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HALIIOHAITbHA AKALEMIS HAYK YKPAIHW
®IBNKO-MEXAHIYHUN IHCTUTYT im. . B. KAPIMEHKA

®ISNKO-XIMIHHA
MEXAHIKA MATEPIAJIB

MixxHapogHWIA HayKOBO-TEXHIYHUI XKypHan
3acHoBaHui y ciyHi 1965 poky
BuxogunTb 6 pasiB y pik

TOM 57, Ne 2, 2021

6epeseHb — KBiTEHb

3MICT

Hayuwun O. I1., Pyoascoka I. A. KpyroBuii Tuck 3 pafiadbHOI BHYTPIIITHBOIO
TPILIMHOIO TMiJ] II€I0 MOAEIBEHOTO KOHTAKTHOTO HABAHTAMKEHHSM. ...c.veevvveveevreirenieenanenns 5

Po3B’s13aH0 TIIOCKY 3a1ady Teopil MPYKHOCTI AJIST KPyrOBOTO JTUCKA 3 JOBITBHO PO3-
TAIIOBaHOIO BHYTPIMIHBHOIO PAIialIbHOO TPIIIHMHOKO ITiJT Ti€F0 MOJECITFHOTO KOHTAKTHO-
IO HABAHTAXCHHSI, K€ BPAXOBYE CHJIM TEPTsI MPOKOB3YBAHHS MK TilaMH KOUYCHHSI.
PiBHOBary nucka miATPUMYIOTh 30CEPEDKEHI CHITM 1 MOMEHT, MPHUKJIIAJICHI B HOTO IIEHT-
pi. 3amavy 3BEACHO JI0 CHHTYJIIPHOTO iHTETPAIbHOTO PIBHSIHHS, SIKE PO3B’S3aHO YHC-
JIOBO METOJIOM MEXaHIYHUX KBajparyp. BusHaueHo koedilieHTH IHTEHCHBHOCTI Ha-
NPYXKEHb 3aJIEKHO BiJl pO3TAllyBaHHs TPIIIMHM Ta AUTSHKYA KOHTAKTY Ha KOHTYPI ANC-
Ka, & TAaKOX BiJI CHJIM TEPTsI NPOKOB3yBAaHHs MIXK TilaMH KO4YeHHsI. Pe3yibTat y3ro-
JDKYIOTBCS 3 BITOMHMH B JTiTEpaTypi.

KurouoBi ciioBa: xpyzosuii ouck, padianvia mpiwuna, Mooeibhe KOHMaKmHue Ha8am-
MAadNCeHHsl, mepmsi NPOKOB3YB8AHHS, KOeDIYICHMU IHMEHCUBHOCTNI HANPYIICEHD.

Anopetixie O. €., [lonincoka 1. 4. BuzHaueHHS 1epioxy JOKPUTHIHOTO POCTY
MaJIiX IJIOCKHUX TPIIIMH BUCOKOTEMIIEPATYPHOI MOB3y4OCTi
B CIIEMECHTAX KOHCTPYKIIIH. ....vevieieseieteeeieteeneeteeneesseeeesseeneesneensesneesesnsessesnsessnseesnneens 16

ChopMyIp0BaHO PO3PaxyHKOBY MOJEb (AudepeHIliaibHe PIBHIHHS 3 TOYaTKOBUMHU
1 KIHOEBIMH yMOBaMH) IJIi BCTAHOBIICHHS IEPiOAYy MOKPUTHYHOTO POCTY MAalUX
TUTOCKUX TPIMIMH BHCOKOTEMIIEPATYPHOI ITOB3yUYOCTi B €leMEHTaX KOHCTPYKIii. B ii
OCHOBI — MepIIUi 3aKOH TEPMOJMHAMIKY, BU3HAYCHHS CHEPreTHYHMUX CKIAJIOBHX Jie-
(bopMyBaHHS 30HU TepeApyHHYBaHHS Ol KOHTYpPYy TPIIIMHHU 4epe3 mapamerpu il
PO3KPHTTS, HAaOJIM)KEHE 3BEACHHS IIPOLeCy MOB3Y4OCTi MaTepiaily /10 epioy ycrane-
HOi IOB3ydYOCTi. 3amponoHOBaHO (OPMYJIH HAOIMKEHOTO PO3PaXyHKY PO3KPHUTTS
30HU TepeipyiHyBaHHs yepe3 KOoe(illieHT IHTEHCUBHOCTI HAINpyXKeHb 1 yCepeaHeHe
HABAHTAXXCHHS €JIeMEHTa KOHCTPYKIi. [lix yac po3B’si3Ky 3a7a4i 3aCTOCOBAHO y3a-
TalpHeHUH I JeopMallifHIX MapaMeTpiB MeTo ] eKBiBaIeHTHHX Iuroml. Ha ocHOBI
[IbOTO, a TAKOXK BIJOMHUX Y JIITepaTypi eKCIePUMEHTAIBHUX AAHHUX IS KOHKPETHUX
MaTepialiB 3HAWACHO Mepioj] TOKPUTHYHOTO POCTY B MIBIPOCTOPI Malol MOBEPXHEBOT
MIBETINTHYHOI TPILIMHA BUCOKOTEMIIEPATypPHOI MOB3YYOCTi 3a JOBrOTPUBAJIOrO CTa-
THUYHOT'O PO3TATY.

Kuaro4oBi cioBa: sucoxomemnepamypna nog3yuicme, po3paxyHKosi mooeni, maiui
NIOCKI MPIWUHY, Nepiod OOKPUMUYHO20 POCIY MAIUX MPIWUH, Nepuluil 3aKOH mep-
MOOUHAMIKU, YcepeOHeHe 3HAYEHHs HABAHMAMNCEHHS elleMeHma KOHCMpPYKyil, Koei-



YiEHm THMEHCUBHOCI HANPYIICEHb, POZKPUMMSL 30HU NePeOPYUHYBAHHS DIl KOHMYPY
mpiwunu.

Caspyx M. I1., Kpaseywv B. C., Yopnenvruii A. b. Ontumizaitis GopM OTBOPIB

Y KBa3i0OPTOTPOITHIN TNTACTHHI 32 TBOBICHOTO PO3TATY ....c.vveveeueeeeaneenverseenseeneenseeneennees

Ha ocHOBI po3B’s13KiB IJIOCKHMX 331a4 Teopil MpPY>KHOCTI KBa3iOpPTOTPOITHOTO Tija 3
KPHUBOJIIHIMHIM OTBOPOM TOOYIOBAaHO aHAJITUKO-YMCIIOBUI alrOPUTM BH3HAYCHHS
ONITUMAIILHOT (hopMH OTBOPY (3 MIHIMAJIILHOIO KOHLIEHTPALIIEIO HAIIPYKEHb) JUISl JIBO-
BiCHOTO po3TATY ITacTHHHU. [IpsMi 3amadi Teopii MPYyKHOCTI TSI KBa3iOPTOTPOITHUX
IUIACTHH 3 TJaJKHUMH OTBOPAMH PO3B’S3aHO METOAOM CHHIYJSIPHUX IHTErpallbHUX
piBHsHB. P0O3B’s13kHM 00EpHEHUX 3a1ad 3 HEBITOMUMH (POPMaMHU OTBOPIB 3BEICHO 0
MiHiMi3arii OararomapaMeTpUIHOTO (QYHKIIOHANA CEePEeOHbOKBANPATHIHUX BIIXH-
JICHb PO3TATYBAJILHUX HAINPY)KEHb B3/I0OBXK KOHTYPIB OTBOPIB BiJl 3a/laHHX X 3HAYEHB.
3HaiieHo (OpMH ONTHMAIBHUX OTBOPIB Yy KBa3iOPTOTPOIHIN IUIACTHHI 3a Pi3HUX
PO3TAryBalbHUX HAPYKEHb Ha HECKIHUEHHOCTI y HalpsiMax oceit opToTpomii.

KuiouoBi ciioBa: keaziopmomponnuii mamepian, nioCKuil HanpyjiCeHuii CImam, onmu-
ManbHi 0Mmeopu, KOHYEHMpayii HANPYH#CeHvb, CUHSYIAPHI IHMeSPATbHI PIBHAHH.

Cepeonuyvra X. 1., Mapmunsix P. M. Konrakt 0eperi mMixdazHoi

TEILI0130JIb0BAHOI IITMHH 32 TEPMOMEXAHIYHOTO HABAHTAKECHHS . ......vevvervrenrenveeeennes

JlociimKeHo TepMOTIPYKHY TIOBEAIHKY pi3HOpIAHOTo Oimarepiany 3 Mik(a3HOIO Iii-
JIMHOIO, Oeperu sIKol KOHTaKTYIOTh MO KpasiX MijJ Ji€l0 CTHCKAIBHUX 3YCHJIb 1 OJHO-
PiZHOTO TEIUIOBOTO MOTOKY. 3a/1a4y TEPMOINPY)KHOCTI 3BE/ICHO JI0 CUCTEMH CHUHTYJISIP-
HUX 1HTEerpo-An(epeHialbHIX PIBHIHB U CTPUOKIB TEMIEpaTypu Ta HepeMilieHb
Ha 11 Oeperax. CucreMmy IMX PIBHSIHb PO3B’S3aHO VIS TEPMOI30JIbOBAHOI LIIJIMHU.
[IpoananizoBaHO 3MiHY AIJISTHKE KOHTaKTy OeperiB MIUIMHM y OimMarepiaii 3 HepikaB-
HOI cTaui i ciiaBy Hikelro. Bu3HaueHOo po3moain KOHTaKTHOTO TUCKY OeperiB IiIinHH,
3aJICKHICTh BUCOTH IIUIHHY 1 TOBKUHH JIITHKA KOHTAKTY ii OeperiB BiJl CTUCKATbHIX
3YCHJIb 1 TEIUIOBOTO MOTOKY.

KuarouoBi cnoBa: wmidicpasna winuna, pisHopionuii 6imamepian, KoHmaxkm Oepecis,
MEPMOMEXAHIYHE HABAHMANCEHHSL.

Bnixapcoxuit 4. 3. MonenoBaHHs HalpyXeHO-1e(OPMOBAHOTO CTAHY

TEPMO3MIITHEHOI apMaTypH Ta i 3BapHOTO 3’ €JHAHHA 32 MIKPOTBEPHICTIO..................

HocmimkeHo 3MiHY (i3UKO-MEXaHIYHUX XapaKTEPUCTHK TEPMO3MIITHEHOI apMarypu
METOZOM BaNbIIOBAaHHS 3 PO3IUICHHSAM. BCTaHOBIEHO 3HA4YEHHS ICTMHHUX HAampy-
JKEeHb Ta JeopMalliil JuIs pi3HUX 30H apMarypH. JlocmimkeHo 3MiHy MiKpOTBEpIOCTi
B IIOIIEPEYHOMY II€pepi3i TepMO3MIIIHEHO] apMaTypH Ta 3BapHOro 3’eaHaHHs. [lokaza-
HO, 1110 3BapIOBAaHHA 3MIHIOE CTPYKTYpY TEpPMO3MII[HEHOTO IIapy Ta Mocaalioe Mexa-
HIYHI XapaKTEePUCTHKH B JIOKaTbHOMY 00’eMi. [To0y10BaHO iCTHHHI JliarpamMu pyHHY -
BaHHS JIJIsL PI3HUX 30H TEPMO3MillHEHOT apMaTypH. [Toka3aHO KOpEIsIio MiX MIKpO-
TBEPIICTIO Ta HANPYXEHHSAMH TUIMHHOCTI JUIsl CEPEAHBOT 30HH.

KirouoBi ciioBa: mepmosmiynena apmamypa, mikpomsepoicme 3a Bikepcom, 36apHe
3 €OHAHHSA, HANPYICEHHSL NIUHHOCMI, ICIUHHA 0eOopMayis, ICIMUKHI HANPYJICeHH s, Me-
Moo Yyu@dpPosUx KOpensyiil 306paxcems.

Cranvevxuti B. P., Cmanxesuu O. M., Kyxma B. C., Knum b. I1., Kupmanos O. C.

Oco06mBOCTI pyHHYBaHHS CTOMATOJIOTIYHHAX MTOJIIMEPHUX KOMITO3UTIB
32 [T JTOKAJIBHOTO HABAHTAIKEHHS. .......euveveerintrinresitesensesensesessesesseneesesesessesesaesessesessene

[opiBHAHO KITIHIKO-TEXHOJIOTI4HI Ta (I3UKO-MEXaHIuHI BIaCTUBOCTI TOPUIHUX KOM-
MO3UTIB CBITJIOBOT TOJIiMEpH3aLlii BITYM3HSIHOIO Ta IMIOPTHOIrO BUpOOHUITBA. Jlocii-
JOKEHO OCOONIMBOCTI pyHHYBaHHS MaTepialiB 3a il JIOKAIFHOTO HaBAaHTAXKCHHS METO-



nom ['epria 3 BukopuctanusaM akyctuuHoi emicii (AE). [Tonimepu panxyBanu 3a cry-
MIeHEM BOJIONIOTJIMHAHHS Ta HABaHTAXKEHHsIM pyiiHyBaHHs. Ha OCHOBI eHepreTHyHOro
KpuTepito ieHTH(]IKyBaHHS THUIIB pyiiHyBaHHs 3a curHamamu AE omiHeHO yacTky
KPUXKOTO pyHHYBaHHS B KOXXKHOMY Marepiaii. 3a KOMIDICKCHUM aHaJi30M pe3yibTa-
TiB IOCHIIPKEHb PEKOMEHI0BaHO e(PEKTUBHI Y CTOMATOJIOTIYHUH PAKTHI]I KOMITO3HUTH.

Kuio4oBi ciioBa: cmomamonoeiuni xomnosumu, 2iopuoni komnozumu, memoo I epya,
AKyCmu4Ha emicis, gelieiem-nepemeopenis.

Jlaspunenko O. M., 3azopnuii M. M., Tuwenxo H. I., Kopnienko O. A.,

€smyuienxo A. I. CuaTe3 Ta BIaCTHBOCTI HAHOKOMIIO3UTIB Ha OCHOBI
OKcUAIB (epyMy i TUTAHY, MOTU(PIKOBAHUX APTCHTYMOM.....cverrererrenrenrenreneereeeeeneenanes

MeronamMu poTaliifHO-KOPO3iHOTO JUCHEepryBaHHs Ta XIMIYHOTO OCa/DKEHHS OTPH-
MaHO CTPYKTYPH HaHOPO3MipHHX KOMITO3UTIB Ha OCHOBI OKCHIIB (hepyMy i THUTaHY,
mo Moau(iKoBaHI apreHTyMOM i aypyMoM. BusiBieHo, mo MopgoJoris 9acTHHOK
KOMITO3MTa 3aJISKUTh BiJ MPUPOIU OKCHIY, & EIEMEHTHHH CKJIaJl — BiJl BHUXIJHHX
KOHIICHTpalii Omaropogaux meraniB. CreKTpalbHUMH MeTogamu nociimkeHHs (14,
P®A, EJIC) BcTaHOBIEHO HasBHICTH Cpibia, 30J10Ta B iHTEpBaJi KOHIIEHTpalii
0,5...10 mg/dm® sx Ha nosepxHi, Tak i B pemitui okcuni TiO,, Fe;O4, mo copusio
e(eKTUBHHUM EJICKTPOHHUM IepexojaM MiJ yac yrBopeHHs 6ap’epa LloTTki.

Kuaro4oBi ciioBa: Hanoxomnosumu Ha 0CHO8I OKcuodié gepymy i mumary, moougixa-

Yisl YACMUHOK OKCUOI6 APIeHMYMOM i aypyMoM, Qi3uko-XiMiuHa Xapaxmepucmuxa
HAHOKOMNO3UMIE.

bapanoscvka O. B., buxos O. I, bazniok I'. A., Kupuniox C. @. Brinus

MeXaHIYHOI aKTHBAIlil IIMXTH Ha CTPYKTYpy Ta (ha30BuUil CKIIaJ] CIEYEHUX
0araTOKOMITOHEHTHIX KOMITO3UTIB HA OCHOBI THTAHY.......cccueeueerteenrenteaeeeseeesnneeesneeess

HaBeneno pesynbraté 1OCHIDKEHb OCOOIMBOCTEH (a3o- Ta CTPYKTYpOYTBOPEHHS
micisl MexaHoakTuBalii i3 mopomkoBol muxTu kommnoszuta TiH>—FeSiMn-B.,C 3a
TEPMIYHOTO CHHTE3y. MeXaHOaKTHBYBaIM B IUIAHETAPHOMY MIIMHI B criupTi 5; 9; 12
ta 18 min. [{ng mopiBHSHHS BIUTMBY MEXaHOAKTHBAIlil Ha (a30- Ta CTPYKTYPOYTBO-
PEHHS TaKy )X caMy CYMIII PO3MENIOBAaJN Y KyJIOBOMY MIIMHI THUIY “I’siHA Oouka’.
Tepmiuanii cCMHTE3 BUKOHYBAJIHM Y BaKyyMi IBOMa IIOCIIJIOBHUMH CTaisMH: Harpi-
BaHHS 10 600°C i go 1250°C. BeraHoBmIHM, IO OCHOBHUMH (ha3aMH IiCIs HH3BKO-
€HEepPreTHYHOr0 PO3MEIIOBaHHS B KyJbOBOMY MJMHI € kapOix tutany TiC ta cuii-
i Gasu TisSiz ta TisSis. BusiBuim, mo mix 4ac MexaHOaKTHBAI]l CyMilli 3MEHIIY -
€THCSI BMICT KapOiay TuTaHy i 3’siBisieTbes Oopuana daza TiB, sika ctae 0cHOBHOIO.
30inblIyBaTH Yac PO3METIOBAHHS MMij 4ac MOApiOHEHHS MOPOIIKOBOI HIMXTH Olnblie
12 min HEIOUWiIIFHO, OCKUIBKH II€ MPHU3BOIUTH IO IIIBUIIEHOTO BMICTy KHCHEBUX
CHOJyK. MexaHOaKTHBAIlis TAKOXK BIUIMBAE 1 HAa yCaAKy MaTepiaiy.

Kawu4oBi ciioBa: mexanoakmueayis, 2iopud mumany, kapoio mumary, 60pud muma-
HY, permeeHopazosull anais, ycaoka.

Cusonenxo O. M., Ilpucmaw M. C., Tagpmaii E. 1., Topnaxos A. C., Jlunan €. B.

MopenoBaHHS €IEKTPOPO3PSAHUX MIPOIIECIB MMiJ Yac 0OPOOIICHHS TUTAHY
D401 (531010 (5130285 01 D1 170§ ST

@Di3U9HO 3MOAETHOBAHO EIIEKTPOPO3PSIIHI MpoltecH B mapi mopomky Tiy raci Ta eTu-
noBoMy criipTi. [IpoaHanizoBaHO 3aI€KHOCTI PO3MOUTY TIa3MOBHIX YTBOPEHb B 00’ €Mi
PO3psAHOT KaMepH 31 30UIbIICHHSAM KUTbKOCTI po3psiaiB. [TinTBepIkeHO MOXKIHMBICTD
CHHTE3Y YacCTUHOK CYOMIKPOHHOTO Ta YJIBTPAJMCIIEPCHOTO Jiarna3oHy 3a BHCOKO-
BOJIETHOTO €IIEKTPOPO3PSITHOTO OOPOOICHHS OPOIIKY TUTaHY Y BYTJIEBOIHEBIH pian-
HH (criUpT abo rac) BHACII/IOK €JIeKTPOTEIUIOBOrO BIUIMBY ILIa3MU PO3PSiB HA 4ac-
THHKH TOPOLIKY.



KuiouoBi ciioBa: cac, cnupm emunoguil, elekmpudrull po3pso, HaHo8y2aeyb, eleKm-
POPO3psiOHe OUCIEP2YBANHSL, TIUMAH, NAA3MA, NAA3MOGL MEXHONO02IT.

Ocmaw O. I1, Hpixna T. O., [looeypcvka B. A., Kynpin O. C., Kapneys M. B.,

Ceepoyn B. B., Bacunis b. /[., Cepoeniox T. b. Jlerki iHTepKOHEKTH
Ut cepepaboTeMnepaTypaux (550...650°C) TBepAOOKCHIHUX
TTATTBHIX KOMIPOK. . .eteuteuteuteueruertententestentensensessentententestesteseesestessessessessesaensensensensensenses

JociimkeHo kapocTiiKicTh 1 eneKTponpoBiHicTh 3paskiB 31 crani Crofer 22 APU,
AKy TPaAWIIHHO BHUKOPUCTOBYIOTH JJIsI BUTOTOBJICHHS IHTEPKOHEKTIB TBEPAOOKCHI-
Hux nanmuBHEX Komipok (TOIIK), ta xommosura Ha ocHOBi MAX dasu Ti,AlIC, a
TaKoX BaKyyMHO-IYTOBOTO TMOKpHTTS cucremu Ti—Al-C, HaHeceHOro Ha TOHKHH
(0,5 mm) mmct Tutany mMapku BT1-0, y BuxigHomy crani Ta micis tpusaioi (1000 h)
BUTPUMKH y NOBiTpi ipu 600°C. BuBueHo eBomoLito (Ha3oBoro ckiaxy KOMIIO3UTA i
TTOKPHUTTS 33 TPUBAJIOIT €KCHO3MUII] B OKHCHIOBAJIBHOMY CEPEOBHILI 1 ITOB’SI3aHy 3 HEFO
3MiHY iX KapocTikocTi # enekrponposiaHocTi. KoncraroaHo, mo ToHki (0,5 mm)
TUTAHOBI IHTEPKOHEKTH 3 TaKUM MOKPHUTTSIM € €(EKTUBHOIO albTEPHATHBOI BHIO-
ToBIIEHNM 3i cTaii Tumy Crofer, mo Jae MOXKJIMBICTD YHUKHYTH HETATUBHOTO BILTUBY
xpomy Ha poboroznarnicts TOIIK i cyrreBo (~ 50%) 3HM3UTH Bary ix Garapeii.

Karwuori cioBa: Ti-A-C mamepianu, 6axyymno-0y206e nokpummsi, (pazosuti ckaiao,
dHCapoOCMIUKicCmyb, e1eKmponpoGioHiCmb.

FOcybo6 @. @., ['ypeii I. B. BiiinB TeMiiepaTypH Ha TPHOOJIOTIYHI BIACTUBOCTI

KOMIIO3HUTIB JUIS TATEMIBHIX KOJIOZOK . ....eeeiuvveeeeneeeeineeeeeinseesennesesnsessnsseessssesssssessnseeesns

BuBueHO TpHOOIOTrivHI BIACTMBOCTI KOMITO3MLIHHMAX MaTepialiB rajJbMiBHHX KOJIO-
JIOK, SIKI EKCIUTYaTyloTh y BaXXKHX yMoBax. JlociikeHo MaTepian, KU CKIIalaeThCs
3 ¢enonpopmanpaeriay, 0apuTy, OKCHAY AalIOMiHil0, CHHTETHYHOI'O BOJIACTOHITY,
CBHHIIIO, 0JIOBa, MiJi, TpadiTy, OKCUAY KPEMHIIO i HEBEUKOI KUTBKOCTI OKCHIY Mar-
Hito Ta qucynbhiny momibaeny. [Tokasano, mo HalkpamuMu (QPUKIIHHAMEI BIACTH-
BOCTSIMH 32 KOCQII[iEeHTOM TepTs i TEPMIUHOIO CTAaOULTBHICTIO BOJIOMi€ MaTepian 3
BMicTOM 25 mass% ¢eHondopmanbaeriay.

Knro4oBi ciioBa: canvmieni Kon100Ku, nOpowKosa Memanypeis, KOMnosumu, memne-
pamypa, Koepiyicum mepms, 3HOULYBAHHS, Oecpadayis.

Kpeuxoscora I'. B. CtpykrypHO-(hpakTorpadidgHi 0COOIMBOCTI TPHUBAIIO

EKCIUTYaTOBAHUX KOHCTPYKIIHHUX CTAITCH. c..cuveuveureueeiieiinieniintinienientenienteseentenseneesiee e

IIpoananizoBano meraiorpadiusi ta gppakrorpadidai 0COOIUBOCTI KOHCTPYKIIIHHIX
CTaJIeid, TPUBAJIO SKCIUTYaTOBaHHX y KIIMAaTHYHHX yMOBaX (KOJMBaHHS TEMIICPaTypH,
TTIOPUBH BITPY, KUCIOTHI JOMIi TOIIO). BCcTaHOBIIEHO, MO CHINBHOIO CTPYKTYPHOIO 03-
HaKOIO JIeTpajialii ByTrJeleBUX cTajel € HeMeTaJleBl BKJIIOYEHHSI, 10 BTPATHIN 3B 5~
30K 3 MAaTpUIICIO M Yac TPUBAJOI eKCIUTyartarlii, a ¢pakTorpadiqHo0 — eJIEMEHTH
OKpHMXYEHHS y BHIJISII KPi3b3ePEHHUX BIAKOJNIB Ta pO3LIapyBaHb, BUSBICHI Ha 3J1a-
Max yIapHHX 3pa3kiB. BcraHoBieHo, mo ¢pakrorpadiynuii mokasHuK (TJIoma ee-
MEHTIB OKPHXYEHHS) BISIBUBCA Uy TJIMBIIINM JI0 Jerpajalii crajei. Amke pyiiHyBaH-
HSl, SIK MIPABUJIO, BiZIOYBAETHCS MO TPAEKTOPIi HAMHMKYOTO OMOPY 3 MaKCHMAaIbHOIO
TYCTHHOIO €JIeMEHTIB OKPUXUYCHHS, a nutip A MeTajorpadiqHuX TOCTiIKeHb Tepe-
THHA€E 3pa30K Y3IIOBXK JOBUIFHO OOpaHOi IUIOIIMHM, HA SIKiH T'yCTHHA HEMETalleBUX
BKITIOUCHb HE 000B’SI3KOBO MaKCHMaJIbHA.

KurouoBi cioBa: xowcmpyxyitini cmani, cmpykmypa, @paxkmoepagis, excniya-
mayitina 0espadayisi, NOUWKOONICEHICMb.



Tpyw B. C., @edipko B. M., Boesodin B. M., Jlyk anenxo O. I"., Cmoesg I1. I,

Ianog B. A. BB QyHKIIIOHANEHOTO MIapy Ha eKCIUTyaTalliiHi
BI1acTHBOCTI crutaBy Zr—1% Nb 3a Temrrepatyptt 380°C........cccoveverinenerenieneniceenane.

BuBueHo BrumB Tepmidnoi 00poOku TBEJIbHUX TpYOOK y pi3HHX ra30BUX CEpPeIOBH -
ax Ha KOPOTKOYACHY Ta TPHBAJY MIIHICTE 3a TeMmuepaTypu ekciuryartarii (380°C).
Ximiko-TepmiuHa 06pooka (XTO) B a30TOBMICHOMY CEpeIOBHIII MiJBHUIILYE KOPOTKO-
YacHy MIIHICTh 3pa3KiB-Kinenpb Ha ~ 30 MPa 3a BunpoOyBanp Ha mositpi mpu 380°C,
a y KHCHEBMICHHX CEpeIOBHINAx Memo 3HIKye (~ Ha 15 MPa). HaiiBumy TpuBairy
MirHICTh Ha 6a3i 100 h mokazamu 3pasku-kinbus micist XTO B azori. XTO y kucHe-
BMICHUX CepeloBHINaxX 3a0e3ledye IOBrOTPHUBAIY MIIlHICTh Ha PiBHI CTaHIapTHOI
TepmiuHOi 00poOkn TBEJIbHUX TpyOOK 3 mupkoHieBoro cmiiaBy Zr—1% Nb. Iloka3a-
HO XapakTep pyHHyBaHHS 3pa3KiB-Kulenb 3 UPKOHieBoro ciiaBy Zr—1% Nb 3anexxHo
BiJl CEpEJIOBHIIA Ta PEXKUMY TEPMidyHOI 0OpOOKH.

KarouoBi caoBa: yupxowiesuti cnias, XiMmiko-mepMiuHa 00poOKa, KUCEHb-A30MO-
6MicHe cepedoguue, NPUNOBEPXHeGUL ulap, MexaHiuti 61acCmugocmi.

Cmyoenm M. M., Hoepentox 1. M., I'so30eyvkuii B. M., Beceniecoka I. I".,

3aoopooicna X. P., Mapoapesuu P. C., [[3p06a IO. B. Bruis cknany
CJIEKTPOJIITY YIS TBEPIOr0 aHOAYBAHHS AIFOMIHIIO Ha XapaKTePUCTUKU
OKCHTHOTO TIIADY - venveuveneeneeneeseaseeseesessessesensessensensensaneeseeseaseaseesessessesensensensensensesssesnss

TBepne anoayBaHHs BUKOHaHO 3a TemrepaTypu —4...0°C ynpoxosx 60 min. Sk 6a3o-
BUil enektponitT Bukopuctano 20%-it Boguuii pozund H,SO,. Ilin yac aHoayBaHHs
r'ycTHHa CTpyMy craHoBmia 5 A/dm? 11106 3’cyBaTi BIUIMB CHILHHX OKMCHIOBAYiB
Ha XapaKTEePHUCTHKN aHOTHUX IIapiB (OKCHIHHX), B enlekTpoiT poxasamu 30; 50; 70
ta 100 g/l nepexucy Boguio (H.O,). B nesaxkux Bumaakax Horo mpoayBaiw 030HO-IIO-
BITPSIHOIO CYMIIMIIIIO 3 PO3paxyHKy 5 mg-min/l o30Hy. BcTaHoBmeHo, Mo OKCHIHAN
map (ALLOs-H,O) minx gac TBepAOTro aHOAYBaHHS Ha aIIOMIHIEBHX CIDIaBax (GOPMYIOTh
HE JIMIIe HOHM KHUCHIO, sIKi YTBOPIOIOTHCS BHACHTIZOK PO3KIAAY BOAM, a TAaKOX HOTO
HEUTpanbHi aTOMH, 5IKi (POPMYIOTHCS Yepe3 pO3KJIa/laHHs MEPEKHCy BOAHIO Ta O30HY.
BusiBieHo, 1110 mepekuc BOIHIO, @ TAKOX MPOIYBaHHSI €JIEKTPOIIITY 301IBIIYIOTh TOB-
HIMHY Ta MIKPOTBEPAICTh aHOMHOTO mapy Ha 50% BHACIIOK 3HUKCHHS BIBIYl KUTb-
KOCTI MOJICKYJI BOAM B OKCHJI afoMiHit0. I[Ilepekuc BOAHIO Ta 030H, OYCBHIHO, 3MCH-
HIYIOTh 1 TOBIIMHY Oap’€pHOrO 1apy HOKPUTTS, Kpi3b SIKMU MPOHUKAIOTh HOHU KHC-
HIO Ta AIIOMIHIIO, 5Ki, 3’ €IHYIOUNCh, (POPMYIOTh OKCHAHUI mmIap. BcTaHoBieHO, 1m0
MaKCHMAaJIbHOI MIKPOTBEPJOCTI aHOJHOTO IIapy MOKHA IOCATHYTH TEPMidyHHM 00-
poOJICHHSIM — HarpiBaHHAM aHOJOBaHMX 3pa3kiB 1o 300°C.

Kawu4osi ciaoBa: meepoe anodysanus, anominiti, o6asosuti eirexmponim — 20%-1

600Hull posuun H,SO, o030H0-nosimpana cymius, nepexuc 800HI0, OKCUOHUL Ma
bap ‘eprutl wapu, nopu, MiKpomeepoicmo.

Ulmegan B. B., Kanynuixosa H. O., I'onuapenxo T. €. AHami3 cTpyKTypH

Ta MPOTHKOPO3iHUX BIACTUBOCTEH OKCHIHUX TIOKPHUTTIB
HA CTATL ALST 304 et e e e e e e e e e eenanaes

MeTtonom iMIenaHCHOI CHEKTPOCKOMil JOCHIHKEHO eNeKTPUYHY MPOBIAHICTH Ta Je-
(hexTHICTH Ha HEepIKaBHIHM CTali MMOKPUTTIB, OJACPKAHIX EIEKTPOXIMIYHIM OKCHyBaH-
M. [IpoananizoBaHo MOPQOIOTiI0 Ta PeHTIeHO(pA30BUN CKIIaJ OKCHIHUX ITOKPHT-
TiB, copmoBaHux y Mo-, Al-, Ti-BMicHuX enekTpoitax. Beranosneno, 1o 3 noja-
BaHHSM JI0 HUX OKCHIIB BCHTHJIFHUX METAaNIB MIBHIKICTh KOPO3ii OKCHIOBAHOI CTali
y XJIOPUAHUX CEPEIOBHINAX 3MCHIIYEThCA. Pe3ynbraTe iMIEeIaHCHOI CIEKTPOCKOIMIT
KOPEITIOIOTh 3 IaHUMH KOPO31MHUX BUITPOOYBaHb.



KuarouoBi cioBa: wuepoicasna cmans, mopghonozis, MoniboeH, amoMiHil, Mumat,
OKCUOHe NOKpUmMmsl, NOAAPU3AYIUHUL ONIp, IMNeoanc.

binuii JI. M., Iocysaiino B. M., lsawxie B. P., Kosanvuyx I. B. Koposiiiui
BJIACTUBOCTI OKCHIOKEPAMIYHHUX ITOKPHUTTIB HA OCHOBI CIUIaBiB

CUCTEM Al—CU—ME Ta AL, 106

MeronamMu elNeKTpOXiMIYHOT IMIIEJAHCHOT CIEKTPOCKOMIi Ta MOTEHII0MHAMIYHUMHI
OLIIHEHO KOPO3iliHY TPUBKICTh OKCHJOKEPAaMIYHHUX IMOKPUTTIB, OTPUMAHUX Ha CILIaBax
cucreM Al-Cu—-Mg Ta Al-Mg mig gac 6ap6oTyBaHHs 030HOM. OnepkaHi pe3ynbTaTH
MTOPIBHSHO 3 BiIOMIMH JUISI MaTepialiB, BATOTOBJICHHUX 33 CTAaHIAPTHOIO METOIUKOIO.
€MHICTb BCIX OKCHIOKEpaMidHHUX MOKPUTTIB yepe3 90 days crabii3yeThbes 1 CTAHOBUTH
1...4 pF/ecm?. Ix xoposiiina TpuBkicTs Ha crmasi J[16 BiBiui BHINA, HiX Ha CIUIaBi
AMr5. Yci MOKpUTTS BOJIOAIIOTH MONIMIIEHHMMH 3aXUCHUMH BIIACTUBOCTSMH, a IX
omip y 3%-My BOJHOMY PO34HMHI HATPitO XJIOPHIY CTaHOBHTS 1...4 GQ-cm?.

Kuaro4oBi ciioBa: xoposis, niazmo-eiekmponimue OKCUOYBAHHSA, OKCUOU ATIOMIHIIO,
OKCUOOKEPAMIUHI NOKPUMMSL, PEHIM2eHOCMPYKMYPHUU AHAI3, CHILAS.

Flamini D., Tuckart W. R., Prieto G. BiiuB KpioreHHOro 00po0OJIeHHs

Ha eJIEKTPOXIMIYHI BIACTUBOCTI MAPTCHCUTHUX HEPKABHUX CTAICH. ......coveverveneenneen 113

Kpiorernne oOpoOiieHHS BUKOPHCTOBYIOTH JUIS IIABUINEHHS MEXaHIYHHUX 1 TPHOOJIO-
TIYHUX XapaKTEPUCTHK 0araTboX MaTepiaiB, 30kpema craneil. OmHak HOro BIUTUB Ha
KOpO3il{Hy TPHBKICTh MApTEHCUTHUX HEPXKABHUX CTAJICl BUBYEHO HEAOCTATHHO. Bijb-
1€ yBard MPUIiIAIM MapTEHCUTHUM Hep:kaBHUM cTansam AISI 420 ta AISI 440. ix
MIKPOCTPYKTYpY NPOaHaIi30BaHO 3 JOMOMOTOK CKaHIBHOI €JIeKTPOHHOT MiKpPOCKOIIT
Ta METOJAY PEHTIeHIBCBKOI CrieKTpockorii. EjekTpoximMiuHi BIAaCTHBOCTI BUBYEHO 32
BUTPHOTO TOTEHIlialTy KOpOo3ii Ta NUKJIIYHOI aHOAHOI MOTEHIIOAMHAMIYHOI MOJIsIpr3a-
1ii. BusiBneHo, mo kpioreHHe oOpoOIeHHS He 3MIHIOE TPUBKOCTI A0 HITHHTOyTBOPEH-
Hs craii AISI 420, arre 3Ha9HO 3HMKYE 3MATHICTH 10 macuBaii ctami AISI 440.

Kawu4oBi ciioBa: kpiocenne 06pobdienns, elekmpoximiuna Koposis, kapoiou, 3aiuul-
KOBUll aycmenim.

Jmumpax 1. M., Cupomiox A. M., Jlewax P. JI. Oco0iuBOCTI
EJIEKTPOXIMIYHOTO HABOIHIOBAHHS HU3BKOJIETOBAHOI CTaJi TPyOOIpOBOILY

Y MOACTHHOMY POIUHAHI TPYHTOBOT BOHL. c..eeveenveeeeneesneeeenseenueeneenseansesseennseennseesnseeenns 124

JocmimkeHo oco0nMMBOCTI ancopOIii eeKTpoXiMidHOTO AUDY3iHHO-PyXIHBOTO BOI-
HIO Ha MOBEPXHI HU3BKOJIETOBaHOI (hepUTHO-TepHiTHOI TPpyOHOI cTaji, a TakoX HOro
abcopO1ii 00’eMOM MaTepiary 3aIeXKHO BiJ 4acy Ta (pi3MKO-XiMIYHHX YMOB HaBOJ -
HIOBaHHS Y MOJEIBEHOMY PO3YHHI IPyHTOBOI BOJIH. BCTaHOBIIEHO 3alIeKHICTD 00’ €M-
HOI KOHILIEHTpaLii BOJHIO y MaTepiaii BiJl TPUBAJIOCTI HABOJHIOBAHHS Ta 3aIPOIIOHO-
BaHO aHAIITHYHY 3aJICKHICTh ISl TPOTHO3HUX OLIHOK.

KarouoBi cnoBa: nuzvkonezoeana cmanv, 8600He806MicHe cepedosuuje, HABOOHIOEA-
HICMb Memainy, KOHYeHmpayis 800HIO.

Kopwuiu C. A., 3inv I. M., Xnonux O. I1., Tumyce M. b., I'onoguyx M. A.
BB docdarHo-HITpaTHOT KOMITO3HIIT HAa KOPO3il0 MEXaHIYHO

AKTHBOBAHOT HOBEPXHI AJTFOMIHIEBOTO CIIABY -.....veuveueenreneeneeneenesseaseesieesseesseesneesneenns 131

JocmimkeHo 3aXUCHI BIaCTHBOCTI (PochaTHO-HITPATHOL iHTIOITOPHOI KOMIO3HUINIT Ha
IOMIHIEBOMY CIUIaBI y CHHTETHYHOMY KHcioMy Jomii. Kommosuuiss Mae BHCOKY
MPOTHKOPO3iHY CPEKTHBHICTh, 3a0C3MEUYIOYN 32 YMOB BIJICYyTHOCTI MEXaHIYHOTO
HABaHTAXEHHs CTYMiHb 3axucty merany 96%. Ilin wac MexaHiyHOl akTHBalil Ha
MOBEPXHI aJIOMIHIEBOTO CIUIABY B iHIOOBaHOMY KOPO3WBHOMY PO34YHHI (hOPMYETHCS
3axMCHA IUTIBKA 3 MiABUINEHIMH 3aXMCHUMH BIACTUBOCTAMH. KoMrmo3wmis € mepc-



MEKTUBHOIO JUIsl 3aXKCTY Bl TPHOOKOPO3IHHOTO pyiiHYBaHHS KOHCTPYKLIH 3 aJltoMi-
HIEBUX CILIaBIB.

KarouoBi cioBa: amominicsuii cnnas, mpuboxoposis, IHeIOIMopHa KoMNo3uyis,
gocgam, nimpam.

Hapiecokuii O. E., benixos C. B., Cyobomin C. O., Ilynina T. B. Bruus

XJIOPHJIOBMICHOTO CepeIOBHIIA Ha MITHHIOTPUBKicTh cTami AIST 321........ccocceecee. 138

Po3pobneHo MaTeMaTHYHI MOJENI, SIKi ONHACYIOTH 3AICKHOCTI KPUTHIHUX TeMIepa-
Typ nituHryBanss crani AISI 321 B MogenbHux obopoTHux Bogax 3 pH 4...8 i koH-
HeHTpaiiero xuopuais Bix 350 1o 600 mg/l Big XiMigYHOTO CKJIaay Ta CTpYKTypH. Bo-
HU IPYHTYIOTHCSI Ha 0araTOMIipHUX JIIHIHUX perpecisx MepIioro MopsaAKy Ta Ha Hew-
POHHUX Mepe)ax IPsIMOTO PO3NOBCIOJDKEHHSI CHTHAy. 3aCTOCOBYIOUHM PO3pOOIIeHi
MaTeMaTHYHI MOJIENi, BCTAHOBWIJIM, IO KPUTHYHI TEMIIEpaTypH IMITHHTYBaHHS CTali
AISI 321 pocryTsb 3i 30inpmenasM pH 000poTHOT BOIH, cepeHBOI BiICTaHI MiX OK-
CHJIaM{ B CTalli, BMICTY B Hilf MaprasIlfo i XpoMy Ta 3MEHIICHHSIM CEpEeJHBOrO Jia-
MeTpa 3epHa ayCTeHITy Ta BMICTY XJIOPHIB y cepefoBuili. BogHouac BHUsBIEHO, IO
BIUIUB CEpEJOBUILA HAWHCYTTEBIIIMMA, ale TeTEePOreHHICTh CTalli, sIKa 3aJISKUTh Bif
BMicTy B Hiii Cr, Si, Mn i N, Tako» CHJIFHO BIUTUBA€E HA ii MITHUHTOTPUBKICTH. 3ampPo-
MOHOBAHO PO3pO0JIeH] MareMaTHYHI MOJENI 3aCTOCOBYBATH JJIsl BUOOPY ONTHMAb-
HUX 1IaBok crani AISI 321, HaWTpUBKIIIMX A0 MITHHIYBaHHS B MOJENBHHX 000-
POTHHX BOJax.

KarouoBi ciioBa: nimunzompusxicms, meniooominHuK, 000pomua 600a, CMpyKmyp-
Ha 2emepoceHHicmb, XIMIYHUL CKAA0, NPOSHO3YBAHHS NIMUHSOMPUBKOCHII.
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Datsyshyn O. P. and Rudavska I. A. A circular disk with a radial internal crack
under the action of model contact 10ading............cccoeeeviiiiiiiiiiniieeeeeee 5

The plane problem of elasticity theory for a circular disk with an arbitrarily located
internal radial crack under model contact load that considers the forces of sliding
friction between rolling bodies is solved. Equilibrium of the disk is supported by
concentrated forces and a moment applied to the disk center. The problem is reduced
to a singular integral equation which is solved numerically by the method of mecha-
nical quadratures. The stress intensity factors are determined depending on the crack
location and the contact zone on the disk contour as well as on the force of sliding
friction between rolling bodies. The results agree well with known in the literature.

Keywords: circular disk, radial crack, model contact load, sliding friction, stress
intensity factors.

Andpreikiv O. Ye. and Dolinska 1. Ya. Determination of the period of subcritical
growth of small plane cracks of high-temperature creep in structural elements.......... 16

A calculation model (differential equation with initial and final conditions) for deter-
mining the period of subcritical growth of small high-temperature creep plane cracks
in the elements of a construction is formulated. The model is based on the first law of
thermodynamics, determination of energy components of deformation of the pre-
fracture zone near the crack contour through the parameters of its opening, approxi-
mation of the creep process of the material to the period of steady creep. In this case,
the formulas for the approximate determination of the opening of the pre-fracture
zone through the stress intensity factor and the average value of the load of the struc-
tural element are proposed. The method of equivalent areas generalized for deforma-
tion parameters is used for the approximate solution of the problem. Based on this, as
well as on experimental data know in the literature for specific materials, the period of
subcritical growth in the half-space of a small surface half-elliptic crack of high-
temperature creep at and long-term static tension is determined.

Keywords: high-temperature creep, calculation models, small plane cracks, period of
subcritical growth of small cracks, first law of thermodynamics, average value of
structural element loading, stress intensity factor, opening of pre-fracture zone near
crack contour.



Savruk M. P., Kravets V. S., and Chornenkyi A. B. Optimization of the hole

shapes in a quasi-orthotropic plate under biaxial tension.............ccceevevveeievriecrerenneenns

Based on the solutions of the plane problems of the theory of elasticity for a quasi-
orthotropic body with a curvilinear hole, an analytical-numerical algorithm for deter-
mining the optimal shape of the hole (with a minimum stress concentration) for
biaxial plate tension is constructed. The direct problems of the theory of elasticity for
quasi-orthotropic plates with smooth holes are solved by the method of singular
integral equations. The solutions of the inverse problems with unknown shapes of the
holes are reduced to minimizing the multiparametric functional of the standard
deviations of tensile stresses along the contours of the holes from their given values.
The shapes of optimal holes in a quasi-orthotropic plate for different tensile stresses at
infinity in the directions of orthotropy axes are found.

Keywords: quasi-orthotropic material, plane stress state, optimal holes, stress
concentration, singular integral equations.

Serednytska Kh. I. and Martynyak R. M. Contact of the faces of an interface

thermally insulated crack under thermomechanical loading............ccccoceeveinieninnnnnnn

The thermoelastic behavior of heterogeneous bimaterial with an interface crack, the
edges of which are in contact under the action of compressive forces and homoge-
neous heat flow, is investigated. The problem of thermoelasticity is reduced to a
system of singular integro-differential equations for temperature jumps and displace-
ments on the cracks faces. The system of singular integro-differential equations is
solved for the case of a thermally insulated crack. The change of the contact zone of
crack faces is analyzed for the bi-material consisting of a stainless steel and a nickel
alloy. The dependence of the crack height and the length of the contact zone of crack
faces on the compressive force and the heat flow is determined.

Keywords: interphase gap, heterogeneous bimaterial, contact of faces, thermome-
chanical loading.

Blikharskyy Ya. Z. Modelling of the stress-strain state of heat-strengthened

reinforcement and a welded joint by mictochardness............ccoceeeenieoencniineeneneenen.

The change of physical and mechanical characteristics of thermally strengthened
rebar by the method of rolling with separation is investigated. The values of true
stresses and strains for different rebar zones are established. The change in micro-
hardness in the cross-section of the thermally strengthened rebar and a welded joint is
investigated. It is shown that welding changes the structure of the thermally-streng-
thened layer and weakens the mechanical characteristics in the local volume. True
failure diagrams are constructed for different zones of thermally-strengthened rebars.
The correlation between microhardness and yield strengths for the middle zone is
shown.

Keywords: thermally-strengthened rebar, microhardness according to Vickers me-
thod, welded joint, yield strength, true strain, true stresses, digital image correlation
method.

Skalskyi V. R., Stankevych O. M., Kukhta V. S., Klym B. P., and Kyrmanov O. S.

Features of dental polymer composites fracture under the action
OF 10CAl 10AAING. .....eeiiiiieiie ettt s

The clinical-technological and physicomechanical properties of hybrid composites of
light polymerization of domestic and imported production are compared. The pecu-
liarities of materials fracture under the action of local loading by the Hertzian inden-
tation test using the phenomenon of acoustic emission (AE) are studied. Polymers are
ranked according to the degree of water absorption and fracture load. Based on the



energy criterion for fracture types identification by the AE signals, the share of brittle
fracture in each material is estimated. According to the complex analysis of research
results, the composites that are effectively used in dental practice are recommended.

Keywords: dental composites, hybrid composites, Hertzian indentation test, acoustic
emission, wavelet transform.

Lavrynenko O. M., Zahornyi M. M., Tyschenko N. 1., Kornienko O. A.,
and Ilevtushenko A. I. Synthesis and properties of nanocomposites
based on iron and titanium oxides modified by SilVer..........ceccevieiiniiiiniirieeeee

The structures of nanosized composites based on iron and titanium oxides, modified
with silver and gold are obtained by the methods of rotational-corrosion dispersion
and chemical deposition. It is shown that the morphology of composite particles is
determined by the nature of the oxide, and the elemental composition is determined
by the initial concentrations of noble metals. Spectral methods of research (IR, X-ray
diffraction, EDS) prove the presence of silver, gold (0.5...10 mg/dm?®) on the surface
and in the lattice of TiO,, Fe;O4, which promote effective electronic transitions during
the formation of the Schottky barrier.

Keywords: nanocomposites based on iron and titanium oxides, modification of oxide
particles by argentum and aurum, physicochemical characteristics of nanocompo-
sites.

Baranovska O. V., Bykov O. 1., Bagliuk G. A., and Kyryliuk S. F. The influence
of mechanical activation modes of charge on the structure and phase
composition of sintered multi-component titanium-based composites.........c...cc..c......

The results of investigation of the formation of phases and structure after mechanical
activation of powder mixture TiH,—FeSiMn—-B4C produced by thermal synthesis are
presented. Mechanical activation is performed in a planetary mill in alcohol for 5; 9;
12 and 18 min. To compare the effect of mechanical activation on phase and structure
formation, the same mixture is ground in a ball mill type “drunken barrel”. The alloys
are thermally synthesized in vacuum in two successive stages: heating to 600°C and
further heating to 1250°C. It is established that titanium carbide TiC and silicide
TisSi; and TisSis phases are the major phase in the alloy after low-energy grinding. It
is found that during activation the titanium carbide content decreases and a TiB boride
phase appears in the alloy, which is a main one. An increase in the grinding time du-
ring mechanical activation of powder mixture more than 12 min leads to an increased
content of oxygen compounds, which is inappropriate. It is shown that mechanical
activation also affects the shrinkage of the material.

Keywords: mechanical activation, titanium hydride, titanium carbide, titanium
boride, X-ray diffraction analysis, shrinkage.

Sizonenko O. M., Prystash M. S., Taftai E. I., Torpakov A. S., and Lypian Ye. V.
Modelling of electric discharge processes under titanium treatment
in hydrocarbon HQUId ........cccocoeiiiiiiii e

Physical modeling of electric discharge processes in a Ti powder layer in kerosene
and alcohol is carried out. Dependences of the distribution of plasma formations in
the volume of the discharge chamber with the increase of a number of discharges are
analyzed. The possibility to synthesize the particles of submicron and ultradispersive
range under high-voltage electric-spark treatment of titanium powder in hydrocarbon
liquid (alcohol or kerosene) due to electric heat influence of the discharge plasma on
powder particles is proposed.

Keywords: kerosene, ethylene alcohol, electric discharge, electric discharge dis-
persion, titanium, plasma, plasma technology.



Ostash O. P., Prikhna T. O., Podhurska V. Ya., Kuprin O. S., Karpets M. V.,
Sverdun V. B., Vasyliv B. D., and Serbenyuk T. B. Light interconnects
for medium-temperature (550...650°C) solid oxide fuel cells........c.ccovvvveriecrierreennnenn. 70

The oxidation resistance and electrical conductivity of Crofer 22 APU steel traditio-
nally used for the production of solid oxide fuel cell (SOFC) interconnects, and a bulk
composite based on MAX phase Ti,AIC, and Ti—Al-C vacuum arc-plasma coating on
a thin (0.5 mm) BT1-0 titanium sheet in the initial state and after a long-term (1000 h)
exposure in air at 600°C have been studied. The evolution of the phase composition
of the composite and Ti—Al-C coating under long-term exposure in an oxidizing
environment and related with it oxidation resistance and electrical conductivity has
been studied. It is stated that thin (0.5 mm) titanium interconnects with Ti—Al-C
coating are an effective alternative to those made of Crofer steel, which allows us to
avoid the negative chromium effect on the SOFC efficiency and also significantly (by
~ 50%) reduce the weight of the SOFC batteries.

Keywords: Ti—-AI-C materials, vacuum arc-plasma coating, phase composition,
oxidation resistance, electrical conductivity.

Yusubov F. F. and Hurey I. V. The influence of temperature on the tribological
properties of composites for brake pads...........cccevvevieriieriiiienieieeeeee e 76

The tribological properties of composite materials of brake pads, which operate in
complicated conditions, are studied. Materials consisting of phenol-formaldehyde,
barite, alumina, synthetic wollastonite, lead, tin, copper, graphite, silicon oxide and a
small amount of magnesium oxide and molybdenum disulfide are investigated. In this
research, only the amount of phenol-formaldehyde has been changed. It is shown that
the material, containing 25 mass% of phenol-formaldehyde has the best frictional
properties in terms of friction coefficient and thermal stability.

Keywords: brake pads, powder metallurgy, composites, temperature, coefficient of
friction, wear, degradation.

Krechkovska H. V. Structural-fractographic peculiarities of long-term operated
SEIUCTUTAL SEEELS. ... ettt ettt st st enne s 82

Metallographic and fractographic features of structural steels, after long-term opera-
tion in climatic conditions (temperature fluctuations, gusts of wind, acid rain, etc.) are
analyzed. It is established that a common structural feature of carbon steel degrada-
tion is non-metallic inclusions that lost cohesion with the matrix during long-term
operation and a fractographic feature are elements of embrittlement in the form the
delaminations and transgranular cleavages on the fracture surfaces of the specimens
under impact. The fractographic indicator (area of embrittlement elements) is found to
be more sensitive to the operational degradation of steels, because fracture usually
occurs along a path of the lowest resistance with a maximum density of embrittlement
elements, and a surface for metallographic studies intersects the sample along an arbi-
trarily chosen plane, on which the density of non-metallic inclusions is not necessarily
maximum.

Keywords: structural steels, structure, fractography, operational degradation, damage.

Trush V. S., Fedirko V. M., Voyevodin V. M., Lukyanenko A. G., Stoev P. L,
and Panov V. A. The influence of the functional layer on the performance
characteristics of Zr—1% Nb alloy at temperature 380°C........c.cccceveverenvenireneeneennen. 87

The influence of heat treatment of fuel cladding tubes in various gas media on short-
term and long-term strength at operating temperature (380°C) is studied. Thermoche-
mical treatment in nitrogen-containing media increases the short-term strength of the



ring-like specimens by ~ 30 MPa in tests in air at 380°C, while in oxygen-containing
media slightly reduces it (~ 15 MPa). The highest long-term strength on the basis of
100 h is shown by ring-like specimens after thermochemical treatment in nitrogen.
Thermochemical treatment in oxygen-containing environments provides long-term
strength at the level of standard heat treatment of fuel tubes made of Zr—1% Nb zir-
conium alloy. The nature of fracture ring-like spacimens made of Zr—1% Nb zirco-
nium alloy, depending on the environment and the regime of heat treatment, is shown.

Keywords: zirconium alloy, thermochemical treatment, oxygen-nitrogen-containing
media, near-surface layer, mechanical properties.

Student M. M., Pohrelyuk I. M., Hvozdetskyi V. M., Veselivska H. H.,

Zadorozhna Kh. R., Mardarevych R. S., and Dzioba Yu. V. The influence
of electrolyte composition for hard anodizing of aluminium on oxide layer
CRATACTETISEICS. .. euveeieetieiee ittt ettt st ettt e e st e e et et e ent e teeseeeseeneesneensesneennes

Hard anodizing was performed at a temperature of —4...0°C for 60 min. A 20%
aqueous solution of H,SO, was used as the base electrolyte. During anodizing, the
current density was 5 A/dm? To determine the effect of strong oxidants on the
characteristics of the anode layers (oxide), 30; 50; 70 and 100 g/l of hydrogen peroxide
(H20,) were added to the electrolyte. In some cases, it was blown off with an ozone-
air mixture at a rate of 5 mg-min/l of ozone. It was found that the oxide layer
(AL,O3-H,0) during hard anodizing on aluminium alloys formed not only the oxygen
ions, as a result of the water decomposition, but also neutral oxygen atoms, formed
because of the decomposition of hydrogen peroxide and ozone. It was found that
hydrogen peroxide, as well as blowing off the electrolyte with an air-ozone mixture
increased the thickness and microhardness of the anodized layer by 50% due to the
two-fold reduction of the number of water molecules in aluminium. Hydrogen pero-
xide and ozone apparently also reduce the thickness of the barrier layer of the coating,
through which the oxygen and aluminium ions penetrate and which, when combined,
form an oxide layer. It is established that the maximum microhardness of the anodized
layer can be achieved by heat treatment — heating of the anodized samples to 300°C.

Keywords: solid anodizing, aluminum, basic electrolyte — 20% aqueous solution of

H>S0,, ozone-air mixture, hydrogen peroxide, oxide layer, barrier layer, pores,
microhardness.

Shtefan V. V., Kanunnikova N. O., and Goncharenko T. Ye. Analysis of structure

and corrosion resistance properties of oxide layers on AISI 304 steel...........ccceue..ee.

The electrical conductivity and defectiveness of oxide coatings on stainless steel was
investigated by the method of impedance spectroscopy. The morphology and X-ray
phase composition of oxide materials formed in Mo-, Al-, Ti-containing electrolytes
was studied. It was established that the addition of valve metals to the coating compo-
sition reduced the corrosion rate of the oxidized steel in chloride environments. The
results of impedance spectroscopy correlated with the results of corrosion tests.

Keywords: stainless steels, morphology, oxide coatings, molybdenum, aluminum,
titanium, polarization resistance, impedance.

Bilyi L. M., Posuvailo V. M., Ivashkiv V. R., and Kovalchuk 1. V. Corrosion

properties of oxide ceramic coatings based on Al-Cu—Mg

AN AI-ME QlIOYS. ...ttt e 106

The corrosion resistance of oxide ceramic coatings obtained on AI-Cu-Mg and Al-
Mg alloys during ozone bubbling is estimated by electrochemical impedance spect-
roscopy and potentiodynamic methods. The results are compared with the data on
corrosion resistance of materials manufactured by standard methods. The capacity of



all obtained oxide ceramic coatings after 90 days is stabilized and is 1...4 pF/cm
Their corrosion resistance on the /[16 alloy is twice as high as for the AMrS5 alloy. All
developed coatings have almost the same protective properties, and their resistance in
3% aqueous sodium chloride solution is 1...4 GQ-cm®.

Keywords: corrosion, plasma electrolyte oxidation, aluminum oxides, oxide ceramic
coatings, X-ray analysis, alloy.

Flamini D., Tuckart W. R., and Prieto G. Influence of cryogenic treatments

on the electrochemical behavior of two martensitic stainless steels...........ccccceveuvnneen 113

Cryogenic treatment is a useful method for improving the mechanical and tribological
properties of a wide range of materials, especially steels. However, results regarding
the effect of this treatment on the corrosion resistance are scarce, particularly in the
case of martensitic stainless steels. In this research, the influence of cryogenic treat-
ments on the properties of two different martensitic stainless steels, namely AISI 420
and AISI 440C, is investigated. Their microstructures are studied by scanning electron
microscopy and X-ray diffraction and correlated with their corrosion resistance. The
electrochemical behavior of the steels is studied by measuring open-circuit potential
and under experiments using cyclic anodic potentiodynamic polarization. It is found
that the cryogenic treatment does not affect the pitting resistance of AISI 420 steel,
but it significantly reduces the ability of AISI 440C to achieve passivation.

Keywords: cryogenic treatment, electrochemical corrosion, carbides, retained
austenite.

Dmytrakh I. M., Syrotyuk A. M., and Leshchak R. L. Features of electrochemical
hydrogen charging of low-alloyed steel of pipeline in model solution

OF SOTL WALET ...ttt e e e e e s et eeeeeeeeeeeeeeeeeeereeeeees 124

The peculiarities of the process of adsorption of electrochemical diffusible hydrogen
on the surface of low-alloyed ferritic-pearlitic pipe steel, as well as its absorption by
the bulk of material depending on the time and physicochemical conditions of hyd-
rogen charging in the model solution of soil water are studied. The dependences of the
bulk hydrogen concentration in the material depending on the time of hydrogen
charging are established and the analytical dependence for predicting estimates of this
value is proposed.

Keywords: low-alloyed steel; hydrogen-containing environment, hydrogen charging;
hydrogen concentration.

Korniy S. A., Zin I. M., Khlopyk O. P., Tymus M. B., and Holovchuk M. Ya.
The effect of phosphate-nitrate composition on corrosion of mechanically

activated surface of aluminum alloy.........ccoccveevirieriieieniieiee e e 131

The protective properties of the composition of calcium phosphate and sodium nitrate
on aluminium alloy in a synthetic acid rain are studied. It is found that this inhibitory
composition has high corrosion-resistant efficiency providing degree of metal
protection of 96% with no mechanical loading. During mechanical activation, a
protective film with improved protective properties is formed on the surface of the
aluminum alloy in the inhibited corrosive solution. The studied composition is
promising for protection against the surfaces fracture of aluminum alloys of structures,
operating in tribocorrosion conditions.

Keywords: aluminum alloy, tribocorrosion, inhibitory composition, phosphate,
nitrate.



Narivskyi O. E., Belikov S. B., Subbotin S. A., and Pulina T. V. The influence

of chloride-containing medium on pitting resistance AISI 321 steel ............ccueeeeee. 138

Mathematical models that describe the dependences of the critical temperatures of
AISI 321 steel pitting in model circulating waters with a pH of 4...8 and a chloride
concentration of 350 to 600 mg/1 on its chemical composition and structure have been
developed. They are based on multidimensional linear regressions of the first order
and on neural networks of direct signal propagation. Using the developed mathema-
tical models, it is found that the critical pitting temperatures of AISI 321 steel increase
with increasing pH of the circulating water, the average distance between the oxides
in the steel, the content of manganese and chromium in it, and a decrease in the
average grain diameter of austenite and the content of chlorides in the medium. At the
same time, it is found that the influence of environmental parameters is the greatest,
but the heterogeneity of steel, depending on the content of Cr, Si, Mn i N in it, also
significantly affects its pitting resistance. It is proposed to use the developed
mathematical models to select the optimal melts of AISI 321 steel, the most resistant
to pitting in model circulating waters.

Keywords: pitting resistance, heat exchanger, circulating water, structural hetero-
geneity, chemical composition, pitting resistance prediction.
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