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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 59, Ne 2, 2023

6epeseHb — KBITEHb

3MICT

Koporcux B. M., Xacxkin B. FO., Keacnuyvxuti B. B., I'anywax O. B., ['oc 1. /],
Ilenewenxo C. L, [lem’snos O. 1., Konopesa O. B., @ianxo H. M. OtpruMaHHs
HEpo3’€MHUX 3’€JJHAHb TUTAHOBHX CIUIABIB 31 CTAAMU (OTTIAI)....veevreeereeereeieenireeennns 5

[IpoanasizoBaHo 3BaprOBaHHS TUTAHOBHX CIUIABIB 31 CTAJsAMH. BUIUICHO Taki Harm-
PSAMKH: BUKOPUCTAHHS 3a3JIaJIeTiib BUTOTOBJICHUX OIMETaIIEBUX MEPEXiTHUX EIEeMEH-
TiB (3BapIOIOThH TPAMUIIHHUMHU CIIOCOOAMM), MiHIMI3aIlisl €HEPro- i TETJIOBUTPAT Y 30-
Hi 3 €IHAHHS METANIB, 3aCTOCYBaHHS 3BapIOBAJIbHOT METATyprifiHoi iHxeHepil. [Toka-
3aHO, III0 TPOTrpec B 00JIACT] 3BapPIOBABHIX TEXHOJOTIH MPU3BIB 0 MOSBH TAKHUX iH-
HOBAILliHHUX PIIICHB, SIK 3BAPIOBAHHS TEPTAM 3 IEPEMIITyBaHHIM, a TAKOK BHKOPHC-
TaHHS pinKoda3HuX npomapkis i 3D-apyKy HaHOCTPYKTYPHHUX MPOIIAPKIB Ha Kpasx
JUISl IPUCKOpEHHs tudy3ii 3a mudysiiiHoro 3BaproBanHs. HoBi MeToIM B 3BaproBaib-
Hilf MeTaypriiHii iHXeHepil MiIBUIIYIOTh e(eKTUBHICT 3 €qHaHb TuMy Ti—Fe BHac-
JIJIOK 3aCTOCYBaHHs 0araToIapoBHX KOMITO3HILIIHN 3 TaHTaly abo Hi00i0 3 OOKY THTa-
Hy 1 OpoH3M — 3 OOKy CTaii, a TaKoXK BCTABOK 3 BaHAJiI0 1 HOTO CIIIaBiB, HAPUKIA/,
JIETOBaHUX BOJb(paMoM abo XpoMoM. Big3HaueHO aKTyallbHICTh MOAANBIIOT pO3p0O0-
KU CTaHJAAPTIB JJIA MATPUMKH 1 MOIIMPEHHS MPOMHUCIOBHX TEXHOJOTII 3BaprOBaHHS
3’emHanb TNy Ti—Fe, HaBYaHHS 1 MIATOTOBKHM TEXHIYHOTO TEPCOHAITY AJISI BIIPOBA-
JUKEHHS IIUX TEXHOJIOTIH.

Kawu4oBi cioBa: 3’ conanmns muman—cmanb, Mixc@azna 63acmoois, iHmepmemaniou,
NPOMIDICHI NPOWLAPKU, MIYHICIb 3 EOHAHD.

Tpyw B. C., Hoepenrox 1. M., JIyk ‘aunenxo O. I'., Kpasyuwun T. M., @edipxo B. M.
BB TemneparypHO-IIBHAKICHUX ITapaMeTpiB HarpiBaHHs
Ha XKapPOTPHUBKICTh HUPKOHIIO Ta CIIIABY Z1—1% Nb....ooviriiiiiiiiiiiiiiinccicccccceen 17

BusBneHo BiIMiHHOCTI KiHETHKH OKACHEHHS HUPKOHIIO Ta ciutaBy Zr—1% Nb mix gac
HaTpiBaHHS y TIOBITPi 3aJI)KHO BiJ MIBUKOCTI HATPIiBY, TEMIEPATYPH 1 TPHBAIOCTI BH-
TpuMku. [TokazaHo, 110 301IBIICHHS MIBUIKOCTI HArpiBaHHA Bix 2,5 10 6 1 7,5°C/min
3MEHIIY€E SHEeprifo akTHBalii OKMCHEeHHS Zr B iHTepBam Temmneparyp 20...1000°C 3
70,2 no 67 i 52,7 kJ/mol, BignosigHo. J{ns nupkonieBoro cruaBy Zr—1% Nb 36i1b-
HICHHs Takoi mBUAKOCTI 3 5 710 10 1 20°C/min CIpUYHHIOE 3pOCTaHHS CHEPTii aKTHUBA-
il okrcHeHHs 3 65 mo 70,1 Ta 78,5 kJ/mol, Biamosigno. ITokaszano, 1m0 Take 301/1b-
HICHHS MBUAKOCTI (1upkoHito 3 2,5 mo 7,5°C/min, a cmiaBy Zr—1% Nb 3 5 mo
20°C/min) € gepe3 3MEHIICHHS TOBIIMHU OKcHAHOI IUiBkA ZrO». 3a i30TepMidHOT
ButpuMkH 5 h pu 750°C crimaB Zr—1% Nb i Zr 3a remnepatypu 800°C OKHCHIOIOTB-



cs1 3a mapabomniganm 3akoHoM. [Ipu 800°C crumaB Zr—1% Nb okucHIOETBCS 32 KOMOI-
HOBAaHMM 3aKOHOM: CITOYATKy 3a MapaOOoiYHUM, a MOTIM 32 KBa3LTIHIHHUM.

Karwu4oBi ciioBa: yupkoniil, scapompuskicme, enepeis akmusayii, meepoicms.

Topoans B. @., @ipcmos C. O., Kpaniexa M. O. BB pi3HUX YHHHUKIB Ha ()i3HKO-

MEXaHi4Hi BJaCTHBOCTI BUCOKOCHTPOMIHHUX craBiB 3 ['TIK 1paTkoro..........ccc.n.ee....

JociipKkeHo BIUIMB €JIeKTPOHHOI KOHIIGHTpallii, eHTaNIbIIT 3MIlIyBaHHS Ta PO3MipHOT
HEBI/IMOBIIHOCTI Ha MapaMeTp I'PaTKH, MOAYJIb MPYXKHOCTI Ta HOPMOBaHY TBEPIICTh
BrCcOKoeHTpomiiHuX cruasiB 3 I'LIK rpatkoro. BeranosieHo, mo Ha mapamerp rpat-
KM, IKUH BU3HAaYa€ MOIYJb NPY)KHOCTI CIIaBIB, BIUIMBAE SIK €JIEKTPOHHA KOHICHTpPA-
IIis1, TaK 1 EHTANBIIiA 3MIITyBaHHS. BUABICHO MPAMONIHIHHY 3aJIeKHICTh HOPMOBAHOT
TBEPIIOCTI CIUIABiB BiJ PO3MiIpHOI HEBIIMOBITHOCTI. 3ampoOIOHOBAHO (HOPMYIH s
PO3paxyHKiB TBEPJOCTI Ta MOAYJIS IIPYKHOCTI.

Ku1io4uoBi ciioBa: gucoxoenmponitini cniasu, po3mipHa Hegiono8ioHicmy, enmanibnis
3MIUWYBAHHS, MBEPOICb, MOOYIb NPYHCHOCMI.

Nengjun Ben, Bumsss O. IO., I paboscvkuti P. C. MexaHI4HI BIIACTHBOCTI CTali

JJI1 MOPCBKUX IUIaBYy4YUX HﬂaT(l)OpM 3a CTaTUYHOI'O Ta IlI/IKJ'Ii"IHOFO HaBaHTaXCHb.....

HaBeneHo pe3ynbTaTH BHUKOHAHHA KOMIUIEKCY EKCIIEPUMEHTAIBHUX BUIPOOYBaHb
3paskiB 3i cram Q420 3 piBHeM sikocti Q420B. IlopiBHSIHO XiMiYHI CKIIamW CTaji, a
TaKOX 11 MEXaHiIUHI XapaKTePUCTHKH, BKa3aHi y cepTu(ikaTi Ha MPOAYKIiIO Ta BH3HA -
YeHi eKCHepHMEHTAIbHO, 31 3HaYeHHSMM craHnapTy. [IpoaHaiizoBaHO pe3ynbTaTu
BTOMHHMX Ta KOPO3iHO-BTOMHHX BUIpOOyBaHb crtami. [Io0ynoBaHO KpWBI BTOMH Y
MOBITPI Ta IITYYHIH MOPCHKIM BOJI, @ TAKOK BU3HAYCHO BIJIIOBI/IHI 3HAUEHHS IPaHU -
i BUTPUBAJIOCTI 3a KiMHATHOI Temnepatypu Ta npu 0°C. BUsBIEHO CyTTEBHH BIUINB
KOpPO3WBHOT'O CEPEeIOBHIIA Ha MIBUIKICTh MOMKMPEHHS BTOMHHX TPIIINH Y CTai.

Kuarouosi cnoBa: cmane Q420B, ximiunuili cknad cmani, MeXaniuHi 61acmusocmi, Ko-
PO3uBHe cepedosuuye, GUNPOOYBanHs HA 6MOMY, KDUBT 6MOMU.

Tozaes K. O., Cudopuyk O. M., Mucnuguenxo O. M., €suu A. 1., Hongguang Ye.

BB excruryaraiiiiHuX yMOB Ha CTPYKTYPY Ta MEXaHI9HI BIACTUBOCTI
TaMIoBOT CTAT AXAHSMADL ...t

HocnimkeHo cTpyKTypy Ta MexaHiuHi BiacTuBocTi ctaii 4X4H5M4d2 y tepmone-
(hopMOBaHOMY 1 INTOMY CTaHax IicJsi rapTyBaHHS Ta BIAIYCKY, a TAKOX J10JaTKOBO -
ro HarpiBy. [loka3zaHo, 110 MiCIIs JOAATKOBOTO HArpiBy rapTOBAHOI Ta BiAMYIIEHOI CTa-
1 4X4H5MA4D2, sikuit MOsIeNntoe YMOBH eKCIUTyaTallii ocHaieHHs (pobouy Temrepa-
Typy 3a KBa3icTamioHapHO1 BUTpUMKH), TIpu 630...650°C BinOyBaeThCs il 3HEMIITHEH-
HS, IO TIOB’SI3aHO 3 YTBOPEHHAM KapOiniB Triry M;C;. YV nmuTiii cTaii 3a ux yMOB Ta-
ka kapOinHa ¢as3a y CTpyKTypi MeTaly BiACYTHS, IO CYNPOBOKYETHCS ITiIBHIICH -
HM i TerutocTiiikocTi. Po3mmpeHHs TeMrepaTypHOro iHTepBaly eKCIUTyaTalii JUTol
cram 4X4H5M4®2 nicist onTUManbHOTO PEXXUMY TapTyBaHHS 1 BIAMYCKY JacTh 3MO-
Ty 3aCTOCOBYBATH IHCTPYMEHT, BUI'OTOBJICHHH 3 IIi€ cTali, 10 TeMIepaTypH eKCIuTya-
tarfii 650°C. PekoMeHIOBaHO HE BHKOPHCTOBYBATH IIf0 CTAIb B JIUTOMY 1 TEpPMOJIE-
(hopMOBaHOMY CTaHaX JJisl BATOTOBJICHHSI IHCTPYMEHTY, SIKMI MPAIO€ B YMOBaX LIUK-
JTYHUX YAAPHHUX HABAHTaXKEHb, I Tapsdoro 1edopMyBaHHS KOJILOPOBUX METANIB Ta
CILIaBIiB.

KawuoBi ciaoBa: wmamnosa cmanv, mepmooeopmayiina i mepmiuna oo6poodKu,
@azosuil ck1ad, KPUCMALIYHA CMPYKMYpPa, MEXaHiuHi 61ACMUBOCHII.



Isanos O. O., [pucsicnrok I1. M., Booposa JI. I'., Kpamap I'. M., Mapunenxo C. IO.,

Kosanv I. B., I'ypux O. . 3D MozientoBaHHS CTPYKTYpPH HAILIaBIEHUX
MaTtepiaitiB Ha 0CHOBI CHCTEMH Fe—Ti—Mo0-B—C........c.ccoevviviiiiciiicce e

JocnikeHo CTpyKTypy HaIUlaBjIeHOro mapy Ha ocHOBi cucremu Fe-Ti-Mo—-B-C.
Po3pobneno meromornorito 3D monemoBanHs 3epHa Gazu Fe(Mo, B),, sika oxomtoe
yotupu etanu. [Iporpamue 3abesneuenns Blender Bukopucrano mist 3D moznenroBaH -
Hi1, a Image Pro Plus — muist aHami3y 300paskeHb 1 pe3yiabTaTiB BUMipIOBaHb. BusiBie-
HO, 1110 B TAKOMY HAaIlJIaBJIeHHI OCHOBHa 3MillHIOBaJbHA (a3a Fe(Mo, B), yTBOpIO€TH-
cst HaBkoJ1o 3epeH TiC, sKi BUKOHYIOTH POJIh MOIU(iKaTOpa.

KurouoBi ciioBa: nannasnenns, nopouikose dyzoee 3gapiosansi, 3D moodenroanns.

Kywnip P. M., JKuoux Y. B., @nsuox B. M. TepMOnpyKHHIA CTaH HEOAHOPITHOT

OPTOTPOIHOT LMIIIHIAPUYHOT OOOJIOHKH BiAKPUTOTO MPOGit0
32 HECTAI[IOHAPHOTO HATPIBAHEST ....cuveeueeteeneeasientenseenteeseenteeneenseeneeeseenseesnseeenseeesnseesnnes

JlocmiKeHO TepMOTIPYKHHUW CTaH HEOJHOPIIHOI OPTOTPOITHOI KPYTOBOi IMITIHAPUY-
HOI 000JIOHKH BIIKPUTOTO MPO(dII0 32 YMOBH KOHBEKTHBHOIO TEILIOOOMIHY MiX TI0-
BEPXHSMH OOOJIOHKH 1 cepeoBuiieM. /sl IbOr0 BUKOPUCTAHO y3aralbHEHY 3CYBHY
MaTeMaTHYHy MOJIENIb HEOAHOPITHUX aHI30TPOITHUX OOOJOHOK MEPIIOTo MOPSIKY Ta
JIBOBHMIpHI HECTAaI[iOHAPHI DPIBHAHHS TEIUIONPOBITHOCTI. MeTomaMu iHTETrpabHUX
meperBopeHb @yp’e 1 Jlarumaca 3HaiieHO aHANITHYHHN PO3B’S30K HECTAIliOHAPHOI
3a7a4i TETUTOMPOBITHOCTI Ta KBa3iCTATUYHOL 33/1a4i TEPMOIPY>KHOCTI JUIS CKiHYCHHOT
HIapHipHO onepToi Ha Kpasx 000JOHKH. Po3paxoBaHO HanpyXeHHH CTaH Ta MPOTHHH
00OJIOHKHY 3a 3MIHHM BJIACTUBOCTEH Marepiany B pajiaJbHOMY HANpPsIMKY 3a CTEICHE-
BUM 32KOHOM.

KarouoBi cinoBa: mepmonpyosicnicms, yuniHOpuuHa 06010HKA, HEOOHOPIOHULL Mame-
pian, memnepamypHe HA8AHMANCEHHSL.

Cranvcvruti B. P., Mokpuii O. M., 3gipko O. I., Kupunie B. I., Pomanuwun I. M.,

Maxcumie O. B. O1iHIOBaHHS XapaKTEPUCTHK HAHOKPUCTAIIYHOTO IIapy
3@ JIOIIOMOT'00 IOBEPXHEBUX AKYCTHUHHIX XBHJIIB. . .e.veuvertenteneeneeneeneeneenneenneenseenseesseenses

JocmimkeHo BIDIMB HAHOKPUCTATIYHOTO IIapy, YTBOPEHOTO MEXaHOIMITYJIECHOIO 00-
POOKOF0, HA MIBHIKICTH IIOBEPXHEBUX aKyCTHYHUX XBIJIB y 3pa3kax 3i ctaini 651, Bu-
KOPHCTaHO aKyCTUYHI XBIJII 3 yacTotaMu 3, 6 Ta 9 MHz. MeTomoM moeTanHoro Imii -
(yBaHHS OTPHMaHO pi3HY TOBIIMHY HaHOKpHCTaliyHOro mapy. OnnucaHo METoaAuKy
OLIIHIOBaHHS aKyCTHYHUX BJIACTHBOCTEH YTBOPEHOTO MIapy 3a MIBUAKICTIO OBEpXHE-
BUX aKyCTHYHHMX XBWJIb, KOJW IIMOWHA TIPOHUKHEHHS XBWJII OUIbIIA 33 OO TOBILM -
Hy. /[ns BU3HAYEeHHS aKyCTHYHUX XapaKTepHUCTUK HAHOKPHCTAJIYHOTO Iapy JOAAT-
KOBO BHMIPSIHO HOT0 TOBIIMHY 32 JOIIOMOT'0I0 MeTanorpadiqHux JIOCHiPKEHb.

KarouoBi ciioBa: mexanoivnyivcha obpodra, weUOKicms NOGEPXHEBUX AKYCTNUYHUX
X6UIb, HAHOKPUCMATTYHUL Wap, NAACMUYHA Oedhopmayis.

Yaycos M. I'., Mapywax I1. O., [Tununenxo A. I1. BIuiuB yaapHO-KOJIHMBAILHOTO

HaBaHTAXXCHHSI HA TBEPAICTh IOBEPXHEBUX ILIAPIB aJFOMiHIEBOTO CILIABY
JULTOTATB. ...ttt ettt

OmiHeHO BIUTMB yJApHO-KOJMBAIGHOTO HaBaHTAKCHHS 3aaHOi IHTEHCHBHOCTI,
30KpeMa 1 31 3aCTOCYBaHHSIM HaHOPO3YHMHIB KapOimy Bosb(pamy, BYTJIEIIO, & TAKOXK
Ha"opo3unHiB Al+ Cu i Al+ Cu+ Mg 3a konmenrpamii 50:50% ta 33:33:33%,
BIZMIOBITHO, HA TBEPJICTh MOBEPXHEBUX MIapiB amoMiHieBoro cruiaBy J1164ATB.
BusiBneHo Ta ommMcaHO  B3a€EMO3B’A30K  MDK  [apamMeTpamMH  JTUHAMIYHHX
HE3pIBHOBOXEHUX TPOILECIB, SKi 3MIHIOIOTh CTPYKTYpHO-(ha30BHil CTaH Ta MEXaHiYHI
BJIACTHUBOCTI CILIaBY, Ta TBEPIICTIO IOBEPXHI 00pOOIIEHOro MaTepiany.



KurouoBi cinoBa: anrominiceuii cnnag /[164ATB, yoapHo-KoausanibHe HABAHMANCEH-
HA, 3MIHA CMPYKMYPHO20 | MEXAHIYHO20 CIAHY, MEepoicb.

T'embapa O. B., I'onisu O. M., Yenine O. A., Ilanox B. M., Canyacax A. 1.,

Cog’sx 1. M. BusHaueHHs pecypcy Bajia 3 BTOMHOKO TPIIIIAHO Y BOMHI.......vveeeveennsns

3arponoHOBAHO TEOPETUKO-EKCIIEPUMEHTATIBHUHN MiAXiJ U IPOTHO3YBAHHS KiHETH -
KH POCTY BTOMHOI TPIIIIMHU Ta BU3HAUCHHSI PECYPCy BiATOBITaTHHUX CIIEMCHTIB KOH-
CTPYKIIi y BOAHI. 32 JOMOMOTOI CTBOPEHOI PO3PAXYHKOBOI MOJIENI POCTY BTOMHOI
TPILUHA Ta €KCIICPUMEHTAIBHO MO0Y/I0BaHNX KIHETHYHHX JliarpaM BTOMHOTO PyHHY-
BaHHs craii 35XH3M®A BCTaHOBICHO 3aJIMIIKOBUN PECypc POTOPHOIO Baya mapo-
reHeparopa, MmocjiadJeHOr0 MOBEPXHEBOIO MIBEIINTHYHOK TPILMHOI, SIKHH Yy BOIHI
Ha JIBa OPSAJKK MEHIINH, HIK Y TOBITPI.

KarouoBi cioBa: smomna mpiwuna, 2azonodiOnuti 600eHb, KiHemuuxa odiazpama
BMOMHO2O0 PYUHYBAHHS, NPOSHO3YBAHHS PECYpPCy.

bepesoseys B. B., Kononiok O. I1., Jlenuc P. B., 3asaniu 1. FO. CuHte3s i BOICHb-

copOuiiiHi BracTuBocTi kommno3uTie MgH» 3 nonatkamu TiFe ta TizFe;0..................

MexaHI4YHUM ITOMEJIOM Y BOJIHI CHHTE30BaHO T'iAPHIM KOMITO3UTIB MarHilo 3 J10/1aTKa-
mu inTepmeraniny TiFe ta cybokcuny TisFe;O. BusBneHo, o MBUIKICT MEXaHOXi-
MIYHOT'O TiIpyBaHHSI MarHito y MPUCYTHOCTI UX JI0JaTKIB 3pOCTa€ BABIYi, a TeMIepa-
Typa mecopOrtii BomHio 3HIKYeThes Ha 100...150°C. 3 monaBanHsM Tpadity po3mip
YaCTHHOK KOMITO3UTIB 3MEHIIYEThCS, a MIBUAKICTD YTBOPEHHA TiAPWUAY MAarHifo Mixg
yac MoMely Ta Y MOJaNbIINX [UKIax copOIii-gecopOiii BoaHIO miaBUIIyeThes. Jloc-
JHKEHO BIACTUBOCTI KOMIIO3UTIB 3aJISKHO BiJ PI3HOTO MOYATKOBOTO PO3MIPY dac-
THHOK Ta YHCTOTH MarHiro. KoMIIo3uTi Ha OCHOBI CTPYXXKH Martiro CHHTE30BaHO 3a
CIIPOIIEHOI0 METOANKOIO.

KirouoBi cjioBa: xomnosumu, 2iopud machiio, copbyis-oecopOyis 600HI0, iHmMep-
MemaniyHi cnonyku, cyookcuo, epagim.

Xoma M. C., Iloxmypcokuit B. I, Yyuman M. P., Bacunie X. b., Isawkis B. P.,

Payvra H. 5. Kopo3ziliHO-MeXaHiuHI BIaCTHBOCTI Ta CXMJIbHICTb
JI0 HAaBOJIHIOBAaHHS TPyOHOI cTasli 3a HasIBHOCTI B CEpeIOBHUII
BYTJICKHCIIOTO TA3Y 1 CIPKOBOJTHEO. .....veevvevrenreesreseeseesseessesseessesseessesssessesssessesssessesssensens

Hocmimkeno BrumB pizHuX KoHIeHTpaniin CO, ta H,S y ximopuaHo-aeTaTHOMY po3-
YHMHI Ha KOpo3iiiHo-MexaHiuHi BnactuBocti ctani 171'1C-Y. YV po3uunni, HacCHYEHOMY
CO», mBUIKICTD KOPO3ii cTall HIDKYa, HiX 3a nmpucyTHocTi H,S, ane 3pocrae 3 vacom
4yepes3 BiJICYTHICTh 3aXMCHUX KapOOHATHUX IUTIBOK Ha IIOBEPXHI, apaMeTPH ILIACTHY -
HOCTi y 2-2,7 pa3uW MeHII, HDX Y MOBITpPi, BHACHIJOK BHPa3KOBHX MOIIKOIKEHb.
[IBuAKicTE KOPO3ii Ta HABOAHIOBAHHS CTalli BU3HAYA€ KOHICHTPAIlS Y CEpeIOBHUIII
cipkosomHro. 3a Bmicty 100 mg/dm® dopMyroThes mIiNBHI TUHBKA KOMITO3MIIIi TPOi-
JIT-MaKiHaBiT, SKi TaTBMYIOTh KOPO3i0, 32 BUIIOTO IMIBUAKICTH KOPO3il 3pocTae uepes
TpaHchopMalifo CyabQimiB i yTBOpeHHS Ae(eKTHIIMX MOBEPXHEBUX MapiB. 3a KOH-
nentpanii H,S Big 100 mg/dm® xapakTepucTHKM MIil[HOCTI CTaJli 3HUKYIOTCS Ha TPE-
THHY, a IUTACTUYHOCTI — B 3—5 pasis.

Kuaro4uoBi cinoBa: mpyoni cmani, gyenekuciuti 2as, cipko80OeHs, KOPO3is, HABOOHIO-
BAHH5, MEXAHIYHI 61ACMUBOCMI, MIKDOCMPYKMYpPA.

Dittes A., Mehner T., Friedrich S., Awiszus B., Lanpke T. KinbpkicHa MoJemb

JUISL TIPOTHO3YBaHHS MIBUKOCTI KOPO3ii X0I0JHOBaIbIboBaHOI cTtaii 316L..............

AyCTeHITHY HepkaBHY CTajib 316 BUKOPHCTOBYIOTh y 0araThoX eIeMEHTaX 3aBISKH
1 Xopomiii Kopo3iiiHii TpuBKoCTi. OHAK BUTOTOBJICHHS €JIEMEHTIB BIUIMBAE HA MiK-
POCTPYKTYPY 1, TAKHM YHHOM, MOXE 3MIHHTH KOPO3iiHy TPUBKICTh cTaii. [IIBuaKicTh
Kopo3ii crani 316L 3a pi3HUX yMOB XOJIOAHOTO BaNBIIOBaHHS BU3HAYAIN JUIS BUTIA[ -



Ky piBHOMIipHOi Kopo3ii 3a BunpoOysanb y 0,5 M H,SO,4. Mikponedopmariito, 4acTky
MapTEHCUTY Ta 3AIUIIKOBE HANPYXCHHS BH3HAYaJIH PEHTTCHOCTPYKTYPHHUM METO-
oM. ITlopcTkicTs TOBEpXHI BIMIpPIOBAIN 3a JOIOMOTOIO JIa3epHOi CKaHIBHOI MIKpO-
cKorii. 3aCTOCOBYIOYH MHOXKUHHY PETPECiio, OTPUMAJIH TPH Pi3HI MOJIENIbHI PIBHSIHHS
JUISL TPOTHO3YBAHHSI IIBUIKOCTI KOPO3ii sIK (DYHKIIi BIaCTHBOCTEH 3paska. AHai3 1o-
Ka3aB, 10 OCOOJIMBO MPOCTE MOJIEJIbHE PIBHSHHS, SIK€ MPOTHO3YE MIBUAKICTH KOPO3il
JIMIIE Yepe3 IUIaCTHYHY aedopMalliro, IeMOHCTPYE 3HAYHI BIIXHUJICHHS Bifl CKCIICPH-
MEHTAJIFHO BCTAHOBIICHUX IIBUAKOCTEH KOpo3ii. OmHaK Mamy po30iKHICTP i3 eKcIie-
PUMEHTAIFHIAMH pe3yJbTaTaMH i3 CepeIHIM BiOXWIEHHSM MeHme 4% oTpuManyu 3a
MOJCIBHAM DIBHSHHSM, SIKE BPaXOBY€ MIKPOCTPYKTYpHIi MapaMeTpu Ta LIOPCTKICTh
MMOBEpXHi. 3a HOr0 BHUKOPHCTAHHS OTPUMAIH BHUIIY MIBUIKICTH KOPO3il 3a OLIBIINX
MikpojedopMarii Ta 3aIUIIKOBOrO HAIPYKEHHS CTHCKY ayCTeHITHOI (as3u, a Takox
OUTBIIOT IIOPCTKOCTI MOBEPXHi. BUSABICHO, 110 OibIlIa YaCcTKAa MApTECHCHUTY 3HIKYE
HIBUIKICTH KOPO3ii.

KuarouoBi ciioBa: kopo3sis, moolentogawwus, Xoa00HA 006pOOKa, MIKpOCMpyKmypad,
aycmeHimna HepICcasHa Cmanb, MapmeHcumme nepemeopeHHs.

Bizinaucoxa H. B., Anyesuu K. B., [lem’anos I. A. Kopo3iitHa

TPHUBKICTh TICEBIOCIUIABHUAX MOKPUTTIB CUCTEMH MiIb—3alli30,
OTPUMAHUX CICKTPOAYTOBUM HATIFIICHHSIM. ......eeuveenrensreneeseenesseesesneesesssensesssensesenssens

Uepes 3HOIIYBAaHHA 1 KOPO3it0 JeTaiieil 30UIbIIYIOTECS eKCIDTyaTaliifHi BUTpAaTH Ha
PI3HUX MiANPHEMCTBAX. 3aXUCTHTH iX MOXHA IULIXOM EJIEKTPOIYTOBOIO HAIMJICHHS
TICEBAOCIUIABHUX 3aXHUCHUX MOKPHUTTIB. [IOKPUTTS OTpPUMAaHO OJHOYACHHUM HAIHMJICH-
HAM MiJHOTO Ta 3a]li3HOTO JPOTiB. X MiKpOCTPYKTYpPY MOCIiIKEHO 3a IOMOMOTOIO
CJICKTPOHHOTO MIKPOCKOMa, a (ha30BHH CKJIal — 3 BUKOPHUCTAHHSIM PEHTTCHIBCHKOI
mudpakromerpii. BusiBneHo, mo Take MOKPUTTA IIUJIBHE 1 CKIIaIaeThes 3 Jiameliel
Mini Ta 3amisa 3 piBHOMIpHO po3moineHME okcumauME hasamu Cu,O, FeO. Moro
MiKpoTBepicTh cTaHoBUTH 2,1£0,7 GPa. EnexTpoxiMiuHi JOCIIIKEHHS BUKOHAHO B
3%-my pozunHi NaCl. BcraHoBieHO, 110 TICEBAOCIUIABHI MOKPHUTTS CHCTEMH MiJb—
3a1i30 ToBIIHOIO 500 m KOpO3iiHOTPHUBKI Y IEOMY PO3YHHI.

KuiouoBi ciioBa: ncegdocniagne nokpummsl, enekmpooyeo8e HANULEHHs, MIKpo-
CMPYKMYpa, MiKpomeepoicmvp, (hazo6uti KOMRO3UM, KOPO3IliHA MPUSKICb.

Beceniecoka I'. I'., I'6030eyvkuii B. M., Cmyoenm M. M., 3a0opooicna X. P.,

/3b06a IO. B. BiuB ckiagy eIeKTPOIITY A TBEPIOTO aHOIYBaHHS
TIOMIHII0 Ha KOPO3iHHY TPUBKICTh CHHTE30BAHUX MOKPHTTIB. ...c.veververerverreeieenneens 1

3’5COBaHO JIiI0 CKJIaAy €JIEKTPOJITY /sl TBEPAOTO aHOAYBAaHHS aJIOMIHIIO Ha KOpO-
3iifHy TPWBKICTH CHHTE30BAaHMX AHOMHUX IOKPHUTTIB. TBepae aHOAYBaHHS 3.iHCHIO-
Baym 3a Temmneparypu —4...0°C Brponosx 60 min 3a ryctuan ctpymy 5 A/dm?. Baso-
Buit enekrpoutiT — 20%-uit Boxuui pozunH H,SO4. [y BU3HAYEHHS BIUIMBY CHIBHUX
OKHCHIOBAYiB Ha XapaKTEPUCTHKN aHOAHUX IIapiB A0 ENEKTPOIITY BBOAWIN MEPEKHC
BonHIO (H>0,) y xonmentparisx 30; 50; 70 ta 100 g/l. 3’scoBano, 110 KOHIICHTpAITis
70 g/l H,O, B enekTpoiTi, ska 3a0e3medye CHHTE3 HAWTOBCTINIOTO Ta HAHMEHII
MOPYBATOTO MOKPUTTS, € ONTUMAJIbHO. BCTaHOBIEHO, 110 B OYATKOBUII MOMEHT
3aHYpEHHS aHOJIHHMX TOKPHUTTIB, CHHTE30BaHUX B NEPOKCHBOIHEBOMY EJIEKTPOJITI,
iX KOpoO3iifHa TPUBKICTh 3HIKYEThCA. 31 30UIBIMICHHAM ioro KoHIeHTpamii Big 30 1o
100 g/l crpymu kopo3ii 3pocrarors Ha 30 i 90%, BimmosinHo. IIpoTe 31 30iNbIICHHAM
€KCIIO3HIIIi MOKPUTTIB y CEPENOBHILI iX TYCTHHU CTPYMiB KOPO3il 3HIKYIOTBCS 1HTCH-
CHBHIIIE 31 3MeHIIeHHsAM ix mopucrocti. Ilicmsa 14 days 3amexHiCTh KOpO3iHHOL
TPUBKOCTI TTOKPUTTIB BiJI CKJIQ/ly €JIEKTPOJITY HIBEJIIOETHCS, 110 MOXKE CBIAYUTH PO
TIOBHE 3aKPHUTTS MOP.



Knwouoei cnosa: meepoe anooysanus, anominiv, 20%-uti eoonuu posuun H>SO,, ne-
PpeKuc 600HIO, OKCUOHULL wiap, Oap’€pHuil wap, nopu, KOPO3IUHI 61ACMmU80CHi,
nopucmicme.

Xnonux O. I1., 3inv I. M., llayxo b. M., binuti JI. M., [[ypseina 3. A., Kopniti C. A.
ITpoTrKOpO3iliHi BIACTHBOCTI KOMIIO3UIIIHHOTO iHTiOYBaIBEHOTO TIrMEHTa

Ha OCHOBI IIPUPOJIHOTO CHITIKATY T MOHO(POCHATY IIIHKY...c..eeveeeeereeneeneeaneeesneeeanens 109

MeTto10M MeXaHOXIMIYHOTO MOAM(DIKYBaHHS OTPUMAHO KOMIIO3UIIHHUN 1HT10yBalIb-
HH MICMEHT Ha OCHOBI MPUPOJIHOTO CHIIIKATy — BOJIACTOHITY Ta KUCIIOi colli (MOHO-
(docdary nnHKY), AKAN Mae TOMIMIICHI 3aXUCHI BIACTHBOCTI HA aTIOMiHI€EBOMY CILIa-
Bi B CepeIOBHIIII CITaOOKUCINX aTMOC(HEPHUX OIAJiB Ta MIEPEeBaXKae 3a UMK XapaKTe-
PHCTHKaMH MPOCTY CYMIIl CHUTIKATy Kajblilo 3 MoHO(dochaToM IMHKY. 3rigHO 3 pe-
3yJIbTaTaMU JOCIiKEHb Ha TIOBEPXHi CIUTABY Y BUTSDKII mirMeHTa GopMyeThest edek-
TUBHA KOPO3IMHOTPUBKA IUTIBKA, IO CKJIANA€ThCs 3 (pocdariB KaNbIliO, I[UHKY Ta
aIIIOMIHIIO.

KaouoBi ciioBa: xopo3sis antominic6oeo cniagy, npupoonull CULIKam Kauibyito, MOHO-
docgam yuuxky, NPOMUKOPOZIUHUN nieMeHm, ammocgepui onaou, NOMeHyioouHa-
MIYHA NOAAPU3AYIs, IMNEOAHCHA CNEeKMPOCKONIsl, CKAHIGHA eeKMPOHHA MIKPOCKONIsL.

Cno60oosn 3. B., Maznamiox JI. A., Kynosuu P. 5., Co600ow H. H. InriGysanus
KOpO3ii BYIJIeNeBoi CTali NOoMiBIHUIMIPOIIIIOHOM Y XJIOPHI-alleTATHOMY

PO3YHUHI Ta MOACTBHIM TUTACTOBIM BOII. .cuvevverveeererierienreeseesseesesseesesssesesssessesssessneens 117

I'paBiMETpHYHUMH Ta EIEKTPOXIMIYHMMH METOJIAMH JIOCITI/DKEHO BIIMB MOJIBIHLI-
niponinony (I1BII) 3 monekynsipaumu mMacamu 12600 Ta 28000 3a konnenTpanii 0,2;
0,5 ta 1 g/dm® na meHaKicTs KOpO3ii cTami 20 y XJIOpHA-aleTaTHOMY PO3YMHI Ta MO-
JIeTIbHIN T1acToBIM BoJi. BcTaHOBIIEHO, 10 B 000X CEpeOBHIIAX 33 AUHAMIYHUX YMOB
MaKCHMaJIbHE TaIbMyBaHHs IIBHAKOCTI KOpO3ii cTaii € 3a kormentparii IIBIT 0,5 g/dm’.
IMoganbmre 36iTbIIEHHS KOHIEHTpaNii iHridiTopa 1o 1 g/dm’ 3HmKy€ CTYIiHb 3aXHCTy
CYTTEBIIIE y XJIOPHI-alleTaTHOMY PO34YHHI, HDK y tuiactoBiid Boxi. I1BII Ginbmroi Mo-
JIEKYJIIPHOI Macy BUSIBIISIE BUINI 3aXMCHI BIACTHBOCTI, IO XapaKTepHO IS MOJIiMe-
PpiB, 31aTHHUX afcopOyBaTHUCS SIK JIIHIHHO, TaK 1y BUTJISI KiTyOKa.

Kuaro4oBi cioBa: exonociuno 6e3neuni ineiOimopu, nonigiHiNiponiooH, weuoKicms
KOpO3ii, CMyniHb 3aXUCMy, 2pasimempuyti ma noaApu3ayitiHi 00Ci0NCeHHs.

Cmeuuwun M. C., Ckuba M. €., Cmevuwmuna H. M., Mawoseyv H. C.,
Meogeouyx H. K. 3HOCOCTIHKICTh a30TOBaHOI B TII0YOMY pO3psii

CTAML 08X TBHIL0...c.oiiiiiiiiicieieeeeeee ettt e 123

Jocmimkeno BB pexuMiB 6e3BogHeBoro azoryBanHs cram 08X18H10 na ii daszo-
BUI CKJIaf, pO3IMOJIII OCHOBHHUX JIETYBaJbHUX €JIEMEHTIB, BMICT a30Ty B HITPHIHOMY
nrapi, MiKpOTBEpIiCTh Ta MUTOME 3HOINYBaHHs. [loka3aHo, 10 3i 301IBIIICHHSIM TEM-
nepaTypu 1 TpuBanocti azoryBanHs crtairi 08X 18H10 omHOYacHO 31 3pOCTAHHSAM TOB-
HIMHKA Q30TOBAHOTO LIAPY BMICT a30Ty B HbOMY 3MEHIIYETHCS 1 3HUKYEThCS TBEPIICTD
BEPXHbOI YaCTHHU HITPUAHOI 30HHM, aJie IIPU [[bOMY 3arajibHa TBEPJICTh IIABHO 3pPOC-
Ta€ 10 MaKCUMAaJIbHUX 3HAYCHB, XapaKTEPHIX IS MEXK HITPHIHOI Ta TUQY31HHOT 30H.
JlabopatopHi BHIIpOOYBaHHS Ha TifpoaOpa3suBHE 3HONTYBAaHHS IOKAa3ajH, IO MOPiB-
HSHO 3 BHXIJIHUM CTaHOM 3HOCOCTiHKicTh a3oToBaHOi mpu P = 120 Pa, T = 600°C
yrpomosxk 3 h cram 08X18H10 3pocna y nBa pasu. [IpommucioBi BUmpoOyBaHHS po-
TOpiB HEHTpUGYr Ha 30aradyBajibHUX (haOpHKax HiATBEpAWIM pe3ysbTaTH Jadopa-
TOPHUX JIOCTIJKEHb.

KuirouoBi cioBa: azomysanns, nepacasHi cmani, 3HOCOCMIUKICMb.
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Korzhyk V. M., Khaskin V. Yu., Kvasnytskyi V. V., Ganushchak O. V., Hos I. D.,
Peleshenko S. 1., Demianov O. L., Konoreva O. V., and Fialko N. M.
Preparing integrated joints of titanium alloys with steels (A review).......cc.cceeereeneene 5

The analysis of welding processes of titanium alloys with steels is presented. There are
such research directions: the use of prefabricated bimetallic transition elements
(welded by traditional methods); minimization of energy and heat in the weld area of
metals; the use of methods of welding metallurgical engineering. The advances in
welding technology have led to innovative solutions such as friction welding with
stirring, as well as the use of liquid-phase layers and 3D printing of nanostructured
layers at the welded edges to accelerate diffusion processes in diffusion welding. The
new methods in welding metallurgical engineering increase the efficiency of Ti—Fe
compounds due to the use of multilayer compositions of tantalum or niobium from the
side of titanium and bronze — from the side of steel, and also vanadium inserts and its
alloys, for example, alloyed with tungsten or chromium. The urgency of further
development of standards for support and dissemination of industrial technologies for
welding of Ti—Fe joints, training and preparation of technical staff for the implemen-
tation of these technologies is noted.

Keywords: titanium-steel joints, interphase interaction, intermetallics, intermediate
layers, strength of joints.

Trush V. S., Pohrelyuk I. M., Luk yanenko O. G., Kravchyshyn T. M.,
and Fedirko V. M. The influence of heating modes on heat-resistance
of Zr and the Zr—1% ND alloy......coooivirinininiiiciiicece e 17

Differences in the oxidation kinetics of zirconium and Zr—1% Nb alloy during heating
in air depending on the heating rate, temperature and duration of exposure are revealed.
It is shown that increase in the heating rate from 2.5 to 6 and 7.5°C/min reduces the
activation energy of the Zr oxidation process in the temperature range of 20...1000°C
from 70.2 to 67 and 52.7 kJ/mol, respectively. For the Zr—1% Nb zirconium alloy,
increase in the heating rate from 5 to 10 and 20°C/min causes an increase in the acti-
vation energy of the oxidation process from 65 to 70.1 and 78.5 kJ/mol, respectively.
It is shown that such an increase in the heating rate (of zirconium from 2.5 to
7.5°C/min, and of the Zr—1% Nb alloy from 5 to 20°C/min) causes a decrease in the
thickness of the ZrO, oxide film. During isothermal exposure for 5 h at 750°C, the
Zr—1% Nb alloy and Zr at a temperature of 800°C are oxidized according to the



parabolic law. At 800°C the Zr—1% Nb alloy oxidizes according to the combined law:
first, parabolic, and then quasi-linear.

Keywords: zirconium, oxidation resistance, activation energy, hardness.

Gorban V. F., Firstov S. A., and Krapivka M. O. The influence of different factors

on physicomechanical properties of high-entropy alloys with fcc lattice....................

The effect of electron concentration, mixing enthalpy, and dimensional mismatch on
the lattice parameter, elastic modulus, and normalized hardness of high-entropy alloys
(HEA) is studied. The analysis shows that the lattice parameter, which determines the
elastic modulus of HEA, is affected by both the electron concentration and mixing
enthalpy. A rectilinear dependence of the normalized hardness of these alloys on the
dimensional discrepancy is established. Based on the found regularities, formulas for
calculating the hardness and elastic modulus for hard-soluble HEA with a FCC lattice
are proposed.

Keywords: high-entropy alloys, dimensional mismatch, enthalpy of mixing, hardness,
modulus of elasticity.

Nengjun Ben, Vytiaz O. Yu., and Hrabovsky R. S. Mechanical properties of steel

for floating offshore platforms under static and cyclic loading............cccceveveeerenennnee.

The paper presents the results of a set of experimental tests of Q420 steel samples
with quality level Q420B. The chemical composition of steel and its mechanical cha-
racteristics, indicated in the certificate for products and determined experimentally,
were compared with the standard values in the certificate for products. The results of
steel fatigue and corrosion-fatigue tests were analyzed. Fatigue curves in air and
artificial seawater were constructed, and the corresponding values of endurance limits
at room temperature and at 0°C were also determined. A significant influence of the
corrosive environment on fatigue crack propagation rate in steel was established.

Keywords: Q420B steel, chemical composition of steel, mechanical properties,
corrosive environment, fatigue test, S—N curves.

Gogaev K. O., Sydorchuk O. M., Myslyvchenko O. M., Yevych Y. L,

and Hongguang Ye. The influence of operating conditions on the structure
and mechanical properties of 4X4H5M4®2 die steel.........ccoevveieniriinieiiieeieeee

The structure and mechanical properties of 4X4H5M4®2 steel in heat-deformed and
cast states after quenching and tempering, as well as additional heating are investigated.
It is shown that after additional heating of hardened and tempered 4X4H5M4®d2 steel,
which models the operating conditions of the equipment (operating temperature during
quasi-stationary exposure), its weakening occurs at 630...650°C, which is associated
with the formation of M,C; carbides. Cast steel under these conditions does not have
such a carbide phase in the metal structure, which is the cause of an increase in its
heat resistance. The expansion of the operating temperature range of cast 4X4H5M4®2
steel after the optimal mode of hardening and tempering allows us to use a tool made
of this steel up to an operating temperature of 650°C. It is recommended not to use
such steel in the cast and heat-deformed states for the manufacture of a tool for hot
deformation of non-ferrous metals and alloys, which operates under conditions of
cyclic impact loading.

Keywords: die steel, thermodeformation and heat treatments, phase composition,
crystal structure, mechanical properties.



Ivanov O. O., Prysiazhniuk P. M., Bodrova L. G., Kramar G. M., Marynenko S. Yu.,

Koval 1. V., and Guryk O. Ya. 3D simulation of the structure of soldered
materials based on Fe—Ti—M0—B—C SYSteM.......c.ccceevvirierrieienrieieceeie e

The structure of the deposited layer based on the Fe—Ti—-Mo—B—C system is investigated.
A methodology for 3D modeling of the Fe(Mo, B), grain has been developed, which
includes four stages. Blender software is used for 3D modeling, and the Image Pro
Plus software — for image analysis and measurements. The results show that in the
Fe-Ti-Mo-B-C surfacing, the main strengthening phase Fe(Mo, B), is formed
around TiC grains, which are modifiers.

Keywords: surfacing, powder arc welding, 3D modeling.

Kushnir R. M., Zhydyk U. V., and Flyachok V. M. Thermoelastic state

of a nonhomogeneous orthotropic cylindrical shell with an open profile
under transient KEating.........coocvevuiiieiiiierie e

The thermoelastic state of an inhomogeneous orthotropic circular cylindrical shell
with an open profile under the condition of convective heat exchange between the
surfaces of the shell and the environment is investigated. A generalized shear
mathematical model of heterogeneous anisotropic shells of the first order and two-
dimensional non-stationary heat conduction equations are used in this case. Using the
methods of Fourier and Laplace integral transformations, an analytical solution to the
non-stationary problem of thermal conductivity and the quasi-static problem of
thermoelasticity for a finite hinged shell supported at the edges is found. The stress
state and deflections of the shell are calculated for the case of material properties
change in the radial direction according to the power law.

Keywords: thermoelasticity, cylindrical shell, heterogeneous material, temperature
load.

Skalskyi V. R., Mokryi O. M., Zvirko O. L, Kyryliv V. I., Romanyshyn 1. M.,

and Maksymiv O. V. Assessment of characteristics of nanocrystalline layer
using the surface aCOUSTIC WAVES ....c.ecvevvieieriieiiieeie sttt ettt re e beeeaneeenes

The effect of the nanocrystalline layer formed by mechanical pulse treatment on the
velocity of surface acoustic waves in 651 steel samples was studied. Acoustic waves
with frequencies equal to 3; 6 and 9 MHz were used. Different thicknesses of the
nanocrystalline layer were obtained by the stepwise grinding method. The method of
estimating the acoustic properties of the formed layer based on the velocity of surface
acoustic waves in the case when the depth of wave penetration is greater than its
thickness was described. To determine the acoustic characteristics of the nanocrys-
talline layer, an additional measurement of its thickness was carried out using
metallographic studies.

Keywords: mechanical pulse treatment, velocity of surface acoustic waves,
nanocrystalline layer, plastic deformation.

Chausov M. G., Maruschak P. O., and Pylypenko A. P. The influence of impact-

oscillation load on hardness of surface layers of 1164ATB aluminium alloy.............

The effect of impact-oscillation loading of a given intensity was evaluated, in particu-
lar, using nanosolutions of tungsten carbide, carbon, as well as Al+ Cu and
Al+ Cu+ Mg nanosolutions at a concentration of 50:50% and 33:33:33%,
respectively, on the hardness of the surface layers of the /I1164ATB aluminum alloy.
The relationship between the parameters of dynamic non-equilibrium processes
(DNP), which change the structural phase state and mechanical properties of the alloy
and the surface hardness of the material, was identified and described.



Keywords: aluminum alloy /[164ATB, impact-oscillation loading, change of struc-
tural and mechanical state, hardness.

Hembara O. V., Holian O. M., Chepil O. Ya., Paliukh V. M., Sapuzhak Ya. I,

and Soviak I. M. Assessing life time of a shaft with a crack in hydrogen ...................

A theoretical-experimental approach for predicting the kinetics of fatigue crack growth
and determining the lifetime of the responsible elements of structures in hydrogen is
proposed. Based on the created calculation model of fatigue crack growth and
experimentally constructed kinetic diagrams of fatigue failure of 35XH3M®A steel,
the residual life of the rotor shaft of the steam generator, weakened by a surface semi-
elliptical crack in air and in gaseous hydrogen environment, is determined. It is
established that hydrogen reduces the residual life of the rotor shaft by two orders of
magnitude in hydrogen, compared to its residual lifee in air.

Keywords: fatigue crack, hydrogen gas, fatigue fracture kinetic diagram, lifetime
prediction.

Berezovets V. V., Kononiuk O. P., Denys R. V., and Zavalii 1. Yu. Synthesis and

hydrogen sorption of MgH, composites with TiFe and Ti;FMgH, additives...............

Hydrides of magnesium composites with additions of TiFe intermetalide and TisFe;O
suboxide was synthesized by mechanical grinding in hydrogen. It was found that the
rate of mechanochemical hydrogenation of magnesium in the presence of these additives
doubles, and the temperature of hydrogen desorption decreases by 100...150°C. With
the addition of graphite, the particle size of the composites decreases, and the rate of
formation of magnesium hydride during grinding and in subsequent cycles of
hydrogen sorption-desorption increases. The properties of composites depending on
different initial particle sizes and magnesium purity were investigated. Composites
based on magnesium shavings were synthesized using a simplified method.

Keywords: composites, magnesium hydride, sorption-desorption of hydrogen,
intermetallic compounds, suboxide, graphite.

Khoma M. S., Pokhmurskii V. I, Chuchman M. R., Vasyliv Kh. B., Ivashkiv V. R.,

and Ratska N. B. Corrosion-mechanical properties and susceptibility
to hydrogenation of pipe steel in the presence of carbon oxide
and hydrogen sulphide in enVIrONMENt...........ccecverierierierierieie e eeeeneees

The effect of different concentrations of CO, and HS in a chloride-acetate solution on
the corrosion-mechanical properties of 17T'1C-VY steel is studied. In a solution
saturated with CO,, the corrosion rate of steel is lower than in the presence of H»S, but
increases over time due to the absence of protective carbonate films on the surface,
plasticity parameters are 2—2.7 times lower than in air, due to ulcerated surface
damage. The corrosion rate and hydrogenation of steel is determined primarily by the
hydrogen sulfide concentration in the environment. At a concentration of 100
mg/dm?, dense films of the troilite-mackinavite composition are formed, which inhibit
corrosion. At higher concentrations, the corrosion rate increases due to the sulfides
transformation and the formation of surface layers with defects. With an increase in
the H,S concentration from 100 mg/dm?, the strength characteristics of steel decrease
in three, and plasticity by 3—5 times.

Keywords: pipe steels, carbon dioxide, hydrogen sulfide, corrosion, hydrogenation,
mechanical properties, microstructure.

Dittes A., Mehner T., Friedrich S., Awiszus B., and Lanpke T. Quantitative model

for the prediction of the corrosion rate of cold-rolled 316L steel..........c.ccoevveneeeennnnne.

The austenitic stainless steel 316L is used for numerous components due to its excel-
lent corrosion resistance. However, forming of components influences the microstruc-



ture and can thus change the corrosion resistance of the steel. In this context, the cor-
rosion rate of the steel 316L is determined for the case of uniform corrosion of various
cold-rolled conditions by ageing tests in 0.5 M H,SO,. The microstrain, the martensite
fraction, and the residual-stress state are quantified using X-ray diffraction. The surface
roughness is measured by laser scanning microscopy. Three different model equations
are derived by means of multiple regression to predict the corrosion rate as a function
of the specimen properties. The analysis shows that a particularly simple model equation,
which predicts the corrosion rate only via the plastic strain, shows insufficiently large
deviations from the experimentally determined corrosion rates. However, a low
divergence to the experimental results with a mean deviation of less than 4% is achieved
by using a model equation that takes microstructural parameters and the surface ratio
into account. Within this model equation, an increased corrosion rate is achieved with
higher microstrain and residual compressive stress of the austenite phase as well as a
higher surface-area ratio. A higher fraction of martensite is found to lower the
corrosion rate.

Keywords: corrosion, modeling, cold-forming, microstructure, austenitic stainless
steel, martensitic transformation.

Vigilianska N. V., lantsevitch C. V., and Demianov I. A.

Corrosion resistance of pseudoalloy copper-iron coatings
obtained by the electriC arc SPraying........cccoceeeererriererrieseeeseeeeeesee et e seeeeseee e

High wear and corrosion of parts lead to an increase in operating costs at various plants.
These parts can be protected by the electric arc spraying of pseudoalloy protective
coatings. The coating was obtained by simultaneous spraying of copper and iron
wires. The microstructure was investigated with an electron microscope and the phase
composition was assessed by X-ray diffractometry. The porosity and microhardness
of the coating were also evaluated. It is shown that such coating has a dense structure
and consists of Cu and Fe metallic lamellas together with homogenously distributed
minor Cu,0, FeO oxide phases. The microhardness of the coating is 2.1+0.7 GPa. An
electrochemical test of the coating was performed in a 3% NaCl solution. It was found
that the pseudoalloy coating of copper-iron system with a thickness of 500 um have
high corrosion resistance in this solution.

Keywords: pseudoalloy coatings, electric arc spraying, microstructure, microhard-
ness, phase composition, corrosion resistance.

Veselivska H. H., Hvozdetskyi V. M., Student M. M., Zadorozhna Kh. R.,

and Dzioba Yu. V. The influence of the electrolyte composition for hard
anodizing of aluminium on corrosion resistance of synthesized coatings.................. 1

The effect of the composition of the electrolyte for hard anodizing of aluminum on
the corrosion resistance of the synthesized anodic coatings is studied. The hard ano-
dizing process is carried out at a temperature of —4...0°C for 60 min at a current density
of 5 A/dm’. The basic electrolyte is a 20% aqueous solution of H,SO,. To determine
the effect of strong oxidants on the characteristics of the anode layers, hydrogen
peroxide (H20O) is added to the electrolyte in concentrations of 30; 50; 70 and 100 g/1.
It is found that the concentration of 70 g/l H,O, in the electrolyte, which ensures the
synthesis of the thickest and least porous coating, is optimal. It was established that at
the initial moment of immersion of anodic coatings synthesized in hydrogen peroxide
electrolyte, their corrosion resistance decreases. When its concentration increases
from 30 to 100 g/1, corrosion currents increase by 30 and 90%, respectively. However,
with increasing exposure of coatings in the environment, their corrosion current
density decreases more intensively with a decrease in their porosity. After 14 days, no
dependence of the corrosion durability of the coatings on the composition of the
electrolyte observed, which may indicate a complete closure of the pores.



Keywords: solid anodizing, aluminum, 20% aqueous solution of H>SO, hydrogen
peroxide, oxide layer, barrier layer, pores, corrosion properties, porosity.

Khlopyk O. P., Zin I. M., Datsko B. M., Bilyy L. M., Duriagina Z. A.,
and Korniy S. A. Anticorrosion properties of composite inhibiting pigment

based on natural calcium silicate and zinc monophosphate...........c.ccceeevviercrierninnnne 109

A composite inhibiting pigment based on natural silicate — wollastonite and acid salt
(zinc monophosphate) was obtained by the method of mechanochemical modification.
The new composite pigment wollastonite—zinc monophosphate has high protective
properties on aluminum alloy in the environment of weakly acidic atmospheric preci-
pitation, and is superior to a simple mixture of calcium silicate and zinc monophos-
phate in protective characteristics. According to the research results, an effective
corrosion-resistant film consisting of calcium, zinc and aluminum phosphates is
formed on the surface of the alloy in the extraction of the composite pigment.

Keywords: an aluminum alloy corrosion, natural calcium silicate, zinc monophos-
phate, anticorrosion pigment, atmospheric precipitation, potentiodynamic polariza-
tion, impedance spectroscopy, scanning electron microscopy.

Slobodyan Z. V., Mahlatiuk L. A., Kupovych R. B., and Sobodosh N. Yo. Inhibition
of carbon steel corrosion by polyvinylpyrrolidone in chloride-acetate

solution and in Model Strattal Water............oooovuviiiiiiiiiiiiieieeeeeeeeeeee e 117

The influence of polyvinylpyrrolidone (PVP) with molecular mass of 12600 and 28000
at concentrations of 0.2; 0.5 and 1 g/dm® on the corrosion rate of 20 steel in the chlo-
ride-acetate solution and in the model reservoir water was investigated by gravimetric
and electrochemical methods. Under dynamic conditions maximum inhibition of the
steel corrosion rate is observed at a PVP concentration of 0.5 g/dm® in both media. A
further increase in inhibitor concentration to 1 g/dm’ reduces the degree of protection
more significantly in chloride-acetate solution than in the reservoir water. The PVP
with a higher molecular mass exhibits higher protective properties, which is typical of
polymers capable of adsorbing both linearly and in a ball.

Keywords: environment friendly inhibitors, polyvinylpyrrolidone, corrosion rate,
degree of protection, gravimetric and polarization studies.

Stechyshyn M. S., Skyba M. Ye., Stechyshyna N. M., Mashovets N. S.,
and Medvedchuk N. K. Wear resistance of glow-discharge nitrided

O8XTEHIO SLEEI ...ttt sttt s e e 123

The influence of the modes of anhydrous nitriding of 08X18H10 steel on the phase
composition, distribution of the main alloying elements, and the content of nitrogen in
the nitride layer, microhardness distribution and specific wear of nitrided austenitic
stainless steel was investigated. The conducted studies showed that with an increase
in the temperature and duration of nitriding of 08X18H]10 steel, simultaneously with
the increase in the thickness of the nitrided layer, the nitrogen content in it decreases
and a drop in the hardness of the upper part of the nitride zone is observed. At the
same time the hardness gradually increases to the maximum values typical of the
boundary of the nitride and diffusion zones. Laboratory tests on hydroabrasive wear
showed that, compared to the initial state, the wear resistance of 08X18H10 steel,
nitrided at P = 120 Pa, T = 600°C for 3 h, increased twofold. Industrial tests of
centrifuge rotors at processing plant confirmed the results of laboratory studies.

Keywords: nitriding, stainless steels, wear resistance.
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