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MEXAHIKA MATEPIANIB

MixxHapoaHWIn HayKOBO-TEXHIYHUI XKypHan
3acHoBaHWi y CiuHi 1965 poky
BuxogunTb 6 pasiB y pik

TOM 58, Ne 5, 2022

BepeceHb — XOBTEHb

3MICT

Kopniii C. A., 3ine 1. M., Jlanunsax M.-O. M., Pizyn FO. A. Exonoriuno 6e3neuni
IHT10ITOpHM KOPO3ii MEeTaJiB Ha OCHOBI MPUPOTHUX MOMIMEPIB (OTIISI)....eevveeeveeereannns 5

[IpoananizoBaHo NepcreKTHBHI €KOJIOTIYHO Oe3neyHi iHriGiTopy Kopo3ii Ha OCHOBI
NPUPOTHUX NoiMepiB. [TopiBHSIHO NPOTUKOPO3iiiHY e(eKTHBHICTh IIMPOKOBXKUBA-
HHX Y IPOMHUCIIOBOCTI 010T10J1IMEpiB, 30KpeMa XiTHHY, KPOXMAJIO Ta iHYJiHY, Y pi3-
HUX KOPO3WBHHX cepenoBuiiax. OMUcaHo OCHOBHI METOIU TOCIIKEHb iHT10yBajIb-
HOT JTiT MPUPOAHUX MOJIIMEPIB Ha MOBEPXHI METAJIiB Ta CILUIAaBiB, 30KpeMa, IpaBiMeTpii,
OUKIIIYHOT BOJIBTAMITEPOMETPIl, €IeKTPOXIMITHOI iIMIIETaHCHOT CIIEKTPOCKOITii, 130-
TepM azcopOiii, a TakoK KBaHTOBO-XiMiuHi. BcTaHOBIICHO, IO HA €(EKTHBHICTH iHTi-
OyBaHHS KOpO3ii CyTTE€BO BIUIMBAIOTH KOHIIEHTpAisl TOJIIMEPIB, IX MOJIEKyJIsIpHa Maca
Ta CTPYKTypa, a MEXaHi3M 3aXHCTy BU3Ha4ae afcopOLis, CIpUINHEHA MOISIPHIMHI
(yHKIIOHAJIBHUMH TPYIIaMH, Yepe3 110 OJIOKYETHCSI JOCTYIT KOPO3UBHOT'O CEPEIOBH-
112 1o noBepxHi Metaiy. [IopiBHSIHO 3aXMCHI BIACTUBOCTI HATypaJIbHUX KaMenen pi3-
HOTO CKJIaJy Ta OCHOBHI ME€XaHi3MH iHT10yBaHHS HUMH KOPO3ii ByTJIeeBUX CTaJei Ta
AMOMIHIEBUX cIUTaBiB. HaBejeHO pe3ysibTaTH IPOTHKOPO3iiHOT [IiT iHr10yBalIbHUX CH-
HEPriYHUX KOMITO3HUIIiil Ha OCHOBI PUPOJHUX IMOJIIMEPIB, SIKi XapaKTePU3YIOThCS
HaJaJUTHBHICTIO JTii KOMITOHEHTIB. CTBOpEHHS CHHEPTIYHUX KOMITO3HUIIIH — HalI0-
LUTBHIIIMH CITOCIO MOJIMIIMTH 3aXHUCHY IO MOJIIMEpIB, 3MEHIINTH X KOHIIEHTPALIIIO
Ta ypi3HOMaHITHATH 3aCTOCYBAaHHS B KOPO3UBHUX CEPEIOBHIIAX.

Kuaro4oBi cinoBa: xoposis, exonociuno Oesneuni ineibimopu Koposii, npupoowi noi-
Mepu, nonicaxapuou, CuHepeiuHi Komnosuyii, adcopoyis, egpekmusHicme iH2i0Y8aAHHSL.

A60ynina /]. P., Bopmman M. A., Iymuncoka I'. O., IIypiw JI. M., Konmesa XK. I1.,
Konmesa I'. €., Jlemewixo B. M., Illesuenko B. B. I'yaninuHIABMiCHHI
ANKII3aMICHHH OJIITOMEP SIK THTI0ITOP KOPO3IT CTAM . evvverveerenreeerereeseenreeseeseeessesenennas 17

I'yaninuHiBMiCHUH OJiroMep Ha OCHOBI aTi(aTHYHOTO ONIrOCMOKCHIY — HOBOCHHTE-
30BaHa PEYOBHMHA 3 OAKTEPHULIUIHOIO €10, TOMY MEPCIEKTHBHA SIK 1HT10iTOp MiKpoO-
HOT Kopo3ii. CHHTE30BaHO OJIITOMEPHUH aNKII3aMiCHUIA T'yaHiTUHIHOpOMIT Ta HOCITi-
JUKEHO H0r0 MPOTHKOPO3iliHI BIACTUBOCTI 10 CTajl 32 HasBHOCTI KOPO3i1HHO-arpecuB-
HUX cylb(arBigHoBIOBaIbHUX Oakrepiii (CBB). IopiBHsAHO edekTUBHICTH HOBOI
CIOJYKH 3 paHimie gociimkeHumH iariditopamu — AIIX (deTBepTHHHA aMOHiiHA cIIO-
ayka Ha ocHoBi N-geuwnmipuannii xiopuay) (KIII, Ykpaina) ta Armohib CI-28 na
ocHOBI miamiHy eTokcminary—Diamine Ethoxylate) (Akzonobel, Holland). Bussneno,
0 TyaHIANHIEBUI OJIirTOMep BOJOJi€ OIONUAHUMH BIACTHBOCTAMH. 3 HOTO BHECEHHSM



3HAYHO MPHUTHITYETHCS PO3BUTOK OaKTepii, a Mmicis 3aKiHUYCHHS TePMiHY eKCIIO3HIIii B
CEePEIOBHIIII BUSBIICHO JIMIIE ECATKA iX KIiTHH. [IIBUIKICTH KOPO3ii cTaii 3a HasIBHOCTI
CBb 6e¢3 inribiTopis cranosmuma 0,15... 0,35 mg/(cm”*h). 3 nogaBaHHAM 10 KyJIBTY-
panbHoro cepenosuma J[1X Bona sHmkyerses go 0,032...0,047 mg/(cm*h) (y 6,5—
10,6 pa3iB), a 3a HasBHOCTI iHri6iTopa Armohib CI-28 — mo 0,027...0,039 mg/(cm?h)
(y 4,2-12,7 pasziB). Ilicnst nojaBaHHs 10 cepeloBHIa 3 OAKTEPisSIMU T'yaHIIMHBMICHOTO
oniromepa 3menmyetbes 10 0,075...0,079 mg/(cm?h) (y 2,5-2,7 pasiB). 3a pesynbTa-
TaM{ BTPaTH MacH CTaJIEBHX 3pa3KiB CTYIIHb 3aXHCTy MeTally BijJ MiKpOOHOI KOpo3il
3a HasSBHOCTI T'YaHiTUHIEBOTO OiroMepa cTaHoBUTH 60,15...63,17%. OTxe, 11 Croy-
Ka Ha OCHOBI aJTli()aTHIHOTO OJITrOETIOKCHTy Ma€ OiOLMAHI Ta MPOTHKOPO3iiHI BIACTH -
BOCTI 1 IEPCIIEKTHBHA [T OOPOTHOH 13 MiKpOOHO 1HAYKOBAHO KOPO3i€rO.

Kawuoi cioBa: incibimopu mikpoOHO! KOpo3ii, 2yaHiOUHIEMICHUL ANKIN3AMICHUL
onizomep, cyib@ameiOHO8I08ANbHI bakmepil.

Jlaspucw C. M., Ioepeniox 1. M., [nsxemxa X. C. Kopo3iiiHa TpUBKICTh

aJIUTUBHO BUTOTOBJICHUX THTAHOBHX CILIABIB Y XJIOPUIHIA KUCTOTI.....ccvvervevrervennnen.

BurkoHaHO TOPIBHAIBHY OIIIHKY KOPO3ifiHOT TPUBKOCTI O~ Ta ICEBJO-O.-TUTAHOBUX
criaBiB Mapku BT1-0 ta BT20 (Ti—Al-Mo—V—Zr), BUTOTOBJICHHX 3a TPaAULIHHOIO
(TT) ta amutuBHOIO (AT) TexHosorismu, BianoBinHo. 3a AT nocniKyBaHi THTaHOBI
CIUIaBM BUTOTOBWJIN eNeKTpoHHO-ipoMeHeBUM Iu1aBneHHAM (EIIIT). IToxa3zano, mio
THUTAHOBI CIIaBH, oTpuMaHi 3a AT, MaroTh HIKYy KOpO3iliHY TpHuBKicTh y 20%-My
PO3YMHI XJIOPHIHOI KUCIIOTH, HIX CIUIaBH, ofepxani 3a TT. BcTaHOoBIEeHO B3aeMoO-
3B’SI3KN MK KOPO3ii{HOIO TPHUBKICTIO TA MIKPOCTPYKTYPOIO CILUIABiB, BUTOTOBJICHHX 32
PI3HUMH TEXHOJOTiSIMH, a CaMe, MOTIpIICHHs MepInoi depe3 (HopMyBaHHS Mg dac
EIIII crpykTypu Binmanmrerra Ta MeTacTabiIbHOrO MapTEHCHTY.

KarouoBi cioBa: mumanosi cniasu, adumusne U20MoOGIEHHSA, eNeKmpOonpomMeHese
NIA6AeHH s, KOPO3IUHA MPUBKICb, e1eKMPOXIMIUHI XApaKmepucmuKu.

Knumenko A. B., Kosanenxo C. IO., [loniwxo I'. O., Tynix A. 1O., bux M. B.,

bykem O. 1, Ulanipo O. A. Kopo3iiiHa TPHUBKICTh HEPIKABHOT
craini AISI 310s y po3rutasi cBUHIIO 32 TeMrepaTypa 450°C........cccevvvverieeieieeeneen.

Jocnimxeno xKopo3iiiHy TpUBKICTh 3pa3kiB HepxasHOi crami AISI 310s y posmiasi
cBUHIO 3a TemrepaTypu 450°C 3 0OMeXeHNM AOCTYIOM KHCHIO. 3a pe3yibTaTaMH
KOPO3iiHUX BUMIPOOYBaHb BCTAHOBIICHO, IO IIBUAKICTE KOPO3ii Mi€l CTasi 3HUKYETh-
cs 3 0,474 o 0,045 mm/year 3i 30uTbIIeHHSIM TpHBaNOCTI BUIIPoO 3 240 mo 1440 h,
Bi/IMOBiHO. VIMOBipHOK MPMUYMHOIO TaKOi 3MiHHM IIBHAKOCTI € YTBOPEHHS 3aXHCHHX
OKCHJIHUX IUTIBOK Ha TIOBEpXHI 3pa3KiB. 3a JOMOMOIOI0 CKaHYBaJbHOI Ta ONTHUYHOI
MIKPOCKOTIii BUSBJICHO 3MIiHH CTPYKTYPH Ta CKJIaay MPOIYKTiB KOpO3ii, sIKi yTBOPIO-
I0ThCSl Ha MTOBEPXHI, 31 30UIBIIEHHSM TPUBAJIOCTI BUIPOOyBaHb. BeTanosieHo, o 3i
3pOCTaHHsIM TpuBajocTi BUIPoO 10 720 h Ha MOBEpXHI YyTBOPIOETHCSA ONHOpPiAHA Ta
IIiTbHA CTPYKTYypa Imapy NpoaykriB koposii. [lap mpoaykTiB kopo3ii ckmagy O, Si,
Ca, Cr, Mn, Fe, Ni ta Pb, chopmoBannii micis 240 h BunpoOyBaHb, HIEpexXOanuTh y
JIBOIIAPOBY CTPYKTYPY 3 WITKUM IOJIIJIOM IIapiB, sSKi BIAPI3HAIOTHCS 3a CKIIaoM. Taxk,
011 MoBEepXHI OCHOBHOrO Mertany miap ckiagascs 3 O, Cr, Fe, Ni i Pb, a mrap, o
KOHTaKTye 3 po3miaBoM cBuHIO — 3 O, Cr, Fe ta Pb. BeranosieHo koaryssmito kap-
0i1iB B OCHOBHOMY MeTalli Ta iX OCa/PKEHHS Ha MEXax 3epeH 1 JiHifX BaJbLIOBAHHS
micist 720 h BunpoOyBaub. BusHadueHo, M0 MIKPOTBEPAICTh OCHOBHOI'O METAIy CTa-
HOBHUTH 1650450, 1855445 Ta 1730+60 MPa micus 240, 720 Ta 1440 h BunpoOyBaHb
y pO3IIIaBi CBUHITIO, BiIOBITHO, a MPOAYKTIB Kopo3ii — 3710+£425 1 3020+615 MPa
micis 240 1 720 h BunpoOyBaHb.

Ku1i04uoBi cjioBa: xopositina mpuekicmo, HepICcA8HA CMAlb, PO3NIAE CBUNHYIO, CKAHY-
BAIbHA MA ONMUYHA MIKPOCKONIAL.



Cmeuuwun M. C., Cmeuuwuna H. M., [juxa O. B., Mapmuniox A. B.,

Jlroxoseywv B. B., Jlyk sanok M. B. Kopo3iitHo-MexaHiuHE
3HOITYBaHHS a30TOBAHUX CTAICH y KACIOMY CEPEIOBHUIL. ....cvvvereruerrerrenrerrennerennennes

[IpoanamnizoBano (hi3uKO-XiMi4HI 1 TPUOOIOTIYHI XapaKTEPUCTUKN a30TOBAHUX y 0€3-
BOJIHEBOMY CEpENOBHINI KOHCTPYKIIMHUX CTaled MmiJ 9ac KOPO3iHHO-MEXaHIdHOTO
pYWHYBaHHS y KUCIIOMY MOICITBFHOMY cepenoBHUIi. “I'HydKicTs” mpHUCTOCYBaHHS a30-
TOBaHMX IIAPIB 10 3MiHM YMOB 30BHIIIHHOTO HABAHTAKCHHS MOSCHEHO JIOCSTHEHHSAM
MiHiManbHOTO BigHomeHHst AE/A. Ilpn npoMy MexaHi3Mm MiHiMi3amii Moxe OyTH pi3-
HUM. BcranosneHo, 110 3a npy»KHO-TUTACTHYHOTO KOHTAKTY TPOILECH ML yac pynHy-
BaHHS @30TOBAaHMX KOHCTPYKLIWHHUX CTalled CTaOlli3yr0ThCsl BHACIIIOK YTBOPEHHS Ha
TOBEPXHI LIIJIbHUX 3aXMCHHUX IUTIBOK, & MiJ Yac IUIACTHYHOrO — 4epe3 MiJIBUILCHHS
edexTHBHOCTI aii 6ap’epHOTO edekty “debris-mapy”. BuscHeHO BIIIMB TeMIepaTypH
Ta IyKPO3W Ha IHTEHCUBHICTh PYHHYBaHHS [TOBEPXOHb.

KawuoBi caoBa: xopositino-mexaniune pyutnysanus, 0e3600He8e A30MY6aAHHS
6 MAitouoMy po3psdi, pobOmMa Cull HABAHMANCEHHS, GHYMPIULHSL eHEeP2isl.

Lubaiino I. O., Csipcorka JI. M., Conoseut I1. P., Kpeuxoscvra C. P., [layxo B. M.,

Cmyodenm O. 3. BUKOpPHCTaHHS €JIEKTPOJITHYHOTO HABOHIOBAHHS
JUTs Bi3yautizallii MoKOKEHOCTI TPUBAIO €KCILTYyaTOBaHOI TEIUIOTPUBKOT
cTalli TAPOTOHIB TEC ... ..ot

BceranoBieno, mo edekT aerpanaiii termioTpuBKkoi ctan maporoniB TEC wiTkime
HEraTUBHUH BIUIMB CIAOMIMA B OKOJII 30BHIIIHBOI IMMOBEPXHI TPYOH Ta MOCHITFOETHCS
mo0nMM3y BHYTPIMIHBOI. 3pOCTaHHS BUAOBKEHHS 3pa3KiB IOB’S3aM i3 PO3KPHUTTAM
eKCITyaTalifHux nedekTiB mix niero BogHio. Ha 3paskax TaHTreHUianbHOI opieHTamii
foro ¢ikcyBanu sume Oiist BHYTPIIIHBOI MOBEPXHI TPyOW. 3a po3TATY pamialbHUX
3pa3KiB PO3KPUBAINCS €KCIUTyaTaliiiHi Je)eKTH, 3yMOBIICHI PO3IIapyBaHHIMH B3I0BXK
TEKCTypH BajbltoBaHHs. dpakrorpadiuHuii aHadi3 HABOJHEHUX 3pa3KiB MeTaly 3a-
CBIYUB BEJINKY KUTBKICTh BiJIIapOBAaHMX BiJ MaTpPHUIli HEMETaJEBUX BKIIOYEHB 3 JiH-
30MOII0OHUMH TUIUTKUMU SIMKAaMH HAaBKOJIO HUX, IEPETUHKH MIX SIKUMHU PyHHYBaJIUCS
3a MexaHi3MoM 3cyBy. KpiM Toro, B MeTaii Tpy0 3 OUTBIIOI0 KUTBKICTIO 3yITHHOK OyITH
IUITHKA KPi3b3€PEHHOTO BIJIKOITY, SKi BBKAIH (DPAKTOTPadiuHOI0 03HAKOK OKPHX-
YyBaJIbHOI i BHYTPIIIHEOTO BOAHIO, CYKYITHO a0cOpOOBaHOTO CTAaJUIIO 1 ITif| Yac eKc-
ITyaTarlii Ha TaporoHax, i M/ 9ac eNEeKTPOIITHIHOTO HABOTHFOBAHHS.

Kuaro4uoBi cioBa: meniompugka cmanw, pyiiHy8anHs, 0ecpaoayis, Ha80OHIOBAHHS.

Ozouaki S. and Berthod P. JXapotpuskicts Ta oB3y4icTs (Ti, C)-BMicCHHX

JMTHUX CcyTepcIuiaBiB Ha 0CHOBI HIKEIIO TP 1200°C.......cooviiiiieiiiiiiincicncnc e

Iicte crutasiB (25 wt% Cr; 0,4 C; 1,6 Ti; pemra — Co i Ni) BATOTOBJICHO JIUTTSIM IS
OLIHKKA IXHBOTO OMOPY OKMCHEHHIO Ta moB3ydocti mpu 1200°C. MikpocTpyKkTypa
CIUIaBiB CKJIAJA€THCS 3 ACHAPUTHOI MATPHIIl 3 €BTEKTHYHUMH KapOigamMu y MiXKIEH-
nputHUX npoMikkax. Kap6inu TiC yTBoproroThes y ciutaBax 3 6inbmmmM BmictoM Co,
a kapOigm xpomy — 3 OutpmM BMicToM Ni. JndepeHniansHuiA TepMiYHHNA aHATI3 0~
Kazye, 110 BCi CIUIaBM ITOYMHAIOTH IUIABUTHCA 3a Temmeparypu Buiie 1250°C. Oknc-
HeHHsI Ha 1oBiTpi mpu 1200°C mae 3Mory criocTepiraTu 3aXMCHI BJIACTHBOCTI XpOMY
Ha CIIaBax, 30arauycHUX HIKeNIeM, CUJIBHIII, HiX KOOAIbTOM. I, HaBMmaku, BUMPOOY-
BaHHA Ha NoB3yu4icTh mpu 1200°C neMoHCTpYIOTh Oe33anepeyny IepeBary OaraTimx
Ha KOOAJIbT CIUIaBiB. XOPOIIUM KOMIIPOMICOM Uit 000X THITIB MOBEIIHKH 32 BUCOKHX
TEMITEpaTyp € CIUIaB HAa OCHOBI KOOANBTY 3 HIKEJIEM SIK IpYyTrOPSITHUM €JIEMEHTOM, ajie
3 BeIHKOI0 9acTKoro (15...30 wt% Ni).

Kurouosi cioBa: cninasu Co ma Ni, kapboiou TiC, kap6iou xpomy, onip nog3ywocmi,
BUCOKOMEMNEPAMYPHE OKUCHEHHSL.



IPa;mumfmee 0. ,ZZ.I, Maxkcumos C. IO., bepounikosa O. M., Ilpurunko O. O.,

Kywnapvosa O. C., Anexceenxo I. I. CTpyKTypa 3’€IHaHb HU3bKOJIETOBaHO1
CTaJIi 32 3BapIOBaHHS i €10 30BHIITHBOTO EIEKTPOMATrHETHOTO MO ......ecnveennee...

Bupueno mapamerpu 30HU TepmiuHoro BmBy (3TB), MikpocTpykTypy, (hazoBuii
CKJIaJ Ta MIKPOTBepAicTh MeTarmy 3BapHHX 3’eqHanb (33) crami 091'2C, orpumaHNX
6e3 Ta 31 3aCTOCYBaHHSIM MO3/JOBXKHBOTO a00 MOIIEPEYHOro eNeKTPOMAarHeTHHX IOJIiB.
[IpoananizoBano 3MiHM CTPYKTYpPHHX NapamerpiB MeTaixy mBiB i 3TB Ha mimsHKax
neperpiBy, Hopmaiizamii Tomo. BCTaHOBICHO YMOBH OJepKaHHS SKICHHX 33 mia
BIUIMBOM 30BHIIIHBOTO €JIEKTPOMAarHETHOTO MOJIs, SKi 3a0e3MeuyloTh TPIIMHOCTIN-
KiCTh METaIy.

Karo4oBi ciioBa: Huszvkonecosana cmanw, 36apHi 3 €OHAHHS, MA2HemHe Noje, 30HA
MepMINHO20 BNIUBY, MIKDOCMPYKMYPA, (a308uil CKIao0, MIKpOmMeEepoice.

Jhyenxo B. A., Ilapycos E. B., Ilapycog O. B., /hyenxo O. B., Yytixo 1. M.,

T'onybenxo T. M. OcobnmBocTi GOpMyBaHHS CTPYKTYpHU
BHUCOKOBYTJICIIEBOT CTAJI il YAC BATBITIOBAHHS . .. .e.vvevveveerreerrereessenseesenseessesseesseenenens

BcranoBneHo ocobauBocTi GOpMyBaHHS Ta PO3MOJUTY CTYNEHS TUCIIEPCHOCTI Mepti-
Ty y craneBii 3arotosui 3i craini C82D (EN ISO 16120-2:2017), a Takox micis 1i ra-
PSAYOro MJIACTUYHOTO NeopMyBaHHS Ha Pi3HUX CTaluisx BaiblfoBaHHA. [lokaszaHo,
M0 CTPyKTypa — IUIACTHHYACTHH TNEpNiT 3 pI3HUM CTyNeHeM JAWCIIEPCHOCTI
HE3aJIe)KHO BiJl TEXHOJOTIYHOI 30HH BiIOOPY 3pa3kiB. 3 HAONMKEHHSM IO OCHOBOI
30HM TPOKaTy MIDKIUIAaCTHHKOBA BiACTaHb y TeEpNiTi 30UTBIIyeThCA 1 HOCsTaE
HaMOUIBIINX 3HAYEHb Y LEeHTpi. BcTaHoBiIEHO, 110 Tapsye acTniHe aedopMyBaHHS
CIIiJ 3/1IHCHIOBAaTH 3a KOHTPOJBOBAHOI TEMIIEPAaTYpH BHXOMY METaly Ha OCTaHHIH
CTa[[i.l. BaJIbLIOBaHHA, IPHU HbOMY HeO6XiI[HO BUJIYYUTH €Tall BOAAHOTO OXOJIOIKCHHA,
1110 3MEHIINUTH TPAJi€HT TEMIIEPATyPH MK TIOBEPXHEIO Ta IIEHTPOM IPOKATYy.

Karo4oBi ciioBa: sucokosyeneyesa cmanv, 6a1byt06anHs, memnepamypa, pekpucma-
Ji3ayis, CMpyKmypa, nepiim, OUCHepCHICb.

Brezinova J., Hasul' J., Brezina J., Maruschak P. O., Vinas J. Buznauenns

TPHUOOJIOTIYHUX BIIACTUBOCTCH OaraToniapoBuX MOKPUTTIB
HA OCHOBI HITPHIIIB....ceuvveeveeureaueeteesseesseessseessaesssessseessseenseessseessesssssessssessssssessnssseesens

[Nonano pe3ynbTaT OLHIOBAaHHS KOE(IIiEHTIB TEPTs, 00’ €My BHIAJICHOTO MaTepiary
Ta MATOMOTO 3HOIIYBAHHS JIsl OaraTolapoBUX MOKPHUTTIB Ha ocHOBI HiTpuiB AITICrN i
AITiN 3a pi3HUX pajiyciB TpaeKkTopiit TepTs. BUsBIEHO HEOMHAKOBI MEXaHI3MH TEPTS
TIOBEPXHI 3HOLIYBAaHHSI 32 Pi3HUX YMOB HaBaHTakeHHs 1pu 400°C. BussieHo, 1o mo-
kputtst AlITiIN MOXHa BHMKOPHCTOBYBATH Y BHCOKOTEMIIEpAaTypHHX CEPEAOBHIIAX,
TOOTO Ha BCTaBKax mpechopM 3a BUCOKOTEMIIEPATYPHOTO JINTBA ATIOMIHIIO Ta HOTO
CILIaBiB.

KutiouoBi cioBa: inoicenepin nosepxui, noxpumms, mepms, Himpuou, mpuboozis.

Timos A. B., barywoxk K. b., Ocmaw O. I1., Timog B. A., Kopesa B. O.,

Honusooa C. JI., Yenino P. B. [lpecyBanns HamiBpaOpHKaTiB
31 cru1aBiB CUCTEMH Al-Mg—SC B I30TEPMITHUX YMOBAX. ... .eerteeueeeianeeennreeaneeennreeannees

[TomaHo pe3ynbTaTH MOJETIOBAHHS Ta €KCIEPUMEHTAIBHOTO JIOCIIIKEHHS Tapsioro
i30T€pPMI4YHOT0 MPECYBaHHS CMYT Pi3HOI TOBLIMHH 3 JMUTUX LMJITHIPUYHUX 3arOTOBOK
31 croraBiB cuctemu Al-Mg—Sc Ty 1570 1 1545. BeraHoBneHO TeMmnepaTypHO-CH-
JIOBI TapaMeTpy MPOIECy Ta TEOMETPil0 IPEecoBaHOI CMYrd AN OTPUMAaHHS i
MiHIMaIIbHOI MOIIKOKEHOCTI. BusBieHo, mo 3a npecysanHs mpu 360°C 3aroToBKu
(Y 30 mm) po3paxyHKOBa MOILIKOKEHICTh ® CMYTH 3 TOINEPEYHUM IMepepizoM

30x12 mm cranoButs 0,35...0,45 3a BiACYyTHOCTI Bi3yaJIbHO CIIOCTEPEKYBAHOTO TI0-



BEPXHEBOTO TPIIMHOYTBOPEHHs. Y CMy3i 3 momnepedyHuM mepepizom 30x6 mm npu
» =0,50...0,55 3adikcoBaHO MaKpPOTPILIIHH.

KarouoBi cioBa: anominicsi cnaasu, capsue npecygamHs, MoOemOS8aHHsI NPOYecy,
CMPYKMYpd, NOUIKOOHCEHICTND.

Maxcumosa C. B., Boponos B. B., Kosanvuyx Il. B., 36onincokuii I. B.

B neryBanpHIX €IEMEHTIB Ha KapOTPHUBKICTh HIKEIEBHUX IPHITOIB
1 TASTHIX 3 EIIHAHD . .vvvveeeeteeeeeeeeeeeeeeeeeeeeaeeeeeeeeeeeeeaeeeeeereteeeeseeeeseseseeseaeaaesssessessaeseeeererennns

[Monano pe3ynbTaTH IOCHIPKEHb BIUIMBY aIre3iiHO-aKTUBHHMX EJIEMEHTIB Ha Kapo-
TPUBKICTh excriepuMmeHTanbaux npunois cucremu Ni—Cr—Co—Al—(Ti, Nb, W, Mo, Zr)
Ta MasHUX 3’€IHAHB 3 KapOMIIHOTO HikeneBoro cruiaBy JKC6Y. BusHadeHo, mo Jie-
TYBaHHS IUPKOHIEM (>2 wt%) CyTTEBO MOTIPIIyE KAPOTPUBKICTh SIK IPHIIOI0, TaK i
TajTeNbHUX IUITHOK HasHoro 3’eqHaHHs. [lokazaHo, IO 9acTKOBO KOMIICHCYBATH
HOro HeraTWBHHMH BIUIMB MOXKHA 3aBISIKM JIOJJaTKOBOMY JIETYBaHHIO XpoMoM. Bcra-
HOBJICHO, [0 TaKe JeryBaHHs (10 15 wt%) jae MOMJIMBICT TiJBHIUTH JKapOTPUB-
KiCTh HiKelleBoro mpumnorw Maibke Ha 30%. Takox pe3yiabpTaTamu JOCHTIKEHb JOBE-
JICHO, IO JIOJIATKOBE JIETYBaHHs €KCIIEPUMEHTANIbHIX HPHUIIOTB TUTAHOM Ta Hi00iEM
3aMICTh LIMPKOHIIO JI03BOJIIE OTPUMATH >KAPOTPUBKICTH SIK MPHUIIOI0, TaK i MasHOIo
3’€THaHHS, ONM3BKOI0 JI0 TOKA3HHKIB JIJIsI OCHOBHOTO METAIly — KapOMIITHOTO HiKelre-
Boro cmiaBy JKCoVY.

KuiiouoBi ciioBa: gucoxomemnepamypmne 8axyymue nasums, NPunii, HCapomiyHull Hi-
Keesutl Chias, JcapompusKicmo, 2IUOUHA OKUCHEHHS, A02e3illHO-aKMUGHI elleMeHMU.

Paoyes 1. O., llepennvomuuxos €. @., Babineysv A. A., Pabdyes I. 1., Jlenmioeos I. I1.,

boeatiuyx 1. JI. T11a3MOBO-TTOPOIITKOBE HAIIABIICHHS HA MiJlb CIJIaBiB
HA OCHOBI HIKEITEO 1 KOOAIIBTY ....uvuveuteueeueeuertententententensensensensenseneeseeseeseesesseenseenseenseensees

[Togano pe3ynbTaTH IOCHIPKEeHb (DOPMYBaHHS HAIUIABIEHOI'O METaly Ta Horo 3’ef-
HaHHS 3 OCHOBHMM 3a IUIa3MOBOT0 HAIUIABJICHHS Ha Mi/b IIOPOIIKaMHU Ha OCHOBI HiKe-
mro abo koOanmeTy. BeTaHOBIIEHO, 1110 HAWKpaIi pe3ybTaTh 3 OTJILY Ha 3BapIOBAIIb-
HO-TEXHOJIOT14HI BiacTUBOCTI 3abe3neuye mopomiok [1I'-CP4 Ha ocHOBI Hikemnro. 3a
BukopuctanHs mopomky [TH-AH34 BusBneHo okpeMi Ie(eKTH B HATUIABICHOMY Me-
TaJli y BUTJISII MPOLIAPKIB Ta OKPEMHX BKIIIOYEHb MiJl Y HIapi HATUIABJICHOTO METaTy
Ha OCHOBI KOOAJIbTY.

KarouoBi cioBa: nannasnenns na Mi()b, naasmoee-nopoutkoee Haniaenenns, cniadeu
HA OCHOBI HIKeN ma KO6LZ]mey, 30HA CNJ1ABJEeHHA.

@eouna JI. O., Dedopuyx A. O., Deduna M. @. BzaeMo1isi KOMITOHESHTIB

Ta KpUCTaJliYHa CTPYKTYpa CIOJIYK CUCTEMU Pr—Cu—Ge.....cevvvriiriiniiniiniiniiriiicicc

MeronamMn peHTreHO(a30BOr0, PEHTTEHOCTPYKTYPHOTO i YaCTKOBO MIKPOCTPYKTYP-
HOTO aHaJi3y JAOCIIKEHO B3a€EMOJI0 KOMIIOHEHTIB Y MOTpiiHi# cucremi Pr-Cu-Ge,
noOyI0BaHO i30TepMiuHi Tiepepizu aiarpam crany cucremu npu 870 K (0...50 at.% Pr)
ta 670 K (50...100 at.% Pr). [Tpu 870 K BcTaHOBNIEHO iCHYBaHHSI CEMH TEPHAPHUX CIIO-
JIYK: PrCU2Gez, PrzCuGe(,, PHCU;GC}, pI'CU(),RnGez, PI‘(,CU,gGeg, PrClh,25,4,0‘95Ge(),75_,_1)05,
PI'CUO,77___0,5GC1,23___1,5, npu 670 K - O[[Hi€.1. NPI'(),(,CUO,zzGeon 3 HCBHU3HAYCHOIO KpHCTa-
JIYHOIO CTPYKTYporo. Bci TepHapHi TepMaHil yTBOPIOIOTHCS 31 CTAIMMH CKJIAZaMH,
Kpim (a3 31 cTpykTyporo tuiry AlB,. IlomiTHOI pO3YMHHOCTI TPETHOTO KOMITOHEHTA Y
OiHApHUX CHONYKax MOJBIHHUX CHCTEM He CIocTepirand. BuBueHO cTpykTypHi mapa-
MeTpu TepHapHUX repMaHigiB: Pro,CuGes (ctpykryprnit tun (CT) Ce,CuGes, cuMBOI
IMipcona (CIT) 0S18, npocroposa rpyna (IIF) Amm2, a = 4,19300(4) A, b = 4,05742(4)
A, c=21,4823(2) A, R, = 0,0686, Rr = 0,0993), PrCu, »sGeo s (CT AlB,, CII1 ~P3, TIT
P6/mmm, a=4,2922(2) A, ¢ =3,9193(3) A, R,= 0,0543, R, = 0,1036), PrCuy7,Ge
(CT AlIB,, CIT AP3, I P6/mmm, a =4,19347(6) A, ¢ = 4,1817(1) A, R, = 0,0504,
Rp =0,0728). IlpoananizoBano cnopimHeHicTh mocuimkenoi cuctemu Pr—Cu-Ge 3



panime BuBd4eHUMH R—Cu—Ge, 0COOMUBICT CTPYKTYp 3HAWICHUX TEPHAPHUX TepMa-
HIJIB KYIIPyMy Ta MPa3eoanMy.

Kawu4ori cioBa: npazeooum, kynpym, eepmaniil, nompitina cucmema, azosi pieHo-
6acu, mepHapHa Cnoaykd, KpUCMAaiiyHa CmpyKkmypa, CmpyKmypHUil mun.

Cunosanroxk B. I1., Ieanmuwun H. A., @ininos M. B. 3anikoByBaHHS TPIIIUH

Y TPAHCTPOITHOMY TPY>KHOMY TLTi 38 KPYUCHHS. ... .eenveeeeneeeneeereneeneeaneesseeneesneensesnneens 102

[To6ynoBaHO MaTEeMaTH4HY MOJEIb 3aJiIKOBYBAaHHS TPIIIMH y TPAHCBEPCAIBHO-130-
TPOITHOMY LWJIIHIpI, 0 TiAmaHud aedopmarlii KpydeHHA. 3agady 3BEACHO 0 pO3-
B’SI3yBaHHS IHTETPAIBHOTO DPIBHSHHS BiHOCHO IEPEMIIICHb NOBEPXOHb TPIIIWHH.
Komu TpinmHa 3amoBHEHa B yChbOMY 00’€Mi, OTPUMAaHO TOYHUN aHATITHYHUN PO3-
B’S30K BIiATIOBIAHOTO IHTETPaTbHOTO PIBHSHHA. BCTaHOBIEHO e()EeKTHUBHICTH 3Mill-
HEHHS IIIJIHAPA 3aJIKHO BiJi TCOMETPHYHUX ITAPAMETPIB TPIIMHUA Ta MEXaHIYHUX
XapaKTEePUCTHUK 1H €KLIHHOTO MaTepiay ITicIis 3aTBEpAHCHHS.

Ku1io4oBi cioBa: sanikogyeanns mpiwjun, MiyHicmb, aHi30MpOnis, KPY4eHHs.

Maxcumosuu M. O., Maxcumosuy O. B., [J[ymxesuy M. Po3paxyHOK Hampy>KeHb
y KOMITIO3UTHHX CMYTaX i3 TPIlIMHAMH HA OCHOBI MOAN(IKOBaHUX

IHTErpaJIbHUX PIBHSHD 3 YPAXYBAHHSAM KOHTAKTY TX OCPETIB.....ccvervinvireienreienieeieens 107

Po3pobinieHo anroputM MOCHTIKSHHS HaNpy>KeHb OUISA TPIIWH B aHI30TPOIHIA cMYy3i,
SIKAIl IPYHTYETBCSA Ha METOJI CHHTYJISIPHHUX iHTETpajbHUX PiBHAHB. Sapa piBHSIHB 3a-
MMCAaHO Ha OCHOBI pO3B’sI3Ky THIy ['piHa, TOMY T'paHHU4YHI YMOBH Ha NPSAMOJIHIHHUX
MEXaxX CMyI'd BUKOHYIOThCS TOTOXHO. Po3B’s130k I'piHa momaHo SIK CyMy aHaJIiTH4-
HUX (QYHKIIH, SKi MatOTh HOMIOCH, Ta (QYHKLIH, SKi BU3HAYAIOTh Yepe3 IIBUAKO301XKHI
iHTerpany. [HTerpanbHi piBHSHHS PO3B’S3aHO YKCIOBO METOJJOM MEXaHIUHMX KBaJpa-
Typ. JOCHimKkeHo HapyXEeHHS Y KOMIO3UTHUX CMyTaxX 3 TPpilIWHAMH, sIKi epedyBa-
I0TB IiJ] €10 PO3TATY, YHUCTOTO 3THHY, TPUTOYKOBOI'O 3THHY Ta 30CEPEIKEHUX CHIJI, B
TOMY YHCITi 32 BpaXyBaHHS KOHTAKTY OeperiB TPIlIuH.

Kawu4ori cioBa: anizomponna cmyea, mpiwunu, po3e sizox I pina, koumakm bepezis
MPIWUH, CUHSYIAPHT THMESPANbHI DIGHAHHS.

I'nomka O. A., Onvwaneyvkuii B. FO. MatematndHe IpOTrHO3YBaHHS
BJIACTHUBOCTEH JKapOMIIIHUX HIKEIEeBUX CIUIABIB

TTCIIST HATIPABIICHOT KPHCTAIIZAIIIT. .+ ceuveveeneeeneeteeieeteeeeesteenteseeeneeeseeneesneesesneeneesneenseenns 115

Briepmie 3amporoHOBaHO CIIBBIIHONICHHS JIETYBAIBHUX €JIEMEHTIB Ky, sIKe MOXKHA
BUKOPHCTATH JUIS OLIIHKM MEXaHIYHUX BJIACTHBOCTEH, II0 BPaXOBYE KOMILICKCHUI
BIUTB OCHOBHHMX KOMIIOHEHTIB CIIaBy. HaBeneHo perpeciiiHi Moaedi, 3a J0OMOrow
AKAX MOXKHA PO3paxyBaTH PO3MIpHY HEBIAMOBIAHICTH (Mic(iT), MIITHICTB, XKapOMIIl-
HICTB, KUTBKICTB Y'-(ha3u 1 TyCTHHY CILIaBiB 3 BUCOKOIO TOUHICTIO. BeTaHoBIeHi 3aKo-
HOMIpPHOCTI BIUIMBY XIMIYHOTO CKJIaJy Ha BJIACTUBOCTI XApOMIIHUX HIKEICBUX
CIIaBiB HarpasieHoi Kpuctanizauii. [TokazaHo, mo Juis 6araTOKOMIOHEHTHHUX HiKe-
JIEBUX CHCTEM MOXKHA 3 BHCOKOIO BIPOTiIHICTIO BM3Ha4aTH Mic(iT, SIKMH 1CTOTHO
BIUIMBA€E HA XapaKTEPUCTUKH MIIHOCTI CIJIaBiB LIbOTO Kiacy. [loka3aHo mepcrneKTuB-
HUH HampsiIMOK JUIS IIPOTHO3YBAaHHS OCHOBHUX XapaKTEPUCTHUK, SIKI BILUIMBAIOTh Ha
KOMILIEKC CITy>)KOOBHX BIIACTHBOCTEH CIIABIB, SIK I 9ac Po3poOJIeHHS HOBUX, TaK 1
BJIOCKOHAJICHHS CKJIA/IiB BiIOMUX TIPOMHICIIOBUX MapoK.

KuouoBi cinoBa: oicapomiyui  Hikenesi cmiasu, po3mipHa HeGiONOBIOHICHb
(y/y'-micghim), miynicmo, sHncapomiynicme.



Llax6azoe A. O., lllupoxos B. B., Yemep6yx O. IO., I'pinep I. M., Bacunie X. b.,
Menvnuxog O. B. OLiHIOBaHHS 3aJIMIIKOBUX HAIPYXEHb
M 9aC MEXaHIYHOTO OOPOOICHHS HCTATCH MAIITHH. ......ceveeevereerrereessenseessesseessenseenns 122

Po3rnsiHyTO TEXHONOTIYHI MOXIJIMBOCTI YIpPaBIiHHS 3aJHIIKOBUMH HAIPyKCHHIMH
mi 4Yac MeXaHIYHOro OOpOOJICHHS JeTajied MalluH BUIIPABJICHHSIM CIIOTBOPEHOL
CTPYKTYpH 00p0OOJICHOT TOBEPXHI Yepe3 3MiHYy HaNpsIMKY BEKTOPA MIBUAKOCTI Pi3aHHs
Ha YOPHOBHX 1 YHCTOBUX ornepaiisix. [lokazaHO MOXIJIMBICTh BUKOPHCTaHHS €EKTy
baymunrepa i gac 00poOJeHHS METalliB Pi3aHHIM ISl BIUIMBY Ha 3HAYCHHS 1 3HAK
3aIMITKOBUX HANpyXeHb mepioro poxy. Ha mpuxmani cram 45 BCTaHOBIIEHO, IO
MexaHigYHa 0OpoOKka [eTaneil 3a 3ampolOHOBAHOIO TiMOTE30(0 HE JIMIIE MOIIIIYE
SIKICTh TIOBEPXHEBOTO IIapy MeTaly, a M 30uIblIye pecypc poOoTH map TepTs Ha
25...50%.

KrouoBi ciioBa: saiuwikogi nanpysicenns, naacmuyna 0egpopmayis, HanpylcenHs,
eexm baywuneepa, Hanpam ekmopa weUOKocmi pi3amHs.

FOBINEI

BanaaB-AnTtoni Kacmmak (10 90-pigdst Biff THS HAPOIIKCHH). ....veevvereeeearveerneeeneeanns 128
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Korniy S. A., Zin I. M., Danyliak M.-O. M., and Rizun Yu. Ya. Environment-
friendly metal corrosion inhibitors based on natural polymers (A review).................... 5

The promising environmentally safe corrosion inhibitors based on natural polymers are
analyzed. The anti-corrosion effectiveness of biopolymers widely used in industry, in
particular, chitin, starch and inulin, in various corrosive environments is considered. The
main methods of researching the inhibitory efficiency of natural polymers on the surface
of metals and alloys are described, including gravimetry, cyclic voltammetry, electro-
chemical impedance spectroscopy, adsorption isotherms, and quantum chemical
approaches are described. It was established that the effectiveness of corrosion inhibi-
tion by polymers is influenced mainly by their concentration, molecular weight and
structure, and the protection mechanism is generally caused by the adsorption due to the
presence of polar functional groups in them, which causes the blocking of the corrosive
medium access to the metal surface. The protective properties of natural gums and the
main mechanisms of their inhibition of carbon steels and aluminum alloys corrosion are
considered. The data on the anti-corrosion effect of inhibitory synergistic compositions
based on natural polymers, which are characterized by the synergism of the components,
are given. It is shown that the creation of synergistic compositions is an effective way to
improve the protective effect of polymers, reduce their concentration and diversify
applications in corrosive environments.

Keywords: corrosion, environmentally friendly inhibitors, natural polymers, polysa-
ccharides, synergistic compositions, adsorption, inhibition efficiency.

Abdulina D. R., Vortman M. Ya., lutynska G. A., Purish L. M., Kopteva Zh. P.,

Kopteva G. E., Lemeshko V. N., and Shevchenko V. V. Guanidine-

containing alkyl-substituting oligomer as a metal corrosion inhibitor......................... 17
Guanidinium-containing oligomer based on aliphatic oligoepoxide is a newly syn-
thesized substance with known bactericidal action, which is prospective as an
inhibitor of microbial corrosion. The aim of this work is to synthesize the oligomeric
alkyl-substituted guanidinium bromide and to study its anticorrosive properties for
steel in the presence of corrosive aggressive sulfate-reducing bacteria (SRB). The
effectiveness of the new compound with previously studied inhibitors — DPH (quarter
ammonium compound based on N-decylpyridinium chloride) (KPI, Ukraine) and
Armohib CI-28 (based on Diamine Ethoxylate) (Akzonobel, Holland) is studied. The
guanidinium oligomer has been shown to have biocidal properties. The introduction



of the oligomer gives a significant inhibition of bacterial growth, after the end of the
exposure period in the environment only dozens of cells are found. The corrosion rate
of steel in the presence of SRB without the introduction of inhibitors is 0.15...
0.35 mg/(cm>h). The addition of DPH leads to a decrease in the corrosion rate of steel
to 0.032...0.047 mg/(cm*h) (6.5-10.6 times). The addition of Armohib CI-28 reduces
the corrosion rate to 0.027... 0.039 mg/cm*h (4.2-12.7 times), and the addition of the
oligomer to the culture medium reduces the corrosion rate to 0.075...0.079 mg/(cm*h)
(2.5-2.7 times). According to the loss of mass of steel samples, the degree of the
metal protection from microbial corrosion in the presence of guanidinium oligomer is
60.15...63.17%. So, the guanidine-containing oligomer based on aliphatic
oligoepoxide has biocidal and anti-corrosion properties and is promising for use as a
means of combating microbial induced corrosion.

Keywords: microbial corrosion inhibitors, guanidine-containing alkyl-substituted
oligomer, sulfate-reducing bacteria.

Lavrys S. M., Pohrelyuk I. M., and Shliakhetka Kh. S. Corrosion resistance

of additively manufactured titanium alloys in hydrochloric acid...........c.cceeceereueennnen.

A comparative assessment of the corrosion resistance of o and near oo BT1-0 and
BT20 (Ti—Al-Mo—V—Zr) titanium alloys, respectively, obtained by traditional tech-
nology (TT) and additive manufacturing (AM) was carried out. AM technology was
used to manufacture the studied titanium alloys by electron beam melting (EBM). It is
shown that titanium alloys obtained by AM have lower corrosion resistance in 20 wt%
hydrochloric acid than alloys obtained by TT. The relationship between corrosion
resistance and the microstructure of alloys fabricated by different technologies were
established. Namely, corrosion resistance deterioration of additively manufactured o
and near o titanium alloys is explained by the formation during EBM of a metastable
Widmanstatten and martensitic structure.

Keywords: titanium alloys, additive manufacturing, electron beam melting, corrosion
resistance, electrochemical characteristics.

Klymenko A. V., Kovalenko S. Yu., Polishko G. O., Tunik A. Yu., Byk M. V.,

Buket O. 1., and Shapiro O. A. Corrosion resistance of stainless
steel AISI 310s in lead melt at the temperature 450°C..........ccoevvevreecieniiciereeiereeieenns

The corrosion resistance of AISI 310s stainless steel samples in lead melt at 450°C
with limited oxygen access is studied. According to the results of corrosion tests, it is
found that the dynamics of changes in the corrosion rate of AISI 310s steel shows a
tendency to decrease from 0.474 mm/year to 0.045 mm/year with increasing test
duration from 240 to 1440 h, respectively. Possibly, the corrosion rate change of steel
AISI 310s is due to the formation of protective oxide films on the surface of the
samples. According to the results of scanning and optical microscopy, the changes in
the structure and composition of corrosion products formed on the surface with an
increase in the duration of testing is shown. It has been established that with test
duration increase to 720 h, a homogeneous and dense structure of the corrosion product
layer is formed on the surface. The layer of corrosion products of the composition O,
Si, Ca, Cr, Mn, Fe, Ni and Pb, formed after 240 h of testing, turns into a two-layer
structure with a clear separation of layers that differ in composition. Thus, near the
surface of the base metal, the layer of corrosion products consisted of O, Cr, Fe, Ni
and Pb, and the layer in contact with the lead melt — O, Cr, Fe and Pb. In addition,
coagulation of carbides on the base metal and their precipitation along the grain boun-
daries and along the rolling lines after 720 h of test is established. It is found that the
microhardness of the base metal is 1650+50 MPa, 1855+45 MPa and 1730+60 MPa
after 240, 720 and 1440 h of testing in lead melt, respectively, while the microhardness



of the corrosion products is 3710+425 MPa and 3020+£615 MPa after 240 and 720 h
of testing, respectively.

Keywords: corrosion resistance, stainless steel, lead melt, scanning and optical
microscopy.

Stechyshyn M. S., Stechyshyna N. M., Dykha O. V., Martynyuk A. V.,

Liukhovets V. V., and Luk’yanyuk M. V. Corrosion and mechanical wear
of nitrided steels in acid ENVIIONMENL. ...........ccorieiiiiierieieeee e

The analysis of physicochemical and tribological characteristics of corrosion and
mechanical fracture of structural steels nitrided in anhydrous medium in an acidic
model environment is carried out. It is shown that the high “flexibility” of the adaptation
of nitrided layers to changes in external load conditions is explained by the condition of
minimizing the AE/A ratio, the mechanism of which may be different. In the case of
elastic-plastic contact the processes in the case under fracture of structural steels
nitrided in anhydrous medium occurs due to the formation of dense protective films
on the fracture surface, and in the case of plastic contact — by increasing the barrier
effect of the debris-layer. The influence of temperature and sucrose on the intensity of
surface fracture is clarified.

Keywords: corrosion-mechanical destruction, anhydrous nitriding in a glow
discharge, work of loading forces, internal energy.

Tsybailo I. O., Svirska L. M., Solovei P. R., Krechkovska S. R., Datsko B. M.,

and Student O. Z. Use of electrolytic hydrogenation to visualize the damage
of long-term operated heat-resistant steel of TPP steam pipelines..........cccccevvecueennnnen.

It was established that the effect of degradation of heat-resistant steel of TPP steam
pipelines is more clearly manifested after its additional hydrogenation. On specimens
of axial orientation, the negative effect of degradation was weaker near the outer
surface of the pipe and increased as it approached its inner surface. An increase in the
elongation of specimens was considered to be a consequence of the operational
defects under the influence of hydrogenation. It was recorded only near the inner pipe
surface of tangential orientated specimens and caused by defects in its diametrical
section as a result of thermal fatigue. Testing of radial specimens made it possible to
reveal operational defects caused by delaminations along the rolling texture. Fracto-
graphic analysis of specimens of hydrogenated steel demonstrated a large number of
non-metallic inclusions delaminated from the matrix with lenticular flat fragments
around them, formed due to shear fracture mechanism. In addition, areas of transgra-
nular cleavage were recorded in the metal of pipes with a large number of shutdowns.
These areas were considered as a fractographic sign of the embrittlement effect of
internal hydrogen, cumulatively absorbed by steel both during operation on steam
pipes and during electrolytic hydrogenating.

Keywords: heat-resistant steel, fracture, degradation, hydrogenation.

Ozouaki S. and Berthod P. Behaviors of (Ti, C)-containing cast (CO, Ni)-based

superalloys in oxidation and creep at 1200°C..........c.cocevirinenenienenienenienienrc e

Six alloys (25 wt% Cr, 0.4 C, 1.6 Ti, Co and Ni (bal.)) were prepared by casting for
evaluating their oxidation and creep properties at 1200°C. Their microstructures
consist of a dendritic matrix with eutectic carbides in the interdendritic spaces.
Carbides are TiC for the alloys richer in Co than in Ni, and chromium carbides in the
alloys richer in Ni than in Co. Differential thermal analysis shows that all alloys start
melting above 1250°C. The oxidation tests in air at 1200°C allow observing a
chromia—forming behavior of the alloys rich in nickel better than the cobalt alloys. In
contrast, the creep resistance tests at 1200°C demonstrate an undeniable superiority of
the alloys rich in cobalt. Good compromise for both types of high temperature



behavior appears to be obtained by a Co-base alloy containing nickel as minor
element but with significant proportion in nickel (15...30 wt% Ni).

Keywords: Co and Ni alloys, TiC carbides, chromium carbides, creep resistance,
high temperature oxidation.

IRazmyshlyaev 0. D.L Maksimov S. Yu., Berdnikova O. M., Prilipko O. O.,
Kushnarova O. S., and Alekseienko I. I. Structure of low-alloy steel joints
after welding under an external electromagnetic field effect.........ccccoccevviniinncnncnnne 55

Parameters of heat-affected zone (HAZ) effect on microstructure, phase composition,
and microhardness of welded joints (WJ) metal of 09T'2C steel, obtained without and
with the use of longitudinal and transverse electromagnetic fields, are studied. Changes
in the structural parameters of the weld metal and the heat affected zone in the areas
of overheating, normalization, etc. were analyzed. The conditions for obtaining high-
quality crack resistant welded joints under the influence of an external electromag-
netic field were determined.

Keywords: low-alloy steel, welded joints, magnetic field, heat-affected zone, micro-
structure, phase composition, microhardness.

Lutsenko V. A., Parusov E. V., Parusov O. V., Lutsenko O. V., Chuiko 1. M.,
and Golubenko T. M. Peculiarities of formation of high-carbon steel
structure during rOllNG.........ccooiiviiiieriiieee ettt re e ebee e stbe e eebeeenes 60

Features of the formation and distribution of the degree of pearlite dispersity in the
steel billet of C82D steel (EN ISO 16120-2:2017) and also in the process of its hot
plastic deformation in various technological areas of the rolling mill, were established.
The structure is a lamellar pearlite with different degrees of dispersity, regardless of
the technological selection area of the samples. In the process of approaching to the
axial zone of the rolled product, the interplate distance of pearlite increases and
reaches the largest values in the center. It is found, that hot plastic deformation should
be completed at a controlled temperature of the metal fall of the last finishing stand,
while the stage of water cooling should be excluded, which will reduce the tempera-
ture gradient between the surface and the center of the rolled product before cooling.

Keywords: high-carbon steel, wire rod, temperature, recrystallization, structure,
pearlite, dispersity.

Brezinova J., Hasul’' J., Brezina J., Maruschak P. O., and Vinds J.
Determination of tribological properties of multilayer coatings based
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The coefficient of friction (COF) of AITiCrN and AITiN multilayer coatings is
evaluated. The results of research on the evaluation of the COF, the values of the
removed material volume and the specific abrasion values for multilayer coatings
based on nitrides for different path radius are presented. Various wear mechanisms of
worn surfaces for the different loading conditions at a temperature of 400°C are
found. It is shown that the AITIN coating can be used in environments with higher
temperatures, i.e. also on the inserts of molds used in high-pressure casting of Al and
its alloys.

Keywords: surface engineering, coatings, friction, nitrides, tribology.
Titov A. V., Balushok K. B., Ostash O. P., Titov V. A., Koreva V. O.,

Polyvoda S. L., and Chepil R. V. Pressing of semi-finished products
from of the AI-Mg—Sc alloys in isothermal conditions..........c.ccocererererincnencneenenne. 74

The results of modeling and experimental research of the hot isothermal pressing
process of various thicknesses strips from cast cylindrical blanks of 1570 and 1545



alloys of Al-Mg—Sc system are presented. The temperature-force parameters of the
process and the pressed strip geometry to obtain its minimum damage are established.
It is shown that during pressing of a & 30 mm workpiece at 360°C the calculated
damage ® = 0.35...0.45 for a strip with a cross-section of 30x12 mm without visually
observable surface cracking. In the strip with a cross-section of 30x6 mm at ® =
=0.50...0.55, macrocracks are recorded.

Keywords: aluminum alloys, hot pressing, process modeling, structure, damage.

Maksymova S. V., Voronov V. V., Kovalchuk P. V., and Zvolinsky . V.

The influence of alloying elements on heat-resistance
of Ni-based filler metals and brazed JOINtS..........cccvevvircierercierieeeceeee e

The influence of adhesive-active elements on the heat resistance of the experimental
Ni—Cr—Co—-Al—(Ti, Nb, W, Mo, Zr)-based filler and brazed joints of nickel superalloy
ZhS6U made these fillers are analyzed. Doping with zirconium (>2 wt%) has been
found to significantly impair the heat resistance of both the brazing filler metal and
the brazed joints. It is shown that it is possible to partially compensate the negative
effects of zirconium, due to increased doping with chromium. It is noted that the
additional doping with chromium (up to 15 wt%) can increase the heat resistance of
nickel filler metal by almost 30%. It is also found that additional alloying with
titanium and niobium instead of zirconium allows obtaining a level of heat resistance
of both filler metal and brazed joint close to the values of the base metal — heat-
resistant nickel superalloy ZhS6U.

Keywords: high-temperature vacuum brazing, brazing filler metal, nickel superalloy,
heat resistance, oxidation depth, adhesive-active elements.

Ryabtsev I. O., Perepletchikov E. F., Babinets A. A., Ryabtsev I. I, Lentyuhov I. P.,

and Bogaichuk I. L. Plasma-powder surfacing of alloys based on nickel
ANA CODAIL ON COPPET.....vieieniieiieiieieeiteie ettt ettt ettt e st ensesseesesneesnseeennnees

The results of studies of the formation of deposited metal and its joints with base and
deposited metals during plasma surfacing on copper with powders that ensure the
production of wear-resistant deposited metal based on nickel or cobalt are presented.
It is established that nickel-based I1I'-CP4 powder provides the best results regarding
welding and technological properties. When using I[TH-AH34 powder, which provides
the production of deposited metal based on cobalt, individual defects are found in the
deposited metal in the form of interlayers and individual inclusions of copper in the
deposited layer based on cobalt.

Keywords: surfacing on copper, plasma-powder surfacing, nickel- and cobalt-based
alloys, weldability, fusion zone.

Fedyna L. O., Fedorchuk A. O, and Fedyna M. F. Interaction of components

and crystal structure of compounds in the Pr—Cu—Ge system..........cccoceeeeeriieeneeennneen.

Using X-ray diffractional phase and structural analysis and partially microstructural
analysis methods the phase equilibria in the ternary system Pr—Cu—Ge were
investigated and the isothermal sections of the phase diagram of the system at 870 K
(0...50 at.% of Pr) and 670 K (50...100 at.% of Pr) were constructed. The existence of
seven ternary compounds — PrCu,Ge,, Pr.CuGes, ProCusGes, PrCugsi7Ge,, PreCusGes,
PrCui2s.005Ge€0.75..1.05, PrCuo77.05 Ge123.1.5 was established at 870 K. Only one ternary
germanide ~ProsCuo22Geois with undetermined crystal structure was found in R rich
range at 670 K. All ternary germanides are formed at constant composition except
phases with AIB, structure type. Appreciable solubility of the third component in the
compounds of binary systems was not observed. The structure parameters were
determined for ternary germanides: ProCuGes (structure type (ST) Ce.CuGes, Pearson
symbol (PS) 0S18, space group (SG) Amm2, a=4.193004) A, b=



=4.05742(4) A, c =21.4823(2) A, R, = 0.0686, Rp = 0.0993), PrCu,25Geo7s (ST AlB.,
PS hP3, SG P6/mmm, a=4.2922(2) A, ¢ = 3.9193(3) A, R,=0.0543, R, = 0.1036),
PrCuy»Gei s (ST AlIB,, PS hP3, SG P6/mmm, a =4.19347(6) A, c = 4.1817(1) A, R, =
0.0504, Rpr = 0.0728). Relationships of investigated system Pr—Cu—Ge with previously
studied R—Cu—Ge systems, and structure peculiarities of established ternary
germanides of Cu and Pr were analyzed.

Keywords: praseodymium, copper, germanium, ternary system, phase equilibria,
ternary compound, crystal structure, structure type.

Sylovaniuk V. P., Ivantyshyn N. A., and Filipov M. V. Healing of cracks

in a transtropical elastic body during torsion............ccecevvecvereerreeeeniieeesieeeeseevee e 102

A mathematical model of crack healing in a transversely isotropic cylinder subjected
to torsional deformation has been constructed. The problem is reduced to solving the
integral equation with respect to the displacements of the crack surfaces. For the case
when the crack is filled in the entire volume, an exact analytical solution of the cor-
responding integral equation is obtained. The effectiveness of cylinder strengthening
depending on the geometric parameters of the crack and the mechanical characteristics
of the injection material after solidification are determined.

Keywords: crack healing, strength, anisotropy, torsion.

Maksymovych M. O., Maksymovych O. V., and Dutkiewicz M. Calculation
of stresses in composite strips with cracks on the basis of modified

integral equations taking into account their edges contact............cocceeceeriernieenneennne. 107

An algorithm for studying stresses near curvilinear cracks in an anisotropic strip is
developed, which is based on the method of singular integral equations. The kernels
of the integral equations are written on the basis of a Green’s-type solution, so the
boundary conditions on the rectilinear boundaries of the strip are fulfilled identically.
Green’s solution is obtained for isolated and periodically placed cracks. Stresses in
composite strips with cracks under the action of tension, pure bending, three-point
bending and concentrated forces are determined.

Keywords: anisotropic strip, cracks, Green’s solution, contact of crack’s edge,
singular integral equations.

Glotka O. A. and Ol’shanetskii V. Yu. Mathematical prediction of the properties

of heat-resistant nickel alloys by directional crystallization............c.ccceveeeeeeencnnnen. 115

As a result of the experimental data processing the ratio of alloying elements K
which can be used for estimation of mechanical properties, taking into account the
complex influence of the main components of an alloy, is proposed for the first time.
Regression models are presented, with the help of which it is possible to calculate
dimensional mismatch, strength, heat resistance, number of y'-phases and density of
alloys with high accuracy. The regularities of the composition influence on the
properties of heat-resistant nickel alloys of directional crystallization are established.
It is shown that for multicomponent nickel systems it is possible to predict with high
probability a misfit, which significantly affects the strength characteristics of alloys of
this grade. The perspective and effective direction for prediction of the basic charac-
teristics influencing a complex of service properties of alloys both during the deve-
lopment of new and improvement of structures of the known industrial grades, is shown.

Keywords: heat-resistant nickel alloys, mismatch (y/y'-mismatch), strength, heat
resistance.



Shakhbazov Ya. O., Shyrokov V. V., Cheterbukh O. Yu., Griner I. M.,
Vasyliv Kh. B., and Melnykov O. V. Evaluation of residual stresses
during mechanical treatment of machine parts.............ccoevererieiinieriniee e 122

The technological possibilities of residual stresses control during mechanical treatment
by correcting the distorted structure of the machined surface of machine parts by
changing the direction of the cutting speed vector under rough and finish operations
are considered. The possibility of using the Bauschinger effect in the process of
cutting metals in order to influence the magnitude and sign of the residual stresses of
the first kind by checking the technological conditions of processing is shown. Using
the example of steel 45, it is established that mechanical processing of parts according
to the proposed hypothesis allows us not only to improve the quality of the metal
surface layer, but also to increase the service life of friction pairs by 25...50%.

Keywords: residual stresses, plastic deformation, stress, Bauschinger effect, the
direction of the vector cutting velocity.
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