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PE3IOME. Tlo taHo KOPOTKHUil OTJIST IIpallb 31 CTPYKTYPH Ta BOJCHbBCOPOIIHHUX Bac-
THBOCTeH BHOpaHmx cniaBiB cucteM R—MQ-Ni. IlpoananizoBaHi mepeBarn iX siK €JeKT-
pPOMHMX MaTepiaiB I XIMIYHUX JDKEpPEN CTpyMY. 30CEpEIDKCHO yBary Ha BIACTHBOCTIX
ciaBiB ckiany Ry yMgyNiz 4. OniHeHO B3a€MO3B 130K MDK iX CKJIAJIOM, XapaKTEpOM i30-
TepPM Ta EJIEKTPO XIMIYHIMH XapaKTepUC THKAMH.

PE3IOME. TlpenctaBieH KpaTKHH 0030p CTPYKTYphl M BOJOPOJOCOPOIMOHHBIX
CBOYCTB BEIOpaHHBIX CTUIaBOB THIa R—Mg—Ni. [Ipoanaim3upoBaHbl MPEeUMyIIeCTBA X UC-
MOJIL30BaHMSI KaK AJIEKTPOJHBIX MAaTepHAajoB Uil XUMHUYECKHX HCTOYHHKOB ToKa. CKOH-
[CHTPUPOBAHO BHMMaHHWE Ha CBOWCTBax criaBoB R; yMQyNiz 4. OrieHeHa B3amMOCBsI3b
MEXIy COCTAaBOM TAKHX CIJIABOB, XapaKTEPOM HX M30TEPM H DJIEKTPOXUMUIECKUMHU Xa -
paKTepUCTUKAMHU.

SUMMARY. A brief review on the structure and hydrogen sorption properties of the
selected R—-Mg-Ni alloys is given. It is suggested that the R—Mg—Ni alloys are good
candidates as an electrode materials for Ni/MH rechargeable batteries. In this work the
main attention is focused on the properties of the R;_yMgNis_4 alloys. The relationship
between the composition of these alloys, the character of PCT isotherms and
electrochemical characteristics is discussed.
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PE3FOME. 3 MeToro 3HIKCHHS TeMIepaTypH, TOJIMIICHHS KiHETHKA PO3KJIAay CTe-
xioMeTpraHOTO Timpuay MgH; mocnmipkeHO MOXIMBOCTI HOTO KOMIIIEKCHOTO JIeTYBaHHS
3at.% Al + 3 at.% Ni + 7 at.% Ti 3i 3acTocyBaHHIM MeXaHOXIMI4HOTO CHHTe3y. BcTanoB-
JeHo, wo micyst noaasaHHs 1o mardiro Al, Ni, Ti moripuryeTbest TepMidHa TPUBKICTH OTPH -
MaHOI PEakTHBHUM MEXaHI{YHUM CIDIABJICHHAM TinpumHoi ¢hasm MgH, mexaniuHorO cruma-
By, @ OTXe, TeMIlepaTypa mo4yaTtky JaecopOirii BogHio mangae 3 320°C (s HeneroBaHoi (ha3u
MgH,) mo 280°C. He 3adixcoBaHO 3HMKEHHS PIBHOBAXKHOT TeMIIEpaTypH IOYATKy Je -
copOiii BOHIO 33 HOT0 MOCTIHHOTO THCKY B peaktopi 1 bar, sike cBimumio 6 npo 3MeHIIeH-
HS TepMo uHaMigHOI cTabimeHOCTI MQH, BHacmiok MexaHIYHOTO JeryBaHHS. BusBieHo,
10 KIHETUKY JecopOIii BoAHIO 3 TiapuaHoi ¢pasu MgH, MexaHiYHOTO CIUIaBy MOJIIMIIYIO Th
3ne0inbur neryBanbHi exemerTd Nii Ti; posns Al TyT He3HauHa.

PE3IOME. C uenpl0 CHUXKEHUS TEMIIEpaTypbl, YJIYULIEHUs KUHETHKH DPa3IoKECHUS
cTexroMeTpudeckoro ruapuga MgH, ucciaenoBaHEl BOBMOXKHOCTH €TI0 KOMIUIEKCHOTO Jie-
rupoBanus 3 at.% Al + 3 at.% Ni + 7 at.% Ti ¢ npuMeHeHneM MeXaHO XMMHYECKOTO CHHTE -
3a. YCTaHOBJICHO, 4TO mocie nobasnenus k marauio Al, Ni, Ti yxymmaetcs tepMudeckas



NPOYHOCTh TIOJIyYECHHOH PEaKTHBHBIM MEXaHHYECKHM CIUIABJICHHEM THIPUAHON (a3l
MgH, mexaHm4yeckoro ciaBa, a ciieJoBaTeJIbHO, CHIDKaeTCA TeMIIepaTypa Hadaja Jiecopo-
uu Bojoposa ¢ 320°C (myst HenerupoBanHo#t da3er MgHy) no 280°C. He 3adhukcupoBaHo
HaJIcHue PaBHOBECHOM TeMIIepaTyphl Hayama JecOpOIMU BOJOPOJA MPH MOCTOSHHOM JIaB-
JIeHNH B peakTope 1 bar, KoTopoe CBHIETEIHCTBOBAJO OBl O CHI)KEHHH TePMOJMHAMHYEC-
Ko# cTabmimpHOCTH MgH, BCcnencTBHe MexaHW4YecKoro yerupoBaHus. OOHapy’kKeHO, UTO
KHHETUKY JIecopOInu BoIopoa u3 TuapuHoi da3sr MgH, MexaHndeckoro cruiaBa yiryd-
IAl0T B OCHOBHOM JleTHpytomue 3eMeHTs! Nin Ti; Bkiag Al 31ech He3HAUH TENIC H.

SUMMARY. With the aim of decreasing the temperature, improving the kinetics of
decomposition of stoichiometric MgH, hydride the possibility of comprehensive alloying of 3
at.% Al + + 3at.% Ni + 7 at.% Ti using mechanochemistry synthesis was investigated. It
was established that adding Al, Ni, Ti to magnesium led to the lower thermal resistance of
the hydride phase of MgH, mechanical alloy obtained by RMA and, consequently, to lower
temperature of the beginning of hydrogen desorption from 320°C (for MgH, without Al,
Ni, Ti) to 280°C. The decrease of equilibrium hydrogen desorption temperature during its
early pressure in a reactor of 1bar, which would testify to the reduction of the
thermodynamic stability of MgH, by mechanical alloying, was not noticed. It was
established that the improved hydrogen desorption kinetics of MgH, phase of mechanical
alloy occurred mainly due to alloying elements Ni and Ti; the contribution of Al in the
improvement of kinetics in that case was negligible.

Ivasishin O. M. and Savvakin D. G. Synthesis of zirconiumand titanium-base
alloys using hydrides of corresponding mMetals ... 27

PE3IOME. JTocaipKeHO CHHTE3 CIUIABIB Ha OCHOBI IMPKOHIIO Ta cucTeMu Zr—Ti 3 BU-
KOPHUCTAHHSIM MOPOIIKOBHX TiAPHU B ITUP KOHIIO 1 THTaHY. Ty T BOJICHb BiAirpa€e poyib TUM-
JacOBO1 JIETYBaJIbHOI IOMIMIKK 10 IIMX METaJliB, BU TAJSTIOYNCH 3 HUX 33 HATPIBY ¥ BaKyyMi i
CIPHUYHHSAIOYH TIPU [[bOMY HHU3KY ()a30BHX IEPETBOPCHD, 10 aKTHBYE MPOIECCH CITIKAHHS i
XiM I9HOT TOMOTeHi3aIii MOpOmKOBUX cucTeM. Jlam HOTO KOHIEHTpAIlis y CHHTE30BaHUX
TaK CIJaBaxX 3HMWXKYEThCS JIO Oe3MeYHUX piBHIB. Po3po0iieHO pexumu, 1o 3a0e3nedyroTh
OTPHMAHHS 3a BKa3aHUM MiIXO0I0M MIKPOCTPYKTYPHO OJHOPIIHHMX CIUIABIB 3 HEBEIHUKOIO
KiTBKICTIO 3aJIMITKOBHX MOp, MEXAHIYHI BIIACTMBOCTI SIKUX BINMOBINAIOTH CTBOPEHUM 32
TpaJMIiiiH UM U T€ XHOJIO TiSIMU.

PE3FOME. Viccrne noBaHBI CHHTE3 CIUIABOB HA OCHOBE IUPKOHHSA M cHUcTeMBI Zr—Ti ¢
UCIOJIb30BAHUEM IMOPOIIKOBBIX THIPUAOB LIMPKOHUS U TUTAHA. 37IEChb BOJOPOJ SIBJLIETCS
BPEMEHHOI! JlerHpyromeil 100aBKoif K 3TUM MeTajulaM, YIAIsisCh U3 HUX IIPU BaKyyMHOM
HarpeBe W BBI3BIBAS IIPH 3TOM PsiA ()a30BBIX IPEBPAIIECHHH, YTO aKTUBHPYET MPOIECCHI CIIe-
KaHUA U XUMHYECKOW FOMOTEHH3allMH MOPOIIKOBEIX cHcTeM. Jlanee ero KOHIEHTpalus B
CHHTE3MPOBAaHHBIX TaKMM 00pa30oM CIUIaBaX CHIDKaeTCs 10 0e30macHoro ypoBHA. Pa3pabo-
TaHBl PEXXUMBI TOTyUYEHUS] MUKPOCTPYKTYPHO OJHOPOIHBIX CIIJIABOB C HEOOJBIIMM KOJH -
YeCTBOM OCTATOYHBIX NMOP. MexXaHn4eckue CBOWCTBA CO3JAHHBIX CIIIAaBOB COOTBETCTBYIOT
HOJyYeHHBIM O TPaJUI[MOHHBIM T XHOJIOTHU SIM.

SUMMARY. The processes of synthesis of zirconium- and Zr-Ti-based alloys using
zirconium hydride and titanium hydride powders were studied. In the present approach,
hydrogen is a temporary alloying addition to those metals. Hydrogen is evacuated from
materials under vacuum heating causing certain phase transformations and activation of
sintering and chemical homogenization of powder systems. After positive influence on the
material, hydrogen concentration in synthesized alloys decreases to the safe levels. The
processing regimes are developed that provide the formation of uniform nearly dense alloys
which mechanical properties correspond to those produced by the conventional approaches.

Skalskyi V. R., Rudavskyy D. V., Klym B. P., Pochapskyi Ye. P., Yarema R. Ya.,
and Bas V. R. Evaluation of residual life time of hydrogenated pipe
by the acoustic SigNal PArAMELELS .......ccovceirrirrrree e 36



PE3FOME. 3anponoHOBaHO METOJMKY OI[IHIO BaHHS 3aJIMIIKOBOI JIOBrOBIYHOCTI Ha-
BOJHEHOTO eleMeHTa TpyOW i3 TpIHWHOMOMIOHMM JaedeKToM Ha HOro BHY TPIIIHIH IMO-
Bep xHi. JlocimKke HO KIHeTHKY MTOIIUPEHHS TP IIIMHM i3 Bpa Xy BaHHIM BIIJIMBY KOHIICHTpAIlii
BOJHIO B CTiHIII TpyOompoBoay. Jlokarmito TpimmHomoxioHOTO HeeKTy y CTIHII TpyOu Ta
HOTO TI0YATKOBI PO3MIpH BCTAHOBIFOBAJM METOJOM aKyCTHYHOI eMmicii. [Iyisi BH3HAYSHHS
KOHIICHTpAIlii BOHIO y MeTali TpyOOIpoBOIy 3alIpOIIOHOBAHO 3aCTOCOBYBATH METOJ Mar-
HeTo-aKyc T4 HOI eMicii. [TokazaHo, 0 KOJMBaHHS BHYTpIMIHBOTO THCKY B HadTO- M ra-
30IIPOBOJIi Ta HABO IHIOBAHHS HOTO CTIHOK 3aJI€)KHO Bill MOYATKOBHUX PO3MIPiB TPIIHHOIIO -
JiOHOTO Jie PeKTy MOXKyTh CIIPOBOKYBATH HOTO BTOMHE ITOIIHPCHHS.

PE3IOME. TlpennoxeHa METOAUKA OLEHKU OCTATOUHON JOJITOBEYHOCTH HABO IOPO -
JKEHHOTO 3JIEMEHTa TPYOBI ¢ TPEMMHOMOJOOHBIM Ne(heKTOM Ha ero BHY TPCHHEH moBepX-
HoctH. MccnenoBaHa KMHETHKA PAacHpOCTPaHEHUS TPEUIUHBI C yYETOM BIMSHHUS KOHIIGHT-
pauuu Bojopoa B cTeHKe TpyOompoBoza. JIokanuio TpeumHonoa00HoTo nedexta B CTEH -
Ke TpyOBl M €ro HaualbHBIC Pa3Mephl ONpeesiId METOJOM aKycTudeckoil amuccuu. s
OTIpefieNieHNs] KOHI[EHTPAIlMK BOJOPOJAa B MeTallje TpyOOmpoBOAa MPEMIOKEHO UCIIONB30 -
BaTh METOJ MarHuTO-aKycTHueckoil smuccuu. IlokazaHo, 4To KoJeOaHUS BHY TPEHHETO
JaBJieHUs B He(pTe- MM ra30IpoBOJE, a TAKKE HABOJOPOKUBAHUE €TI0 CTCHOK B 3aBHCHU-
MOCTH OT Ha4aJIbHBIX Pa3MepoB AedekTa MOTyT CIIPOBOIMPOBATh €0 YCTaJIOC THBIH POCT.

SUMMARY. The method of residual lifetime estimation of hydrogenated element of
the pipeline with an internal surface crack was proposed. Crack growth kinetics in
hydrogenated pipeline wall was investigated. Defect location and its initial sizes were
determined with a help of acoustic emission method. To determine hydrogen concentration
level in the pipeline wall it was proposed to use the method of magneto-acoustic emission.
It was shown that pipeline internal pressure fluctuations in oil and gas pipeline and also its
walls hydrogenation, depending on the initial defect size, could cause its fatigue growth.

Bulyk I I, Borukh I. V., and Trostianchyn A. M. The influence of milling
conditions in hydrogen on phase composition and anisotropy
OF SMCO04.8ZI 2 AHIOY .ot 41

PE3FOME. MeTo IoM PEHTTeHIBCHKOTO aHali3y AOCIiPKEHO BIJIMB MapaMeTpiB IoMe-
ay cmuiaBy SmCoqggZly, B IIaHETAPHOMY MJIMHI Y BOJHI HA HoTo (pa30BUif CKJIaJ Ta aHi30-
Tpomito. BcTaHOBNEHO, 1110 BHACAOK momeny 3 yactotamu 300 rpm TpuBaiicTio 72; 24 i
12 h ta 200 rpm tpuBamictio 24 h ¢asa 3i ctpykryporo tumy CaCus 4acTKOBO PO3MANAETH-
cs1 abo mepexoauTh B aMmopduuii ctad. Ilokazano, mo micis nomeny 3 yactotamu 300 rpm
TpuBaiicTio 6 h; 200 rpm TpuBajicTio 12 1 6 h Ta 100 rpm TpuBaicTio 24 h YaCTHHKH TO-
POIIIKIB aH 130 TPOITH.

PE3IOME. MeTooM pEHTTEHOBCKOTO aHaJIM3a HCCJICOBAHO BIMSHUE NMapaMeTpOB
nomona cruaBa SMC04gZrp 2 B IUIAHETAPHOW MENBHUIIE B BOJOPOJAEC Ha ero ()a3oBBIA cOC-
TaB W aHU30TPOMNUIO. YCTAaHOBJIEHO, YTO B pe3yjibTaTe momosa ¢ yactotamu 300 rpm
JUTUTE IbHOC TR0 72; 24 m 12 h u 200 rpm mmtemsHOCTRIO 24 h dasa co cTpykTypoit Tra
CaCus wacTM4HO pacmafaeTcs WM IEepeXouT B aMopdHoe coctosHue. [lokasaHo, 41O
nocie momouia ¢ yactoramu 300 rpm mpopokuTe bHOCTRIO 6 h; 200 rpm WInTe IBHOC ThIO
12 6 hu 100 rpm mmTe MbHOCTHIO 24 h Yac THITE TOPOIIKOB aHU30 TPOTIHBIE.

SUMMARY. The influence of milling conditions in hydrogen on phase content and
anisotropy of SmCo,gZry, alloy was investigated by means of X-ray analysis. The alloy
was milled with mill chamber rotation frequencies 300, 200 and 100 rpm for 72; 24, 12 and
6 h. It was found that the phase with CaCus-type structure partially disproportionates or
transformed into amorphous state after milling with frequency 300 rpm for 72, 24 and 12 h
as well as at 200 rpm for 24 h. The powder particles are anisotropic due to milling at 300
rpm for 6 h, 200 rpm for 12 and 6 h, 100 rpm for 24 h.

Bilyi O. L. Assessing life time of a pipeline with an internal defect
during transportation of hydrogen-containing enVironmMeNnt...........c.cooeernieeenneneeennnes 46
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PE3IOME. 3amiporioHOBaHO METOJI OIIHIO BAHHS JJOBTOBIYHOCTI TpYOOTPOBITHUX CHC -
TeM 3 eNINTHYHAM BHYTpIMIHIM JeEeKTOM 3a TPAHCIIOPTYBaHHS BOJCHBBM ICHOTO Cepelo-
BHUIIa. Bukopucrano kxpurepii MeXaHIKH pyHHYBaHHS U1 aHAIIZY Ae(eKTiB, 0 6a3yl0ThCs
Ha BU3HAYECHHI O€3MeYHOT Ta HeJONMYCTUMOT TJIMOUH TP IUHOMOAIOHOTO e KTy, a TAKOXK
Ha OCHOBI NOKa3HUKA OIIPHOCTI eleMeHTa KOHCTPYKIIi pOCTy TPIIMHM, SKHH XapaKTepu-
3Y€THCS MIBHUIKICTIO 3MIHH KOe(Qii€HTa iHTCHCHBHOCTI HAIIPYXXEHB O I BEPIIMHY TP ilA HA
mig 9ac i pocTy B KOHCTPYKTHUBHOMY eneMeHTi. HaBeieHo MpuKIaau OWIHIOBAHHS JIOBTO -
BIYHOCTI KUBIJIBHUX TPYOOIIPOBITHNX CHCTEM 32 BHY TPIITHBOTO TPIIIUHOTIOJOHOTO e eKTy.

PE3IOME. TlpennoxeH METOJ] OIICHKH JOJITOBEYHOCTH TPYOOIPOBOMHBIX CHUCTEM C
SJUMIITHYECKAM BHYTPCHHUM JAe(EKTOM MPH TPAHCIOPTUPOBKE BOJOPOJICO ACpKAIICH
cpenpl. Mcnosb30BaHbl KPUTEPUM MEXAHMKU Pa3pyLICHHs [J1 aHAJIM3a CYLIECTBYIOIIUX
nedexToB, KOTO pble 0a3upyIOTCS HA ONMpeAe/ieHHH 0€30TacHONH W HeJIOMyCTUMOW TiyOuH
TpeIUHONON00HOTO JedekTa, a TakKe HAa OCHOBE IIOKa3aTesisI COMPOTUBISIEMOCTH
SJeMEHTa KOHCTPYKIMU POCTYy TPEUIMHBI, KOTOPBI XapaKTepH3yeTcs CKOPOCTBIO
U3MeHeHHs Kod(pUIueHTa WHTCHCUBHOCTH HANPSOIKCHUH y BEpIIMHBI TPELUIUHBI HpPU e
pocTe B KOHCTPYKTHMBHOM 3JieMeHTe. [IpuBeieHbl MpuMepsl OLIEHMBAHMS JIOJITOBEYHOCTH
NUTATEIBHBIX TPYOOMPOBOAHBIX CUCTEM MpPH HAIMYUHM BHYTPEHHETO TPEUIMHOIOI0OHOTO
nedexra.

SUMMARY. The method of the assessment of the durability of pipeline systems with
an elliptical internal defect for transportation of hydrogen environment is proposed. The
fracture mechanics criteria are used for analyzing existing defects, based on determination
of the safe and inadmissible crack-like depths, and also on the index of structural element
resistance to crack growth that is characterized by the rate variation of the stress intensity
factor at the crack tip during its growth in a structural element. Examples of life time
assessment of supplying pipeline systems in the presence of internal crack defect are
presented.

Ivanchenko V. G., Dekhtyarenko V. A., Pryadko T. V., Savwvakin D. G.,
and Yevlash I. K. The effect of heat treatment on the hydrogenation
property of vanadium doped eutectic alloy Tig475Zr03MNg 225 .vvereeereereenirininieenerereenenens 51

PE3IOME. Metonom CiBepTca J0CITIIKEHO COpOIiifHI BIACTUBOCTI 1 KIHETHYHI mapa-
METpH TMPOIIEeCiB TiAPYBAHHS 1 NETiAPYBaHHS BiMaJEHWX €BTCKTHYHHX CIUIaBIB CHCTEMH
Ti-Zr—Mn—V. BcTaHOBJICHO, 0 HE3aJIIKHO BiJ CTPYKTYPH Ta XIMI4HOTO CKJIa Iy BHXiIHUX
JMTHX CIUIABIB TepMiuHa 00poOKa MPU3BOIUTE IO KOATYJIIIT CTPYKTYpHHUX CKJIa TOBUX €B-
TeKTUKH 1 YTBOPECHHS BeJMKHX (pa3oBHUX arperaTiB. BussieHo, mo 3i 30iJbMIeHHIM peak-
iHOT MMOBEpXH1 U1 AMCOIliallii MOJEKYJl BOJHIO MOJKHA IIBHINNTH COPOLIiHY €MHICTh
AK KOKHOT 3 (a3, Tak i cIIiaBiB 3aTasioM 3a KIMHATHOI TeMIIEpaTypH Ta HEBHCOKOTO THUCKY
(0,6 MPa). Ilpu upomy TBepMii pO3YHH HA OCHOBI THTaHY abcopOye BOJECHD 3 KiHE THKOIO,
AKa MoJi0Ha 10 KIHeTHKH copOuii BOHIO IHTEpMeETaNifoM, i Ipu KIMHATHIH TeMmepaTypi
JocAra€ BUCOKO i BO JHEBO 1 €MHOCTI.

PE3IOME. Meto gom CuBepTca HUCCJIie IOBaHbI COPOIIMOHHBIC CBOWCTBA U KUHE THYEC-
KUE MapaMeTpbl MPOLECCOB I'MAPUPOBAHUS M JCTUAPUPOBAHUS O TOXOKEHHBIX IBTEKTUYEC -
KHX CIUIAaBOB cUcTeMbl Ti-Zr-Mn—V. YcTaHOBICHO, YTO HE3aBUCHMO OT CTPYKTYpHI M
XAMHYECKOTO COCTaBa HMCXOJHBIX JHUTHIX CILIABOB TepMHUeckas 00paboTka MPUBOIUT K
KOAryJSIUKM CTPYKTYPHBIX COCTABISIOMNX BTCKTUKA U 00pa30BaHUIO KPYIHBIX (ha30BBIX
arperatoB. BBISBICHO, 4TO, yBEeMUMBas PEakIMOHHYIO MOBEPXHOCTh UL THCCOLHAINN
MOJIEKYJ BOJOPOJA, MOXHO MOBBICHTh COPOIMOHHYIO €eMKOCTh KaK KaxJIoi U3 ¢a3, Tak u
CIUTABOB B IIEJIOM IIpM KOMHATHOM TemmepaType W HeBbIcOKOM napieHnu (0,6 MPa). [pn
3TOM TBEPJBII pacTBOp HAa OCHOBE TUTaHAa aOCOPOHPYET BOJOPOJ C TaKOW XKe KWHETHKOH,
Kak ¥ copOMpyeT BOIOPOJ MHTEPMETAJU], W IIPH KOMHATHOI TeMIlepaTtype AOCTHTAaeT
BBICOKOU BOJOPOJHON €MKOC TH.



SUMMARY. Sorption properties and kinetic parameters of the processes of hydro-
genizing and dehydrogenization of annealed Ti—Zr—-Mn-V eutectic alloys are investigated
by the Sieverts method. It is established that irrespective of the structure and chemical
composition of the initial cast alloys, heat treatment leads to coagulation of the structural
components of the eutectic and the formation of large aggregates. It is shown that an
increase in the reaction surface for the dissociation of hydrogen molecules makes it possible
to increase the sorption capacity both of each of the phases and alloys in general at room
temperature and low pressure (0.6 MPa). The titanium-based solid solution absorbs
hydrogen with kinetics similar to hydrogen sorption kinetics of intermetallic and at ambient
temperature reaches a high level of hydrogen capacity.

Andreikiv O. Ye., Dolinska I. Ya., Kukhar V. Z., and Shtoiko I. P. The influence
of hydrogen on residual life of a gas pipeline pipe under manoeuvreing
OPEIALION MOTE ...ttt ettt bbb bbbt s b b s b e baes 59

PE3IOME. ChopmyiboBaHa pO3paxyHKOBAa MOJIETb JyIi BU3HAYCHHS JOBTOBIYHOCTI
TpyOH ra30mpoBOJIy 3 IMOBEP XHEBOIO KOPO3IHHOO T IHOIO 32 JOBrOTPUBAJIOTO PO3PHB-
HOTO B 9aci THCKY (MaHEBPOBHH pEXHUM eKCITyaTalii) i HaBo AHIOBaHHS 1i CTIHKHA. B ocHOBI
MOJIeT — pO3pOOJICHHUH paHillle CHEPTSTHUHUHN MMiIXi/l. 3apOMOHOBAHO MEXaHi3M I10CHJICH -
HS KOPO3IMHUX NpomeciB M y3iifHO pyXIMBAM BO qHeM. KibKiCHO OIIHEHO BIIJIMB HABOJ -
HIOBaHHS Ha 3aJIMIIKOBHH pecypc TpyOHM Ta3ompoBOJy 3a MaHEBPOBOTO PEXHMY EKCILTya-
Tarii.

PE3FOME. ChopmynmpoBaHa pacueTHas MOJENb UL ONPECJICHHS JI0JTOBEUYHOCTH
TpyOBI Ta30mMpoOBOJA C MOBEPXHOCTHOH KOPPO3HOHHOHM TPEIIMHOW HPH NINTEIFHOM pas-
PBIBHOM BO BPEMCHH JaBJICHHH (MAHEBPEHHBIH PEXHWM SKCIUIYaTAIlNH) W HABO JOPOIKHBA -
HUS ee CTeHKH. B ocHOBE Moenn — pa3paboTaHHBIN paHee dHepreThaeckuit moaxoa. [pen-
JI0KEH MEXaHM3M YCHICHHS KOPPO3UMOHHBIX MpOIeccoB AU} Py3HOHHO MOIBUKHBIM BO -
JopogoM. KosmuecTBEHHO OICHEHO BIMSHEE HaBOJOPOXXHBAHUS HAa OCTATOYHBIA pecypc
TpyOBI ra30NpoOBO/Ia IPU MaHE BpEHHOM PEXHUMe HKCILITy aTaI[HH.

SUMMARY. The computational model to determine the life time of the gas pipeline
pipe with a surface corrosion crack under long-term discontinuous in time pressure
(maneuvering operation mode) and hydrogenation of its walls is formulated. The energy
approach developed earlier by the authors and the proposed mechanism of corrosion
processes strengthen by the diffusion mobility of hydrogen is put into the basis of this
model. The impact of hydrogenation on the residual life of the gas pipeline pipe under
maneuvering operation mode is assessed quantitatively.

Krechkovska H. V. Fractographic features of hydrogen transport mechanisms
TN STIUCTUPAL STEEIS ...t 67

PE3FOME. Bussneno pi3Hi MikpodpakrorpadidHi 03HaK{ NONIMPCHHS TPIIIHH y CTa-
JX 32 BILTMBY HaBOJHIOBAJIGHUX CepeIOBHII, OB s3aH1 3 TPAHCIIOPTYBaHHSAM BOIHIO B 30-
Hy NepenpyiHyBaHHS y BEpIIMHI TPIMMHH 33 TUQY3iHHUM YN JUCIOKAIMHIM MeXaHi3-
MaMu. Mik3epeHHHI XapakTep pyHHyBaHHS 32 LUKJIIYHOTO HaBaHTa)KCHHSA BKa3ye Ha JO-
MiHyBaHHA U (Yy3il BOIHIO B3JOBX MEX 3€peH, TOMAl AK Kpi3b3epeHHUI — CIpUYMHEHUI
CYMICHUM BIUIMBOM JIMCJIOKAI[IfHOTO MeXaHi3MY, Sk 3a0e3lnedye iHTCHCUBHE HABOJHIO -
BaHHS MeETaJly B3JIOBX CMYT KOB3aHHs, Ta IM(]y31HHOro, KU CHpUse mepepo3IoIity
BOJIHIO MiK(a3HUMHU MeXaMH BCepeUH1 3epPeH.

PE3FOME. BeiaBneHsl pa3iaudHble MHKpOdpakTorpadguueckiue NMpU3HAKHA PacHpocCT-
paHEHHS TPEIIMH B CTAIX HPH BO3ICHCTBHM HABOJOPOKHBAIONIINX CPEJl, CBI3AaHHBIE C
TPAHCIIOPTHPOBKOH BOJOPOAa B 30HY Ipepa3pyIICHNs B BEPIIHHE TPEIINHEI 3a b dy3u-
OHHBIM WM JMCJIOKAIMOHHBIM MEXaHH3MaMH. Mex3epeHHbIH XapakTep pa3pymeHHS NpH
[UKIINYECKOH Harpy3ke yKas3pIBaeT HA JOMUHHpOBaHHE AU} (Y3NOHHON TPAaHCTIOPTHPOBKU
BOJIOPOJIA BJIOJIb TPaHHUI] 3¢PEH, TOT/Ia KaK TPAHC3CPEHHBIN BHI3BAHHBIH COBMECTHBIM BIIHS -
HHEM JUCIOKaIlMOHHOTO MEXaHM3Ma, KOTOPHII 00ecreuynBacT HHTEHCHBHOE HABOJIOPOXKH -
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BaHHMC MCTajljla BJOJIb ITIOJIOC CKOJIBXXCHH A, U Z[I/I(b(l)yBI/IOHHOFO, KOTOpBIﬁ CHOCO6CTByeT I -
pepactpeieNiCHHIO BOJI0OPOia TI0 MexX(a3HbIX TPAHUIAX BHY TPH 3€PCH.

SUMMARY. Different microfractographic features of crack propagation in steel under
the influence of hydrogenating environments, related to the transportation of hydrogen in the
prefracture zone at the crack tip by diffusion or dislocation mechanisms were revealed. The
intergranular fracture under cyclic loading indicates the domination of the hydrogen
transportation by diffusion along grain boundaries. The transgranular fracture is caused by the
combined effect of dislocation mechanism providing an intensive hydrogenation of metal
along slip bands, and diffusion mechanism, which promotes hydrogen redistribution along the
interphase boundaries within the grains.

Hredil M. 1., Toribio J., and Nykyforchyn H. M. Analysis of the plasticity
characteristics of progressively drawn STEEIWITES .........coierurirerirrie e 71

PE3FOME. 3a pe3ynbTaTaMU MEXaHIYHHX BUNPOO Ha MOBUIBHUI PO3TIr ITaAKHUX
3paskiB JOCIIDKEHO 3MiHYy XapaKTepUCTHK IJIACTHYHOCTI Y MOBIiTPi Ta HABO AHIOBAJIBHOMY
CepeNOBHILI MPY TKIB 3 MEPIITHOT CTaIi BHACTINOK XOJOAHOTO BOJOYiHHSA. CTajb BHCOKO -
YyTIMBa JI0 BOJHEBOTO OKPHUXUEHHS Ha YCiX eTanax oOpoOku. BusBieHO HEBIANOBIIHICTH
MDK 3MiHAMHU BiZTHOCHHUX 3BY>KCHHS Ta PIBHOMIPHOTO BHAOBXKeHHA. OTpUMaHi pe3ynbTaTu
MPOAHAJI30BaHO 3 BUOKPEMJICHHSM BKJAAy ONOPY 3apPO/DKEHHIO 1 MOLIMPEHHIO TP ilIMHH.
BHacnigok X0JI0 JHOTO BOJIO WiHHS HiJBHUILYETHCA YYTIUBICT A0 TP ILIMHOYTBOPEHHS, IPH
BOMY OIIip NOIIUPEHHIO TPillK HH JEIIO 3POCTAE.

PE3IOME. Ha ocHOBaHMM Pe3yJbTaTOB MEXaHHYECKMX HCIBITAHUH Ha MEIJICHHOE
pacThKEeHHE I7a KU X 00pasoB UCCIEA0BAaHO N3MEHEHHE XapaKTePUCTHK IJIAC THYHOCTH Ha
BO3/ly X6 U B HaBOJOPOXKUBAIOIIEH cpelie MPYTKOB U3 MEPIMTHON CTAaJM MOCNE XOJIO JHOTO
BoJloueHHs. CTaslb BBICOKOUYBCTBUTENbHA K BOJOPOJHOMY OXPYNUYHBAHUIO Ha BCEX D Tamax
00pabotkn. OOHApPYKEHO HECOOTBETCTBHE MEXKJY OTHOCHUTEIBHBIM CY>KCHHEM M PaBHO-
MepHBIM ymmiHeHneM. [lodydeHHble pe3yabTaThl MPOAHAIM3UPOBAIU, BBIAENAS OTAEIBHO
COTIPOTHBIIEHHE 3aPOXKJICHUIO M PacHpOCTPAaHEHHUIO TPEIIWHBI. BeneacTBue XoJio AHOTO
BOJIOUEHHS IOBBIIACTCS YyBCTBUTEIPHOCTh K TPEIMHOOOPA30BaHMIO, IIPU 3TOM COIPO-
TUBJICHUE PAC IPOCTPAHEHUIO TPEILUHBI TOBBIILIAE TCS.

SUMMARY. Changes in the plasticity characteristics in air and in a hydrogenating
environment of prestressing steel wires due to cold drawing process are investigated on the
basis of slow strain rate tests on smooth specimens. The tested pearlitic steel is highly
susceptible to hydrogen embrittlement at all stages of cold drawing. The inconsistency is
revealed between the changes of two plasticity characteristics: reduction in area and
uniform elongation. The obtained results are analysed distinguishing the contribution of
resistance to crack initiation and crack propagation. Susceptibility to crack initiation
increases as a result of cold drawing with simultaneous improvement of the crack
propagation resistance.

Stashchuk M. H. and Dorosh M. I. Evaluation of stresses caused
by the concentration of hydrogen in MEtals ........cccccceeiviecenssece s 76

PE3FOME. 3 no3utiit Teopii mpy>XHOCTi cOpMyITLOBaHO CHCTEMY OCHOBHHX KJIFOUO -
BUX PIBHSAHB ISl BU3HAUCHHSA KOMIIOHEHT HANPYy’KeHb y METaJi, CHpUINHEHI X BogHeM. Oc -
HOBHI PIBHAHHS 3alMCaHi JJIT ITOPOXKHUCTOTO IMIIIHAPUIHOTO Tila Ta OJCpKaHO BiIOBIA-
Hi po3paxyHKOBI cHiBBigHOmEHHS. OOUYNCIICHO KOMIIOHEHTH TEH30pa HANpPYXKEHb, HIY -
KOBaHU X BOJJHEM Y TAKOMY IIHJIH I i.

PE3IOME. C mo3unuii TeOpWUH YNPYTOCTH CHOPMYIHMPOBAHA CHCTEMa OCHOBHBIX
KIIOYEBBIX YPaBHEHUH I ONpeleleHHs KOMIIOHCHT HANpsDKEHWH B MeTaiuie, 00yCloB-
JICHHBIX BO I0poJ0oM. OCHOBHBIE ypaBHEHHUs 3allMCAHbl IS 110 JIOTO HUJIMHAPUYECKOrO Tela,
a TAKKE MOJIy4YeHbl COOTBETCTBYIOILIME PACUETHBIE COOTHOLIEHUA. PaccuuTaHbl KOMIIOHEH -
ThI T€H30pa HANPsDKe HAH, MH Ty IUPOBAaHHBIE BO JOPOJOM B HOJIOM IIMJIHHJApE.
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SUMMARY. From the point of view of the elasticity theory a system of basic
equations for determination of the key components of the hydrogen-induced stresses in the
metal is formulated. Basic equations are written for a hollow cylindrical body. The
appropriate calculation relations are also obtained. Numerical tensor components of
hydrogen-induced stresses in a hollow cylinder are calculated.

Kharchenko L. Ye., Kunta O. Ye., Zvirko O. I, Savula R. S., and Duryahina Z. A.
Diagnostics of hydrogen macrodelamination in the wall of pipe elbow
of a natural gas transmisSion PIPEIINE ..o 84

PE3FOME. locnimkeHo oOUIMpPHE BOHEM IHIIlIfOBaHE pO3IIapyBaHHS y CTIHII THHY
TPUBAJIO €KCIUTyaTOBaHOT BiABIZAHOT Bil ra3o KOMIPECOPHOI CTaHIii TPyOH CHCTEMH Mari-
CTpaJbHUX Ta30mpoBoiB. [IpoaHaIi30BaHO YMHHUKH, IO BiJirpaJid BHP iIAJbHY POJb Y
fioro yTBOpeHHI. BcTaHOBIIEHO, 0 HOTO AIATHOCTHYHHMH O3HAKaMH € aHOMaJbHi TOKa3H
TOBIIMHO Mipa, Pi3Ke 3HWIKCHHS TBEPJOCTI Ta TJIACTHYHOCTI CTaii. BUSIBICHO BHIMiA
CTYyMiHb AeTpajallii cTaJi THHY TPyOH MOPIBHIHO 3 1i MPSIMOIO JTUISTHKOIO, IPUIOMY He3a-
JIE)KHO BiJl TOTO, YU JIJSHKA PO3TATHYTA, YW CTHCHYTA. BCcTaHOBJIEHI 0OMEXKEHHSI Y BHKO -
PHUCTaHHI 1 BIJIHOCHOTO BHUJIOBXCHHS, 1 BIJHOCHOTO 3BYXCHHS [JIsi XapaKTePUCTHKH
TUTACTHYHOCTI METAJy CTIHKH TPYyOH 3 OOMIMPHUM pO3IIapyBaHHIM.

PE3FOME. WccnenoBaHo OOIIMPHOE BOJOPOJOM HHHUIMHPOBAHHOE DPACCIOCHHE B
CTEHKE KOJEeHa JUIMTEJIbHO dKCIUTyaTUPYEMOM OTBOJAILEH OT ra30KOMIPECCOPHON CTAaHIIUU
TpyOBl CHCTEMBI Maruc TpajbHBIX Ta30mMpoBoJOB. [IpoaHamu3upoBaHbl (aKTOPHI, KOTOPHIE
CBHITPaJi PEIIAONIYI0 POJIb B €T0 00pa3oBaHUH. YCTAHOBJIEHO, YTO €r0 AUATHOC THYECKUMHU
MpU3HAKAMU SIBISIIOTCS aHOMaJbHbIE TOKa3aHWs TOJIIMHOMEpPA, PEe3KOe CHUKEHUE TBeEp-
JOCTH U MJACTUYHOCTH CTajd. BBISBICHO, YTO CTENMEHb AErpajalliy CTajid KoJeHa TPyObl
BBIILIE, HEXEJIM NMPSAMOTO y4acTKa, IPH 3TOM HE3aBHCHMO OT TOrO, PACTIHYT WM CXaT
Y4acTOK KOJIeHa. YCTAaHOBJICHbI OTPaHUYEHUS] B UC IIOJIb30BAaHUM O THOCUTENILHBIX yAJIMHE -
HUS U CYXKEHHUS U1 XapaKTepUCTUKH MJIACTUYHOCTU M€ Tajljla CTeHKU TPYOBl ¢ OOLIMPHBIM
pacciIoeHUeM.

SUMMARY. Intensive hydrogen-induced delamination in the wall of the elbow of long-
termexploited lateral pipe of a gas transmission pipeline systemwas investigated. The factors
playing a key role in its formation were analyzed. It was established that its diagnostic
features are abnormal thickness meter readings, a strong decrease in steel hardness and
plasticity. It was detected that the degradation degree of the pipe elbow steel was higher than
for a straight pipe one regardless of the tensioned or compressed section. The limitations in
the use of elongation and reduction of area for characterisation of metal plasticity of pipe wall
with vast delamination were established.

Balytskii O. I., Mochulskii V. M., and Ivaskevych L. M. Evaluation of hydrogen
effect on mechanical characteristics of complex-alloyed nickel alloy ........c..ccccocueunneeee. 91

PE3IOME. [locnimkeHo BIUMB BOAHIO 3a TUCKY j0 30 MPa Tta BmicTy n0 20 wppm Ha
MIIHICTh, TJIAC THYHICTh, MAJIOIMKIOBY JOBrOBIYHICTh, KOPOTKOYACHY Ta JIOBTOTPHBAIY
CTATUYHY TPIMIWHOCTIMKICT I’sITH Mo ikanii crmaBy NiS6Cr17Mo6Nb4 (XH56MBIO)
(EK-62), sx1 Bigpi3HAIO TECS CIIOCOOAMU METAIypTiifHOTO IEepeIIaBy, XiM [MHUM CKJIAJIOM Ta
pexuMaMu TepMidHOT 00poOku. BcTaHOBIEHO, MO B’A3KICTh PYHHYBAaHHS y TOBITpI Ta
BOJHI 3HM)KYETHCS 31 3MEHIICHHAM 3€pHA 1 3pOCTAHHSIM TPaHHMI[I TEKy4OCTi Ta TBEPIOCTi
HRC, mo nae MOXIHMBICTP MPOTHO3YBAaTH 3MIHM TPINMHOCTIMKOCTI 32 BHMIPIOBaHHAMU
TBEPAOCTI MOBEPXHi JAeTaneil mix uvac exciulyartanii y BoaHi. OnTHManbHe IO €JHAHHA
BUCOKOI1 MIIIHOCTI, MJACTUYHOCTi, KOPOTKOUACHOI Ta JOBTOTPUBAJIOi CTATMYHOI TPIIIHHO -
CTIMKOCT1 y HOBITpi Ta BOJHI JOCATHYTO y JieroBaHoi 6opoM (0,005 mass.%) Ta nupkoHieM
(0,044 mass.%) momud ikamii. 3a BUMPOOyBaHb Ha JOBrOTPUBANY CTATHYHY TPiIlHHOCTI -
KicTb Ha 6a31 100 h BcTaHOBNEHO iHBapiaHTHI XapaKTEPUCTUKU TP IIMHOCTIHKOCTI — MOPO-
roBi 3HadeHHs Kigsr piBHi 15...35 MPa-m*? JUT pi3HUX Mo iKalliif CIIIaBy.
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PE3IOME. VccnenoBaHo BIHMsiHME Bojopoja rnpu nasieHuu jgo 30 MPa u conepxa-
HUS 10 20 Wppm Ha MPOYHOCTh, INIACTHYHOCTh, MANONHKIIOBYIO JOJTOBEYHOCTB, KPAaTKO-
BPEMEHHYIO H UUTCIHHYIO CTATHUECKYIO TPEIIMHOCTOMKOCTH ISITH MOIM(UKAINI CIIIaBa
OK-62 (XH56MBIO/), ko Tophle OTIMYAIOTCS CTOCOOAMHU METAJLTyprHIeCKOTO TMeperuiaBa,
XAMUYECKAM COCTaBOM M PEXHMaMH TepMHUIeCKOH 00paboTku. BA3kocTs paspymeHus B
BO3/lyXe M BOJIOPOJE CHIDKAETCS C YMEHBIICHHEM 3epHa M POCTOM TIpefeNa TeKy9ecTH U
mBepaocty HRC, 410 mo3BoiseT mporHO3UpoBaTh M3MEHEHHUs TPEIIMHOCTOMKOCTUA IIO
M3MEPEHMAM TBEPIOCTH ITOBEP XHOCTH JIETaJleil B IpoIiecce IKCIUTyaTaluy B Bogopose. Om -
THMaJBbHOE COYETAaHHE BBICOKOW MPOYHOCTH, IJIAC TAYHOCTH, KPATKOBPEMEHHOW W JIJIH -
TeJIbHOM CTaTMUECKOH TPeIIMHOCTOMKOCTH B BO3JyXe M BOJOPOJE JOCTUTHYTO B JIETHPO-
BaHHOU 6opoM (0,005 mass.%) u mupkoruem (0,044 mass.%) momdukanuu. [Ipu ucnsita -
HHUSIX HAa JJIUTEeIbHYIO CTATHYECKYIO TPEUIMHOCTOWKOoCTh Ha 6a3ze 100 h ycraHoBIEeHO MHBA -
pUAHTHBIE XapaKTEPUCTHKA TPEIIMHOCTOMKOCTH — MOpOroBble 3HaueHus Kigsr, paBHbIE
15...35 MPa-m*? VI pa3iMYHBIX MO HUKALI Uil CcTiiaBa.

SUMMARY. The influence of hydrogen under pressure up to 30 MPa and content up
to 20 wppm on strength, plasticity, low-cycle fatigue, short-term and long-term crack
growth resistance of five modification of Ni56Mo6Nb4 (XH56MBIOJT) (EK-62) nickel
alloy, prepared by different metallurgical technologies and with different chemical
composition and heat treatment regimes was investigated. The fracture toughness in air and
in gaseous hydrogen decreased with decrease of the grain sizes and increase of the yield
strength, HRC hardness, allowing prediction of the change of the fracture toughness in
operation in hydrogen by surface hardness change of the parts in service in hydrogen.
Optimal correlation of high strength, plasticity, short-and long-term fracture toughness in
air and in gaseous hydrogen was obtained in the modification alloyed with B (0.005
mass.%) and Zr (0.044 mass.%). During long-term crack growth resistance testing on the
base of 100 h the invariant characteristics of static crack growth resistance — Kyyst, which
was equal to 15...35 MPa-m''? was established for various alloy modifications.

Boichyshyn L. M., Hertsyk O. M., Kovbuz M. O., Kotur B. Ya., and Nosenko V. K.
Electrodes based on amorphous metallic aluminiumalloys in hydrogen
EMISSION TRACTIONS.....ceveiieceeiees ettt ettt re et ee s 100

PE3FOME. OuiHeHO eJICKTPO XiMiUHY aKTHBHICTh 3pa3KiB aMOp(HUX METaJICBH X CI1Jia-
BiB (AMC): Alg7NigYs, Alg;NigY,Gdy, Alg7NigDy; Y, B myHHX po3YMHAX KaTidl TiApOKCH -
Jly PI3HOT KOHIIEHTpaIlii Ta BIUIMB 4acTKoBOTO 3aMimennst Y ua 1 at.% Gd a6o Dy. INokasa-
HO, 1110 BC1 JOCIIDKEH1 3pa3Ku Mia 9ac MUKIIYHOT MoJsipu3anii B iHTepBaji MOTCHIIaNiB —
1,2 no +1,0 V y Bomaux pozunnax KOH pi3unx kouunentpaiii (0,5...5,0) M € kopo3iiiHo -
TpuBkuMH. [Tokazano, mo AMC-enekTpoau, nerosani 1 at.% Dy, nposBia0Te Hall BUILY
KaTaJJiTMYHy aKTUBHICTh Y 4 M po3unni KOH.

PE3IOME. OneHeHO 3JeKTpO XMMHUYECKYI0 aKTHBHOCTh 00pa3noB aMop(HBIX MeTal-
mueckux criaBoB (AMC) Alg;NigYs, Alg7NigY;Gdy, Alg;NigDy1Ys B pactBopax kamwuii
THAPOKCH Ia Pa3JIid HOM KOHIICHTPALIMH U BIMSTHHUE Yac THYHOTO 3amerieHus Y Ha 1 at.% Gd
nm Dy. Iloka3aHo, 4TO Bce HMcclelOBaHHbIE 00paslbl BO BpeMs LUKIMYECKON MOJIsIpH3a-
UK B WHTEepBajie moTeHnuanoB —1,2 mo +1,0 V B Bomubix pactBopax KOH pazmaanbix
xoHneHTpamui (0,5...5,0) M sBiusgtoTcs KOPPO3WMOHHO ycToiumBRIMH. [loka3zaHo, dYTO
AMC-3nextpo apl JerupoBanubie 1 at.% Dy nposBIsIOT HauBBICIIYIO KaTaJUTHYECKYIO
akTHBHOCTH B 4 M pactBope KOH.

SUMMARY. The electrochemical activity of the samples of AlgzNigYs, Alg7NigY,Gd;,
and Alg7NigDy;Y, amorphous metalllic alloys in the solution of potassium hydroxide of
different concentrations and the effect of partial substitution of Y on the 1 at.% of the Gd or
Dy were estimated. It is shown that all studied samples are corrosion-resistant during cyclic
polarization in the —1.2 to +1.0 V potential interval in the aqueous KOH solutions of
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different (0.5...5.0) M concentrations. It is determined that doped by 1 at.% of Dy AMA-
electrodes show the highest catalytic activity in the 4 M KOH solution.

Ushkalov L. M., Brodnikovskyi Ye. M., Lysunenko N. O., Brychevskyi M. M.,
Vasyliv B. D., and Vasylyev O. D. Diffusion processes between the barrier
cathode layer and electrolyte of a solid oxide fuelcell ..., 107

PE3IOME. JJocnimxeHo BIJIMB BiTHOBHOTO 1 OKHCHOTO CE€pEIOBHIL Ha B3aEMHY qudy -
3if0 XIMIYHUX eJleMeHTIB MbK Oap’epHuM (3axucHuM) KatonHuM mapoMm (Ce, Gd)O, s i
eJeKTpoJlitoM YSZ TBepIOOKCHAHOI MaJIMBHOT KOMIpku mif yac Bianmamy mpu 1400°C. 3a
pe3yibTaTaMH aHallizy pPO3MOJUTy XIMIYHMX €JIeMEHTIB Yy BiAMajlieHHX 3pa3kaxX BCTAHOBIIE -
HO, mo Ce Ta Gd mix 4yac Bignmaiy y BiTHOBHOMY CEpEAOBHUIII iHTC HCUBHIIIE TUPYHIYIOTh B
CNIEKTPOIIIT, HDK Zr 3 eNeKTPOJITY 0 3aXucHOro mapy. [IopiBHSIHO 3 OKHCHUM CEpEIOBH -
nieM (TOBITPsIM), y BiTHOBHOMY (BOJIeHbBMICHOMY) B3aeMHa mudys3is enemenTtie Ce, Gd Ta
Zr 3HAYHO IHTEHCHUBHIIIA, a MIMOWHA X MPOHUKHEHHS Olbina y 1,5-3 pasu.

PE3FOME. VccnenoBaHo BIMSHHE BOCCTAHOBHUTEIHLHOW M OKHCIHMTENLHOU Cpej Ha
B3aUMHYIO TU( D y3UI0 XUMHUIECKUX DJIEMEHTO B MEX Iy OaphepHBIM (3aIIM THHIM ) KaTOJHBIM
cnoeMm (Ce, Gd)Oy_s 1 anekTpoiToM YSZ TBEpJOOKCHUHOM TOIJIMBHOUW SUEHKH BO BpeMs
omkura npu 1400°C. Ha ocHOBaHMM aHaiM3a pacupejesieHUs XMMHUYECKUX 3JICMCHTOB B
OTOOKEHHBIX 00 pasiax yctaHoBieHo, 4To Ce u Gd mpu oTKUTe B BOCCTAHOBHTEJHHOMN
cpene Oojiee MHTCHCUBHO TUPGYHIMPYIOT B €ICKTPOIUT, YeM Zr U3 AJICKIPOJUTA B 3a-
mUTHBIA cnoi. [lo cpaBHEHWIO C OKUCIMTENILHOW cpenoil (BO3QyXOM), B BOCCTAHOBH -
TeJIbHOU (BOJOpOACO Ieprkaieit) B3aumHas maddysus snementoB Ce, Gd n Zr 6omnee uH-
TeHCHUBHAs, a TNyOWHa WX MPOHUKHOBE HUSA OoJbe B 1,5-3 pasa.

SUMMARY. The influence of reducing and oxidizing media on mutual diffusion of
chemical elements between (Ce, Gd)O,_s barrier (protective) cathode layer and YSZ
electrolyte of a solid oxide fuel cell during annealing at a temperature of 1400°C was
investigated. Using the energy dispersive X-ray spectroscopy of the annealed specimens it
was established that during annealing in reducing medium, Ce and Gd were diffusing into
the electrolyte more intensively than Zr from the electrolyte into the protective layer.
Mutual diffusion of Ce, Gd, and Zr was more intensive in reducing (hydrogenous) medium
and their penetration depth was 1.5-3 times higher as compared with the oxidizing one

(air).

Haivoronskyi O. A., Pozniakov V. D., Markashova L. I., Ostash O. P., Kulyk V. V.,
Aleksieyenko T. O., and Shyshkevych O. S. Structure and mechanical
properties of heat-affected zone of restored railway Wheels ..............cccoornennnnnnen. 114

PE3IOME. 3a pesyibTaTaMu JOCHTIKCHHS BIUIMBY TepMidHOI 00poOku ctami 651,
KA MOJZEIoE TepMoae(OopMaliiHIA UK BiJHOBJIIOBAJIHHOTO HAIUIABIICHHS 3aJli3HHYHHX
KOJIIiC, BCTAHOBJICHO, IO IMiJBUINUTH OIIPHICTh KPUXKOMY PYHHYBaHHIO METally Kojeca B
30HI TEPMIYHOTO BILIMBY JI0 PIBHS OCHOBHOTO METATy MOXKHa (OpPMYyBaHHSAM y Hill Oeif -
HITHO-MapTEHCUTHOI CTPYKTypH 1 BUTpuUMKOto 2...3 h nmpu 100°C mix 4ac #oro oxoJio-
JDKEHHS IicJsl HaruiaBieHHs. Taka BUTPUMKA COPUSE 3POCTAHHIO IUIACTHYHOCTI METally B
1,8 pasu, ynapHoi B’I3K0CTi — B 2—3 pasu, mopora BTOMH 3pa3ka 3 TpinmHoio — B 1,6 pasu,
IUKITIYHOT B S3KOCTI pyHHYBaHHA — B 1,8 pasum 3a mpakTHUHO HE3MiHHOT MimHOCTI. lle
CIPHUYHMHEHO MaJTiHHAM B ~ 1,5 pasu Hanpyxens Il poay i moxamsHEX nedopmartiiit B 06’ emi
pefiok OeHHITy Ta MapTCHCHUTY.

PE3FOME. Ha ocHOBaHHMHM Pe3yJbTATOB MCCIICIOBAHWS BIISHUS TepMHUECKONW obOpa-
6oTku cTaymm 650, KOTOpass MoJIeIMpyeT TepMoieOopMaMOHHBIN UK BOCCTAHOBHU TEIIh -
HOW HAIJIABKH JKEJIE3HOJOPOXKHBIX KOJIEC, BBISBIICHO, YTO MOBBICHUTH COMPOTUBIIEMOCTD
XPYIKOMY pPa3pylIeHHI0 MeTajula Kojeca B 30HE TCPMHYECKOTO BIHMSHUS IO YPOBHS OC-
HOBHOTO MeTajula BO3MOXHO ()OPMHUpPOBAaHHEM B 3TOH 30HE OEHHMTHO-MapTEeHCUTHOM
CTPYKTYPBI U BBIIEPIKKOIl B IpoIecce ero OXIax AeHH s rnocie Hammaeky 2...3 h mpu 100°C.
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3710 crmocoOCTBYET pOCTy IIACTHYHOCTH MeTayia B 1,8 pasa, yaapHO# Bsi3koctH — B 2—3
pasa, mopora ycTajoCcTH o0pasia ¢ TpenmHoi — B 1,6 pa3a, IUKITHIECKON BI3KOCTH pas3py-
mreHust — B 1,8 pasa mpu npakTH4IecKd HEM3MEHHOM IMPOYHOCTH. D TO 00YCIIOBICHO CHIIKE -
HHEEeM B ~1,5 pasa HanpspkeHuit [1 pona u nokansHBIX 1€ popmManuii B 00beMe peek OelHuTa
Y MapTEHCHTA.

SUMARY. Based on study of the effect of 65T steel heat treatment, which simulates
termodeformation cycle under reconstruction welding of railway wheels, it is shown that
increase of the resistance to brittle fracture of metal in the wheel heat-affected zone to the
level of base metal may be caused by the formation in this zone of the bainite-martensite
structure and exposure 2..3 h at 100°C during welded wheel cooling. Such exposure
improves metal plasticity in 1.8 times, impact toughness — in 2...3 times, fatigue threshold
of cracked specimen in — 1.6 times, cyclic fracture toughness —in 1.8 times at almost
constant strength. This is due to the ~1.5 fold reduction of the second kind stresses and local
strain in the volume of bainite and martensite rails.

Sylovaniuk V. P., YukhymR. Ya., Ivantyshyn N. A., and Lisnichuk A. Ye.
Prediction of crack growth resistance of cement stone and fibre ...........ccooovveivnnenen. 120

PE3FOME. 3anponoHoBaHa po3paxyHKOBa MOJIENb [l IPOTHO3YBAHHS TPIll[ HOCTIH-
KOCTI BOJIOKHUCTHX KOMIIO3HTIB, CTBOPEHUX HA OCHOBI IIeMEHTHOT MaTpuili. Bc TaHOBICHO
OCHOBHI YMHHHKH, 0 (HOPMYIOTh OMIp KOMIIO3UTHOTO MaTepialy MOIUIMPEHHIO Y HbOMY
Tpitnuan. OTPUMAHO MPOCTY IHXXEHEPHY 3aJeXHICTh Il PO3PAXYHKY XapaKTEePHCTHKH
TpimuHOCTIHKOCTI K¢, sIKa Ja€ MOMKIMBICTh IUICCTIPSIMOBAHO (OpMyBaTH ONTHMAaJbH M
CKJIaJl KOMIIO3HTA.

PE3IOME. TlpennoxxeHa pacueTHass MOJENb IS MPOTHO3HPOBAHUS TPEIIMHOCTOM -
KOCTH BOJIOKHHCTBIX KOMIIO3HUTOB, CO3JaHHBIX HA OCHOBE LIEMEHTHOH MAaTpHUIBI. YCTaHOB -
JIeHBl OCHOBHBIE ()aKTOPHI, (OPMHUPYIOUIHE CONPOTHBICHHWE KOMIIO3UTHOTO MaTephala
pacmpoCTpaHEeHHIO B HEM TpeIWHEL. [loiydeHa mpocTas MHXCHEpPHAs 3aBHCHMOCTH U
pacdeTa XapaKTepUCTHKH TPEMUHOCTOMKOCTH K|c, KOTopas naeT BO3MOXKHOCTH IIeJICHa-
HpaBIeHO (OPMUPOBATH ONTH MABHEIA COCTaB KOMIIO3HTA.

SUMMARY. The calculation model for predicting fracture of fibrous composites
produced from the cement matrix is proposed. The main factors that form the resistance of
composite material to crack propagation in it is established. The obtained simple
engineering dependence for calculation of the crack growth resistance characteristics
enables the purposeful creation of the optimum composition of the composite.

Odintsov V. V. and Korin O. V. The influence of crystal structure on mechanical
properties of rare earth metals and zirconium dodecaborydes...........cccoeeveveeeiecncnnnn, 125

PE3IOME. Brnepiie BH3Ha4€HO MOJYJI HOpMaJbHOI MpY>KHOCTI (Moayns FOHra) Ta
3cyBy, KoedinieHT momepednoi medopmanii (koedimienT I[lyaccona) rapsdompecoBaHHX
JonekabopuaiB 3 BUKOPHCTAHHSIM OCHOBHHX TEIUIOBHX XapaKTEPHCTHK J0Je KaOOpHUIiB
PIIKICHO3eMENLHAX MeETajiB 1 mMupkoHito YBip, TbBi;, DyB;s, H0OBip, ErBi;, TmBiy,
YbBi,, LuB;y, ZrBj; Ta ekcnepuMeEHTAlbHHX METOIB CTATHYHHX 1 JUHAMIYHAX OCII-
JDKeHb. UMCIIOBI pO3paxyHKOBI 1 €KCIIEpHMEHTAJIbHI 3HAUYCHHS MEXaHIYHHX NapaMeTpiB
30irmmcs. Moay I py>KHOCTI 10 AeKabopuaiB y ~ 2 pa3u MEHIINHA, HDK y YHCTOTO 60py i
HE 3pOCTae, K TeOPETUIHO NependaueHo y psay MeB, — MeBg — MeBj,. 1le MoxHa mo-
SCHUTH 0COOJMBOC TSIMU OyJOBH KPUCTAJIYHOT PENIITKH J0AeKa0OpHIHNUX (Da3, JOBKUHAMH
3B’s13kiB B-B, Me—B, Me—Me, cunamu B3aemMoii Mik aToMaM¥ B X (azax.

PE3FOME. Brepssle ompe/ieIeHbI MOy JIX HOpMaldbHO! yrnpyroctd (Mmoayss FOnra) n
caBura, ko3 punueHt nonepedHoi nedopmanuu (ko3¢ dunuent Ilyaccona) ropsuaenpec-
COBAHHBIX JI0IeKaOOPUIOB C UCIIOJIH30BAHUEM OCHOBHBIX TCIJIOBBIX XapaKTePUCTUK JOJE-
KabOpHUIOB PeIKO3eMeNbHBIX METAIIIOB U nupkouust YBip, ThBj,, DyBip, HoBy,, ErBys,
TmB;2, YbBi,, LUB,, ZrBs 1 oKCliepUMEHTANTBHBIX METOJI0B CTATHYECKUX U JTUHAMHUYEC-
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KU X MccJie foBaHui. UKCIeHHbIE pacyeThl U YKCIIEPUMEHTAJIbHBIE 3HAUYCHUS MEXaHUYEeCKU X
napaMeTpoB COBIAIM. MOIyJIb YIPYTOCTH J0JACKaOOpHUIOB B ~2 pa3a MEHbIIE, YeM y JHC-
TOro 60pa M He PacTeT, KaK TEOPETHUECKU MPEIyCMOTPEeHO B psagy MeB, — MeBg — MeB;,.
DT0 MOXHO OOBSCHUTH OCOOCHHOCTIMH CTPOCHHUS KPUCTAJUIMYECKON PENIeTKH JI0jeKado-
pumabiXx a3, mmHamu cBsaseit B-B, ME-B, Me—Me, cunamu B3anMOJCHCTBUS MKy
aTOMaMHU B 3THX (a3ax.

SUMMARY. Modules of elasticity (Young’s module) and shear module, coefficient of
transverse deformation (Poisson’s ratio) of hot-pressed dodecaborides were calculated for
the first time using the basic thermal characteristics of rare-earth metals and zirconium
dodecaborides YB;i,, ThB;», DyBi,, HoB12, ErBis, TmByy, YbB;,, LuBsi,, ZrBy, and also
experimental methods of static and dynamic researches. The numerical values of the
calculated and experimental values of the mechanical parameters coincide. Modulus of
dodecaborides elasticity is ~2 times smaller than that of a pure boron and is not growing as
expected theoretically in a raw MeB; — MeBgs — MeB;j,. This fact can be explained by
structural features of the crystal lattice of the dodecaborides phases, bond length of B-B,
Me-B, Me—Me the interaction forces between the atoms in these phases.

Mudryi S. L., Shtablavyi I. 1., Kulyk Yu. O., Talako T. L., and Lietsko A. I.
The effect of nickel on the structure of Aly g7gSig 120 eutectic melt.........ccccevevnennnee. 131

PE3IOME. JlocnipkeHO aTOMHY CTPYKTYypY CIUIABIB HAa OCHOBI aFOMIHI0 METOJaMHU
peHTreHIBChKOT Audpakiii i ooepueHoro Monrte-Kap io. Po3paxoBaHo MoBHI Ta mapuiajibHi
CTPYKTypHi (akTopu, MapHi Kopessuidui GyHKIii Ta mapiiaibHi KOOPAMHAIIMHI YuCa.
IMoka3aHo, o eBTekTHKA A ly 88Sip 12 CKITazae Thes 3 MikpoOOIIaCTEll HA OCHOBI MIOM iHIIO Ta
po3unny Al-Si. 3a yMOBH 101aBaHHS HIKEIIO 10 €BTEKTHKA (OPMYIOTHCSA XIMIYHO BITOPSIT -
KOBaHi 00J1acTi, B AKUX HIKEJIb O TOUYSHHUIH B OCHOBHOMY aTOMaMHU aJIOMIHIIO.

PE3FOME. UccnenoBana aToMHasi CTPYKTypa CIIJIABOB Ha OCHOBE aJIOMHUHHUSA METO -
JaMH PEHTTCHOBCKOW M pakunu U odpatHoro Monre-Kapio. Paccantano nomnHsle u map-
[UaJbHBIE CTPYKTypHBIE (DAKTOPHI, MApHBIE KOPPEIMOHHbIE (DYHKIMHM U TapIlualbHbBIC
KOOpMHaIOHHbIe yucia. [Tokaszano 4to sBTeKTHKa AlggsSipi» cocTout n3 Mmukpooobacreit
Ha OCHOBe amoMHUHHA U pactBopa Al-Si. [Ipn noOaBieHne HUKENS K IBTEKTHKE (GopMHpY-
I0TCS XUMHUYECKH YTOPSIOYEHHBIE 00JIACTH, B KOTOPHIX HUKEIh OKPYKEH B OCHOBHOM aTO-
MaMH aJTlOMHHUSL.

SUMMARY. The atomic structure of Al-based alloys are investigated both by means
of X-ray diffraction method and by the reverse Monte-Carlo technique. Total and partial
structural factors as well as pair correlation function and partial coordination numbers are
calculated. It is shown that AlgggSig1, eutectic melt consists of the Al-based micro-regions
and AI-Si solution. Adding Ni to the eutectic leads to the formation of AI-Ni chemically
ordered structural regions in which Ni is surrounded mainly by Al atoms.

Ravichandran M., Vidhya VS., and Anandakrishanan V. Study of characteristics
of Al + 5wt.% TiO, + 6 wt.% Gr hybrid p/m composite powders prepared
DY Dall MITIING PrOCESS ettt 136

PE3FIOME. BuBuanu xapakTepucTHKH KOMIO3UTHUX mopoiukiB Al + TiO, + Gr. Kom-
nosutu ckiuaxy Al + 0% TiO,, Al +5% TiO,, Al + 5% TiO, + 2% Gr, Al + 5% TiO, + 4%
Gr ta Al + 5% TiO, + 6% Gr oTpuMyBaM MIISXOM KYJILOBOTO IOMEIY BiIIOBiAHHX KOM -
MOHEHTIB. JIJi1 BH3HAYEHHS PO3MIPIB 3epeH, MmapameTpiB KPHCTATIYHOT pElIiTKi, HaAmpy -
JKeHHS, nedopmanii, r'yCTHHH JUCIIOKalliif Ta 00’eMy eJeMEHTapHOT KOMIPKH BHKOPHCTOBY -
BaJIM PEHTICHIBChKUM i pakiiiHuii aHali3. 31aTHICTh 10 KOMMAKkTyBaHHs Al 3 cyMimimiio
nopoikis 5 Wt.% TiO; ta 2 i 4 Wt.% Gr Bu3HayayM B rapTOBaHUX CTAJIEBUX Ipec-popmax
3a Tucky 100... 500 MPa. /Insa po3yMiHHsI 0COOIMBOCTEH KOMTIAKTYBAaHHS TIOPHIHUX KOM -
no3uTiB Ha ocHOBi Al, 3minHenux gactuakamu Ti0; Ta Gr 3a pi3HUX TUCKIB, BUKOHYBaJIH
eKCTIEpUMEHTAIbH1 IOCIIPKEHHS 3 BUKOPHC TAHHAM JIe KiJIbKO X Tiaxo aiB. HaBeneHo Mikpo -
CTpyKTypHHi aHami3 kommnosuta Al + 5% TiO; + 6% Cr.
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PE3IOME. V3y4anu XapaKTepHCTUKH KOMITO3UTHEIX HopomkoB Al + TiO; + Gr. Kom-
mo3uTel cocTaBa Al + 0% TiO,, Al + 5% TiO,, Al + 5% TiO, + 2% Gr, Al + 5% TiO, +
+ 4% Gru Al + 5% TiO; + 6% Gr noay4anu myTeM IapoBOTO MOMOJIA COOTBETC TBYIOIIH X
KOMIIOHEHTOB. [yl ompenieIeHnst pa3MepoB 3epeH, MapaMeTpOB KPHCTAUNTMYECKON peleT-
KH{, HANpPSDKCHUs, JeQOopMalny, MIOTHOCTA JUCIO KAl U o0beMa dJIeMEHTApHON sTIeHKI
WCTIOJIb30BAJIM PEHTTEHOBCKUM M paknnoHHbIN aHam3. CrocoOHOCTh K KOMIAKTUPOBA -
Huto Al co cmechio opomkoB 5 wt.% TiO, u 2...4 wt.% Gr onpeneisian B 3a KA BAeMbIX
CTalnbHBIX mpecc-popmax mpu maBnernd 100..500 MPa. [Ins moHuMaHust ocoOEHHOCTEH
KOMIIaKTHPOBaHMsI THOPUIHBIX KOMIIO3UTOB Ha OCHOBE Al, ypouneHHBIX yactiunaMu TiO;
Ta Gr mpu pa3MYHBIX JaBICHHUSX, IPOBOAUIM dKCIIEPUMEHTAJIbHBIE HCCJTIeJOBAaHHS C HC -
MOJIb30BAHMEM HECKOJIbKHX TOJX0 A0B. [IpeicTaBien MUKPOCTPYKTYPHBIH aHAIH3 KOMIIO -
suta Al + 5% TiO, + 6% Gr.

SUMMARY. This paper is an attempt to understand the characteristics of Al + TiO, +
Gr hybrid ball milled composite powders, which is anticipated to have large application in the
near future. Aluminium with titanium dioxide (TiO;) and graphite (Gr) powders was ball
milled in order to yield the composition like: Al + 0% TiO,, Al + 5% TiO,, Al + 5% TiO, +
2% Gr, Al + 5% TiO; + 4% Gr and Al + 5% TiO, + 6% Gr. From the X-Ray diffraction
analysis of the milled powders, the grain size, lattice space, lattice constant, stress, strain,
dislocation density and unit cell volume were calculated. Compressibility was performed in
a hardened steel die at pressures between 100 to 500 MPa to determine Al with 5 wt.%
TiO, and 2 & 4 wt.% of Gr powder mixtures. For understanding of compaction behavior of
aluminum based hybrid composites reinforced with TiO, and Gr particles under various
applied pressure conditions, experimental research has been made using several powder
compaction equations. Microstructure analysis for Al + 5% TiO, + 6% Gr composite has
been reported.
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