,7+ :
0.6 :
0.5
0.4
0.3
0.2
0.1

S8 o

MOMUJIMBICTE  3HIDKCHHS  KOHIICHTpAIii  €JIEKTPOHIB
MPOBITHOCTI B MDXK3E€PEHHOMY MPOCTOPI MOPIBHSHO 3 X
KoHLeHTpali€eto B 3epHi CMK-3pa3kiB 3amiza.

3BepHIMO yBary Ha Te, 10 3a/laHa B EKCIIEPUMEHTI
eHeprisi HOHHOTO TPOMEHS aproHy € XapaKTEepHOIO,
30KpeMa, i A MeTOoly HHM3bKOSHEPI'€THYHOI HOHHOI
cnekrpockomnii. Llel meTon, y IkoMy BUKOPHCTOBYIOTBCS,
HalpUKIan, WOHM HEOHY, BiAYyBae Ha IOBEPXHI
CTPYKTYpPY TLIbKH OJHOTO IIapy aTtoMiB [16] ToBmmHOIO
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Puc. 2. Cxema nepepi3y NpUNoBEepXHEBUX MIKpo0O’€MiB BUCOKOMILIHOI CTaJIi, IO LIIOCTPYE (B
peanbHOMY MacmTabi) iX TOHKOILIIBKOBY CTPYKTYpY, c(OpMOBaHy BHaciigok nedopmarii
TepTsiM. [To3HadenHs: | — ¢parMeHT BUXiZHOTO 3epHA cTalli; 2 — CyOMIKpOKpHCTAJIiuHE 3€PHO
cTaii; 3 — HaHOKpHUCTaNiIYHE 3epHO ((pa3a HaCHUEHOTO ayCTEeHiTy); 4 — OKCOKapOiAHWHA mmap;

1HIII — B TEKCTI.

3HHUIIECHHAM, a JIMIIEe BUAO3MIHOK OJMKHBOTO TOPSIKY
CTPYKTYpH.

[oniOHa Moaenb Moxke OyTH 3aCTOCOBaHA TAKOXK LIS
BUBUYCHHS HEPIBHOBAXXHOT 3epHOrpaHIYHOI (ha3u MeTase-
Bux HK-cTpykTyp i MOSCHHUTH pi3Ky BTpary HHMH
HE3BUYAMHMX BJIACTUBOCTEH MpPU HArpiBaHHI BCHOTO
mume g0 250 °C [12]. OveBupHO, HaBITH BIIHOCHO
HEe3HAYHE BIIXWICHHS Bill PIBHOBA)XHOTO MOJIOXKCHHS B
CTPYKTYpl BHKJIMKA€ JIOKAJbHY IIOJISIPU3AIII0 aTOMIB
[13], mo BimuyBaeThcs Oke-CIEKTPAITBHO.

Bim3HaunmMo, mo B miTepaTypi BXe He pa3
00TrOBOpIOBATACh MOXKIIMBICTb BHUHHKHEHHS CTPYKTYp-
HOro 3apsmy. Tak, psx aBropiB (Hampukmax, [14]),
JOCHIKYloun  enekrponposianicte  HK-marepianis,
pPO3BUBAIOTh  TiMOTE3y TPO  3aXOIUICHHS  BUIBHUX
EJIEKTPOHIB Ha amop(dHHMX rpaHulsXx 3epeH. B [15]
METOJIOM MAarHiTHOIO PpE30HAHCY MiATBEPIKYETHCS

omu3pko 0,2 HM. Y Hamomy BUNAJKy HOHU B 2 pasu
Bak4l 1 37aTHi po3mmioBaTH Ta amopdizyBaTH el
MOBEpXHEBUI miap. Aje cmpaBa B ToMmy, mo Oxe-
EJNIEKTPOHM BHXOAATh 13 3HaYyHO OLIBLIOTO IIapy
TOBHIMHOIO 10 2 HM. ToMmy, 3apeecTpoBaHi B Mexax
wiomuH Sy, S; Ta S, aMopdHi MPOIIAPKH, IO MArOTh
TOBIIMHY B JEKiJIbKa HAaHOMETPiB, HE € HAacyiJIKOM
HOHHOTO TepeMilllyBaHHs IOBEpXHI Mg 4Yac 1o0yIoBH
npodiiiB, a peabHO ICHYIOTH y Ie(OPMOBaHHUX TEPTAM
MOBEPXHEBHUX LIapax METAIy.

OTxe, BeMUMHA P, 32 PIBHAHHAM (9) XapakTepusye
3apsig JedexTiB y aMmopdHi CTPYKTypi 3 ONIKHIM
MOPSIAKOM, a TaKOX BH3Ha4ae yMOBY amopdizarii
KpucTana. 3BifICH, 30KpeMa, BHUHUKAE MOXIIUBICTh
OLIIHKHU PO3MIPIB 3€pHOTPAHUYHOI (a3H.

Ockinbku Buxin Oixe-elneKTpOHIB BiOYBaeThCs 3
Iapy TOBIIMHOIO 10 2 HM, TO HaBiTh Juis1 HK-cTpykTypn
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0.0. Mimyk, O.B. Tenemxo, 10.I". T'oprmuako

Oske-CeKTparbHO JOCIIIKY€ETECS HE 3€pHO B IIIOMY, a
JIMIIe WOro Tmepepi3 y IUIOUIMHI, [0 JOCSTaeThCs
BHACJIJIOK HOHHOTO pO3MUIeHHs1 ToBepxHi. bymemo
BBaXKaTH, 1110 1el nepepi3 Mae popMy Koia riamerpoM d,
a TOBIIMHA aMOp(HOTo IpomapKy Mixk 3epHamu o. Toni
nons € amopdHOi ¢a3u 3a HAWIIUIBHILNIO YHNaKOBKH

atomiB ckmame: &=0(2d+8)/d*. 3 ypaxyBaHHAM
Bupasy (9) 3apsn 3epHorpannysoi ¢asu B HK- ta CMK-
CTPYKTYpi Oyze 1opiBHIOBATH Pyp =EP,:

d(2d+9d
P =—e(Cro=(Co-C) L o)

Mix mnomuHaMu S; Ta S, (puc. 1), 3Bakarouu Ha
MEHIIy 32 MOZYJIEM BEIMYHHY P, Ta Ha TOBIIMHY LIapy
S;S, , mo mopiBHIOE 21 HM, CIif OUYiKyBaTH HasBHICTh
HK-  crpyxrypn. Psp =Pa & —0,2¢
(puc. 1,0). ToBmuHy IIapy BHUKOPHCTAEMO IUISI OLIHKH

miamerpa 3epHa: d =21 HM. Bpaxyemo xapakTepHi yis
nenTpy wapy S;S, Bemmuunu CFe, CO ta C. (puc.

[pupiBHsieMo:

1,a). Tomi, po3B’s3yroud KBajpaTHe BiJHOCHO O
piBasiHHS (10) 1 BBaXarOUM HEraTHMBHUI PO3B’S30K
TakUM, IO HE Mae (I3UYHOTO 3MICTY, 3HAXOAWUMO:
8 ~3,6 um. ToOto, TOBIIMHA 3epHOrpaHM4HOi (azu B
mexax HK-mapy S;S, nopiHioe ToBIIMHI amopdHOro
NpoLIapKy B MeXax IUIOLIMHH S, .

Amnanorigdo 3a piBHSHEIM (10) obuucmumo po3mip
00’€MHOTO 3€pHa, 10 OOMEXKYEThCS IUIOIMHOI S, ,
3aJaBIIM TOBIIMHY 3€pHOrPAaHUYHOI (asu piBHOIO
TOBIIMHI aMOP(HOTo Mpomapky B Mexkax S, : 6 =11 HM.
Otpumaemo niamerp d 3epHa Oam3bko 120 HM, 10 BXKe
CYTTEBO HAOIIKYETBCS IO PO3MIPY BHXITHOTO 3€pHa
crai.

Tob6To,

YTBOPEHWH Tix yac TepTs OKMCHEeHWH aycteHiTHuil HK-
map S;S, Bix 3meHmeHoro 10 CMK-po3mipiB BuxigHoro

amMophHHIA Tpomapok S, BIIMEXKOBYE

3epHa cTaji. 3a Mexamu nporo CMK-3epHa KOHIEH-
Tpauist KapOony B HarpssMkoBi 00’ eMy HaONMMXKy€eThCS 10

xapaktepHoi i crani 1IX15 Bemuuunan Cp = 0,048, a

KOHLeHTpalisi OKCUreHy — 110 HyJIsl.

Otxe, nedopmMoBaHi TEPTSIM MPUIIOBEPXHEBI MiKpO-
00’€MH BHCOKOMILIHOI CTaJi YTBOPHJIM IIAPYBaTy TOHKO-
IUTIBKOBY CTPYKTYpPY, B SIKii OZHO3EPEHHI 32 TOBIIMHOIO
Ta pi3Hi 32 cTpykTyporo moBepxHeBi HK- ta CMK-mapu
iy Fe,Oy,C, nepemexoBylOTbCA aMOPGHHMH TNPO-
IrapKamu Moi0HOTO XiMIYHOTO CKIamy (puc. 2).

BigzHaunmo, 1110 oTpuMaHi OIiHKK I BenuuuH d i
d Ta X CHIBBIJIHOLIGHHS AOCHUTh peanbHi [2]. 30kpema,
METOAOM SAIEPHOr0 TaMMa-pe30HAHCY TOBIIMHA MiXK-
3eperHoro mapy B CMK-3pa3kax 3amiza OyJia oIliHeHa 5K
8,4 um [15].

[MincymyeMo pe3ynbTaTd MPOBEACHHUX AOCITIIKECHb.

V. BucHOBKH

Hedopmartiss  BUCOKOMILIHOT — cTajii  TepTsIM Y
MOBEPXHEBO-aKTHUBHIA PEYOBMHI IpH3BEIa 1O OpHIi-
HaJIbHOT MIapyBaToi TOHKOIUTIBKOBOI CTPYKTYPH IIpH-
TIOBEPXHEBOI 30HM, B SIKiH OJHO3EPEHHI 32 TOBIIUHOIO
HaHO- Ta CYOMIKPOKPHCTAIIYHI IIapu Pi3HOi CTPYKTYypH
MepeMEeKOBYIOThCSI aMOP(HUMH MTPOIIapKaMH.

BusiBneHo  HeTeruioBMH  mpoliec  HACHUCHHS
aycrenity cram Kapbonom. [udysis BimOyBaeTbes 3a
BIJIHOCHO HHU3BKHX TEMIIEpaTyp IIiJ BIUIMBOM IHPY)KHOT
nedopmarii mig g9ac TepTs.

[okazano, mo B amopduiii dazi koxeH 3 aromiB
depymy Ta Kapbony, skuii He B3aemojie 3 OKCHUTeHOM,
YTBOPIOE OJIHO3apAIHUN WOH, OYEBWIHO, BHACIHIJOK
mepenadi CBOTO EIIEKTPOHA CYCITHbOMY J1e(eKTOBI
CTpykTypu. Taka MOJENb BpPaxOBYye OCOOJMBOCTI
MPY>KHO-IIACTHYHOL aKTHBAIlil amopizamifHux
mporieciB:  30€peXCHHS BUIO3MIHEHOTO  OIIKHBOTO
MOPSIAKY CTPYKTYPH Ta MOJISIPU3ALIII0 aTOMIB y HiM.

PesynbraTei poOOTH 1TFOCTPYIOTH HOBI MOMKIIUBOCTI
O3Ke-CIEeKTPOCKOMil SIK METOAY CTPYKTYPHOTO aHANi3y
KpHUCTaT0aMOp(QHUX TBEPIUX Til.
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Thin film properties of near-surface microvolumes of metal formed by friction
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The new laminated thin-film structure of a near-surface zone of high strength steel was formed as a result of
friction in medium of a surface-active agent. It is revealed, this structure contained nanocrystalline and
submicrocrystalline layers of the different nature, disjointed by amorphous interlayers. The depth of each layer did
not exceed the size of one grain. Confirms, that the saturation of surface austenite regions of steel by Carbon during
friction is a non-thermal process. The diffusion takes place at rather low temperatures under influencing of elastic
deformation. Besides the elasto-plastic deformation of metal results in formation of amorphous interlayers. In the
amorphous phase each atom of Iron and Carbon which is not polarized in a local bond with Oxygen, is ionized as a
result of transfer of the electron to an adjacent defect of structure. Such model of an amorphous phase finds the
experimental substantiation. The outcomes of researches illustrate new capabilities: improved Auger electron
spectroscopy analysis as a method for structure analysis of crystalline and amorphous solids.
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