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Hocmim:xerno Brme HaHodacTrHOK Y203 HA CTPYKTYPY Ta PO3IOAIJI MIKBY3JIOBUX ATOMIB y IIOPOLIKOBO-
My 3amidi. CkaHyoUa eJeKTPOHHA MIKDPOCKOIIIS Ta eHepro-IHUCIePCIMHUA aHai3 MOKa3asu, 10 HASBHICTD
OKCHIy ITPI0 CIIPUYHUHIOE (POPMYBAHHSA TJIOOYJIIPHOI CTPYKTYpu (pepury. JocmimkeHHS po3IOmiay aToMiB
a30Ty 10 MIOBEPXHI MaTepiajy He IATBEP/KYE TEOPiio 100 HAKOMUIEHHS MIKBY3JI0BUX JTe(eKTIB Ol 1mo-

BEPXHI HAHOYACTHHOK OKCHJLY ITpifo.

Knrouosi ciosa: [Mopomkosa merasyprist, Oxcup iTpito, Crpyrrypa, Mirparisa asory, JI30-craui.

1. BCTVII

OpeuM 3 METOIB IMBUIIEHHS TEPMIHY POOOTH KOHC-
TPYKINHMHUX MaTEPIaiB SAEPHUX PEAKTOPIB € iX JHcIiepc-
He 3miraenHsa oxcumamvu. ¥ JI30 criaBax BUKOPHCTOBY-
IOTHCA OKCHIHI HAHOYACTUHKHN BEJIMKOI IIIILHOCTL 3 HOoa-
BaHHAM 1Tpifo, IIMPKOHII0, XPOMY, Maprasiro, kpemHio. 111
HAHOPO3MIPHI YaCTUHKK CYTTEBO BILIMBAIOTH HA TIOKpAa-
IIEHHS MIITHOCTI Ta PATIAINIHOL CTIHKOCTI MaTeplay.

3 6araTbox JKepes BIIOMO, IO INJ i€ OIPOMi-
HEHHs KOHCTPYKIIIHI MaTepiajy ImiJIaoThCsl CTPYKTY-
PHHUM II€pEeTBOPEHHSM, 1[0 HeTaTUBHO BILIMBAE HA Me-
XaHIYHI BJIACTHBOCTI Ta KOPO3IMHY CTIAKICTL. 3 iCHYyIO-
YUX BUJIIB OIPOMIHEHHs, HAUOLJIbIII HEeraTUBHOTO BILJIM-
BY 3a/lae HEHTPOHHE OIPOMIHEHHS, SKe IIPU3BOIUTH J0
YTBOPEHHSI BEJIMKOI KIJBKOCTI TOYKOBHX Je(eKTIB: Ba-
KaHCI Ta MUDKBY3JB. TOYKOBI IeeKTH yTBOPIOIOTH
KJIACTEPH SIK1 B CBOIO YePry IIPU3BOAATH J0 PaialiiiHo-
r0 OKPHUXYEHHS, PAJIaIlfHOr0 PO3IyXaHHs Ta pajia-
IIAHOI ITOB3yYO0CT1.

IIpu po3pobIll HOBMX KOHCTPYKINUHHUX MAaTeplaJiB
TOJIOBHOIO METOI0 € JOCATHEHHS MIiHIMAaJIbHO JOITyCTH-
MHX 3MIiH MEXaHIYHHUX XapaKTepUCTHK s 3abeaiie-
YeHHSI JIOBIOTO CTPOKY POOOTH eJIEMEHTIB KOHCTPYKITII
simepHoro peakrtopy [1].

OmHuM 13 ICHYIOYHX CIIOCOOIB ITIBHUINEHHS paia-
IIAHOI CTIMKOCTI KOHCTPYKIIIMHHX MaTepiajiiB € CTBO-
PEeHHA B HUX CTPYKTYPHHX CTOKIB, Kl 0 HPUTATYBaJIM
TOYKOBI JederTr, ad0 MICIIb y CTPYKTYPl 3 IIOCHJIEHOIO
pexoMOiHAIlel0 PI3BHOMMEHHMX TOYKOBUX OeeKTiB
[2, 3]. HocmimkeHHsa moKas3asm, 10 HAHOYACTHHKU OK-
cums y JI30 marepiasax MOKYTH CIYTYBATH SIK CTOKH
It TOUKOBHUX Hederri. [lei muisx miaBuilleHHS paji-
aIfHOI CTIAKOCTI MATeplasiB JISKUTh B IJIOOAJIHLHOMY
HAIIPSAMKY CTBOPEHHSA KOHCTPYKIIMHMX MAaTeplaJis,
3MIITHEHUX BHUCOKOOUCIIEPCHUMU HEMETAJIEBUMH YacCT-
KaMu (HAHOYACTKAMM) 1 IPU3HAYEHHX IJIA €JIEMEHTIB
AKTUBHUX 30H IIEPCIIEKTUBHUX SIEPHUX PEaKTOpiB. Y
SIKOCTI HAHOJAWCIIEPHOTO HATIOBHIOBAYA 3a3BUYAl BHUKO-
PHCTOBYIOTE OKcH iTpito Y20s3.
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Ha croroguimmsin gens JI3O0 craui e mayske mepcrex-
TUBHUMHU JIJII BUKOPUCTAHHSI y SJIEPHINA €HEPTeTHIIl.
Astopu [4-8] m0BOIATE, 10 3MIITHEHA HAHOYACTAHKAMU
okcuay xpomoBana crasb EUROFER97 momxe Oyrtu Bu-
KOpHCTaHAa SIK MaTepias JJis BHYTPINIHIX CTIH TepMOs-
IEePHUX PEeakKTOpiB, a TAKOK JJIs YOXJIIB PEaKTOpIB Ha
mBuAKKX HedTpoHax. Jia aminmenus JI30 craseit 3a-
CTOCOBYIOTH Y203, OCKUIBKY BIH TIOKA3aB HAWKPAIILY CTii-
KICTh JI0 HEHTPOHHOIO OIPOMIHEHHS — BIH He PO3YMHS-
€THCSA B MATPHUIIL 10 BesmanHe Quroercy 20 sua [6].

Ax e BKasaHo B poborax [4-8] migBuIieHHS pamia-
miiHol cradiasHocti JI3O crasieii mos’a3aHo 13 3HUMKEH-
HSM IIBHIKOCTI HAKOIMYEHHS PamiamifHux JedeKTis.
Posryisamarore nB1 IsWYHI OPUYMHMA TAKOTO eqQexTy.
Asropu [8] cTBEPMKYIOTH, IO BIUIMB OKCHIHUX YACTOK
MIPU3BOJUTE JI0 MIJABUIIEHHS IHUCIIEPCHOCTI MaTepiary,
0 TO3HAYAETbCSI Ha (POPMYBaHHI BEJIMKOI KLJIBKOCTI
MIsK3€PEHHUX TPAHUIlh, SKI CJIYTYIOTh TTACHBHUMM CTO-
KaM¥ TOYKOBHUX JiedpeKkTiB. B Toii sxe uac y poboti [7] Ha-
JIAHO TEOPETHYHY MOJeJb Ta 3pO0JIEHO BHUCHOBOK, IO
HAHOYACTUHKU OKCHIIB MOKYTH CJIYI'YBATA AKTHBHUMU
CTOKAMH JJIA TOUKOBUX Je()eKTiB, MPUTATYIOYHN IX 3a pa-
XYHOK HATIPYKEHb, 10 (POPMYIOTHCA HABKOJIO BKJIIOYEHD
BHACJIIJIOK HECIIBHAMIHHSA I'PATOK HAa MIKQAa3HIN oBep-
xmi. Takum umuoM aBTOpH [7] CTBEPIKYIOTH IO OCHOB-
HUHN BHECOK Yy SHUYKEHHs KOHIIEHTPAITIl TOUKOBUX JTedek-
TIB JAa€ X MITpallfis B HAIIPSIMKY BIOIIOBIIHUX KJIACTEPIB.

Excnepumenranbpra mepeBipka mogmeni [7] yckiam-
HIOETHCS HEMOYKJIMBICTIO BU3HAYEHHS 3MIHU KOHIIEHT-
painii ToukoBux medexTiB B MaTtepiayi. OmHAK, IIOBEIIH-
Ka MisKBY3JIOBHH MOKe OyTH JOCJIIIPKEeHA 34 JOIIOMOT0I0
aTOMIB 1HIIOI pedoBHUHHU. MOMEJUI0 MIKBY3JIOBHH [IJIS
3aJri3a MOXKYTh OyTH aTOMH a30Ty, AKl (pOPMYIOTH TBEp-
UM PO3YMH 3aHypeHHs ax 10 6,1 % [9)].

Omnmparounchk Ha OOCIIKEH] IyKepesia, HAIIoK Po-
004010 TPyIOI0 0YyJI0 BHUPIIIEHO JOC/IIUTA MOKJIMBICTH
creopernus JI30-craneii MmeTooM 3BUYANHOTO Tapsyoro
IpecyBaHHsS Ta IEPeBIPUTH MIPKYBaHHs [7] mIomo Me-
XaHI3MIB MHIIBUINEHHS pagialiiiiHol CTIAKOCTI MaTepia-
JiB 3 mogaBaHHAaM Y20s.
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2. METOAWKA BUTI'OTOBJIEHHA TA JJOCJII-
JHKEHHA 3PA3KIB

Cepio T0oc/mKyBaHUX MaTepiaiB 0yJI0 BUTOTOBJIEHO
METOJIOM Tapsidoro IIPeCyBaHHS IIOPOIIKIB y rpadiToBii
matpurl 1mpu Temieparypi 1000 °C, Tucky 12 MIla Ta
4vaci BuTpuMEHn y 30 XBUJIHH.

[uxtyr Oys10 OTPUMAHO IIJIAXOM 3MINIYBAHHS JIPi0-
HOJMCIIEPCHUX MOPOIIKIBE KapboHLIbHOrO 3asisa P-10
(TOB «Hamnoxim», XapkiB, YkpaiHa, cepemHiii poamip
3epHa — 3,5 MKM) Ta ITOPOIIKY MOHOKJIIHHOTO OKCHIY
irpito (HoBocubipchkmit nepsxkaBuuii yHiBepeuTeT, HoBo-
cubipcerk, Pocist, cepenuiit poamip 3epua — 47 HM) y 1LIa-
HETAPHOMY MJIMHI IIPOTSAroM 15 XBUJIMH, 3 YacTOTOK
8000 obeprie 3a xBuuHy. Bmict Y203 B 3a13i aMiHIOBA-
u Big 0 7o 1 mac. %.

CunTesoBaHi 3pasku Maym QOpMy OHCKY 13 Jiamer-
pom 20 MM Ta BHCOTOIO 4 MM, ITiCJISI OXOJIOJPKEHHS IILTi-
dyBascy Ta IOJIIPYBAMCh 34 JOIMIOMOIOK AJIMA3HOI
cycriensii sepuucticTio 9-3-1 MEM Ha NLTQYBaILHIA
YCTaHOBITI.

I'yecruna 3paskis OyJia BUMIpsSHA METOIOM TiIpoCTa-
TUYHOIO 3BajKyBaHHS Ta crjaamana 7,7 +0,1 r/cms.
(Tabs. 1)

Tabauusa 1 — 'ycTuHa Ta MICTKICTB OKCHIY ITPii0 y 3paskax

No EZZ(C)S;/O ZZMS ITopysaricts, %
1 0 7,6 3
2 0,1 7,6 3
3 0,3 7,7 2
4 0,5 7,7 2
5 0,7 7,8 0
6 1 7,7 1

3 MmeToro mepeBipKnr Mozmest [7] momno posrsaay HaHo-
JIUCIEePCHUX BRJIIOYeHb Y203 B SIKOCTI OCHOBHHX CTOKIB
MIKBY3€JIbHUX ATOMIB BHACJIIIOK HAIIPYKEHHS HECIIIB-
HATIHHA IPAaTOK Ha MIKQAasHIM II0OBEepXHI 3pas3ku 0yJIo
asoroBano. A dopmyBanHs qudy3lAHUX CJIOIB METO-
JIOM BaKyyMHOT'O HOHHOTO-ILJIA3MOBOTO TEPMOITUKIITIHOTO
a30TyBaHHS BUKOPUCTOBYBAJIACh po3pobJieHa y [uctuty-
11 mipobsrem mitrHoctl iM. I'.C. Tlicapenxa HAH Vipainu
yHiBepcasibHa ycraHoBka «BITIA-1». Texwosoriumi ma-
paMeTpu (POPMYBAHHS CJIOIB a30Ty: TeMIIepaTrypa 3Mmi-
HIOBaJIach IMKJIIYHO Bim 520 mo 550 °C, yac 0Opobkm —
3 rOMHM, CIIIBBIIHOIICHHS peakiiiuux rasis — 70 % Ar
+ 30% Na. OcamxeHHs BigOyBasioch PIBHOMIPHO II0
BCHOMY IIEPHUMETPY, II0 3a0e3IeYnsI0 PIBHOMIPHY TOB-
MUHY gudy3iiHoro mapy — 6/m3bko 100 MEM.

Iligrorossreni nuricpum OysIM IOCITIMKEHI METOHAMU
ckaHyouol esekTporHoI Mikpockorii (Teskan MIRAS3) ta
orrrruHoi Mikpockomi (Carl Zeiss Axio Observer Alm).
Mikporsepmicts Oysia BumipsaHa MeTomoM Bikkepca mpu
HaBaHTaskeHHi 150 T.

3. EKCIIEPUMEHTAJIBHI PE3YJIBTATH TA iX
OBI'OBOPEHHA

Ax mokasasu pesysbTaTH BHMIPIOBAHB, MIKPOTBEp-
IICTh 3pas3ka 0e3 MOMIIIKN OKCHIY 1TPiio, AKUH (PaKTHIHO
€ 3aJI30-BYIJIEIIEBOI0 MATPHUIICI0, CIIIBIIAZae B MeyKax
MOXUOKKM 13 BEJMYWHOIO, PO3PAXOBAHOK 34 MPABUJIOM
CyMIIIIl IJIA BIOIIOBIOHOI (bepHUTO-IIEPJOATHOI CTPYKTYPH
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(2,3TTIa) [10]. Amasmisyroum faHl IO MIKPOTBEPIOCTL
mpecTaByeHl y Tabs. 2. MOKHA CTBEPIKYBATH, 0 Ha-
BITB JlecsTa YacTKA BIJCOTKA OKCHMIHNX BKJIIOUCHL B Ma-
Tepias 3MilHEIoe oro matske Ha 21 %. [ligBuinenss Bmi-
cty Y203 B MaTepiasi 10 1 % CIOpHYMHIOE ITOIAJIBIIE 3POC-
TaHHS MiKpoTrBepnocti 1o 3,6 ['Tla.

Tab6munsa 2 — MikpoTBep/iicTh 3paskiB

. Ho, I'lla
2,35
2,96
3,05
3,21
3,32
3,62

O[O [ | | N[

Jlyiss Kparmoro po3yMmiHHSA CTPYKTYPH MaTepiasy, Ha
puc. 1. HaBegeHO Pe3yaIbTATA OINTHYHOI MIKPOCKOIIT Tpa-
BJIEHOI TIOBEPXHI 3paska Ne6, HA SKI MOMKHA YITKO PO3-
PI3HUTH JIBI OCHOBHI 06J1acTi: «TeMHy» Ta «cBiTiy». Cru-
patounch Ha gaui, HaBegeHnli B [10, 11], moxkHa cTBep-
JRKYBATH, 10 BUTOTOBJIEHI MAaTepiam MIpeJCTaBIISIOTH
c00010 (bepUT-IEePJIUTHY CTPYKTYPY, KA BIAIIOBIIAE BMIi-
CTy ByIVIEITIO y cKJiaal matepiauy ~ 0,8 %.

Puc. 1 — MikpocTpyKTypa TpaBJeHOI IOBEPXHI 3pa3Ka

IIpoBenennii penrtreHo-pa3oBuii aHAJI3 3pPa3KiB
(puc. 2) moKasas, M0 MaTeplay CKJamaeTbesa Ha 87 %
Mac. 3 3aJi3a ta Ha 13 % Mac. 3 I[EMEHTHUTY, IO TAKOMK
BKa3ye Ha ICHyBaHHs (eputy Ta repiury. Pasu HITPHU-
Iy 3aJri3a BUSBJIEHO He 0yJio, 10 MOKE CBIIYHTHU IIPO
BIJICYTHICTD y JAHOMY BHUIIAJIKY B3a€MOIIl MIK aTOMAMU
3aJmi3a Ta HITPOTeHY, 3 YO0 BUILIUBAE, IO a30T 3HAXO-
JIUTHCA Y 3pa3Kax y SKOCTI TBEPIOT0 POSUUHY.
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Puc. 3 — Enepro-nucnepciitanit anamia spaska 3 0,5 % Y203

3a pesyiabTaTaMy CKaHyoUol eJIEKTPOHHOI MiKPOCKOIT1
(puc. 3), PO3IIOMLTIEHHS ATOMIB KHCHIO Ta 1TPI0 HA II0BEPX-
Hi 3pa3ka Ne6 (1 % Y203) Bkasye Ha Te, IO MIPHU IIPECY-
BAHHI OKCHUJT ITPi0 HE PO3UMHSIETHCS, 3AJUIIAIYNCH ¥ Ma-
TPHUIIl 3a/3a y BUIVIAIL OKPEMHX YACTKOBO arjioMepoBa-
HUX BEJIIOYeHb. BrasaHwil (pakT mITBepKyeThCs JaHU-
vu [12] mpo BigcyrHicTs B3aemomii misk Y203 ta Fe mpu
1100 °C.

CoubHuii aHam3 300paskeHb 3paska Ne 6, orpuma-
HUX 34 JOIOMOIO OHTHYHOI (puc. 1) Ta eJIeKTpPOHHOI
(puc. 3) MIKPOCKOIIi, I03BOJISIE CTBEPKYBATH, 110 3epHA
depuTHOl das3uy, II0 MAKTh YITKI I'paHl, BIIIOBIIAIOTH
TeMHHM 00JIaCTAM Ha puc. 3, B TOMH ke Yac 3epHa IepJin-
THOI (pa3u He MAIOTh YiTKUX IPAHUIIH — IO XapaKTEPHO
it 6Lein cBiTiol dpasu. Kpim toro (puc. 3m), y marepi-

aJTl ICHye HeBeJIMKA KIJIBKICTD 3€PEH I[IEMEeHTHUTY.

OrrrnyHa MIKPOCKOINSL TPaBJIEHOI TOBEPXHI 3pasKiB
TIpeJicTaBJIeHa Ha PUC. 4 OKA3aJIa, M0 JOJABAHHS OKCHILY
ITPIIO CIIPMYMHIOE CYTTEBY 3MIHY CTPYKTYPH MaTeplasiy: 13
36LtbIeHHsIM Bincotry Y203, dhepur 3MIHIOE CBii «rosda-
TUI» BUTJISII HA «ry100ysisspueim. To0To MOMKHA CTBEPILKY-
BATH, III0 HAHOBKJIIOUEHHS OKCHJIY ITPii0 CIOBLIBHIOIOTH
picT hepUTHHUX TOJIOK, IIPU3BOATYMN 10 (POPMYyBaHHS OLIBIIT
PIBHOOCHHMX 3€PEH 13 MEHIIIO0 IIATOMOIO TTOBEPXHEIO.

3 puc. 30, MoKHA 0AYMTH YITKUN POSIOHLII aTOMIB
a30Ty II0 THOBEpPXHI 3paska. ¥ IepJmMTHIN ¢asl Ta y Ire-
MEHTHUTI a30T Maiyke BIACYTHIN, IO MOYKHA IIOSICHUTH
HU3BKUM KoedimieHToM audy3ii B dpa3ax 13 BUIIOK KOH-
IIEHTPALIIEI0 BYTJIEITO, SIK BKa3aHo y [9]
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Puc. 4 — Orrruuna mikpockoris 3paskis cucremu Fe-Y203 (a— 0 % Y203; 6 — 0,3 % Y203; 8 — 0,5 % Y203, r— 1 %Y203)

Tosmmra mapy asoryBauHsa ckyagae 100 Mrm, 110
MOYKHA BBQKATH IPUOJIM3HOK JOBMKHUHOK CEPEeITHBOTO
mpobiry aTtoMy a3oTy BcepemuHl MeTtaseBol matpuri. g
BEJIMUMHA CYyTTEBO IIEPEBUIILYE BIICTAHD MIMK OKCHIHUMHA
HAHOBKJIIOUeHHAMH (0JM3bKO 2 MKM, nuB. puc. 3). Kiib-
KICTh MIKBY3JIOBHH, 1[0 BUHUKAE IIPU 3HAYEHHAX (DJI0-
ercy 1026 n/m2, MokHA TIOPIBHATH 3 KOHIIEHTPAIIIEO
aTOMIB a30Ty y JOC/IPKYBAHOMY BHIIANKY, SKe, 34 Ja-
HHUMH PEHTTEHIBCHKOTO MIKPOAHAJI3Y CTAHOBUTDH OJIM3b-
Ko 16 % ar. Ax6m edexr B3aemomii kiacrepie Y203 3
MIKBY3JIOBUMH aTOMaMH MaB 3HAYHWI BIUIMB Ha iX po-
3MOUI, AK I1e IepemdadaeTbes y poboTi [7], To BuKopuc-
TaHl METOIM PEHTTeHIBCHKOI0 MIKPOAHAJN3y MOBHHHI
Oy 60 mokasaTw 30aradeHi a3oToM 00JIaCTl IT00JIM3Y
YaCTHHOK OKcuAy iTpiro. OcKiIbKYM JaHui edexT He CIo-
CTEPITaEThCSA, TO MOYKHA 3POOUTH BUCHOBOK, IO BILJIUB
OKCHJy 1Tpil0 HA pamlamifiHy CTIHKICTh CcTaJieit
OB’SI3aHUN HE CTLIBKK 3 0e3IlocepeqHiM IIPUTATYBaH-
HSAM TOYKOBHUX Je)eKTiB IIUMH BKJIIOUYEHHSIMHU, CK1JIbKHU 3
dopMyBaHHAM OLIBIN APIOHOMUCIIEPCHOI CTPYKTYPH Ta,

BHACJIJOK ILOT0, 30LJIBIIEHHSAM KOHIIEHTPAIIl HIpuTa-
MAHHUX CAMIfl MATPHUIll CTOKIB, TAKMX SIK MIMK3epeHHI
TPaHUIIl, IK I1e ITepeadavaeTbess y pooori [6].

4. BUCHOBEKH

1. lapstue mpecyBaHHSI TIOPOIIKIB KAPOOHIIILHOTO 3a-
JIi3a Ta OKCHJY 1TPIi0 1a€ MOKJIMBICTH OTPUMATH IILJTh-
HUI Marepias i3 MaTPUIEI0 HA OCHOBI 3aJ1i3a Ta HAHOBK-
mogeHHAMH Y203,

2. BcraHOBIIEHO, 110 HAHOBKJIIOYEHHSI OKCHAY 1TPIiiO
BILIMBAKOTH HA POPMYBAHHSA CTPYKTYPH MATepiaily, 3Me-
HBIIIYIOUHW KLJIBKICTH TOJIATOr0 (PEPUTY 13 301IIBIITEHHIM
BIZICOTKY JOMIIITKH.

3. [ligBuIeHHA XapaKTePUCTUR PaIaIiifiHOl CTIAKOC-
Ti cTajiedl MIJISXOM JoJaBaHHA KiacTepiB Y203 BimOysa-
€ThCSA He 34 PAXyHOK IIPOTATYBAHHS TOYKOBHUX JIe(EKTIB
0 OUWCIIEPCHUX BKJIOYEHDb, ajle 3 IIPUYUH CYTTEBOTO
BIUIMBY OKCHJHMX HAHOYACTMHOK HA MIKPOCTPYKTYPY
MATPUYHOIO MaTepiasy.

Influence of Yttria Nanoparticles on the Distribution of Interstitial Atoms in Sintered Iron

M.IL. Cherednyk!, O.Yu. Popov?, O.Yu. Kumurgi2, A.V. Rutkovskiy?2

1 Taras Shevchenko National University of Kyiv, 4, Hlushkov Ave., 03022 Kyiv, Ukraine
2 Institute for Problems of Strength, 2, Tymiriazievska St., 01014 Kyiv, Ukraine

The influence of Y203 nanoparticles on structure and interstitial atoms distribution in sintered iron is
investigated. Scanning electron microscopy and energy-dispersive analysis showed that yttrium oxide par-
ticles provoked globular ferrite structure formation. Investigation of nitrogen atoms distribution on the
material surface did not prove the theory about interstitial defects accumulation near yttria inclusion sur-

face.

Keywords: Powder metallurgy, Yttrium oxide, Structure, Nitrogen migration, ODS-steel.
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Biausauue OKCH A UTTPUA HAa pacClripeae/ieHre MeKYy3€JIbHBIX AaTOMOB B I[TIOPOIIIKOBOM Kejie3e

M.U. Yepenuurl, A.IO. ITomos?!, A.O. Kymyp:xn2, A.B. Pyrrkosckuii?

L Kuesckuli nHauuorasvrbiil yrusepcumem um. T.1 Illesuernko, np. axademira Inywrosa, 2, 03022 Kues, Ykpauna

2 Unemumym npobnem npournocmu um. I.C. [Tucapenro, yn. Tumupasesckas 2, 01014 Kues, Ykpauna

Uccmemorano Biausume HanouacTull Y203 Ha CTPYKTYpPy U paclpejie/leHre MeKy3eJIbHBIX aTOMOB B IIO-
pommkoBoM skesede. CraHUpyIONasd 9JIeKTPOHHAS MUKPOCKOIIUS W 9HEPro-IKCIIePCUOHHBIN aHAIN3 T0Ka3a-
JIW, YTO MPUCYTCTBUE OKCHUIA WUTTPHUSA BHI3BIBAET (DOPMHUPOBAHUE TJIO0YJIAPHOMN cTPYKTYpPHI heppura. Mcce-
OBaHUE pacIpelesIeHUsT aTOMOB a30Ta 110 MOBEPXHOCTH MaTepuajia He IMOJITBEPIKIAEeT TEOPUI0 OTHOCUTEII b-
HO HAKOIUICHUS MEKY3eJIbHBIX JTe()eKTOB BO3JIe TOBEPXHOCTH HAHOUACTHUI] OKCUIA UTTPU.

Knrouersie ciioBa: moponrkoBas MeTAJUIYPIHUs, OKCHAI UTTPUS, CTPYKTypa, Mmurpamnus asora, J[¥YO-cramu.
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