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HALIIOHATNTbHA AKAOEMIS HAYK YKPAIHW
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MEXAHIKA MATEPIANIB

MixxHapogHWIA HayKOBO-TEXHIYHMI XKypHan
3acHoBaHWi y CiuHi 1965 poky
BuxoguTb 6 pasis y pik

TOM 59, Ne 5, 2023

BEepeceHb — XOBTEHb

3MICT

THoxmypcewkuii B. 1., Xoma M. C., Yyuman M. P., Bacunie X. b., Payvka H. b.
BrunB temniepaTypy i THCKY Ha KOPO3it0 Ta HABOJHIOBaHHS CTali
Y XJIOPUIHO-aIETATHOMY CEPEIOBHIII 3a PI3HUX KOHIICHTPAITii
CIPKOBOJIHIO 1 BYTTICKHCITOTO TA3BY-...uveuvteueeteantenseentesseentenseenteeneenseeseensesneesseeneessesnsesseennes 5

JocnipkeHo IBUAKICTh KOPO3ii Ta HAaBOAHIOBAHHS HU3bKOBYTJIELEBOI TpyOHOI cTaii
B XJIOPUIHO-AIIETATHOMY po3urHi 3 nonaBanHsaM cyminreii CO,/HaS 3a pizHux Temie-
patypu i THCKY. BcraHoBIIeHO, 1O MIBUAKICTh KOPO3il Ta HABOJHIOBAHHS 3aJIC)KUThH
Bix koHIeHTparii H,S Ta BmacTuBocTeil KOpo3iitHUX IITiBOK. Y PO3YMHI 3a CITiBBiTHO-
IIEHHS TUCKIB Pcoz © Przs = 30:1 Ta Ha movaTKy BUTPUMKH 3a ix mpomopuii 3:1 kopo-
3151 CIIOBUTHHIOETHCS Yepe3 yTBOPEHHS IDTBKM MakiHaBitTy Fei.,S. 3 wacom MakiHaBiT
TICPETBOPIOETHCS Ha TeKCaroHATbHUN TpoutiT FeS 3 roayacToro cTpyKTyporo, a IIBH-
KICTb KOpO3ii 3pocTrae y ~2 pa3u. BusBieHo, mo mBuakicts koposii crani npu 60°C i
5 MPa B po3unHi 3a CHIBBIIHOIIEHHS TUCKIB Pcoz @ Pios = 3:1 yaBiui HIKYA, HIXK MIPH
20°C 10,1 MPa. Ha noBepxHi yTBOPIOETHCS IUIBHUHN 1Iap KyOIYHUX KPUCTATIB CYJIb-
¢iny 3amiza FeS, sikuil ynoBinbpHIOE KOPO3it0. 3 MiABUIIEHHSM TEMIIEPaTypH aacopo-
1[is1 BOJHIO CTAJITFO 3MEHIIYEThCS B ~15 pasis.

KarouoBi cioBa: wesuoxicms koposii, Hagoouweanns, cmanv 17I'1C-Y, xnopudno-
ayemamHuil po34uH, CIpPKOBOOEHb, 8Y2NIeKUCIUN 243, MeMNepamypd, Muck.

3sipko O. L, I'pedine M. 1., Lupynonuk O. T., Benepuniox O. ., Huxugopuun I". M.
Mero/MKa OI[iHFOBaHHSI BIUIMBY Ta3010{I0OHOTO BOJIHIO Ha KOPO3it0
TA HABOJHIOBAHHS CTATICH. ... eeviriietiriietieitentteteetteteette st et steeee bt estesbeesbesbeente e sieeeenees 10

Po3pobiieHo 1abopaTopHy METOUKY JTOCIIKCHHS BILTUBY Ta30I01i0HOTO BOJHIO HA
IHTEHCHBHICTB €JIEKTPOXIMIYHUX MPOIIECIB HA TPYOHMX CTAISX 3a A1l MOJEIBHOTO JJIs
BHYTPIIIHBOI MOBEPXHI Ta30MPOBOAY KOHJEHCOBAHOTO cepenoBuina. BoHa nonsrae y
BUMIPIOBaHHI €JIEKTPOXIMIUHMX MMOKAa3HUKIB CcTalli 32 0apOOTYBaHHS Ta3onoiOHOrO
BOJHIO Ta MOJEINIOE eKCIUTyaTal[iiHI yMOBH HaCHYECHHS HUM TOHKOTO IIapy KOHAEH-
caTy Ha BHYTpIIIHIN moBepxHi TpyOompoBoxy. Ha mpuximani Tpy6HOoi cram API 5L
X70 BCTaHOBJIEHO CYTTEBHH BIUIMB BOJHIO 32 TAKHX YMOB Ha ii €JIeKTpOXiMiuHy MoBe-
JiHKY. 3p0o0JeHO BHCHOBOK, 1[0 HACHYCHHS! MOJIEIILHOTO CEpEOBHIA Ta30101i0HIM
BOJIHEM iCTOTHO NPHIIBHIIYE KOPO3ito cTaji Ta iHTeHCH]iKye 11 HABOJHIOBAHHS.

KuarouoBi cioBa: mpyona cmans, 600eHb, eneKMpOXiMiYHI NOKA3HUKY, KOPO3IlHA
MpUBKicmo.



Maxapenxo B. JI., Cmoeniii O. B., I'oy B. I., Maxcumos C. IO., Maxapenxo IO. B.

Koposziiina nerpanarist TpHBajio €KCIUTyaTOBAHUX CTAIEBUX
D20 M T2 0020070 ¥ o) {0 O USRS

HaBeneHo pe3ysbraTu eKCIEPUMEHTABHUX JTOCHIPKEHD Jierpaiallii cTaeBUX KOHCT-
PYKIil KaHaTi3aiHHUX MiI3eMHHIX CIIOPYyA. 30KpeMa, MOKa3aHO PO3MOILIT IIKiTHBHX
ra30BHX €JIEMEHTIB (CipKH, BOTHIO, KUCHIO) TIO TOBIIMHI CTIHKH KaHANi3aliHHUX TPYO
Y3IO0BXK KOpO3iHUX Ae(eKTiB y BHTIIAAI BHPA3OK, a TAKOXK XapakTep 3MiHH MIiKpo-
TBEPIIOCTI METAJy 3aJIS)KHO BiJI BMICTY BOJHIO 1 TepMiHY eKcinryaTamii. s miaTreep-
JUKEHHSI 3HEMIIIHEHHS METally 3 IiJIBUIICHHSIM KOHLEHTpAIil BOJHIO BUMIpSHO Ha-
MIPY>KEHHS! KPUCTAIIYHOT IpaTKH (HApYy>XEHHSI BUKPUBIICHB).

Knrouosi cnosea: xoposis, HANpyXEHHS, KPUCTATIUHICTh, nedopMaris, MiKpOTBep-
IiCTh, CTPYKTYpA.

Henacmina T. O., Bepexcna K. B., Caxnenxo M. J[., Byeacecvruii C. O. [lerpanarist

3aJ1i300€TOHHUX KOHCTPYKI[ifl MOCTOBUX CIIOPY/I: KOPO3IHHHUNA ACTICKT. .......c.0eenereennee.

Po3rnsHyTO YMHHWKH, SKi CIPUYUHAIOTH PyWHYBaHHS 3a71i300€TOHHUX KOHCTPYKIIIH
MOCTOBHX CIIOPYJ, 30KpeMa BIUIMB IPOTHOXEICAHUX MarepiaiiB, sSKi BUKOPHCTOBY-
I0Th [UIsl O€3MeKH JOPOXKHBOTO pyXy B 3UMOBHH mepioa. I[IpoananizoBaHo yKkpaiHCh-
KUH PUHOK MPOTHOXEJIEIHUX XIMIYHHMX pPEarcHTiB Ta KOMOIHOBaHUX IPUPOIHHX 1
CHHTETHYHHUX 3ac00iB. MeTOIOM MOJSPU3aIliiHOrO OMOPY MOCIIIKCHO KIHETHKY KO-
posiiiHoro pyiinyBanHs craneir 0912C ta CT3 sik OCHOBHUX MaTepiajiiB apMaTypu y
HEWTpaJbHUX XJIOPHABMICHHUX Ta JIy)KHUX PO3YMHAX. 3 ypaXyBaHHSAM KiHETHKH KOPO-
31ifHOTO PYHHYBaHHS IOCTIKCHUX CTaIeH BU3HAYCHO IIBUAKICTD iX KOPO3ii.

KuarouoBi cioBa: decpadayis, koposiune pyuHy8anHsi, NPOMUOICENEOHT 3aco0u, ap-
Mamypa 3ani306emouHUX KOHCMPYKYIL.

T'epyux O. M., I'vaa T. I'., €3epcora O. A., Hocenxo B. K., Kopwniti C. A., Tawax M. C.

BB cknagy aMop(hHUX CIIaBiB Ha iX KOPO3idHY TPUBKICTH
Y PI3HUX 32 ArPECUBHICTIO CEPEIOBHIIIAK ...c..vevverereererrerereenerseserseneasensasensesesensesseensenses

JlocnipkeHo BIUIMB €IIEMEHTHOIO CKIIaJy CTPIYKOBMX aMOpP(HHUX CIUIaBiB HA OCHOBI
3aiiza (FeSO,OSiG,OB 14,0, Fe78,5Nil,oM00,5 SiG,OB 14,0, Fesn, Cu, ,oNbs,oSi 155B74,
Fes;7Niz1 7Cr6,Moo6V15Sis, Bisy) Ha koposifiHy TpuBKicTh ¥ 0,5 M BogHHX po3dunMHAX
NaCl; HClI ta KOH mpm T = (293t1) K. BcraHoBmeHo, IO CIUIaBH
FC51,7Niz1,7CI'6,2M00,6V1,5Si5,2B13,1 l FC73,1CulgoNb3,oSi15,5B7,4 € KOpO3iI>‘IHO TPUBKHUMH B
arpecHBHUX cepeqoBUIax. EleKTpoxiMidHI mapaMeTpH, OTpHUMaHi K METOJOM IIHK-
JIYHOI BOJIETAMIIEPOMETPIi, TaK 1 JIEKTPOXIMIYHOI IMITEAHCHOI CIIEKTPOCKOIi, BKa-
3yI0Th Ha (pOopMyBaHHS Ha HUX MOBEpXHEBHX IUTIBOK y 0,5 M BOZHOMY pO34MHI Kajii
rigpokcuy. ExcriepumenTansHo noeneHo, mo donu Cl™ (ocobnmBo 3a HU3bkux pH) 3a
TPHBAJIOL [Iii € MOMITHO arpecHBHINIMMU OKMCHUKaMK aMOpHUX criagiB ipotu OH -ito-
HiB. Ilix yac yTBOpEeHHS MacHBYBAIBHOI IJIIBKH y CHIBHUX OKHCHIOBAJIBHHUX CEPEJIO-
BHIIAX aKTUBHO PO3UMHSIOTHCA Ti €MIEMEHTH CILIaBY, IO HE 3a/isHI y IOMY IIPOIIEC,
a OCHOBHI IDTIBKOTBiIpHI HAarpOMa/DKYIOTHCS IIiJ] IDTIBKOXO, TMOCHITIOIOYH ii 3aXHCHI
BIIACTHBOCTI.

Kuro4oBi cioBa: avopgni memanesi cniasu, Kopo3sitina mpusKicms, el1eKmpoximiuni
Xapaxmepucmuxu.

Cyxosa O. B. MexaHiuHI Ta KOpO3iiiHi BIacTUBOCTI cruiaBiB cuctemMu Fe—B—C..................

BuBueHo MexaHiuHi Ta KOpo3iiHi BiactuBocTi cruiaBis cuctemu Fe-B—C (0,1...9 wt% B;
0,2...4 wt% C; Fe — 3aiumok). BuzHaueHo X MIKpOTBEpAiCTh i MIIIHICTh HA CTUCK,
ortip abpa3uBHOMY 1 ra3oabpa3suBHOMY 3HOITYBAaHHIO 332 KIMHATHOI Temriepatypu. [ pa-
BIMETPHUYHHIM METOJIOM BIUMIpPSTHO IIBUAKICTH KOpo3ii y BogauX po3unHax 0,5 M H,SOs,
5 M H;PO4, 0,8 M HNOs, 1 M HCL, 2 M CH;COOH, 3 M NaCl ta 0,2 M Na,SO..



Haiib6inpmmit onip abpa3suBHOMY 3HOITYBaHHIO MAIOTh CIUIABH 3 IiJBUIIEHOIO TBEP-
ZCTIO, a Ta30a0pa3uBHOMY — 3 MILIHICTIO Ha CTHUCK. Y OUIBIIOCTI KUCIUX 1 HEUTpaITbHUX
CEePEeIOBHIL IBHIKICTH X KOPO3ii 3MEHIIYETHCS 3 YaCOM Yepe3 HAKOMMYCHHS Ha I10-
BEPXHi 3pa3KiB MPOAYKTiB KOPO3ii 1 IMiIBUIILYETHCSA 3 POCTOM BMICTY €BTEKTHK Ta aycC-
TEHITHOI a3y B eBTEKTHYHUX KOJOHISAX, @ TAKOX Yepe3 yTBOPEHHS B CTPYKTYPI MEXK
MK HEPBHHHOIO 1 EpUTEKTHYHOIO (pazamu. Haiibinpury Kopo3iiiHy TpUBKICTb CIijIa-
BU MalOTh y PO3UMHI HATPil XJIOpUIY, @ HAWMEHIIY — B PO34MHI HITPATHOI KUCIIOTH.

KuarouoBi cnoBa: cniasu Fe—B—C, mexaniuni eracmugocmi, abpasuena i eazoadpa-
3UBHA 3HOCOMPUBKICMb, KOPO3ILHA MPUBKICTb.

TI'anaiiuax C. A., Bunap B. A., /layxo b. M., Jlanunvuyx M. B. OTpumaHHs
EJIEKTPOXIMIYHUX HOKPUTTIB crcteMu Ni—-Mo i3 caMOperymoBaIbHUX
CIICKTPOITITIB. .. vvevveeereteeetesteessesseesseeseesseeseessesssesseassesseesseseessasssassenssessessseesnseesssseessseens 46

EnexkTpoxiMiuHUM METOJIOM OJiepkaHO MOKpUTTSI Ni—-Mo Ha cTajeBUX MiAKIaJKaxX 3
KOMIUIEKCHIX CaMOPETyIIOBAJbHUX EJICKTPONITiB. MeTomaMu eJIeKTPOHHOI MIiKpo-
CKOTIii Ta €HeproJUCIIEPCIHHOTO aHANi3y BH3HAYCHO MOPQOJIOTiI0 TMOBEPXHI Ta ele-
MEHTHHH CKJIa]] OZePKaHMX MOKPHUTTIB. MakcUMalbHUH BMICT MomiOaeHy (25,26 mass%)
OJlEpKaHo 3a TyCTHHH CTpyMy ocamkenns 0,5 A/dm? (pH 9,2, 300 rpm, 2242°C).
ToBmuHa Takux mokputTis 15..20 um. BceranoBneHo, mo 31 30UIBIIEHHSM BMICTY
MoJiOeHy 1X MIKpPOTBEpIICTH 3pocTa€e. 3alpOIOHOBAHUM EJIEKTPOJIIT XapaKTepu3y-
€TLCS BUCOKOIO CTaOIBHICTIO, € TEXHOJOTTYHHUM Ta €KOJIOTTYHO OE3IIEUHNM.

KarouoBi cinoBa: erexmpoocadoicentns, nokpummsi, Mopghonozis, Hikenib—monido0eH,
enexmponim, Moniooam cmponyir, Moaidoam Kaisyiro.

Cunosaniox B. I1., leanmuwun H. A. BriB BKIIOUSHb HA MEXaHIYHI XapaKTePUCTHKU
CTPYKTYPHO-HEOTHOPIMHUX MATEPIATIB (OTTIAI). . .evreerereereereeeeseenieeieeesnreesseeenneens 51

BurkoHaHO KOPOTKMH OTIJIsiI TOCHIPKEHb PO BIUIMB BKIIIOUEHb Ha MEXaHIYHI Xapak-
TEPUCTHKN KOHCTPYKIIHHUX MartepiamiB. Hacammepen 3ramani mpari, e OTpUMaHi
AQHATIITHYHI 3aJIeKHOCTI U MPOTHO3YBaHHSA MEXaHIYHUX BIACTUBOCTEH CTPYKTYPHO-
HEOTHOPITHUX MaTepialiB (TPIIMHOCTIKOCTI, TPaHUIb MIIIHOCTI i BTOMH) 3aJICKHO
BiZl popMH, 00’ €MHOTO BMICTY 1 PO3MIPiB BKIFOUCHb.

Kniouosi cnosa: sxnouenns, mpiwuna, miynicmos, mpilyuHOCMIlUKiCmb, SUMPUBA-
AiCmb.

Anopeiixie O. €., [onincora I. A., 3eaein H. C., Jl6uax M. O. BusnaueHHA
3aJIMIITKOBOI JJOBIOBIYHOCTI TUTACTHHU 31 CHCTEMOIO TPIIIHH 3a Jii
JIOBTOTPHUBAJIOTO CTATUYHOTO HABAHTAXKCHHS 1 KOPO3UBHOTO CEPEAOBHIIIA. ................ 61

3 JI0TIOMOIOK0 €HEPreTUYHOTO MiIXO0Ay MOOYJ0BAaHO PO3PAXYHKOBY MOJEIb IJIS BH-
3HAYEHHS T1epioy AOKPUTHYHOTO POCTY CHCTEM TPILIMH Y METaJeBUX IUIACTHHAX 32
Ji1 JOBrOTPUBAJIOTO CTATUYHOTO PO3TATY 1 JIOKAJIBHOI €JeKTPOXiMiuHOI Kopo3ii. Ori-
HEHO BIUTMB KOPO3WBHOTO CEPEOBHINA HA 3aJUIIKOBY JOBTOBIYHICTH TUIACTHHH 3i
CHCTEMOIO TIEPIOINTHUX 1 ABOMEPIOTNIHUX TPILIHH.

Kuro4oBi cioBa: wamemamuuna mooens, n1acmuna, cucmema mpiwjut, 3a1uuKosa
006208iUHiCMb, KOPO3UBHE cepedosullye.

Jluc C. C. Po3paxyHOK MIITHOCTi TBEJIiB y CTAI[IOHAPHOMY PEKUMi €KCIUTyaTallil............... 68

BcranoBineHo, 1110 3a pe3ysbTaTaMy po3paxyHKiB YaCTHHU TEIJIOBUALIBHOT 301pKH aK-
TUBHOI 30HU peakTopa BBEP-1000 y crarfionapHOMYy peXUMIi eKCIUTyaTallii MOKHA
OLIIHUTH MEXaHIYHUI CTaH OOOJIOHOK TBEJNIB, 3pO3YMITH BIUIUB METOJIB KepyBaHHs
pPEaKTOpOM Ha MIIHICTh Ta MPOEKTHI KpuTepii npuitmManus. HaBeneHo OCHOBHI MpUH-
WY BU3HAYCHHS MIITHOCTI MEXaHIIHUX XapaKTEPUCTUK TBEIIB 3 BUKOPUCTAHHAM KO-
ny CTAPT-3. HaBenmeHO pe3ynbTaTH MPOTHO3YBAaHHS MEXAaHIYHUX XapaKTEPHUCTHK
tBeniB BBEP-1000 wotnpupidHOi KaMIaHii y cTallioOHApHOMY peXXHMi 32 HOPMaIbHAX



YMOB eKCIUTyaTamii Ta 3 iX mopymeHHsM. BUsBIeHo, 110 MaKCUMalbHI HaIllPY)KESHHS B
000 0HIi cTaHoBIATH 60...80 MPa, 110 He MOke BUKIMKATH pO3repMeTH3allii TBea.

Kuro4oBi cioBa: miynicme, Hanpyscenns, peakmop, meen, cmayioHapHuLl pexcum.

Caspyx M. I1., Kpaseyw B. C., Onuwxo JI. 1., Keacniox O. I. BusHaueHHs
HaNpY>KEHOTO CTaHy aHi30TPOIHOTO Tijia 3 TNIAAKIMH KPHBOIIHIAHUMH
BKJTFOUCHHSMH 32 TTO3IOBIKHBOTO BCYBY ...veuveueeueeneeueeseaseeseeseasessessessensensesnseansesnsesnsesnsen

MeTo0M CHUHTYJISIPHHX IHTErpaJIbHUX PIBHSHb PO3B’SI3aHO aHTUIUIOCKY 3a7ady Teo-
Ppii IPY>HOCTI IJ1sl IPY’KHOT'O KYCKOBO-OJTHOPIZHOTO aHi30TponHoro Tina. Jns oxHo-
TO aHi30TPOITHOTO BKIJIIOYEHHSA B OPTOTPOITHIHM IUTONIMHI MOOYyZOBaHYy CHCTEMY iHTe-
TpalbHUX PIBHSHB JPYTOTO POXY PO3B’S3aHO YMCIOBO METOIOM KBaapartyp. ocmi-
JDKSHO BIUIHMB IPY)KHHX CTAINX aHI30TPOITHUX MAaTepialiB IUIOIIMHY Ta BKIIOYCHHS, a
TaKoXX (OPMH KPUBOJIIHIHHOTO BKITIOYEHHS HA PO3MOALIM 3CYBHHUX HAalpyKCHb Ha
MEXI IOJILTy MaTepiaiB.

KmouoBi  caoBa:  awmuniocka — Oepopmayis, — aumizomponis, — @KIOYEHHS,
KOHYEHMPAYisi HANPYHCEHb, MEMOO CUHSYIAPHUX THMESPATbHUX DIGHSAHD.

Koszauox O. I1. BunuB piJMHHUX MICTKIB Ha KOHTAKT TiJ1a 3 TiApo(hoOHOIO
HEPIOANYHO TEKCTYPOBAHOIO JKOPCTKOIO OCHOBOIO. ......eeevieeerinrenenenenenenneseeennennesneennes

Hocmimkeno ©0e3ppuKIifHAN KOHTAKT NPYXKHOTO IMIBIPOCTOPY Ta TEKCTYpPOBAHOI
MIPSAMOKYTHUMH BHUIMKaMH >KOPCTKOI OCHOBH 32 HAassBHOCTI HECTHCIHMBOI PiIMHH, II0
HE 3MOYYy€ iX IMOBEpXHi, Y MIKIOBEPXHEBUX MpocBiTax. [l Mi€l0 MOBESPXHEBOTO Ha-
TATY piguHa (GOPMY€E MICTKH Ha KpasX NMPOCBITIB, a y BHYTPIIIHIX YacTHHAX ITiJ| CTa-
JIUM THCKOM 3HaXOJUThcs Ta3. [lepeman TUCKIB y piauHi ¥ rasi ommcye dopmyia
Jlarunaca. ChopMysibOBaHy KOHTaKkTHY 3aJady Uisi IPYXKHOTO IMiBIPOCTOPY 3BEIEHO
JI0 CHUHTYJSIDHOTO IHTErpajibHOTO DIBHSHHS 3 sapoM [inpOepra BiJHOCHO MOXiAHOT
BiJl BUCOTH TMPOCBITIB 1 TPAHCIEHACHTHOTO PIBHSAHHS IS BU3HAYCHHS IIUPUHU JIi-
JISTHKY 3 Ta30M. [IpoaHaxi3oBaHO 3aIeKHOCTI IIMPHHHU TUISHKH 3 Ta3oM, (GopMu mpo-
CBITIB i KOHTaKTHOTO 30JIDKEHHS Tl BiJf MPUKIAJCHOTO HABAaHTAXCHHS, 00’ €My pi-
JIMHH Ta i1 TOBEPXHEBOTO HATATY.

Kuro4oBi cjioBa: konmaxmua 63aemo0is, NpAMOKYMHI 8UIMKU, MIHCHOBEPXHEST NPO-
c8imu, piOuHHI MICMKU, KOHMAKMHe 30IUNCEHHS M.

bapanoscovra O. B., Baznwox I. A., Bykemos A. B., Canponos O. O., bapanoscokuii /. 1.
BB mucniepcHoro HanoBHioBawa cucteMu Ti—Fe—Si—C Ha disnko-mexanidHi
BIIACTHBOCTI TA CTPYKTYPY CTIOKCHKOMITOBHTIB. ....evutenreneeutereniensentensentensensenseseenneensees

JlocnimKeHo BIUIMB ANCIIEPCHOTO MTOPOIIKOBOTO HAIlOBHIOBAYa, OTPUMAHOTO TEPMIid-
HUM CHHTE30M 3i cymimi nopomkis: 65% rinpuny turany, 30% depocunminito ta 5%
TEXHIYHOTO BYTJICIO, HA OCHOBHI (Di3UKO-MEXaHI4HI BIACTHBOCTI MOJIMEPHOTO KOM-
M03MTa Ha OCHOBI €MOKCHIHOTO JiaHoBoro oiiromepy EJI-20. BmicT HamoBHIOBaua
BapiroBaBcs B jAiana3oHi Big 5 g0 40 mass%. [loka3aHo, 1110 BBEJCHHS B CKJIaJl IOJTi-
Mepy HaloBHIOBa4a NPU3BOJUTH JO IOMITHOTO ITiJBHIICHHS OCHOBHHMX MEXaHIUYHHX
XapaKTEepPUCTUK KOMIO3UTa (MakCUMalbHI 3Ha4eHHst 3a BMicTy 10%, 1o 3abe3neuye
3pocTaHHs MIiITHOCTI Ha 3ruH y 1,6 pa3a, a ymapHoi B s3kocTi —y 1,7 paza mopiBHIHO 3
BHXimHOIO MaTpuIiero). [loganeire 301IbIICHHS KITPKOCTI TUCTIEPCHOTO HAITOBHIOBAaYA
20...40% npu3BOAUTH OO 3MEHIICHHS PYWHIBHHMX HAaIlpy>KeHb, PIBEHb SKHX, OIHAK,
BCE K MIEPEBUIIYE MIITHICTh BUX1THOI MATpUYHOI (pa3u. MakCHUMaNbHy aare3iiHy Mill-
HICTb Ta MiHIMaJIbHI 3aJIMIIKOBI HANPYKEHHs NOKa3aJIi KOMITO3UTH 3 5% HaIOBHIOBA-
4a. Biz3HaueHo, 10 3a migBHIICHHS Horo BMicTy moHax 5...10%, y cTpyKTypi KOM-
NO3UTa YTBOPIOIOTHCS KOHIVIOMEPaTH IUCIEPCHHX YaCTHHOK, KUTBKICTh Ta PO3MIp
SIKMX 30UIBINYIOTHCS 31 3pOCTAHHSAM KOHIIEHTPAIIIT MOPOIIKY y CYMIIIIi.

Kawu4oBi cioBa: xomnosum, nonimep, HOPOUIOK, HANOGHIOSAH, CMPYKMYPd, Miy-
Hicmb, a02e3isl, enoKCUOHA CMOJIA.



Kpeuxoscvka I'. B., Bakyn b. M., Cmyoenm O. 3., Koneu I. 5. Y napHa B’sI3KiCTh

Ta ppakrorpadidHi 0COOIMBOCTI pyHHYBAaHHS CKIIATHHUKIB
KOMIO3UTHOT HACOCHOT IIITAHT . ....cuvveeenereeennrrrenmreeenreesanneeeseneeesnmeeessmnesesssneesameeeeeseenns

O1iHeHO yAapHy B’SI3KICTb KOXKHOTO 13 CKJIaJHHKIB (CKJIOBOJIOKOHHA OOOJIOHKA Ta
BYTJICIb-TUTACTHKOBE OCEP/isl) KOMIIO3UTHOI HACOCHOI INTAHTH Ta JOCITIHKEHO (pak-
TorpadigHi ocoOnMMBOCTI pyHHYBaHHS 3pa3KiB, BHNPOOyBaHMX Ha ymap. IlokazaHo,
IO BOJIOKHA B OOOJIOHIIl IUTAHTH PYHHYBAJIHCh 32 KPUXKHM MEXaHi3MOM BiIKOJY, a
ToJTiMEepHa MaTPHUIA — 3a B’SI3KMM MEXaHI3MOM JiecTpyKuii Ha aApiOHi (pparmenTr. Oco0-
JIMBICTH OCEpIs IUTAHIW — CMYTH 3 OJHOHANPABICHNUX BYIJICIIEBUX BOJIOKOH 3 IEpio-
JUYHOIO iX IepeopieHTalli€r0, HANpsM MOIIUPEHHsT PYHHYBaHHS Ha MEpexoaax Mix
SKUMH 3MiHIOBaBcs. Taka CTPYKTypHO OOyMOBIJIEHA NEpeopieHTallisl TIOBEpXHI Tab-
MyBaJia pyHHYBaHHS 1 Ocep/s, 1 LITaHTH B IJIOMY.

KarouoBi cinoBa: xomnosumna macocna wimanea, eunpoou ma yoap, paxmozpa-
Qiuni 0cobaugocmi, MEXanizm pyiuHySaHHsI.

Tpyw B. C., Hoepenox I. M., JIyk sauenxo O. I'., Kpasuuwun T. M., @edipko B. M.,

Kopenoiti B. M., Kosanvuyk I. B. KiHeTHKa ra30BOro HaByTJICIIOBaHHS
CIITABY ZI—1Y0ND....iiiiiiiiiiiiiiieceeeec ettt s 1

JocnikeHo KiHeTHKY HaBYTJICLIOBaHHS TOHKOJIMCTOBHX 3pa3KiB (~ 1 mm) 3i crutaBy
Zr—1%Nb y ByTJICIIEBMICHOMY T'a30BOMY cepefoBHIII (Paricans = 0,106 Pa) 3a Temme-
paryp 650...850°C i TpuBazocrti 1; 5 1 10 h. Beranosneno, mo npu 650 1 750°C Ha-
BYTJICIIOBaHHS BiI0YBa€ThCS 32 3aKOHOM, HAOJIMKEHUM JI0 JiHiitHOrO (1 = 1), a npu
850°C — 3a 3aKOHOM, HaOJIMKEHUM 10 TTapabosiyHoro (7 ~ 2). BusiieHo, mo enepris
aKTUBAIl] HABYIJICLOBaHHS CiuiaBy iHTepBaii 650...850°C 3a mapiiaabHOro THCKY
npornany pcsns = 0,018 Pa cranoButs 2,21 kJ/mol. BuszHaueHno po3mnoisn TBepAoCTi Ta
MIKpOCTPYKTYpY HPHIIOBEPXHEBOTO IIApy CIUIaBY IiCIs HaByIJIeLioBaHHsA. HaBeneHo
BMicT ¢a3 a-Zr i ZrC Ha HoTo MOBEpXHi MiciIst 00pOOIIEHHS Y BYTIICHIEBMICHOMY T'a30-
BOMY CEPEeIOBHILI.

KuouoBi cinoBa: cnias Zr—1%Nb, nasyeneyroganus, npunosepxuesuti wap, mMikpo-

CIMPYKmMypa, KiHemuxa 3MiHU MAacu, MIKpomeepoicmb, napamempu KpUCmaiiuHoi

Ipamxu.

Tnamenxo I. O., Andpees I. B., Jlucosenxo C. O., Poix O. C., Lucap M. O.,

Kocenuyx T. O. 3MiHa MIKPOCTPYKTYpPH Ta BIIACTUBOCTEN TBEPOTO CILIABY
iy WC—Co BHACITIIOK 00POOKH 32 BUCOKHX THUCKY Ta TEMIICPATYP...vveevverveanveneennn 1

JocmimkeHo 3MiHy CTPYKTYypH Ta (Di3MKO-MEXaHITHUX BIACTHBOCTEH TBEPIUX CIUIA-
BiB cucreMu WC-6Co, WC—15Co B pe3ynbTarti Aii Ha HUX BHCOKOTo THCKY (8 GPa)
ta Temmepatypu (HPHT). BcranoBneHo, 1m0 BHACTIIOK 0OpOOJICHHS 3a TeMIepaTyp
BUIIMX TEMIIEPATYpH TUIABJICHHS LIEMEHTYI0U01 a3y 3HWKY€EThCS KOCPLMTUBHA CHIIA
JOCHITHUX CIUIABIB Yepe3 picT KapOigHOro 3epHa. Y cCIuiaBax 3 OLIBIIAM BMiCTOM
3B’s13y1040i (ha3u yTBOpIo0Thes iHTepMmeramiani Gasu CosW, CogWeC Ta okcum tumy
C0,0s. Tepmicte HPHT 00po6ienux 3paskis criasy WC—6Co 3HHKYEThCS BHACTI-
JIOK pocTy KapbigHOTO 3epHa, a 3pa3kiB 3i cruraBy WC—15Co 3pocTae yepe3 yTBOpeH-
HS iHTepMETaTi THUX ¢a3.

KurouoBi ciioBa: meepouii cnuas, bapomepmiuna 06podKa, anapam UcoK020 MuckKy,
cmpykmypa, mgepoicims, peHmeeHopa306ull ananis.

Tecna C. FO., Kyuep O. C., bocomon FO. I, JIobooa II. I., Conookuii €. B.

[HnyxkmiiiHe 30HHE crikaHHSA TBEPAOTO cIutaBy cUCTEMHA WC—8CO......cceevieeaieennne. 1

3arpornoHoBaHO HOBHIA MeToJ KoHcoinauii TBepaoro cruiaBy WC—8Co, sikuii mossi-
rae y CoikaHHi 3a34ajerifb MPECOBAHOI MOPYBATOl 3ar0TOBKH, 110 PyXa€ThCs 31 3aja-
HOIO IIBUJIKICTIO Yepe3 30Hy IHAYKLIHHOTO HarpiBy 3aaHoi Temrieparypu. Jlocmimke-



HO BIUTHB TEMIIEpaTypH ciikanus B miana3oni 1200...1380°C Ha MIKpOCTPYKTYPY, JIO-
KaJIbHUH XiMIYHUH Ta (a3oBUil CKiIag TBEpPAOTO CIIaBy. BecTaHOBIEHO, IO IHAYKILIH -
HE 30HHE CIIIKaHHA 3a MPUCYTHOCTI pigkoi (a3 HE MPU3BOAWUTE O POCTY pO3Mipy
KapOimqHUX 3epeH. BuspieHo, M0 po3mip 3epeH KapOigy Boib(ppamy, CICUCHOTO B
miamaszoni 1240...1280°C 3a mBUAKOCTI MepeMIlIeHHS 3aTOTOBKH 3 mm/min, 3MECHIITY -
erbes Bix 3,9 o 1,9 pum, a 3 1i 30inpmeHHsM Big 3 70 6 mm/min yTBOPIOETECS M-da-
3a, IMOBIpHO, 4epe3 BENUKUil rpafieHT Temreparypu. [loapiOHeHHS CTPYKTYpH CIIpH-
YHHSIE MOHOTOHHE 3pocTanHs TBepaocti HV1 3 417 no 664.

KorouoBi cioBa: meepouii cnnas, memnepamypHuil epadichm, CRIKAHHSA, DPO3MID
3epeH, meepoicmo.

Cuodopuyk O. M., I'ozcaes K. O., Paoduenxo O. K., I'etibam Oznu Ackepos M.,

bonoapuyk B. I. BinnyckHa KpuxkicTs mrammnoBoi crani 4X4H5M4d2.................. 125

Hocmimkeno TepMidHo 00poOieHy crams 4X4H5M4®d2 3 perynboBaHHM ayCTCHIT-
HUM IIEPETBOPEHHSIM Y Yaci eKCIUIyaTarii i BCTAHOBJIECHO TEMIIEpaTypHHUH Miana3oH
(450...500°C), B sxOMYy mIposiBHIIacs ii BiIITyCKHA KPUXKICTh. BH3Ha4eHO yaapHy B 13-
KiCcTh 3pa3KiB ITicis pi3HOI TeMIlepaTypy BiAmycKy Ta rapryBaHHs craii Big 1100°C.
BusiBneno, mo micisa Bigmycky 475°C mocsraeThCsl MiHIMANbHE 3HAUCHHS YAapHOL
B’A3KOCTI 32 KiMHatHOi Temreparypu (15 J/cm?). IIpoananizoBano poib HIiKeNo K
eneMeHTa 3amimieHHs tuny Fe,.Ni, Ta 3adikcoBaHi BHIIICHHS B3JOBX MEX 3€peH
kapOinHoi pa3u tuy MeC y TBepioMy po3urHi, 110 MPU3BOAUTH 10 3HWKEHHS yIap-
HOT B’SI3KOCTI Ta IMiABUIIICHHS KPUXKOCTI CTai.

KuarouoBi ciioBa: cmans, mepmiuna 06podxa, pazosuii ckiao, KpucmaniuHa cmpyk-
mypa, MexaniuHi 1acmueoCcmi.

FOBINEI

Bacuub IBanoBuy Ioxmypcebkuii (10 90-pivdst BiJl JHS HAPOIIKECHHS ). ..c.venvenvereeneaneeneens 129



NATIONAL ACADEMY OF SCIENCES OF UKRAINE
H. V. KARPENKO PHYSICO-MECHANICAL INSTITUTE

PHYSICOCHEMICAL
MECHANICS OF MATERIALS

International Scientific-Technical Journal
Founded in January 1965
Published bimonthly

VOLUME 59, Ne 5, 2023

September — October

CONTENTS

Pokhmurskii V. 1., Khoma M. S., Chuchman M. R., Vasyliv Kh. B., and Ratska N. B.
Effect of temperature and pressure on corrosion and hydrogenation of steel
in a chloride-acetate environment with different concentrations
of hydrogen sulfide and carbon dioXide.........ccoecvevvirieriircienieiereee e 5

The corrosion rate and hydrogenation of low carbon pipe steel in a chloride-acetate
solution with CO,/H,S mixtures at different temperatures and pressure is investigated.
The corrosion rate and hydrogenation depend on the H»S concentration and the pro-
perties of corrosion films. In a solution with a pressure ratio of Pco; : Pus = 30:1 and at
the beginning of exposure at a pressure ratio of 3:1 corrosion slows down due to for-
mation of Fe;..S mackinawite film. Over time, mackinawite transforms into hexagonal
FeS troilite with a acicular structure, and the corrosion rate increases in ~2 times. The
corrosion rate of steel at 60°C and 5 MPa in a solution with a pressure ratio of

Pcoa : Pros = 3:1 is twice as low as at 20°C and 0.1 MPa. A dense layer of cubic iron
sulfide FeS crystals is formed on the surface, and reduces corrosion. As the tempe-
rature increases, the adsorption of hydrogen by the steel is reduced in ~15 times.

Keywords: corrosion rate, hydrogenation, 17I'1C-V steel, chloride-acetate solution,
hydrogen sulfide, carbon dioxide, temperature, pressure.

Zvirko O. I, Hredil M. L, Tsyrulnyk O. T., Venhryniuk O. I., and Nykyforchyn H. M.
A method for assessing the influence of gaseous hydrogen on corrosion
and hydrogenation Of StEEIS..........ccirieiirieii et 10

A laboratory method has been developed to investigate the molecular hydrogen effect
on the intensity of electrochemical processes on pipe steels under the action of a
model environment simulating condensate at the pipe inner surface. It is based on the
measurement of electrochemical parameters of steel under conditions of gaseous
hydrogen bubbling and simulates operational conditions when hydrogen saturates a
thin layer of condensate inside the pipe. On the example of API 5L X70 pipe steel
significant effect of hydrogen under such conditions on its electrochemical behaviour
is established. It is concluded that the saturation of the model environment with
hydrogen significantly accelerates corrosion of steel and its hydrogenation.

Keywords: pipe steel, hydrogen, electrochemical indicators, corrosion resistance.



Makarenko V. D., Stogniy O. V., Gots V. I, Maksymov S. Yu., and Makarenko Yu. V.
Corrosion degradation of long-term operated steel sewage pipes

The results of experimental study of the degradation of steel structures of sewage
underground constructions are presented. The distribution of harmful gas elements
(sulfur, hydrogen, oxygen) over the wall thickness of sewage pipes along corrosion
defects in the form of ulcers , as well as the character of changes in the microhardness
of the metal depending on the hydrogen content and service life are shown. To
confirm the metal softening with increasing hydrogen concentration, crystal lattice
stresses (distortion stresses) were measured.

Keywords: corrosion, stress, crystallinity, deformation, microhardness, structure.

Nenastina T. O., Berezhna K. V., Sakhnenko M. D., and Buhaievskyi S. O. Degradation
of reinforced concrete constructions of bridge structures: corrosion aspect

Factors which cause fracture of reinforced concrete constructions of bridge structures
are considered. One of them is anti-icing material used for road safety in the winter
period. The Ukrainian market of anti-icing chemical reagents and combined agents of
natural and industrial origin was analyzed. The kinetics of corrosion fracture of
09I2C and Cr3 steels as the main material of reinforcement in neutral chloride-
containing and alkaline solutions was investigated using the method of polarization
resistance. Taking into account the kinetics of corrosion fracture of the studied steels, the
rate of their general corrosion was calculated.

Keywords: degradation, corrosion fracture, anti-icing agents, reinforcement of
reinforced concrete structures.

Hertsyk O. M., Hula T. H., Yezerska O. A., Nosenko V. K., Korniy S. A.,
and Tashak M. S. The influence of composition of amorphous alloys
on their corrosion resistance in aggressive environments of different nature

The influence of the elemental composition of strip amorphous alloys FesooSisoBi4.0,
FesssNiioMoosSisoBiao; FersiCuioNbsoSiissBra; Fesi7Nia 7Crs2MoosVisSisaBisn  on
corrosion resistance in 0.5 M aqueous solutions of NaCl, HCl and KOH at T =
=(293+1) K was investigated. Higher corrosion resistance in aggressive environments
of Fes 7Niz1 7Cr62M0o6V15Sis2Bis1 and Feqs1CuigNbseSissB74 alloy was established.
Electrochemical parameters obtained both by the method of cyclic voltammetry and
electrochemical impedance spectroscopy indicate the formation on them of more
durable surface layers in a 0.5 M potassium hydroxide aqueous solution. The CI” ions
(especially at low pH) under their long-term action are the more aggressive oxidizers of
amorphous alloys to compare to OH™ ions. During the passive film formation in highly
aggressive environments such alloy elements, which do not participate in this process,
are dissolved, and the main film forming elements are accumulated under the film, thus
improving its protective properties.

Keywords: amorphous alloys, corrosion resistance, electrochemical characteristics.

Sukhova O. V. Mechanical and corrosion properties of Fe—B—C alloys

Mechanical and corrosion properties of Fe-B—C alloys (0.1...9 wt% B; 0.2...4 wt% C;
Fe — balance) were investigated. Microhardness and compressive strength, resistance to
abrasive and gas-abrasive wear of the alloys were determined at room temperature.
Corrosion rate was measured by gravimetric method in the following aqueous solu-
tions: 0.5 M H,SO,, 5 M H3;PO,, 0.8 M HNO;, 1 M HCL, 2 M CH3;COOH, 3 M NacCl,
and 0.2 M Na,SO,. The highest resistance to abrasive wear showed Fe-B—C alloys
with high hardness and the highest resistance to gas-abrasive wear — with high com-
pressive strength. In most acidic and neutral media, the corrosion rate of Fe—B—C alloys
decreased with increasing holding time due to accumulation of corrosion products on



the surface of the samples. The corrosion rate increased with increase in the volume
fractions of eutectics and austenite phase in the eutectics colonies or when interfaces
between the primary and peritectic phases were formed in the structure. The Fe-B-C
alloys demonstrated the highest corrosion resistance in the sodium chloride solution
and the lowest one — in the nitric acidic solution.

Keywords: Fe—B—C alloys, mechanical properties, abrasive and gas-abrasive wear
resistance, corrosion resistance.

Halaichak S. A., Vynar V. A., Datsko B. M., and Danylchuk M. V. Preparation

of Ni-Mo electrochemical coatings from self-regulating electrolytes......................... 46

Ni—Mo coatings on steel substrates made of complex self-regulating electrolytes were
obtained by the electrodeposition method. The surface morphology and elemental
composition of the obtained coatings were determined by the method of electron
microscopy and energy dispersive analysis. The maximum molybdenum content
(25.26 mass%) was obtained at a deposition current density of 0.5 A/dm?* (pH 9.2,

300 rpm, 22£2°C). The thickness of such coatings is 15...20 pm. The microhardness of
coatings increases with an increase in the molybdenum content. The proposed elect-
rolyte is characterized by high stability and is technologically and environmentally safe.

Keywords: electrodeposition, coating, morphology, nickel-molybdenum, electrolyte,
strontium molybdate, calcium molybdate.

Sylovaniuk V. P. and Ivantyshyn N. A. The influence of inclusions on mechanical

characteristics of structural-heterogeneous materials (ReView).........cccoeeveevvvreencinnennn.

A shot review of studies on the influence of inclusions on mechanical properties of
structural materials was done. The studies, where analytical dependences are obtained
for predicting the mechanical properties of structurally heterogeneous materials
(ultimate strength, fatigue limit and crack growth resistance) depending on the shape,
volume content and size of inclusions, are mentioned.

Keywords: inclusion, crack, strength, crack growth resistance, endurance.

Andreikiv O. Ye., Dolinska I. Ya., Zviagin N. S., and Liubchak M. O.

Determination of the residual life of plates with systems of cracks
under action of long-term static load and corrosive environment.............cccccueeeueennee.

Using the energy approach, a calculation model was built to determine the period of
subcritical growth of a system of cracks in metal plates that are subjected to long-term
static tension and local electrochemical corrosion. The effect of corrosive environ-
ment on the residual life of a plate with a system of periodic and doubly periodic
cracks was evaluated.

Keywords: mathematical model, plate, system of cracks, residual life, corrosive
environment.

Lys S. S. Calculation of fuel rods strength under steady-state operating condition..............

The results of thermal calculations of the part of the fuel assembly of the active zone
of the VVER-1000 reactor in the stationary mode of operation make it possible to
evaluate the mechanical state of the fuel rods cladding, to understand the influence of
reactor control methods on the strength and the design acceptance criteria. The main
principles of the evaluation of mechanical characteristics of VVER-1000 fuel oil using
the START-3 code are presented. The results of the prediction of the mechanical
characteristics of the VVER-1000 fuel rods during the 4-year campaign in stationary
mode under normal operating conditions and under their violation are illustrated. In
the stationary mode of operation, the maximum values of stress in the fuel rod are in
the range of 60...80 MPa, that cannot cause depressurization of the fuel rod.
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Keywords: strength, stresses, reactor, fuel rod, stationary mode.

Savruk M. P., Kravets V. S., Onyshko L. Yo., and Kvasniuk O. I. Determination
of the stress state of an anisotropic body with smooth curvilinear
inclusions under longitudinal Shear...........cc.cocvirinininininincccc e

The antiplane problem of the theory of elasticity for an elastic piecewise homoge-
neous anisotropic body was solved using the method of singular integral equations.
For one anisotropic inclusion in the orthotropic plane, the constructed system of
integral equations of the second kind is solved numerically by the quadrature method.
The influence of the elastic constants of anisotropic materials of the plane and the
inclusion, as well as the shape of the curvilinear inclusion on the shear stress distri-
butions at the interface of the materials is studied.

Keywords: antiplane deformation, anisotropy, inclusions, stress concentration,
singular integral equation method.

Kozachok O. P. The influence of liquid bridge on body contact
with a hydrophobic periodically textured rigid base...........ccceevveviiecienienrieeieeeree e,

The frictionless contact of an elastic half-space and a rigid base textured with rec-
tangular notches in the presence of an incompressible liquid which does not wet the
body surface in the interface gaps was studied. Under the action of surface tension, the
liquid forms bridges at the edges of the gaps, and the middle parts contain gas under
constant pressure. Laplace’s formula describes the pressure difference in liquid and
gas. The formulated contact problem for an elastic half-space is reduced to a singular
integral equation with a Hilbert kernel with respect to the derivative of the gaps height
and a transcendental equation for determining the width of the area with gas. The
dependences of the area width with gas, the shape of the gaps and the contact
approach of the bodies on the applied load, the volume of the liquid and its surface
tension are analyzed.

Keywords: contact interaction, rectangular grooves, interface gaps, liquid bridges,
contact approach of the bodies.

Baranovska O. V., Bagliuk G. A., Buketov A. V., Sapronov O. O., and Baranovskyi D. 1.
The influence of the dispersed filler based on the Ti—Fe—Si—C system
on the physicomechanical properties and structure of epoxy composites....................

The effect of a dispersed powder filler obtained by thermal synthesis from a mixture of
powders: 65% titanium hydride, 30% ferrosilicon and 5% technical carbon, on the
main physicomechanical properties of a polymer composite based on ED-20 epoxy
diane oligomer is investigated. The content of the filler varied in the range from 5 to
40 mass%. The introduction of the filler into the composition of the polymer leads to
a noticeable increase in the main mechanical characteristics of the composite. Its
maximum values are recorded at the content of 10% of the dispersed component, which
ensure increase in bending strength in 1.6 times, and the impact toughness — in 1.7
times compared to the original matrix. A further increase in the content of dispersed
filler in the composition of the composite to 20...40% leads to a decrease in the
amount of fracture stresses, the level of which, however, still exceeds the strength of
the original matrix phase. Composites with 5% filler demonstrate maximum values of
adhesive strength and minimum values of residual stresses. When the content of
dispersed filler increases by more than 5...10%, the formation of conglomerates of
dispersed particles is observed in the composite structure, the number and size of
which increase with the increase in the concentration of powder in the mixture.

Keywords: composite, polymer, powder, filler, structure, strength, adhesion, epoxy
resin.



Krechkovska H. V., Bakun B. M., Student O. Z., and Kopei I. B. Impact toughness

and fractographic peculiarities of fracture of a composite pump rod.........cc.cccocueenneee.

The impact toughness of each component (fibreglass shell and carbon-plastic core) of
the composite pump rod was evaluated, and the fractographic features of the fracture
of the impact-tested samples were investigated. The fibres inside the rod shell failed
by a brittle cleavage mechanism and its polymer matrix was destroyed by a ductile
mechanism, with its fracture into small fragments. A specific feature of the rod core
are strips of unidirectional carbon fibres with periodic reorientation, changing the
direction of crack propagation at the transitions between adjacent strips. This structu-
rally conditioned reorientation of the fracture surface inside the rod core retarded the
fracture of both the core material and the rod as a whole.

Keywords: composite pump rod, impact test, fractographic features, fracture
mechanism.

Trush V. S., Pohrelyuk I. M., Luk’yanenko A. G., Kravchyshyn T. M., Fedirko V. M.,

Korendii V. M., and Kovalchuk I. V. Kinetics of gas carburizing
OF ZI—1% ND @ll0Y....coviiiiriiriiierienitccctce ettt |

The kinetic characteristics of thin-sheet (~ 1 mm) Zr—1%Nb alloy samples after treat-
ment in a carbon-containing gas medium (Pariczus = 0.106 Pa) in a wide temperature
range of 650...850°C and time 1; 5 and 10 h are investigated. It is determined that the
carburizing of the alloy at temperatures of 650 and 750°C occurs according to a law
close to linear (n = 1), and at 850°C according to a law close to parabolic (n = 2). It
was established that the activation energy of carburization of the alloy in the tempe-
rature range of 650...850°C at the partial pressure of propane pcisus = 0.018 Pa is
2.21 kJ/mol. The distribution of microhardness and structure of the near-surface
layers of the alloy is shown. The microstructure of the near-surface layers of the alloy
after carburizing is determined. The content of o-Zr and ZrC phases on the alloy surface
after treatment in a carbon-containing gas medium is presented.

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

Hnatenko 1. O., Andreiev I. V., Lysovenko S. O., Roik O. S., Tsysar M. O.,

and Kosenchuk T. O. Change of microstructure and properties
of WC—Co hard alloy as a result of high- pressure
and high-temperature treatment...........cc.eeveeeerieiierieeiee ettt sene e 1

The change in the structure and physicomechanical properties of sintered binding WC—
6Co, WC—-15Co carbides as a result of action of high pressure (8 GPa) and high
temperature (HPHT) in the Toroid installation is investigated. It is established that as
a result of HPHT treatment at temperatures above the melting point of the metal
binding phase there is a decrease in the coercive force of the experimental alloys due
to the growth of the carbide grain of the alloy. In alloys with a higher content of the
binding phase, Co;W, CosW¢C intermetallic phases and oxide of the Co,Os type are
formed. The hardness of the treated of WC—-6Co alloy samples decreases due to the
growth of the alloy carbide grain, and the hardness of the treated WC—15Co samples
increases due to the formation of intermetallic phases.

Keywords: hard alloy, barothermal treatment, high pressure installation, structure,
hardness, X-ray phase analysis.

Teslia S. Yu., Kucher O. S., Bogomol Yu. 1., Loboda P. 1., and Solodkyi Ye. V.

Induction zone sintering of WC—8Co hard alloy...........cccceveevienieienieiicieiee e 1



A new method of the WC—8Co hard alloy sintering is proposed, which consists in
sintering a pre-pressed, porous billet moving with a given speed through an induction
heating zone of a given temperature. The effect of the sintering temperature in the
range of 1200... 1380°C on the microstructure, local chemical and phase composition
of the carbide is studied. It is found that induction zone sintering in the presence of a
liquid phase does not cause the growth of carbide grains. It is shown that the grain
size of tungsten carbide sintered in the temperature range of 1240...1280°C and
movement speed of 3 mm/min decreases from 3.9 um to 1.9 um, and an increase in
the workpiece displacement rate from 3 to 6 mm/min promotes the formation of the
n-phase, presumably due to a large temperature gradient. The grinding of the
structure causes a monotonic increase in the HV1 hardness from 417 to 664.

Keywords: hard alloy, temperature gradient, sintering, grain size hardness.

Sydorchuk O. M., Gogaev K. O., Radchenko O. K., Geybat Oglu Askerov M.,

and Bondarchuk V. I. Temper brittleness of die 4X4H5M4®2 steel...........ccveeenneenee 125

Heat-treated 4X4H5M4®2 steel with adjustable austenitic transformation during
operation was studied. The temperature range (450...500°C) in which the tempering
brittleness of this steel was manifested was established. The impact toughness of the
samples after different tempering temperatures and after steel hardening from 1100°C
was determined and it was shown that after tempering at 475°C the minimum value of
the impact toughness at room temperature (15 J/cm?) was reached. The role of Ni as a
FeNi, replacement element was analyzed, and the segregation along the grain
boundaries of the M¢C carbide phase in the solid solution, which caused a decrease in
the impact toughness and an increase in the brittleness of steel was recorded.

Keywords: steel, heat treatment, phase composition, crystal structure, mechanical
properties.
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