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IlokazaHo JOLIJBHICTP BHUKOPHUCTAHHS METONY aHHIrUImii MO3MTPOHIB M ineHTH(IKALii CTPYKTypHUX

0ap’epiB y MPUIIOBEPXHEBUX

nrapax KOpPO3iHHOTPUBKUX

craneil. BcraHOBIIEHO MOPQOIIOTiYHI  OCOOIUBOCTI

TomnoJorii Ae(eKTiB B3IOBXK Ae(eKTiB HOBEpXHi Ta 3a INIMOMHOI CHHTE30BAHMX 3aXHCHHUX Oap’e€pHHX IIapiB.
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Beryn

B ocraHHi pokM sBHIE aHHIrUILIT MO3UTPOHIB
YCIIIIHO BUKOPHCTOBYETHCS B SIKOCTI METOAWYHOIO
miaxomy IS OIIIHKK  TOMOJOTii  Je(eKTHOCTI
MIKPOCTPYKTYPH IIOBEPXHEBHX INAPIB JNESIKHX YHCTHX
MeETaJIiB [1,2]. Bigomo, o ineHTU(IKaIS
MIKpOJC(EKTiB  IMOB’s3aHa 3 TIEBHUMHU METOJMYHUMH
TPYAHOIIAMH, OCKIJIBKH XapaKkTep iXHBOTO PO3MOIUTY 3a
MOBEPXHEI0 Ta 3a TJIHOMHOIO 3pa3ka He MOXKIHMBO
OLIHWTH Hi MeTanorpadigyHo, Hi PEHTITEHOCTPYKTYPHO.
3okpema, OLiHKAa TYCTHHH LUX JeeKTiB Ta xapakrepy
iX po3TamryBaHHS Yy KpHCTaJi9HIA TpaTdi CYTTEBO
3MIHIOE PIBEHb €JIEKTPOPI3MYHUX 1 (QYHKIIOHATBHUX
BiacTuBocTei. [IpakTM4yHy IIHHICTh BUKOPHCTaHHS
METOJly ~aHHIrUIIIii TO3UTPOHIB MM BOayaemMo y
PO3IIMPEHHI MOXJIMBOCTEH IMOMO OILIHKHA 3MIiHH CTaHY
MOBEPXHI ITiJ{ BIUIMBOM 30BHIIIHIX YWHHUKIB YH Ha
cTazii ekclulyarauii, Yu Iicis CTBOPEHHS Ha IOBEpPXHIi
3aXUCHUAX CTPYKTYPHUX Oap’epiB pizHOTO
(yHKIIOHANBPHOTO —TpH3HAaYeHHA. B  Hamiili poboti
BITEpIIIE ITOKa3aHa MOKJIMBICTh 3aCTOCYBAHHS METOIHUKH
AHHITUALIT TO3UTPOHIB [1] AN mOCHiMKEHHS OiTbII
CKIagHUX CHCTEM, a came 6araTOKOMITOHEHTHHX
crtaBiB cucteMu Fe-Cr-Ti-C, TUITOBUM TIpEACTaBHUKOM
sKoi € ctanb Mapku 12X17T.

I. Metoanka nocJaimxeHHS

B sxocti 00’exTy mocmimkeHHs Oymu oOpaHi Tpu
napu 3paskiB i3 cranmi 12X17T, mo pi3HUIUCA CTaHOM
NOBepXHi. B onHOMY BuMNaiKy NOBEpXHs BiJIOBizaia
BUXIZIHOMY CTaHy. B npyromy Bumaaky — mpezacrasisiia
co0o10 3axucHi Oap’epHi mapu, copMOBaHi Ja3epHUM

neryBanHssMm Ha CO, — nazepi HemepepBHOi i
noryxHictio 6,5 kBr [3,4]. B Tperbomy BHmaaky
pO3TISIAIack TIOBEPXHS 13 CTBOPEHHUM Oap’€pHUM
mIapoM Imiciasl KOpPO3iMHHMX HOCHIKEHb y PO3IDIaBi
Li;;Pbg; mpu 500°C ma mpotszi 5000 rox. Jist peecrarmii
CHEKTPY BUIIPOMIHIOBaHHSA BHUKOPHCTBYBAJIH
CHEKTPOMETp 3 IBOMA CHHTE3YIOUNMH cTapT (S;) — 1 crom
— 30HAaMH (S;), SIKi BCTaHOBIIOBAIH il KyTOM OJIUH /10
onHOro. Mik 30HIaMH S 1 S, PO3MIIIYBaIX OJTHY 3 BUIIIE
BKa3aHUX TMap 3pa3KiB, II0 OMNPOMIHIOBAIXA 130TOIOM
Na (puc. 1)."
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Puc. 1. Cxema BUMIPIOBAJILHOT KOMIpKH
CHEKTPOMETpY: 1— JDKepeno MO3WUTPOHIB; 2 - 30HIU
CHeKTpoMeTpy; 3 — 3pa3ok 4— nedekr, A — IOBKHHA
XBWJII JiF0YOTO BUITPOMIHIOBaHHS.

Brinenu#d y KpucTaliuHy TpaTKy —Marepiany
MO3UTPOH BIJIBHO PyXae€Thcs N0 3yCTpiul i3 nedexramu,
SKI BHCTYNAIOTh B PpOJIi TOIJIHMHAYiB, 3aXOIUIIOIOYH
no3uTpoHd.  KiHeTWKy  [pOro  mpouecy  OIHUCYE
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CTaHOApTHa MOJETh AHHITULANII TO3WTPOHIB, sKa
TPYHTYETHCS Ha HACTYITHUX NPHITYILECHAX:
® [pH JOCATHEHHI CTaHy  TEpPMOAWHAMIYHOL

piBHOBarm (mnsi wacy t=0) mepeBaxHO BCi
MO3UTPOHU 3HAXOJAThCS B cTiHKax bioxa, a
BUIBbHI MO3UTPOHM ITUQPYHIYIOTH MO0 KPHUCTATY Ta
AHHITUTIOIOTh 3 IBOI0 CTaHy 13 MIBHIKICTIO

A, =117,

® [IBUJKICTh AHHITUIAINI MO3UTPOHIB K p Ha
nedekrax i-ro  poay HpsAMO  IpoHOpIiiiHa
KOHIIEHTpaIii LIUX
nedpextiB Cpy 0 Ky =pp, -Cpy ne f —

3arajibHa MIBHIKICTh aHHITUIAIIT TIO3UTPOHIB, IO
BJIACTUBA JUUISl JAHOTO JC(EKTY;
ICHy€ MOXJIMBICTh BHBIIBHEHHS MO3WUTPOHIB i3
IedeKTy, o MoKe OYTH OIIIHEHO 3a JOMTOMOTOI0
LIBUAKOCTI BUBLILHEHHS 5[)//-

II. Pe3yabTaTtH goc/iaKeHb Ta IX

000BOpeHHA
3apeecTpoBaHMd MMiJ] Yac BUMIPIOBaHb CIIEKTP
BimOMTUX (OTOHIB 32 JIOMIOMOTOK  KOMIT IOTEPHOL
mporpamu Lifetime poskmamanmr Ha [1Bi  CKIIQJOBI,
OCKITBKA caMe€ Takhi po3Kiax Ja€ HaWTOUHII
pesymeratd. Ilpm 1poMy KOE]IWIEHT BiAXWICHHS
BimmoBizHocTi  Gmmsbkmii ;o imeamshoro  (kP=1),
MTOPIBHSAHO 13 PO3KJIAIOM Ha OAHY Ta TPH CKJIAIO0Bi (3a
Y4acoOM JKHTTSI TO3UTPOHIB Ta IHTEHCHBHICTIO CIEKTPY
BiIOUTHX (OTOHIB). BimMOBIIHO 70 JTBOKOMIIOHEHTHOT
MOZIel aHHITUISALIT MMO3UTPOH  AHHITUIIOE 3 BLIBHOTO
CTaHy [0 OJHOTIO JIOKAJi30BaHOTO CTaHy B JAedekti

(N=1)  uepes HEIOCTATHICTh npouecy
BUBUIbHEHHS (O, =0) . KinbkicTb 1O3UTPOHIB, 1O
3HaXOJUTHCS Y BUILHOMY CTaHi f3a OJJMHUIIIO Yacy CBOTO
mepeOyBaHHS y KPHCTaNiYHIM TpaTmi  Martepiaiy
OIUCYETHCS PIBHIHHSIM:
dnf N N
— L= A+ D Ky )onp 4D Sy (M
dt =1 =1
B Toif wWac K KiJTBKiCTh MO3UTPOHIB, IO

3HAXOOUTHCA y AedeKTax i — ro poAy 3a ONHUIO Yacy
CBOTO IepeOyBaHHs y KPHUCTAJIYHIA Tparii Mmarepiamy
MOXHa 00paxyBaTH 3a PiBHSHHSIM:

dn, &
=D Ky ny =(Agy + 6y ) my
e 3
Ckunanaemo cucteMy N+1 pi3HULIEBUX PIBHSHB, IS
SKAX TPaHUYHI YMOBHU 3aIlUCYIOTHCS Yy BUTJISII:

n,=mny; n,(0)=0;j=1..N. 3)
BinnmoBimHO 10 JBOKOMIIOHEHTHOI MOMETI CIIEKTpP
Yacy JKHUTTS TMO3UTPOHIB CKAIa€ThCs 3 JBOX CKJIAJOBUX
yacy JKUTTS 7, 1 7, Ta iHTeHcuBHOCTeH 1) 1 I, mpudomy
I;+1,=100%, ToMy pO3B’A30K Ili€el  CHCTEMH
PI3HUIICBUX JIHIHHUX PiBHSIHB 3BOAUTHCS 10 BU3HAUCHHS
BEIMYMHK 1 BIACHUX BEKTOPIB MaTpHlli, B Pe3yJIbTaTi
YOro HaM BJAIOCS PO3PaxyBaTh CKIAJAOBI BETMYMHU
yacy JKUTTA Ta IXHBOI IHTEHCHBHOCTI B OJEpKaHOMY

2
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CIEKTpi:
T "o~
TJ = ) [1 = > (4)
I1+7,-K,. ., —-7,+K, 7, T
! Dj DI f D1 *p1 by
K -t -7,
_ _ D1 *prty
TZ - z-DI > 12 - K . (5)
Tp Ty +KpTp " Ty
BapTto 3ayBakutH, 10 B TBOKOMITOHEHTHIA MOJEIi

HaWKOPOTIIUH 9ac JKUTTA 7, , HE € PIBHUM, 8 MEHIIHH BiJ

apyra

CKJIaJIOBa Yacy JKHTTS IO3UTPOHIB TOYHO BiJIOBiJga€e
yacy JKHTTS TO3UTPOHY B HedexTi. Bimmorimao mo
JBOKOMITOHEHTHOT MOJENi aHHITUIALII TO3UTPOHIB 3a
TPUBAIIICTIO KHUTTSI MO3UTPOHIB MOXHA BH3HAYUTH THUIA
nedekrTiB, 1O 3HAXOAATBCS Yy  JOCHIIKYBAaHOMY
MaTepiaii, B TOM Yac SK 3a IHTEHCHBHICTIO CIIEKTPY
BIZOUTHX (POTOHIB BCTAHOBJIFOETHCS KOHIICHTPAIS IIHX
nedektie (puc. 2). Ilpu 1mpoMmy cepemHiil 4ac >KUTTS
MO3UTPOHIB € Bi/IMOBIJHOIO MIpOIO CTeleHi Ae()eKTHOCTI

4acy JKHTTA BUIBHOTO TO3UTPOHY 7,, TOAI SK
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[ eeocipott cras momepeci Tpezra

[] megepeoer Tpazxa I CHECTS TVEWHT
GADYHIT 0 LAY T4 HEM TeTYE AHECTH

I oz ercoor Ipazka I KoposdiEco:
EFMPOSYEAHE GAp EPEOT O LAY

04 T T T—7A T T |
o o 1o

InrecHEICTE, ¥
Puc. 2. 3anexHicTh  TPUBAIOCTI  4Yacy  KHUTTA
MO3UTPOHIB (T) BiA IHTEHCHBHOCTI CHEKTPY
BunpoMiHioBaHHs (oToHiB (I).
MOBEpXHi 3paska (Tadu. 1).
OpnepxaHi  pe3yiabpTaTH  JAOCTIDKEHb  JIO3BOJIMIN

BCTaHOBUTH, L0 MOBepxHs 3pazka crami 12X17T y
BUXITHOMY CTaHi BHSBHJIACh OUTBII  Je(heKTHOO
MOPIBHSAHO 13 CTAaHOM ii MOBEpXHI Micia (QOpMyBaHHS
Oap’epHMX mIapiB Ja3epHOIO 00poOKkoro. lle wmoxHa
MOSICHUTH THUM, 1[0 PO3MIpH Je]eKTiB Mepuoro poay
(BakaHcii, nuciokaiii), ieHTH(IKOBaHI Y BHXIJHOMY
CTaHi, MEHOI 3a pO3MIpH He(EKTiB IPyroro poxay
(kmacrepu, JAWCKIIHALIT), NPOTE KIIBKICTh MEPIIMX
3HayHO Ounbiia. [licns a3epHOro JeryBaHHs, KOJH
NOBepXHEeBi mapyu Ha riaubuni 1o 150-200 MKM MaroTh

BIIMIHHY Bl OCHOBH CTPYKTYpY, Mopdoioriusi
0c00IMBOCTI SIKOT BU3HAYAIOThCS (hazoBumMH
HePETBOPEHHSMU, Hepepo3IoIiioM JeryBalbHHUX

€IEeMEHTIB MDK TBEpPIUM pPO3YHHOM 1 BTOPHHHUMH
(hazamMu, 3MIHOIO EHEPreTUYHOTO CTaHy IIOBEPXHI Ta
OesmepeyHo TapaMeTpamMH  MOBEPXHEBOI 00po0Kw,
KOHIIEHTpAIis Ae(eKTiB MepIIoro poxy 301TbIIyeTHCS,
OCKiNbKKM  BigOyBaeThCsl  MOAPIOHEHHS  3€peH, a,
BIJITIOBIJTHO, 30UIBIICHHS 3arajJbHOI MOBEPXHI I'PAHHIIb
3epeH. KpiMm 1poro, mig yac Ja3epHOro JieTyBaHHs
CTBOPIOIOTHCA eHepreTMqu yYMOBHU, MO CIPUAIOTH
YTBOPEHHIO KOMIpPKOBOi JuciokariiHoi Oynosu. [Ipn
POMY KOHIIGHTpaIis aedekriB apyroro poay Oyze
3MEHILYBaTHCS B PE3YJIbTATI aHHITUIALIT X 1e(eKTiB.
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Taoauns 1
[TapameTpu aHHIrIsILIi HO3UTPOHIB, BU3HAYECHI E€KCHEPHMEHTAIBHUM IIUIIXOM
CraH noOBepxHIi 3pa3ka T,, TIKC T, , IKC I, % L, % T, , NKC K
Buxignui 114,5+3 201,4+32 |[548+23 |452+23 | 1537 0,9236
[Ticna cuaTe3yBaHHA
Oap’epHOrO IIApy 116,8+2,8 | 202+13 76,9 £ 4 23,14+4 | 137,08 1,0346
JIa3epHUM JIETYBaHHSM
[Ticns kopo3iHUX
BUNpOOyBaHb Oap’epuoro | 148,4+84 | 240+7.8 90+11,6 |10+11,6 | 1359 1,0381
mapy
[Micns  kopo3iiHUX BHUIIPOOYBaHb CIOCTEPIraeThCs
30UIbIIEHHS pPO3MipiB Ae(eKTiB SK MepIoro, Tak i
Ipyroro pofy. B Toii camuii yac KoHLEHTpawis ne]eKTiB BucHoBok
IOPYroro pojy 3MEHIIYEThCS, a IEpLIOro — HaBIaKK
30inbyeTbess.  Takuil  XapakTep — 3aKOHOMipHOCTei B pesymbrari mpoBeAeHHMX JOCHIIKEHb HaMH
Hepeposnoaiay aedeKTiB pi3HOro iepapxidyHoro piBHsA 3a BIEpIIE [10Ka3aHA €(PEKTUBHICTb BUKOPUCTAHHA METOIY
KOHIIEHTPAII€I0 Ta PO3MIpHAM (DAKTOPOM MiATBEPIIKYE AHHITUIANI] TTO3UTPOHIB JUI BUBYEHHS CTaHy ITOBEpPXHI
MO3UTHBHY pOJb ICHYBaHHS B IIOBEPXHEBUX IIapax CKJIaJHUX CHCTCM, no SIKUX BiZHOCSTBCS
KOHCTPYKI[IfHAX ~ MarepiagiB  IITY4HO  CTBOPEHMX  KOPO3iMHOTPHBKI CTAli.
CTpyKTypHuUX  ©Gap’epis  [5]. B  Takuii  cnoci6 *Bumipu 30ilicHeHi Ha CneKmopomMempi IHCMumymy
BUKOPUCTAHHS METOY AHHITLIALIT TIO3UTPOHIB € MPAMHUM pisuku  Yuisepcumemy Ononvcvkezo (llonvwa) sa
CBIUCHHSIM e(QEKTHUBHOCTI BHUKOPUCTAHHS METOJIB cnpusiuua  npoghecopa P.Ilemuaxa.
iHKeHepii TOBEpXHi Ui KEPOBAaHOTO PETYJIIOBAHHS il
CTPYKTYPHO — €HEPre€TMYHOrO CTaHy 3 METOI /Jlypsazina 3.A. — TOKTOp TEXHIYHUX HaYK, podecop;
(bopmyBaHHs 3a1aHUX (YHKIIOHAJIBHMX BJIACTHBOCTEIA. Hepboscokux H.B. — acnipaHT.

e migTBepmKye cTadiMi3aIlilo0 CTPYKTYPHUX Oap’€pHUX
IIapiB, SKi BUKOHYIOTh HailHY 3aXHUCHY (YHKIIIFO.
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The Identification the Structure Barrier in the Near-Surface Sphere in the
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It is show, that is weii-hendled using the positron annigilation metod for idintification the structure barrier
in the near-surface sphere corrosive persistante steels. It is determine the morphologic feature defects topology
on the surface and the depth structure barriers.

Key words: positron annigilation, defect, steel, structure barrier.
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