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HALIIOHATTbHA AKALEMIA HAYK YKPAIHW
®IBNKO-MEXAHIYHUN IHCTUTYT im. . B. KAPMEHKA

®I3NKO-XIMIHHA
MEXAHIKA MATEPIANIB

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

TOM 58, Ne 3, 2022

TpaBeHb — YEPBEHb

3MICT

Xoma M. C., Bunap B. A., Payvxa H. b., Ilayaii 1. O., [loxmypcokuu B. L,
IOpxesuu P. M. Kopo3ist Ta Tpubokoposist ctani 07X16H6
Y CIPKOBOJIHEBUX CEPEHMOBHIIIAX - .....ueueevereaueasesessensensensensensenseneesteseeseaseenseenseenseessesseenns 5

JocmimkeHo BILIMB KoHLEeHTpauii cipkooanio (0...1500 mg/dm?) y xnopuano-ane-
TaTHUX PO3YMHAX Ha KOPO3iiHI MpOLECH, HABOJHIOBAHHS Ta KOPO3iHHO-MEXaHIuHe
3aomryBanHA ctani 07X16H6. BeranoBieHo, mo He3aleKHO Bif HOro BMICTy KOPO-
3iifHa TPUBKICTh CTali y IIMX PO3YMHAX 3HAYHO HMXKYA, HDK Yy CepeoBHILi Oe3 Cipko-
BOJIHIO, ¢ BOHA macuByeThes. Ha 11 moBepxHi (OPMYIOTBCS NPOIYKTH KOPO3ii 3 OK-
CUIHO-CYTb(ITHUX CHOIYK, TOBIIMHA SKHAX 3POCTA€ 3 INIBUIICHHSIM KOHIICHTpAIii
cipkoozmio. Ix Bepxmiif map BTpayae cyminbHicTH 3a Horo Bmicty 1500 mg/dm’.
TpuGoKopo3iliHi XapakTepUCTUKHU cTaii 3a KoHnentpaii 100 i 500 mg/dm® 3mimro-
I0TbCSA HECYTTEBO, a 3a 1000 1 1500 mg/dm® snmkyrotses Ha ~ 30%. Koposiiini mpo-
LleCH BU3HAYaIOTh KOPO3iiHO-MeXaHi4HEe 3HOLIYBaHHS CTajl y CEPEAOBHILI i3 pi3HUM
BMICTOM CIpKOBOIHIO, III0 [TOB’SI3aHO 13 HABOAHIOBAHHSIM ITOBEPXHEBUX IIapiB Ta iH-
TEHCUBHHMM BiJIHOBJICHHSIM OIHOPIJHMX OKCHUAHO-CYNb(IAHUX IUIBOK Ha MOBEPXHI
JOPIKOK TepTs Mix 9ac GPUKIIHHOTO KOHTAKTY.

KurouoBi cioBa: cmane 07X16H6, koposis, HaBoOHI0aHHs, MPUOOKOPO3Is, X10puo-
HO-ayemamuuti pO34uH, CipKoB80OeHb, KOHYEHMPAYIs.

Bacunie X. B., Uyuman M. P., Ieawxis B. P., [layko b. M., Pizyn FO. A. Kopo3is
TpyOHOI cTami rpynu MinHOCTI Q125 y MomenpHil m1acToBii Bomi
3a PI3HUX TEMIEPATYPH Ta TUCKY CIPKOBOJHIO 1 BYTTIEKHUCIIOTO TA3Y....cveereeeeeneereense 13

[Toxa3zano, mo y MoAemnbHiN miacToBiil Boai (MIIB), HacuueHil BYTTIEKHCINM Ta30M,
MIBUAKICTH KOpo3ii craimi Q125 3pocTae 3 4acoMm, 1O CBIAYUTH MPO BIACYTHICTH 3aXHC-
Horo eeKTy Mix yac yTBOpeHHs kapOoHaTHUX IIiBOK. 3a ¢ = 60°C Tta Pco, = 6 MPa
KOpO3isl IPUIIBHIIYETHCS 1 MEPEXOANUTH 3 PIBHOMIpHOI y Bupa3KkoBy. LIIBuaKicTs KO-
posii crani 3a KopoTKoTpuBaiIuX BunpoOyBans y MIIB+CO,+H,S mponopuiitaa no
KoHIeHTpauil H.S y po3uuHi i BU3HaYa€eThCs MBHAKICTIO KaTOXHOTO mpouecy. Mexa-
Hi3M KOpO3ii HE 3aJIS)KUTh BiJl KOHLIEHTPALil CIDKOBOJIHIO B PO34HHI. 3a TPUBAIIHX JIO -
ciimkens y MIIB+CO,+H,S mBuakicts koposii cram Q125 mpoTu ByriIeKucioTHOT
3MEHIIIYETHCSA y ~2 pa3u 3a HopMaIbHUX yMOB 1y 10—15 pazis 3a ¢ = 60°C Ta Pcor =
= 6 MPa BHacnijok (opMyBaHHS Ha MMOBEPXHI ILTIBOK 3 CyMillli MaKiHaBiTy, TPOLTITY
1 TOMIIIIOK OKCHIIB Ta TiIPOKCHAIB 3ami3a. Aaresis cynpdinis Oinbpia, HiXk KapOoHa-



TiB, IO CIPHSIE 3HWKECHHIO MIBUAKOCTI Kopo3ii. OHaK BHACTIIOK MOPUCTOCTI 3aXUCHI
BIIACTHBOCTI CYNb(i/IiB HEJOCTATHHO S()EKTHUBHI.

Kawu4ori ciioBa: mpybua cmanw, cipkogooerv, 8yeneKuciuil 2as, MoOeibHa Niacmo-
8a 8004, KOpO3is, MIKpOCPYKmypa.

Tepyux O. M., Kosoyz M. O., I'vna T. I'., €3epcora O. A., Kopuiu C. A.,

Hanosx H. JI. EnexTpoxiMivHi XapaKTepUCTUKH aMOP(HHOTO CIUIaBy
Fers sNii 0MogsSiia0Beo 32 pi3sHOT IPHPOIN aTPECHBHOTO CEPEIOBHIIA. .........eeeneerensn.

PisHMME eNeKTPOXIMIYHUMH METOJaMH JOCITIKEHO BIUIMB NPHPOIN arpeCHBHOTO
CepeoBHUINAa HAa KOPO3iHHY TPUBKICTH CTPIYKOBOTO aMOP(HOr0 METAJIEBOTO CIUIABY
Fess5sNi1,0M0o,sS1140Beo. BusHaueHo enekrpoximiuHi XapakTeprcTHkH ciuaBy y 0,5 M
Boguux poszuuHax NaCl, HCl, KOH Tta H,SO, mpu 7 = (293 £ 1) K. ITokazano, 1o
KOpO3iiiHa TPUBKiCTh aMOP(HOT0 Marepialy CyTTEBO 3aJIEKHUTh BiJi KOMIIOHEHTHOTO
CKJIaJly arpeCHBHOTO cepeloBHIa. BecraHOBIEeHO (hOopMyBaHHS IIUIBHUX MacHBaliii-
HUX 11apiB Ha moBepxHi Fers sNij ¢MogsSiiaoBeo y Ty’KHOMY po3uuHi.

KurouoBi ciioBa: avopgni cnaasu, koposiina mpugkicme, eleKmpoximiyHi xapakme-
PUCTUKU, YUKTTYHA ROJAPU3AYISL, eleKMPOXIMIYHA IMNEOAHCHA CNEeKMPOCKONIs.

Maxcumosa C. B., 3eoninceruti I. B., Hupkosa JI. I., Ocaduyxk C. O. [lopiBHIHHS

KOPO31{HOT CTIMIKOCTI 3BapHUX 1 MasiHUX 3’€JHaHb i3 onuHKoBanoi ctam 0810..........

JocmimkeHo KOpo3iifHy CTIHKICTh Hepo3’eMHUX 3’eqHaHb 3i ctaii 0810, orpumanHmx
pisanmu Meromamu: MAG (Metal Active Gas) 3BaproBanusaM, TIG (Tungsten Inert
Gas) massHHsAM, TUTa3MOBUM MastHHAM Ta 31 3acrocyBaHHsIM CMT (Cold Metal Trans-
fer) mpouecy. Beranosieno, mo masHHA 31 3actocyBanHsM CMT-mporecy 3abe3mne-
Yyye HaBHIII EIEKTPOXIMIYHY OJHOPIIHICTH HEPO3’€EMHOTO 3’€HAHHS Ta KOPO3iHHY
CTIMKICTh MastHOTO 3’ €AHAHHS B JOCIIKYBaHHX YMOBAX.

Kurouosi cnoBa: oyunxoseana cmane 0810, CMT-nasnus, niasmose, MAG-36apio-

6AHHSL, KOPO3IUHA CMIUKICMb, e1eKMPOXIMIUHA 2emepocenHicnb, Nomenyianl Koposii,
npucaonutl Opim, YUHKOSUN NPUNILL.

I'ybenxo C. I. BB oOpo0OJIeHHS TOBEPXHI cTaJel Jla3epoM Ha 3apOKCHHS

KOPO31HHHUX MOLIKOKEHBb OIS HEMETATEBUX BKITFOUCHD. ... c.verveuveneeneeneeneeneeneeneenesaeees

JocnikeHo BIUIMB JIa3epHOI Jil Ha 3apOJUKEHHS Ta PO3BUTOK KOPO3IMHMX IOIIKO-
JUKEHb y CTaIX MMOOJIM3y HEMETAIeBUX BKIIIOUEHb. BeTaHoBIeHO, 1110 J1a3epHa 00po0o-
Ka CIpHsE TMiIBUIICHHIO KOPO3iHHOT CTIHKOCTI 32 MaJIOIMKJIOBOT BTOMH CTaJleH, sKi
MICTATh Pi3HI BKIMoYeHHs. [lokazaHo, 110 BIUIMB Jia3epHOI 0OpOOKM Ha YTBOPEHHS
KOPO3ifHUX IOIIKOKCH ITOB’SI3aHUHN 31 3MIHOIO CTaHy MiK(a3HHX MEX BKIIOUYCH-
HS—MaTpHIL, O 3HIKYE IXHIO MPOHUKHICTB [UISl KOPO3iHO-aKTHBHHUX CIIEMEHTIB Ta
IiABUIIIY€ KOT€31HHY MILHICTh IMX MEX B aKTHBHUX CEPEOBHUILAX.

Knrouoei cnosa: cmanw, nememanesi 6Ki04ents, 1azepHa oOpooKa, Koposis, Meici
BKTIOYEHHI—MAMPUYSL, MATOYUKILOBA D0B206IUHICb.

Mypascokuii JI. 1., 3ine 1. M., Binuii JI. M., I'acokesuu I'. 1., Cypsoosa O. ].

MoHiTopuHT cTany 1ako(papOoBOro NOKPHUTTSI METOJIOM HU(PPOBOT
CHIEKIT-THTEPPEPOMETPIT. ...ttt ettt ettt se ettt et ebeeaeesbeenbeenaeen

Metomom mudpoBoi creKi-iHTephepoMeTpii JOCTIHKEHO BIUIUB PiIKOTO arpeCHBHO-
TO cepeloBHUIIa Ha ToliypeTanoBe iakodapoose mokpurts (JIOIT). CtBopeHO excrie-
pUMEHTAJIbHY yCTAaHOBKY Ha 0a3i iHTepdepomerpa Tpaiimana—Ipina aist oro xopo-
31fHOTO MOHITOPHHTY NUIIXOM PEECTpamii Ta MOAAIBIIOro OOpOoOIeHHs Pi3HUIEBUX
kaptuH creki-inrepdeporpam (CI) moBepxHi HOKpUTTS mif Ai€l0 3%-ro po3uUHY
NaCl ympomnosx 7; 14 1 21 days. Busieneno, 1o 3a pizaunesumu kaptuaamu CI mox-



Ha OIIiHIOBAaTH 9acoBi 3MiHK nedopmoBaHoi oBepxHi JIDIT Ta mMBUAKICTE POCTY KO-
pO3ifHUX MedeKTiB i BigmIapyBaHsb.

Knrouosi cnoea: noniypemanose naxogpapbose nokpummsi, KOpo3iuHUll MOHIMOPUHE,
yugposa cnexn-inmeppepomempis, pioke acpecushe cepedosuuje, Cnexi-inmepgpepo-
epama, Kopo3iliHi 0eghexmu ma 8i0ulapy8aHHsI.

T'embapa O. B., Yeninw O. A., I'embapa H. T., Cupomiok A. M. OuiHioBaHHS

BIUTMBY HABOJHIOBaHHS METally Ha JIOBTOBIYHICTh TEIIOOOMIHHUX TPYO
HAPOTEHEPATOPIB. ....evveererrearerenretereteseteesetestesessesesaeseeseaeesessetesesessesessesessesesnesessennennen

UncaoBo TIpoaHANi30BaHO HAMPYKEHO-AE()OPMOBAHMI CTaH THUHY TEIIOOOMIHHIIX
TpyO TaporeHepaTopiB, BHUTOTOBJICHUX i3 HEP:KAaBHOI >KapOMIITHOI XPOMOHIKEIeBOl
ctani aycreHiTHoro kinacy 08X18H10T, 3a yMoB, 1110 MOJENIOIOTE €KCILTyaTamiifHi, 3
ypaxyBaHHSM HAaBOJHIOBaHHS MeTaly TpyOu. BcraHoBiieHO, 110 uepe3 monepeHe je-
(opMyBaHHS MeTally B T'MHI JIOBrOBIYHICT TpyOHU 3MeHIIyeThCs HA 19% MOpiBHSHO 3
NPSMOJIIHIHOIO TUISHKOIO, a 33 BIUIMBY BOJHEBMICHOTO CEPEIOBHIIA — IIE JOIaTKO-
BO Ha 12%.

KarouoBi cioBa: Hagooniosanms memany, nog3yuicms, eHepeis 0eopmyeanHts, no-
WIKOOMCEHHS1, 0068208IUHICMb, B00HEBMICHE cepedosuuye.

Opunsik 1. B., Masypuk P. B., Mapuenko B. B., Opunsx A. I. 11inpoBuii MeTo

CTaTUCTHYHOTO OOPOOJICHHS CKCIIEPUMEHTABHIX PE3yJIbTaTiB BUIIPOOYBaHb
HA PO3PUB TEHEKTHIIX TPY 0.+ eeuveeueetienierteeiestietestteteeseeteestesteeseesseeneesaeensesseesnseesnneeas

Po3po0iieHo cTaTHCTHYHI METOIM MOPIBHSUIBHOTO aHali3y TOYHOCTI (hOpMyJI [UIsl BU-
3HAYEHHS 3aJIMIIKOBOT MII[HOCTI IUIACTUYHHUX TPYO 3 NOBEPXHEBUMH NPSIMOKYTHUMH
nedexramu. B icHyl04MX miaxoaax TOYHICTH (GOPMyIT BCTAHOBJICHO ISl BCbOTO MacH-
BY EKCIIEPHMEHTIB SIK OJJHE y3araJbHEHE 3HAUCHHS, a B IIbOMY JOCIHIPKEHHI — OKpEeMO
JUTA KOXKHOTO (DiKcoBaHOTO HaOOpy po3MipiB nedeKTiB (Touku iHTEepecy). s KoxKHO-
ro eKCIIEPUMEHTY PO3pPaxoBaHO HOTO Bary, M0 He OlbIe ONUHULI, Ha KOKHY TOUKY
iaTepecy. CTaTHCTUYHUH aHai3 TOYHOCTI BUKOHAHO OKPEMO ISl KOJKHOI TOYKH iHTe-
pecy, 110 AAJI0 MOXKIIMBICTh 3IJIQJINTH €KCIIEPUMEHTAJIbHI MMOXHOKH 1 TOUHille BU3HA-
YUTH TOXHOKY caMOi (hOPMYIIH.

KuarouoBi cinoBa: xopositinuti oeghexm, 3anumiko8a MiyHicmos, mpyoa, SHYMpIUWHIl
muck, noxubka mooeii.

Bacunis b. /., [looeypcoka B. A., Ocmaw O. 11., Janinenxo 1. A., llluno A. B.

[TigBuIeHAS MIITHOCTI MaTepiary aHOa-TiKTaIKd BOJHEBHX
1 ByIJIEBOIHEBUX TBEPAOOKCHIHUX MATHBHHUX KOMIPOK. ...cvieerereerrenreenserreessesseeseenenens

JocnimkeHo MIKpOCTPYKTypY, MILIHICTb 1 MIKpOMeXaHi3M pyitHyBaHHs kepamika 50%
(ZrO,—4 mol% Y,03-2 mol% CeO,—2 wt.% Al,05)-50% (NiO-5 wt.% CuO) y Buxia-
HOMY CTaHi Ta HiCJIsl OTHOPA30BOTO BITHOBJIEHHS 1 3alIPOIIOHOBAHOI IIMKJIIYHOI redox-
00po6ku mpu 600°C y cymimax rasis Ar—5 vol.% H, i No—10 vol.% H>—5 vol.% CO..
BusiBrieHo, 110 MiZBHINCHA MIIHICTh KEPMETY Ili€l CHCTeMH 00yMOBJICHA 3MEHIIICH -
HAM BMICTy okcuny Y.Os Bix Tpagumidaux 8§ mo 4mol%, a Takox moapiOHEeHHSIM y
JIBiUi 3epeH BHUXiTHOI HikeneBoi ¢asu micis redox-o0podku. IliaTBepmkena ii edek-
THBHICTb JUIS TOJIIIICHHS BJIACTUBOCTEH aHOIA-IIIJKIAJKH BOJHEBUX Ta BYIJIEBOJ-
HEBUX TBEPAOOKCUAHUX MAJHBHUX KOMIpPOK.

KmouoBi cnoBa: xepamvixka cucmemu ZrOr—Y,05—CeOr—AL,05—NiO-CuO, redox-o6-
pobka, 8o0envemicHe cepedoguiye, OIOKCUO 8yeneyio, MiyHICMb.

bepesoseyv B. B., Kuys A. P., 3acaonuii T. M., 3asaniu I. FO., Apmuce B. A.

OTpuMaHHS BOIHIO TiAPOIi30M CyMIIlIeH TiIpHUIy MarHito
3 IIUTPATHORO KHUCTIOTORO. .....eeuveurrenrerensenesenesenessesessenseseasesessesessesessesessesessesessensssensssennes



MeTonoM MEeXaHIgHOTO TOMEINTY B aproHi OTpUMaHO KOMITIO3UTHHN MaTepiaj Ha OCHO-
Bi Ti/IpUy MarHiro Ta OUTPATHOI KUCIIOTH Ul TeHEpYBaHHs BOAHIO B JJaOOpaTOPHUX
yMmoBax. ['igpua Maraito CHHTE30BaHO METOIOM PEakTHBHOTO roMery Mg B atmocde-
pi BoxHi0. B peakuii rizponizy oTpuMaHUi KOMIIO3UTHUH MaTepial XapakTeph3yeThb-
Csl IIBUILIIMM T'€HEPYBaHHSIM BOJIHIO MOPIBHAHO 3 unctuM MgH,. Peakuist BumineHHs
BOJHIO 31 3pazka MgH, - 5C¢HsO7 BimOyBaeThcst mMOBHICTIO 32 1 min, a HOro KUTbKICTh
craHoBuTh ~300 ml/g. JlocnipkeHO BIUIMB CKJlagy KOMITO3MTa HA MIBHUAKICTB 1 CTY-
niHp rigponizy MgH, Ta ontumizoBaHo HOro CKiaj AJisi BHKOPHCTAHHS B TIPHUCTPOSIX
reHepyBaHHs BOAHIO. [IpoaHasi3oBaHO BIUIMB LUTPATHOI KUCIOTH Ha TiJPOJI3 TiIpH-
Iy MarHito.

KiawuoBi caoBa: ciopuo maenio, yumpamua Kucioma, MEXAHOXIMIYHULL ROMET,
2ioponis.

Bepbosuyvkuii FO. B. B3aeMomist KOMIIOHEHTIB 1 KpUCTalliYHa CTPYKTYpa

CHOMYK Y CUCTEMI BU—ZN—Ga.....cuieeieiiiieieciesie ettt eae e e s

Bcranopneno (a3oBi piBHOBark y motpiiHiii cucremi Eu—Zn—Ga B fiana3oHi KOH-
nentpaniii espormito 0...33,3 at.% mpu 400°C. PeHTreHiBcbKy MOPOIIKOBY Au(pak-
1if0, CKaHYBaJbHY EIIEKTPOHHY MIKPOCKOINIO Ta €HEPrOAWCIEPCIHHY PEHTTeHIBCHKY
CIIEKTPOCKOIII0 BUKOPUCTAHO IS 1IeHTHdiKalii (a3 Ta TOCHIIKeHHS IXHIX CKIafy i
kpuctanigaoi ctpykrypu. ®a3oi piBHOBaru cucremu Eu—Zn—Ga npu 400°C xapak-
TEpPHU3YIOTHCS YTBOPEHHSIM YOTUPHOX TBEPAMX PO3UMHIB, PO3YMHHICTIO Talito B EuZns,
EuZn; i EuZns ta nuaky B EuGas, a Takok 0JTHOTO HEIEpepBHOTO TBEPIOTO POIUNHY
EuZn,—EuGa,. B cucremi BUsIBIIEHO NOTPiHHY iHTepMeTaniuny cronyky EuZn,Gas.,, x
= 0,15. LIz HOBa cnomyka KpucTamizyerbcs y cTpykrypHomy tuni CeNiSi, (mpoc-
TopoBa rpyna Cmcn) 3 mapamerpamu Ipatku a = 4,2900(6) A, b = 18,405(2) A, ¢ =
=4,3836(7) A. Mocnimxennii 4acTKOBHIA i30TepMidHHMIA PO3Pi3 Mae BiciM MOTPifHHEX
(azoBux momiB mpu 400°C.

KurouoBi ciioBa: cnonyku €6poniio, CROIYKU YUHKY, CROJYKU 2aiio, IHmepmMemaniou,
ChiKaHHA, nNompitina cucmema, ¢pazosi pienosazu, KPUCMANIUHA CMPYKMYpPa.

Pocmosa I'. FO., Torcmonyywvka I'. /[., Bacunenxo P. JI., Konooiiu I. B.,

Kosanenxo B. I, Mapinin B. I'., Tuxonoscokuii M. A., Kynpin O. C.
Kagiramiitae 3n01TyBaHHS PepuTHO-MapTeHCHTHOT CTali T oo,

JocmimkeHo MIKpOCTPYKTYpY, TBEPIICTh Ta KaBiTalliiHEe 3HONTYBaHHS (hepUTHO-Map-
TeHCUTHOI ctani T91, sIKy MOpIBHSHO 3 IHIIMMH PEAKTOPHHMHU CTAISIMH MapoK
Eurofer 97 1 Cr18Nil10Ti. BusBneno, mo kapitamiifaa crifikicts ctani T91 y 34 pa3u
Buma, HiX cTtani Eurofer 97 ta B 11 pasiB BUmA, HiXX TPaTuIiitHO BUKOPHUCTOBYBAaHO1
aycrenitHoi ctani Crl8Nil0Ti. Crane T91, neropana monioaeHoM 1 HiOOiEM, Ha BiJl-
MiHy Bin ¢eputHO-MapTeHcuTHOI crani Eurofer 97, neroBanoi Bonb(ppamom i TaHTa-
JIOM, Ma€ OiIbIII PO3MIp HACHIIKOBOTO ayCTeHITHOro 3epHa (20 mpoTn 6 pum), T0BXH-
Hy 1 mmpuHy MapTeHcuTHHX makeTiB (30...401 3...10 mporu 10...20 1 2...4 pm, Bin-
NOBIIHO) Ta MiKpoTBepaicTh (2,47 nporu 2,07 GPa).

KarouoBi ciioBa: gpepumrno-mapmencumua cmans, Cmpykmypd, meepoicms, Kagima-
YilHa epo3is, 3HOULYBAHHSL.

Maxcumenxo O. I1., Cemeneyns O. I, I'603010k M. M., 3no6a B. A., leanuyvxuu A. JI.

Po3nonin Hanpy>KeHb 3MUHAHHS Y 0araTOpsAHUX 3aKJICNIKOBUX 3’ €AHAHHSX.............

Ha ocHOBi O€3KOHTaKTHHX ONTHYHUX METOJIB BU3HAYCHHS NedopMamill 3aIporoHo-
BaHO EKCIICPUMCHTAIBHY METOJIUKY OI[IHFOBaHHS HAIPY>KCHb 3MHHAHHS Y Oaratopsiy-
HUX 3aKJICTTKOBHUX 3’ €HAHHIX TIOPATIOMIHIEBUX IUIACTHH. 3a Pe3yiIbTaTaMH BHIIPO-
OyBaHb 3pa3KiB 3 OJIHIEIO 3aKJICTIKOIO MOOYIO0BAHO JliarpamMy pyiHYBaHHS JOKAJILHOTO
00’eMy B KOOpMHATaX HaNpyXeHHs—AehopMallisi i BCTAHOBJIEHO JOMYCTUME HaIpy-
JKEeHHS 3MHUHAHHSA, 1[0 BiJIOBiJae 3aJMIIKOBIM oBaiizarii orBopy Ha 2%. 3a medop-



MaIli€lo B JIOKaJbHOMY 00’ €Mi OMMHIYHOTO 3aKJITIKOBOTO 3’ €AHAHHS 13 IIi€l miarpaMu
PO3paxoBaHO HAMNPYXKEHHS 3MUHAHHS B OKOJIi OKPEMHX 3aKIIEMOK OaraTopsaHOro
3’emHanHs. MeTo/iMKa NpUIaTHa Ul BCTAHOBJICHHS PO3IO/LTY HAPYKEHb 3MUHAHHS
Ta CTYIEHs MOIIKOKEHHSI Y 3aKJICITKOBHX 3’ €JJHAHHSIX OOMIMBKH (DIO3EILIKY JIiTaKa.

KuarouoBi ciioBa: osanizayis omeopy, yugposa xopenayis 306padxcensb, 0onycmume
HANPYIICEHHSL SMUHAHHSL, 3AKLeNKoge 3 €OHAHMSL.

Cmanxesuy B. 3., bouxko B. M., Tepewax FO. B. YcTaneHi KOMUBaHHS

NPY>KHOTO OiMaTepiaidy 3 TOHKUM MOJAaTIIMBUM MPOIIAPKOM
T KPYTOBOIO TPIIIHOKO. ....cevevimveninteniteneteaeeteaseseseesessesessesesaesessesessesessenseseesnennesnesneennes

Po3B’s13aH0 3amavy mpo ycTalleHi B Yaci KOJMBaHHS NpPYy>KHOTO Oimarepiaiy 3 JBOX
MIBIIPOCTOPIB, CIPSHKEHUX TOHKUM IOJATINBHM IPOLIAPKOM, Ta 3 KPYTOBOIO TPIIIH-
HOIO 3aKpyTy. [IpyKHUI npomapok 3MoJIeIb0BaHO iIHTEP(PEHCHOI (Hi3NUHOIO TUIOLIH -
HOIO 31 3aJJaHUMH Ha Hill IPY>KNHHUMH KpaioBUMHU yMOBaMH. J{J1s1 po3B’sI3yBaHHs 3a-
Jladi BUKOPUCTAHO METO] TPAHUYHKX IHTErpalbHUX PIiBHSAHb. Y HU3BKOYACTOTHIN 00-
JacTl KOJMBaHb BCTAHOBJICHO BIUIMB (DI3MYHUX, TEOMETPHUYHMX TapaMeTpiB Oimare-
piamy Ta mpomiapky Ha JWHaMi4HI Koe(illl€eHTH iHTEHCHBHOCTI HAIlPYyX€Hb B OKOII
KOHTYPY TPILIIHH.

Kawu4oBi cioBa: 6ivamepian, moukuil nooamuusuti npowapox, mpiyunda, ycmaieni
KONUBANHSI, MEMOO 2PAHUYHUX IHIMESPATIbHUX DIGHAHD.

Tapmamiu I, IO., Kanunax b. M. BIiuB TepMOYyTIUBOCTI MaTepiaiiB

Ha TePMOHAIPY>KEHUI CTaH TPHUILAPOBOTO MTOPOKHUCTOTO IHIIIH/PA
32 KOHBEKTHBHOTO TETUTOOOMIHY .......vteutieueeeeeneeseaneenseeneesseensesseensenseensessseesnseesnseeesnseens

Po3B’s3aHO He3B’s3aHy KBa3iCTaTHYHY OCECHMETPHYHY 337ady TEPMOMPYHKHOCTI ISt
HECKIHYEHHOT'O TPHIIAPOBOTO MOPOXHHUCTOTO HWITIHJApPA 3 YPaxXyBaHHSAM 3aJeKHOCTI
BiJl TEMIIEpaTypy TEPMOMEXaHIYHUX XapaKTEPUCTHK 130TPOITHUX MaTepiaiB KOKHOTO
mapy. BpaxoBaHo CKiIagHHI TEIUIOOOMIH CepeIOBHIN 3i 3MIHHOIO B Yaci TeMIEpaTy-
poro. Bukopuctano 4mcioBi Ta HaOMMKCHI aHANITHYHI METOMU IS PO3B’SI3yBaHHS
3agayi. Jlocimi/pkeHO BIUIMB TEMIIEpaTypHOI 3aJIe)KHOCTI TEPMOMEXaHIYHHUX XapakTe-
pHCTHK BHOpaHMX MaTepiajiB IIapiB HAa TEPMOHANPYKEHUH CTaH TPUIIAPOBOTO IIM-
JiHapa.

Kuaro4oBi ciioBa: mepmouymaugicmo, menionposionicms, mepMORPYICHICMb, wapy-
eami mina, KOHGEKMUBHULL MENL00OMIH.

Ulona T. B., Tyoacensix O. I. [lonepedHi KOIMBaHHS OPTOTPOITHOI IJIACTHHU

3 a0COJIFOTHO YKOPCTKUMH BKJIFOUEHHSIMH 33 BpaXyBaHHS PO3IIO/IIJIEHOTO

HABAHTAKCHHS HA 11 TIOBEPXH1.ve.veevveteeeretieiesteeiesseetesseeseesseesessaesesseesssessssesessseensnes 105

IToOymoBaHO pO3B’S30K 3ajadi MPO yCTAJCHI MOIEPEYHi KOJUBAHHS OPTOTPOIHOT
TUTAaCTUHH CKJIAaIHOI (OpMH 3 MHOXHHOIO aOCONIOTHO JKOPCTKHX BKIIIOUEHb Pi3HOT
KoH(irypauii 3a BpaxyBaHHsS I'apMOHIYHOTO B 4aci JOBUILHOTO PO3MOAIJICHOrO Ha-
BaHTa)XEHHS Ha MOBEPXHI IJIACTHMHU Ha OCHOBI HENPSIMOI0 METOJY T'PaHHYHUX elle-
MEHTIB 3 BHKOPHCTaHHSM MOCITiTOBHICHOTO TonaHHa ¢yHkmii ['pina. 3acTocoBaHO
YTOYHEHY TEOpilo TIACTHH, KA BPaXOBY€ IONEPEYHi 3CYBU Ta IHEPIiHI KOMITOHEH -
TH. PO3ristHyTO pi3HI THIN 3’ €IHAHD BKIIFOYCHP 3 TUTACTHHOIO Ta MillIaHi TapMOHIYHI B
yaci KpaiioBi YMOBH Ha 30BHIIIHIA MeXi IITaCTUHHU. BBaXkaemo, 10 BKITFOUEHHS 371ii1 -
CHIOIOTH IIEPEBAKHO IIOCTYMAIBHUN PyX y HOPMaJbHOMY HANPSMKY O CEpEIUHHOL
MOBEPXHI IUIacTUHH. HaBeieHO TeCcTOB1 YMCIIOBI pe3yIbTaTH JJIsl YACTKOBUX BUIIAJKIB
3ajadi.

Kinwuosi cioBa: KOMUBAHHA, opmomponHa niacmuHd, 6KJII0Y€HHA, posnodiﬂeﬂe Ha-
BAHMAINCEHHA, He‘}’lpﬂ/\/luﬁ Memoo SPAHUYHUX eNeMenmie.



JKypasenv I. M., Muuyoa JI. 3. MoenoBaHHs MIKpOCTPYKTYpH ctaiti 12X1M®

3 YPAXYBAHHSAM 11 PIZHOBEPHICTOCTI. ..uveueenrieneesieneeeseeeeeseeneesneensesneessesnnensesneesnseesnes 112

Po3po06iieHo MeTox MOZAENIOBaHHS MEX 3epeH MIKpocTpykTypH ctami 12X1M® Ha
OCHOBI yCepeTHEHOT0 JiaMeTpa 3epeH MeTally Ta BpaxyBaHHS HOTO Pi3HO3EPHUCTOCTI.
Jliist Bizyautizaliii 3anporoHOBaHOT MOIEII 3epeHHOT cTpyKTypH ctaii 12X1M® 3acro-
coBaHo miarpamu Boponoro. Mertox mepeBipeHO i3 BHKOPHUCTAHHSIM (DpPAKTAIBHUX
po3mipHOcTeit. BeTanoBneHo, o gpakTambHi po3MipHOCTI 300pakeHb MEX 3epeH pe-
JIBHOTO Ta MOJIETIbOBAHOT0 300pakeHb BiAPi3HIOTHCS Ha 1,12%.

KurouoBi cioBa: memanoepaghiune 3006pasicenns, ycepeonenuti oiamemp 3epHa me-
many, pi3HO3ePHUCMICMb Mamepiany.

Tpyw B. C., Hoepenrox 1. M., Kpaguuwun T. M., JIyx ’anenxo O. I, Cmoes I1. I,
@eoipko B. M., Kosanvuyk I. B. KiHeTHYHI 0COOJIIMBOCTI a30TyBaHHS

CIITABY ZI—1%0 ND.c.oitiiiiiiiieeeteee ettt s e 117

JloCTimkeHo KiHETHKy a30TyBaHHA (Pn: = 10° Pa) ToHKoNMMCTOBHX 3paskiB (~ 1 mm)
31 craBy Zr—1% Nb y mpokomy temmnepatypromy (7= 550; 650; 750; 850 1 950°C)
Ta yacoBomy (T = 1; 51 10 h) miamazonax. BusiBneHo, mo a30TyBaHHA BiOyBa€eThCS 3a
3aKOHOM, HaOMmKeHnM A0 mapaboiigaoro (7 ~ 2). BcTaHoBIEHO, IO €Hepris aKTHBA-
uii azoryBaHHs criaBy B iHTepBani 550..950°C cranosButs 131,8 kJ/mol. Onineno
MIKPOCTPYKTYPY HNPHIIOBEPXHEBOTO IMIAPY CIUIABY IICHS a30TyBaHHS, a TAKOX PO3IIO-
I Horo mpunoBepxHeBoi TBepaocti. [1o0ynoBaHo iarpamMy iHTEHCHBHOCTI peduiek-
ciB a3 a-Zr i ZrN Ha oBepXHi CIUIaBy Micist A30TyBaHHS.

KuarouoBi cnoBa: cnuas Zr—1%Nb, asomysanns, npunogepxneduii wiap, Mikpocmpyx-
mypa, KinemuKka 3MIiHU MAcl, MiKpomeepoicms, napamempu KpUCmaniiyHoi [pamxu.

babauenxo O. I, Kononenxo I'. A., Ilodoascokuii P. B., Caghponosa O. A.,
Tapanenxo A. O. CTpyKkTypa Ta onip pyHHYBaHHIO CTaJICH

Y PI3HUX 30HAX 3ATIBHUTHUX OCCH...euvevierieireereerieeteriresesssessesssenseessesseessensesssesseesseens 124

JocmimkeHo BTOMHY JOBIOBIYHICTE Ta MiKPOCTPYKTYPY 3alli3HUYHUX OCEH 3 0COOIIH -
BOCTSIMH MaKpOCTPYKTYpH, BUSBICHUMH 32 JIOTIOMOTOI0 YJIBTPa3BYKOBOT'O KOHTPOJIIO
(Bice Ne 178), Ta 6e3 Takux ocobmuBocteii (Bick Ne 143) mapku EA 1N, BUTOTOBIEHUX
3a crangaprom EN 13261:2020. [TopiBHSUIEHO OLIIHEHO BiANOBIIHI 3pa3KH, BifiOpaHi
noOJIM3y OBEPXHI, Ha BijicTaHi 1/2 pamiyca Ta y IIeHTpi oceil. BcTaHoBICHO, 1110 BTOM-
Ha JIOBTOBIYHICTh METaITy IIOBEPXHEBOTO IIApy BHIA, HIX HA TTHOWHI Ta Y IICHTPab-
Hiif yactuHi. [Ipu npoMy mepemnan 3Ha4eHb 3a Hepepi3oM oci 3 AedeKTaMu CKIIaB JI0
10%, y Toii yac sk it oci 6e3 nedeKTiB BTOMHA JOBrOBIUHICTH METally MOOJIN3Y 110 -
BEpXHI Maibke B II’ATh pa3iB OilbINa, HiX 3pa3KiB, BUPi3aHHUX 3 IEHTPa. 3a pe3yibTa-
TaMH MIKPOCTPYKTYpHOTO Ta (hpakrorpadiyHOro aHasi3iB BCTAHOBJEHO IIPAMY 3a-
JICKHICTh BUHUKHEHHS BTOMHHX TpIIIMH BiJl PO3MIpYy Ta KUIBKOCTI HEMETAJICBHX
BKJIFOYEHb, MIKPOIIOp Y CTaJli Ta CTPYKTYPHOI HEOTHOPIJHOCTI.

Kuaro4oBi ciioBa: 3anisnuyna 6ice, 6MoMHA 008208IUHICMb, MIKPOCMPYKIYPA, MIKPO-
nopa, ¢ppaxkmoepagis.

Mucnusuenxo O. M., ['opbans B. @., Camentok A. B., Kpanisxa M. O. Brunus
00Opy Ha CTPYKTYpY Ta (hi3UKO-MEXaHIYHI BIaCTHBOCTI

BUCOKOEHTPOMIHHOTO CIUTaBY Ti30Z12sHE1sND20Ta 10w cuveveneenieieieiieiiciccccecee 129

Bukoprcrano MeToJ1 JyroBoro nepersiaBy AJisl OTPUMaHHS BUCOKOEGHTPOMiHHOTrO 60-
pHIy 3a JOAaBaHHS MOPOIIKY Oopy mo cmiaBy TisZrosHfisNbyTaje. 3a momomororo
PEHTIEHOCTPYKTYPHOTO aHalli3y BH3HaueHo, 1o cmiaB TisZrsHfisNbyTaie € ogHo-



(azauM (3 00’eMHOIIEHTPOBAaHOIO KyOiuHOIO cTpyKTyporo (OLIK)), a ocHOBHOIO (ha-
3010 craBy TiissZrissHE; sNbiosTassBsr, € 6opun Ty MeB Ta He3Ha4HA KiTBKiCTh
nmBox TBepaux po3unHiB 3 OIK Ta rekcaroHagpHOIO HIUTFHOYITAKOBAHOIO CTPYKTypa-
mu. [IpoaHani3oBaHO MIKPOCTPYKTYpY OTPHMAaHHUX CIUIaBiB Ta MOKa3aHO, IO BBE-
JICHHs OOpY MPHU3BOIUTH JIO JIIKBaIlii KOMIIOHEHTIB CIUIABY, a TAKOX 3POCTAHHS TBEP-
nocri 3 3,5 1o 33,5 GPa, moaysst npysxHocTi 3 75 1o 290 GPa, rpaHuili IMIIHHHOCTI 3
1,06 no 10,28%.

KuarouoBi ciioBa: Oyeosuti nepenias, 6UCOKOCHMPORIUHUL MOHOOOPUO Memary,
PEHM2eHOCMPYKMYPHULL AHANI3, MIKPOCIMPYKMYPA, MEXAHIYHI 61ACMUBOCHII.

FOBINEI

Muxaiijio ITerpoBuy CaBpyk (10 80-piyust BiJl THS HAPOIDKEHHS ). ...evevevererenneeaieaneenns 133
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Khoma M. S., Vynar V. A., Ratska N. B., Patsai I. O., Pokhmurskii V. I.
and Yurkevych R. M. Corrosion and tribocorrosion of 07X16H6 steel
in hydrogen sulfide Media..........cceoieeririiinininiicceeeee e 5

The influence of hydrogen sulfide concentration (0...1500 mg/dm?) in chloride-ace-
tate solutions on corrosion processes, hydrogenation and corrosion-mechanical wear
of 07X 16H6 steel has been studied. It is found that the corrosion resistance of steel in
chloride-acetate solutions, regardless of the hydrogen sulfide content, is much lower
than in the medium without hydrogen sulfide, in which its passivation is manifested.
Corrosion products are formed on the surface of steel, consisting of oxide-sulfide
compounds, the thickness of which increases with increasing hydrogen sulfide
concentration and at a hydrogen sulfide concentration of 1500 mg/dm?® their upper
layer loses continuity. The tribocorrosion characteristics of steel at hydrogen sulfide
concentrations of 100 and 500 mg/dm® do not change significantly, and at 1000 and
1500 mg/dm® they decrease by ~ 30%. Corrosion processes have a decisive influence
on the corrosion and mechanical wear of steel in environments with different hydro-
gen sulfide content, which is associated with hydrogenation of surface layers and in-
tensive restoration of homogeneous oxide-sulfide films on the surface of friction
tracks during frictional contact.

Keywords: steel 07X16H6, corrosion, hydrogenation, tribocorrosion, chloride-aceta-
te solution, hydrogen sulfide, concentration.

Vasyliv Kh. B., Chuchman M. R., Ivashkiv V. R., Datsko B. M., and Rizun Yu. Ya.
The influence of temperature and pressure of hydrogen sulfide
and carbon disoxide gas on corrosion of pipe steel of strength
group Q125 in model stratal Water..........ccooiiiiiiiiiiieieee e 13

It is shown, that the corrosion rate of steel Q125 in model brine water (MBW),
saturated with CO,, increases over time, indicating that carbonate films do not protect
the steel against corrosion. Corrosion processes are accelerated at 1 = 60°C and Pco, =
6 MPa and corrosion changes from uniform to ulcerative one. The corrosion rate of
steel in short-term tests in MBW+CO,+H,S is proportional to the concentration of
H.S in the solution and is determined by the cathode process rate. The mechanism of
corrosion does not depend on the concentration of hydrogen sulfide in solution. Long-
term studies in MBW+CO,+H,S show, that the corrosion rate of steel Q125 decreases



~ 2 times compared with one in MBW+CO, under normal conditions and 10-15 times
at

t =60°C and Pco, = 6 MPa. The surface films of a mixture of maquinavit, troilite and
impurities of oxides and hydroxides of iron are formed on the steel surface. The
sulfide film is more compact, than carbonate film, and the corrosion rate is reduced.
However, due to the porosity, the protective properties of sulfides are not effective
enough.

Keywords: pipe steel, hydrogen sulfide, carbon dioxide, model brine water, corro-
sion, microstructure.

Hertsyk O. M., Kovbuz M. O., Hula T. H., Yezerska O. A., Kornii S. 4.,

and Pandiak N. L. Electrochemical characteristics of FesgsNip1M0g.5S114.0Be.o
amorphous alloy for different nature of aggressive environment............ccccceceeereennee.

The influence of the nature of the aggressive environment on the corrosion resistance
of the FesssNiioMoosSiiaoBsamorphous metal alloy is investigated by various elect-
rochemical methods. The electrochemical characteristics of the alloy in 0.5 M aqueous
solutions of NaCl, HCI, KOH and H,SO4 at 7 = (293 £ 1) K are determined. It is shown
that the corrosion resistance of amorphous material significantly depends on the com-
ponent composition of the aggressive medium. The formation of dense passivation
layers on the surface of FesssNijoMo0osSi140Bso in alkaline solution is established.

Keywords: amorphous alloys, corrosion resistance, electrochemical characteristics,
cyclic polarization, electrochemical impedance spectroscopy.

Maksymova S. V., Zvolinsky I. V., Nyrkova L. I., and Osadchuk S. O. Comparison

of the corrosion resistance of welded and brazed joints
from galvanized O8FO StEEL.........coiriririiniiniiniiiciceceeeee et

Corrosion resistance of the permanent joints made of 08O steel obtained by different
methods: MAG (Metal Active Gas) welding, TIG (Tungsten Inert Gas) brazing, plasma
brazing and brazing using the CMT (Cold Metal Transfer) process is studied. It has
been established that the brazing using the CMT-process provides the highest electro-
chemical homogeneity of the permanent joint and high corrosion resistance of the
brazed joint in the conditions under study.

Keywords: galvanized steel 08FO, SMT-brazing, plasma, MAG-welding, corrosion
resistance, electrochemical heterogeneity, corrosion potential, filler wire, zinc filler
metal.

Gubenko S. I. The influence of laser treatment of steel surface on the initiation

of corrosive damages near the non-metallic InClUSIONS.......c.ccoccveverenenencneneeneeee.

The effect of laser action on the initiation and propagation of corrosion damages in
steels near non-metallic inclusions has been investigated. It has been established that
laser treatment enhances the corrosion resistance in low-cycle fatigue of steels con-
taining various inclusions. It is shown that the effect of laser treatment on increasing
the resistance of steels against the formation of corrosion damages is associated with a
change in the state of the inclusion-matrix interphase boundaries, which contributes to
a decrease in their permeability for corrosive elements and an increase in the cohesive
strength of these boundaries in active media.

Keywords: steel, non-metallic inclusions, laser treatment, corrosion, boundaries of
inclusion—matrix, low-cycle durability.



Muravsky L. 1, Zin 1. M., Bilyi L. M., Haskevych H. I., and Surjadova O. D.

Monitoring of paint coating using digital speckle pattern interferometry

EECHMIGUE. ...ttt ettt ettt eb e beesbeeteesbeetaesbeessasseeraesseessesnseeennns 38

The influence of liquid aggressive medium on a polyurethane paint coating (PC) by
the electronic speckle pattern interferometry technique was studied. An experimental
setup based on the Twiman—Green interferometer for corrosion monitoring of the PC
was created. This setup was used for recording and subsequent processing the diffe-
rence patterns of speckle interferograms (SI) of the coating surface during the action
of 3% NaCl solution on it for 7; 14 and 21 days. It was shown that difference patterns
of SI can be used to estimate the temporal changes in the deformed state of the PC
surface and the growth rate of corrosion defects and delaminations.

Keywords: polyurethane paint coating, corrosion monitoring, digital speckle pattern
interferometry, liquid corrosive medium, speckle interferogram, corrosion defects and
delaminations.

Hembara O. V., Chepil O. Ya., Hembara N. T., and Syrotyuk A. M. Assessment

of metal hydrogenation effect on life time of heat-exchange pipes

OF SEEAM GENETALOTS. .....vivieeieieieiieieieeetete ettt ettt e st e st et esbe s s e sseesaesseessensseessseesnneens 44

The stress-strain state of bending of heat-exchange tubes of steam generators made of
stainless heat-resistant chromium-nickel 08X18H10T steel is analyzed numerically
under simulating operating conditions, taking into account the saturation of the tube
metal with hydrogen. It has been established that the preliminary deformation of the
metal in the heat exchange tube bend reduces the pipe durability by 19% compared to
the straight section; when exposed to a hydrogen-containing medium, under the in-
fluence of hydrogen-containing environment the durability in the pipe bend decreases
by an additional 12%.

Keywords: hydrogenation of metal, creep, deformation energy, damage, durability,
hydrogen-containing medium.

Orynyak I. V., Mazuryk R. V., Marchenko V. V., and Oryniak A. I. Targeted method

of statistical processing of experimental results of defected pipes rupture tests......... 49

Statistical methods for a comparative analysis of the accuracy of formulas to assess
residual strength of ductile pipes with rectangular surface defects are developed. In
the available approaches the accuracy of formulas is established for a whole range of
experiments as one common value, while in this study — separately for each given
defect size (point of interest). For each experiment its weight is calculated, not larger
than unity, for each point of interest. Statistical analysis of formulas accuracy is
performed for each point of interest. This allows us to smooth experimental errors and
to determine the error of the formula itself more accurately.

Keywords: corrosion defect, residual strength, pipe, internal pressure, model error.

Vasyliv B. D., Podhurska V. Ya., Ostash O. P., Danilenko I. A., and Shylo A. V.
Improvement of strength of anode-substrate material of hydrogen
and hydrocarbonic solid oxide fuel cells.........ccoovrviiriivieniiieicieeeeee e

The microstructure, strength and fracture micromechanisms of 50%(ZrO,—4 mol%
Y,0:3-2 mol% CeOr,—2 wt.% AlO5)-50% (NiO-5 wt.% CuQO) ceramics in the as-
sintered state, after one-time reduction and after developed cyclic redox treatment at
600°C in Ar-5 vol.% H, and N,—10 vol.% H>—5 vol.% CO, gas mixtures have been
studied. It is shown that the increased strength of cermets of this system is due to
lowering Y,O; content from traditional 8mol% to 4mol%, as well as about 2 time
decrease in grain size of the initial nickel phase after redox cycling. The efficiency of



such treatment to improve the properties of the anode-substrate for hydrogen and
hydrocarbon solid oxide fuel cells is confirmed.

Keywords: ceramics of ZrOr-Y.0s—CeOr—AlL,O—NiO—CuO system, redox cycling,
hydroge-containing environment, carbon dioxide, strength.

Berezovets V. V., Kytsya A. R., Zasadnyy T. M., Zavaliy I. Yu., and Yartys V. A.

Hydrogen generation by hydrolysis of mixtures of magnesium hydride
WILh CIETIC ACIA....eiiiiiiieiiicrteec ettt et e e

A composite based on magnesium hydride and citric acid is obtained by mechanical
milling and used for hydrogen generation. Magnesium hydride is synthesized by
reactive milling of magnesium in hydrogen gas. The resulting composite material is
characterized by a more rapid release of hydrogen as compared to a pure MgH..
Hydrogen release from a MgH, - 5CsHsO; sample is completed in 1 min and yields
300 ml. The influence of the composite composition on the rate and extent of the
hydrolysis of MgH. is studied and optimized for its use for hydrogen generation. The
promoting influence of citric acid on the hydrolysis of magnesium hydride is analyzed.

Keywords: magnesium hydride, citric acid, mechanochemical ball milling,
hydrolysis.

Verbovytskyy Yu. V. Interaction of the components and crystal structure
of the compounds in the Eu—Zn—Ga SYSteM..........c.ccerceerririierinienieeieneeieeeeeesevee s

The phase equilibria in the ternary Eu—Zn—Ga system have been established for the
partial isothermal section in the range of europium concentration 0...33.3 at.% at
400°C. X-ray powder diffraction and scanning electron microscopy, complemented
with energy dispersive X-ray spectroscopy are used to identify the phases and investi-
gate their crystal structures and compositions. The phase equilibria of this Eu—Zn—Ga
partial section at 400°C are characterized by the formation of four extended homoge-
neity ranges, gallium solubility in EuZn;;, EuZn,, and EuZns and of zinc solubility in
EuGa,, one continuous EuZn,—EuGa, solid solution, and the existence of one ternary
intermetallic compound, EuZn,Ga;_,, x = 0.15. This new compound crystallizes in the
CeNiSi, structure type (space group Cmcm), with a = 4.2900(6) A, b = 18.405(2) A,

c = 4.3836(7) A. The studied partial isothermal section has eight ternary phase fields
at 400°C.

Keywords: europium compounds, zinc compounds, gallium compounds, intermetal-
lics, sintering, ternary system, phase equilibria, crystal structure.

Rostova H. Yu., Tolstolutska G. D., Vasilenko R. L., Kolodiy I. V., Kovalenko V. I,

Marinin V. G., Tikhonovsky M. A., and Kuprin O. S. Cavitation wear
Oof T91 ferritic-martenSitic StEEL.........ccoviiiiieiiiiiie e e e e

The microstructure, hardness and cavitation wear of the T91 ferritic-martensitic steel
were studied and compared with other reactor steels of the Eurofer 97 and Cr18Nil0Ti
grades. It is found that the cavitation resistance of T91 steel is 34 times higher than
that of Eurofer 97 steel and 11 times higher than traditionally used Cr18Nil0Ti aus-
tenitic steel. The T91 steel alloyed with molybdenum and niobium, in contrast to Eu-
rofer 97 ferritic-martensitic steel alloyed with tungsten and tantalum, has larger prior
austenite grain size (20 vs. 6 um), length and width of martensitic packets (30...40 and
3...10vs. 10...20 and 2...4 pm, respectively) and microhardness (2.47 vs. 2.07 GPa).

Keywords: ferritic-martensitic steel, structure, hardness, cavitation erosion, wear.



Maksymenko O. P., Semenets O. 1., Hvozdyuk M. M., Znova V. A.,

and Ivanytskyi Ya. L. Crumpling stress distribution in multi-row
TIVEEEA JOIMES. ...ttt ettt ettt ettt sttt ettt et e st e e ete e e et e eneeeenneeennees

An experimental technique for estimating the crumpling stresses in multiple-row
riveted joints of duralumin plates based on non-contact optical methods is proposed.
According to the results of experimental investigation of samples with one rivet, a
fracture diagram of the material local volume is constructed in the stress-strain
coordinates and the allowable crumpling stress is determined, which corresponds to a
residual elongation of the hole by 2%. According to the determined deformation in
the local volume of a single rivet joint, the bearing stress near individual rivets of
multiple-row joints is calculated. The technique can be used to establish the bearing
stress distribution and the degree of damage in the rivet joints of the aircraft fuselage
skin.

Keywords: hole elongation, digital image correlation, allowable bearing stress, rivet
joint.

Stankevych V. Z., Boiko V. M., and Tereshchak Yu. V. Steady-state oscillations

of an elastic bimaterial with a thin compliant layer and a circular crack....................

The problem of the steady-state vibrations of an elastic bimaterial consisting of two
half-spaces conjugated by a thin soft layer and with a circular torsion crack is solved.
The elastic layer is modeled by an interface physical plane with given spring bounda-
ry conditions. To solve the problem, the method of boundary integral equation is used.
In the low-frequency region of vibrations, the influence of the physical and geometric
parameters of the biomaterial and the interlayer on the values of dynamic stress inten-
sity factors in the vicinity of the crack contour is shown.

Keywords: bimaterials, thin compliant layer, crack, harmonic oscillations, boundary
integral method equations.

Harmatiy G. Yu. and Kalynyak B. M. The influence of thermal sensitivity

of materials on the thermostressed state in a three-layer hollow cylinder
with convective heat eXChange...........ccvevieviirieiiiiee e

The quasi-static axisymmetric thermoelasticity problem for an infinite three-layer hol-
low cylinder is solved, taking into account the temperature dependence of the thermo-
mechanical characteristics of the isotropic materials in each layer. The complex heat
exchange of media with variable temperature over time is taken into account and
numerical. The numerical and approximate analytical methods are used to solve the
problem. The influence of temperature dependence of thermomechanical characteris-
tics of selected layer materials on the thermal stress state of a three-layer cylinder is
investigated.

Keywords: thermal sensitivity, thermal conductivity, thermal elasticity, layered
bodies, convective heat transfer.

Shopa T. V. and Tuzheliak O. I. Transverse vibrations of orthotropic plate
with absolutely rigid inclusions taking into account distributed load
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The solution of the problem of steady-state transverse vibrations of an orthotropic
plate of complex shape with a set of absolutely rigid inclusions of different configura-
tion taking into account harmonic in time arbitrary distributed load on the surface of
the plate is constructed on the basis of the indirect boundary elements method using
sequential representation of the Green’s functions. The refined plate theory which
takes into account transverse shear deformation and inertial components is used. Dif-
ferent types of connections of inclusions with the plate and mixed harmonic in time



boundary conditions on the outer boundary of the plate are considered. Inclusions are
assumed to perform predominantly translational motion along the normal direction to
the middle surface of the plate. Test numerical results for partial cases of the problem
are presented.

Keywords: vibrations, orthotropic plate, inclusions, distributed load, indirect
boundary elements method.

Zhuravel I. M. and Michuda L. Z. Modeling of 12X1M® steel microstructure
with account of its GranUIATILY.........ccecvecierieiieeieie ettt ereeeeae e 112

A method for modeling the microstructure of steel by the average grain diameter of
the metal and its different grain size is proposed. Voronoy diagrams are used for vi-
sual modeling of the grain structure of 12X1M® steel. The developed method pro-
vides the same metric characteristics of real and simulated images of the microstruc-
ture, namely: the average grain diameter, the number of grains in the image, the dis-
tribution histogram and others. The proposed method is verified using fractal dimen-
sions. It is established that the fractal dimensions of the grain boundaries of real and
simulated images differ by 1.12%.

Keywords: metallographic image, the average diameter of the metal grain, different
grain size of the material.

Trush V. S., Pohrelyuk I. M., Kravchyshyn T. M., Luk’yanenko A. G., Stoev P. I,
Fedirko V. M., and Kovalchuk I. V. Kinetics peculiarities
0f Zr—1% NDb alloy NIrIdING.....cc.oovevveiiiieiiiiiniiieeseeeeeeeeeeee e 117

The kinetic characteristics of thin-sheet (~ 1 mm) samples from the Zr—1% Nb alloy
after treatment in a nitrogen medium (Px; = 10° Pa) in a wide temperature (7 = 550;
650; 750; 850 and 950°C) and time (t = 1; 5 and 10 h) ranges are investigated. It is
determined that the nitriding of the alloy under study occurs according to a rule close to
parabolic (n = 2). It has been established that the activation energy of nitriding of the
alloy in the temperature range of 550...950°C is 131.8 kJ/mol. The microstructure of
the near-surface layer of the alloy after nitriding is given. The distribution of near-
surface microhardness on the Zr—1% Nb alloy is proposed. The diagram of the phases
reflexes intensity of a-Zr and ZrN on the surface of the alloy after treatment in a
nitrogen gaseous medium is presented.

Keywords: Zr—1% Nb alloy, nitriding, surface layer, microstructure, mass change
kinetics, microhardness, crystal lattice parameters.

Babachenko O. 1., Kononenko H. A., Podolskyi R. V., Safronova O. A.,
and Taranenko A. O. Structure and fracture resistance of steels

in different zones of railway aXles.........cccerieriieieriieieieeeee e 124

The fatigue life and microstructure of railway axles with macrostructural features
detected by ultrasonic testing (axle Ne 178) and without such features (axle Ne 143) of
EAIN grade, manufactured according to standard EN 13261:2020, have been studied.
A comparative analysis of the relevant samples taken near the surface, at a distance of
1/2 radius and in the center of the studied railway axles has been done. It is shown
that the metal of the surface layer of the studied axles has higher values of fatigue life
compared to the metal at a depth of 1/2 of the axles radius, and in its central part. The
difference in the values of the cross-section of the axles with defects is up to 10%,
while for the axle without defects the value of fatigue life of the metal near the sur-
face is almost 5 times greater than the samples cut out from the center. Based on the
results of microstructural and fractographic analyses, the direct dependence of fatigue
cracks on the size and number of non-metallic inclusions, micropores in steel and
structural inhomogeneity has been established.



Keywords: railway axle, fatigue life, microstructure, micropore, fractography.

Mpyslyvchenko O. M., Gorban’ V. F., Samelyuk A. V., and Krapivka M. O.
The Influence of boron on the structure and physicomechanical properties
of high-entropy Ti30Zr2sHf1sNb2Ta10 @lloy.....coveveeieiiiiiiiiinicnnec e 129

Using the arc melting method, a high-entropy boride is obtained by adding boron
powder to the TisZrsHf1sNbyTay alloy. X-ray diffraction analysis showed that
TizZrosHf1sNbyTao alloy is single-phase body-centered cubic (BCC) structure and
the main phase of TiissZri;4Hf7sNbiosTas3Bss, alloy is MeB boride and a small
amount of BCC and hexagonal close-packed (HCP) structures. The microstructure of
the obtained alloys is analyzed and it is shown that the addition of boron leads to the
segregation of the constituent components of the alloy. The addition of boron increases
the hardness from 3.5 to 33.5 GPa, the elastic modulus from 75 to 290 GPa, and the
yield point from 1.06 to 10.28%.

Keywords: arc-melting, high entropy metal monoboride, X-ray crystal analysis,
microstructure, mechanical properties.

JUBILEES
Mykhailo Petrovych Savruk (to the 80" birthday)..........ccccevrevevererereeeeeeee e 133



	CONTENTS

