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

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

TOM 58, Ne 6, 2022

nucTonag — rpyaeHb

3MICT

Anopeiixie O. €., /lonincoka I. A., 36s2in H. C. AKyCTHKO-eMICIHHUI MeTONT
BU3HAYCHHS 3JIUILIKOBOIO PECYPCY TOHKOCTIHHUX €JIEMEHTIB
KOHCTPYKIIH 3a il CHJIOBUX HABAHTAXKEHD 1 KOPOZUBHHUX CEPEMOBHUIL......eevereeeereanenns 5

[ToOynoBaHO aKyCTHKO-eMICiHHY MOJENb JIOKAIBHOTO PyHHYBaHHS (TTOLIMPEHHS TPi-
HIMHU) MaTepiany. Ha mijcraBi boro po3po0iieHO METO/ BU3HAUCHHS 3aJHIIKOBOTO
pecypcy TOHKOCTIHHHX €JIeMEHTIB KOHCTPYKIIiH 3a [Iii JOBrOTPHUBAJIOr0 CTATHYHOTO
HABaHTAXXECHHSI 1 KOPO3UBHOTO cepeloBUIa. PO3Mip TpIlMHY 1 HANpYKEeHHs B 11 1J10-
[IMHI 3aIIpOIIOHOBAHO BHU3HAUYATH 3a JJOIIOMOTOIO MapaMeTpiB aKyCTOTpaMH, 3HSTOI 3
eJleMeHTa KOHCTPYKIIIi ITij] Yac MOMKPEHHs TpimuHu. 11 meMoHCcTparii 3acTocyBaH -
HS [IbOT'O METOAY BUKOHAHO YUCIJIOBHI €KCIIEPUMEHT 1 BCTAHOBIICHO 3JIMIIKOBUH pe-
Cypc TUIaCTHHH.

KurouoBi ciioBa: axycmuuna emicis, Kopo3iuHO-MexXaHiuHa mpiujund, 3a1UuKo8uUil
pecypc, emanoHHa aKyCmuKo-KiHemuyHa 0iazpama NOWUpeHts: KOpo3itiho-Mexaniy-
HOI mpiwuHu, cxema emaloHHOl AHANTMUYHOL AKYCIMOSPaAMU 3d NOWUPEHH MPIUUHU.

Kypunsx /{. b., Haszapuyk 3. T., Bouimxo M. B., Kyaunuu A. I1. Andpakuis
SH-xButi Ha TOHKOMY MiK(a3sHOMY JedeKTi CKIHYEeHHOT ITUPHHU
Y 3’€IHAHHI MPYIKHOTO IAPY 3 MIBIPOCTOPOM.....eevrerrereerrenreesenssesenssesseessesseeessseennses 12

Po3B’s3aH0 3amady nudpakuii npyxH0i SH-XBIIII Ha CKiHUeHHOMY Mik(pasHOMY Ie-
(exTi, yTBOPEHOMY Ha MEXI1 )KOPCTKOTO 3’€THAHHSI 1Iapy 3 MiBOpOCTOpoM. Moeto
IeeKTy € CMy>KKa Ha TTOBEpPXHi 3’ €THAHHA 31 331aHOI0 HA Hill IMIICTAaHCHOIO TPaHNY -
HOIO yMOBOI0. MetogoMm Binepa—Ionda 3amady 3BemeHO 10 pO3B’sS3aHHSI HECKIHUCH-
HOI CHCTeMH NiHIMHUX aNreOpHUYHHMX piBHSHB. PO3B’SI30K BHKOPHUCTAHO IJISL JIOCIHi-
JOKEHHS 0COOMBOCTEH MOBEIHKHM TOJS 3MIIIEHb Ha BUTBHIHN BiJl HANIPYKEHBb MOBEPX-
Hi IIPY’KHOTO LIapy.

KuarouoBi cioBa: ougpakyis, degpexm, imnedanc, npyscHuil wap, memoo Binepa—
Tonga.

Caspyx M. I1., Kasbepyx A., Kpaseywv B. C., Yopnenvxuii A. b. Hanpyxenuii
CTaH OPTOTPOITHOI IIACTHHU 011 OTBOPIB 3 TOCTPUMH Ta 3aKPyTJIIEHUMHU
BEPIIIIHAMU . ... veeuveenteesureenseeseseenseessseenseesssesnseessseenseesssessseesssesnseesssesnseesssesnseessessnssseesns 19

MeToI0M CHHTYJISIPHUX IHTErpalbHUX PIBHSHb NMOOYZOBAaHO PO3B’SI3KM IUIOCKUX 3a-
Jlad 1po KOHIIEHTPALlil0 HalpyKeHb 011 KpUBOJIIHIHHUX OTBOPIB B OPTOTPOIHIN TIJIO-
IIMHI 3 TIaJKUM Ta KyCKOBO-IJIQJIKUM KOHTypamu. YHCIOBI pe3ysibTaTd OTPHUMaHO



JUTSI OPTOTPOITHUX TIJIACTHH 3 OTBOPaMH Pi3HUX (DOPM 3a OJHOBICHOTO CHMETPUYHOTO
HaBaHTA)XCHHsSI Ha HECKiHYeHHOCTi. [IOpiBHSIHO PO3MOALNN KOHTYPHHX HOPMAaTbHHX
HaTpy>XeHb U (Pi3MIHOI MIUTHHA Ta SMNTUIHOTO OTBOPY B OPTOTPOIIHIN Ta KBa3iop-
TOTPOINHIM IUIONIMHAX 3 OJAHAKOBHM BiJHOIIEHHSM TOJIOBHUX MOJIYJIB IPYXHOCTI
Mmarepiany. KoedinieHTn KOHIEHTpalil Ta IHTEHCUBHOCTI HAIpPy>XeHb PO3paxoBaHO
JUISl OPTOTPOITHOI IUIACTUHHU 3 KBAIPATHUM Ta POMOIYHMM OTBOPAaMH 13 3aKpYTIICHUMH
Ta TOCTPUMH BEPLIMHAMH.

Kuro4oBi ciioBa: opmomponnuii ma xeaziopmomponuuti Mmamepian, cocmpi ma 3a-
KpyeneHi eupizu, KoeQiyicHmu KOHYeHmpayii ma inmeHCuHOCI HaAnpyjiCeHb.

Menvnux 1. B., T'ocone M. B., Ilpucmascokuii T. B., Isacux I'. B.,
Iapmyma B. II. Metonuka po3paxyHKy Ta eKCIIEpUMEHTaIbHA ITepeBipKa
JKOPCTKOCTI 3al1i300eTOHHIX KOHCTPYKIIIH 3 OHOHATIPSIMICHUMHU

TIOPOMKHITHAML. ...t eueenetaneesueeneesseenseeseenseentan st eneesseansesseensesseensesseenseestenseensenseeneesseensees

[Tomano MeTOANKY PO3paxyHKY KOPCTKOCTI MOHOJITHHX 3aJ1i300€TOHHUX KOHCTPYK-
i 3 MOPOXKHWHAMH, PO3TAIIOBAHUMH B OJJHOMY HaIlpsMKY. 3a pe3yJibTaTaMy Teope-
TUYHOTO (YHCIOBOTO) MOJICIIOBAHHS 3 BUKOPHUCTAHHSIM TeOpii OOOIIOHOK i METOXY
CKIHYEHHHUX €JIEMEHTIB OTPUMAaHO 3HAUYCHHS LWIIHIPHYHUX KOPCTKOCTEH MOPOKHHUC-
THX TIEPEKPHTTIB, SIKi € PI3HUMHU B 000X HaNpsMKax i MEHIIMMH MTOPIBHSHO 31 CYLIb-
HUMHA TuTamu. OJiepkaHo HOHMKYBAJIbHI KOeiieHTH HWITIHAPHYHNX KOPCTKOCTEH
Cx, Cy 3AICKHO BiJ] TEOMETPUYHUX TApAMETPiB MOPOXKHUH. Po3paxoBaHO NPOrHHU TI0-
POXHHUCTOTO TIEPEKPHUTTS 3HAUHUX PO3MIpIB Y TUIaHi, HA SKOMY 3JiHCHIOBAIIN EKCIIe-
PUMEHTANIBHI JOCIIIKEHHS, 3 BpaxyBaHHIM KOe(Iilli€HTIB ¢y, ¢,. OTpHMaHi TeopeTnd-
Hi 3Ha4YEHHS POTHHIB JIAI0Th 33/I0BUIbHY 301KHICTh 3 €KCIIEPUMEHTAILHIMH.

Kawu4oBi cinoBa: sanizobemomnni niocKki nopoNCHUCME NAUMU, PO3PAXYHOK HCOPCHI-
Kocmi, meopemuyti ma eKCnepumMeHmanbHi 3HA4YEeHHA NPOCUHIE.

Hacmepnax A. M., Cynum I'. T., Bacunuwun A. B., Acniii O. I1. Brmus

MiK(pazHHUX MTPOIIAPKIB BUCOKOT TEIJIONPOBITHOCTI HA PO3IIOJILI
(hi3UKO-MEXaHIYHHX TIOJTIB Y TBOKOMIOHCHTHUX CTPYKTYPAK .envereenreaneeesneeeeneeanneeass

Ha ocHoBi Teopii QyHKIIT KOMILICKCHOT 3MiHHOT Ta (opmainizMy CTpo MmoJaHO MaTe-
MaTH4YHY MOJEJb y3aralbHEHOTO IIOCKOTO TePMOMarHeTOeJIeKTPOHAINPYKEHOTO CTa-
HY JBOKOMITOHEHTHOI CTPYKTYPH 13 TOHKHM MiXK(a3HUM HPOMIKKOM BHCOKOT TEIJIO-
mpoBigHOCTi. Ha 6a3i po3BHHEHh KOMIUIEKCHUX MOTeHIianiB CTPO y CTEICHEBI psau
Ta TOJAJBIIOrO 3aJOBOJICHHS KPallOBMX YMOB Ha OCHOBI IIJIXOAy HaHMEHIINX KBal-
pariB oOy10BaHO HaIiBaHANITHYHUN OOYHMCITIOBATBHIM METO]] aHali3y (i3uKo-Mexa-
HIYHUX TIOJIB y TaKWX JBOKOMIIOHEHTHHX CTPYKTypax. IlogaHo mpukiamy po3s’s3y-
BaHHSI KOHKPETHUX 3a/1a4 JJIsl CKIHYEHHUX TiJI.

Kuaro4oBi cioBa: mepmomacnemoenekmponpysicHicms, 080KOMNOHEHMHA CIMPYKMY-
pa, MidC@A3HUL NPOMIICOK BUCOKOL MENIONPOSIOHOCII.

I'yoenxo C. I, Ilapycoe E. B. BnnuB BKIIOUYeHb €BTEKTHYHOTO THITY

HA YCPBOHOTAMKICTD CTATICH ... .eevieveerreestesieessesteesesseessaesseseessessesssesseessesseessesseessesnsses

Hocmimkeno pons rerepodazHnx BKIOUeHb eBTekTHyHOTO Ty (BET) y mepebiry
rtacTnyHol gedopmanii craneid. BeranoBneHo, 10 MeTan N00aM3y HUX PyWHYETHCS
Ha MIKPOCTPYKTYPHOMY piBHI 3 YTBOPEHHSM TpilIUH Ta AedopManiiHUX HOPOKHHH,
CIpUYMHEHHX TX TUIaBleHHsAM. BuszHaueHo temmepatypy miaeieHHs pizHux BET Ta
TEeMITepaTypHi IHTEpPBaIM BHHUKHEHHS MIKpOpYHHYBaHb mij 4ac ix aedopmariii.
Bcranosneno, mo omnasiends BET Bxe Ha mogaTkoBux eramax nedopmarii 3yMoB-
JIFOE PICT y CTAISIX TPIIIHMH 1 TIOPOXKHUH, 110 CIIPHSIE IX YEPBOHOIAMKOCTI.

KurouoBi ciioBa: cmans, oedhopmayis, Hememanesi 6K10UeHHs, MPIWUHU, NOPOICHU-
HU, MIDICQA3HI MeNCI BKIIOUEHHA—MAMPUYSL, YePEOHOJIAMKICb.



TI'ycaposa I. O., Conooxuii €. B., Manvko T. A., Jlobooa I1. I. Kepamika

Ha OCHOBI PeaKIiifHO-3B’13aHOT0 KapOixy Oopy I TeII03aXHCHUX
TOKPUTTIB KOCMITHIX JIITAKIB. ...cuveeuteteeuteeseenteeseenseeneesseeneesseensesseensesseesseeesnseesaseeenneeens

Po3pobneHo MeTo akTHBOBAHOTO CITIKAHHS PEaKIiiHO-3B’s3aHOTO KapOimy Oopy 3a
IUQy3iHHOTO JIETyBaHHSA YaCTHHOK IOPOIIKY aMOp(HUM OopoM. 3a aKTHBOBAHOTO
CIiKaHHS B MPUCYTHOCTI OOPY Ta KPEMHIIO 3 JOMOMOTOK PEHTTeHO()a30BOr0 aHATIZY
MMOKa3aHO yTBOpEHHs moTpiitHoi ¢a3u Bi»(B,C,Si);. 3a pe3ynbraTaMu MiKpOCTPYKTYp-
HUX JOCII/DKEHb MaTepialy IOBEACHO, IO Ha MOBEPXHI MOJIKPHUCTANIB (OpMyeThCs
mudysiiiHui map, HacMYeHUH OOpOM 1 KpeMHIieM, SIKHMH OTOYYe KOXHY YacTHHKY.
BcraHoBieHO, [0 CTPYKTYypa KepaMiky Ha OCHOBI KapOimy 00py, OTprMaHa B pe3yJib-
TaTi JIETyBaHHsI OOpPOM Ta KpeMHieM, 1ie 3epHa KapOiny O0opy, MPOHM3aHI roI4acTUMU
KpHUCTaJaM{d BTOPHHHOTO KapOixy KpemHiro. ExciepiMeHTabHO JOBEACHO, IO Taka
CTPYKTYpa MPHU3BOAMTH 1O IiABHUIEHHS B’ S3KOCTI pyHHYBaHHS MaTepiany B 2—3 pasu
TTOPIBHSHO 31 CIICYCHUM peaKIliifHO-3B’s13aHUM KapOimoM Oopy. Lle mae MoximBicTh
3aCTOCOBYBATH MaTepiall JUll CTBOPCHHS TEIUIO3aXMCHHUX MOKPUTTIB TiNEp3BYKOBHX
KOCMIYHHX JITaKiB.

KuiouoBi ciioBa: axmueogane peakyiiine cnikauhs, kapoio 6opy, kapoio KpemHiio,
MENLO3AXUCHI.

Hapiecokuii O. E., Cy66omin C. O., Ilyrina T. B., Jleowenxo C. /1., Xoma M. C.,

Payvra H. 5. MopentoBaHHS NITUHTYBaHHS TETUIOOOMIHHUKIB
31 cTasiel TUMY 18/10 B OOOPOTHUX BOMAX. ...cuveeuveeeenrerseeeesseesesseesesssensesssenseessesseenssens

Po3pobneHo MaTeMaTHYHI MOJENI, SIKi OMHCYIOTH 3AJIEKHOCTI KPUTHIHUX TeMIepa-
Typ nituaTryBaHHs craneit 12X18H10T, 08X18H10, AISI304 i AISI321 B MoxenpHAX
oboporHux Bonax 3 pH 4...8 i koHneHTpaieto xmopuais 350...600 mg/l Big XiMiuHO-
TO CKJIay i CTPYKTypu. BoHM IpYHTYIOTBCSI Ha 6araTOMipHHX perpecisx MepIioro mo-
PSIKY Ta HAa HEHPOHHUX MepeKax MPsIMOTo PO3IMOBCIOJDKEHHSI CUTHANY. 3 aHaJIi3y Ma-
TEMaTHYHUX MOJIEJICH BCTAHOBIICHO, 1[0 KPUTUYHI TEMIEPaTypH MITHHTYBaHHS IIHX
cTajieil pocTyTh 3i 30impmeHHssM pH 000pPOTHHX BOJ Ta 3MEHIICHHSM KOHIIEHTpAIlii
XJIOPUAIB, CEPEIHBOI BIICTaHI MiX OKCHIAMH 1 HITPHIAMH THTaHy Ta KUTBKOCTI Hail-
npioHimmx (o 1,98 pm) oxcuzis. IIpu oMy BHSBICHO, IO BIUTMB KOHIICHTpAIIil
XJIOpUAiB B OOOPOTHHUX BOIAX Ta CTPYKTYpPHOI T€TEPOTEHHOCTI CTajlel HaHCyTTEBi-
M, a IX XIMIYHOTO BMICTY B MEXaxX CTaHIapTy — BIICYTHIH. 3alpOIIOHOBAHO PO3-
poOJieHi MaTeMaTHYHI MOJIEIIi 3aCTOCOBYBATH JJIsl BUOOPY ONTUMAJIBHUX 3a MITHHIO-
TPUBKICTIO TuIaBOK craneil tumy 18/10 Ta ii mporHo3yBaHHs MiJ 4yac eKcIuTyartariii
TEIIO0OMIHHUKIB B 00OPOTHHX BOJAX.

KuarouoBi cioBa: nimuneompugkicms, KOpO3IHOMPUEKI CMAi, MOOEeIbHI 000POMHI
800U, XI0pUOU, CMPYKMYPHA 2emMepO2eHHICIb, MEeNni10000MIHHUK.

Martinez-Galvan Y., Dzib-Pérez L., Garcia-Renteria M., Bilyy O.,

Lopez-Morelos V., Gonzalez-Sanchez J. Bruus Temnepatypy Ha omip
3BapHUX 3’€THAHb AYIUIEKCHOI HepKaBHOI ctam 2205 mTHHTOBIA KOPO3ii.................

EnexrpoxiMiuHy rmoBeniHKy 3BapHUX 3’€qHaHb (33) aymiekcHoi HepxaBHOI crami AISI
2205 Ta i TPUBKICTH 70 MITHHIOBOI KOPO3ii y NPUPOAHIi MOPCHKIN BOJII 32 PI3HUX TEM-
nepaTyp AOCHTIIPKEHO METOIOM MOTEHIIOAMHAMIYHOT TToNsipr3altii. 3’ €iHaHHS BUTOTOB-
JICHO AYTOBHMM 3BapIOBaHHAM y cepenoBuii 3axucHuX raszis (GMAW) 3a ta 6e3 il 30B-
HIIIHBOTO HU3bKOYacTOTHOro MarHerHoro mnoist (3HMIT). EnekrpoxiMiuHy moBeaiHKY
Ta TPUBKICTh IO MITHHTOBOI KOPO3ii OMiHEHO SIK (PYHKIiIO TeMIlepaTypH eIeKTPOIITY.
BusiBneno, mo 33, yrBopere 3a nii SHMII 3 mT, mae Taxy %k eleKTpoXiMidHy ITOBEIiH-
Ky, 5K 1 3pa3ku 6azoBoro merany (BM), Toni six 3’eananss, copmoBaHi 6e3 ioro nii,
TIPOAEMOHCTPYBaIN HAWHW)XYy TPUBKICTB JI0 MITHHTOBOI Kopo3ii. [ToBexninka 3paska 33,
yrBopeHoro 3a aii 3HMII, crabinpHO macuBHa y NpupoHiit Mopebkil Boai 1o 45°C, a BM
— 1o 65°C. IoBeninka 3paskiB, 3Bapenux 6e3 3HMII, necriiika nacusHa Bix 25°C. Tpus-



Ka JI0 TMTHHTOBOI Kopo3ii 33, BUKOHaHUX i3 3acTocyBanHsaM 3HMII, momimmeno BHaci-
JIOK TIOCHJICHHS PETeHepaIlii ayCTeHITY ITiJT 9ac TePMIYHOTO UKITY Ta 0OMEXECHHS POCTY
3epeH deputy. Lle Takoxk mMepenkoKae 0capKEHHIO 30arayeHHX XpOMOM BTOPUHHHX
(a3 13 mojanpIIMM 3MEHIIEHHSM 30H, 30IITHEHUX HHM, IIO CHPHSE BUHUKHEHHIO CTa-
OLTHHOT Ta CTIMKOT MacuByBaIbHOI TLTiBKU. [Ipo0iit miel rniBku 3a Ta 6e3 xii SHMII Bin-
OyBaBCsl IEPEBAYKHO y 30HI TEPMIYHOTO BILIUBY.

KarouoBi cioBa: dynnexcna nepowcagna cmanb, nimuHz08a KOpO3is, 36aplOGAHMHS
NIA6NEHHAM, MAZHemHe noJe.

Kycros IO. M., Cmyoenm M. M., boeauuyk I. JI., Kaiioa T. B., 3adopoocna X. P.,
Beceniscoka I'. I'. Kopo3iitHO-aKTHBHI HEMeTaJIeBl BKIIIOUEHHS Y HAIUIaBICHOMY
Mertati i3 mopouikoBoro apoty 30X20MH nin gmtocom AH-26........cccoveveivcncnenne.

BuBueHO XiMIYHMI CKJIaJ HEMETAJIEBUX BKJIIOYEHb Ta IX BIUIMB HA KOPO3iiiHY TPUB-
KiCTh HEp KaBHOI CTaJli ayCTEHITHO-MapTEHCUTHOTO KJIacy, HAIUIaBJICHOTO B O/IMH LIap
nopoukouM apotom [II1-Ha-30X20MH nix ¢arocom AH-26. BeraHosneHo, 1o y
HAaIUIaBJICHOMY METajll HeMeTaleBi BKIFOUSHHs CKIIaHOro CKJIaay Ta OyIOBH, 30Kpe-
Ma MICTATh KaJbIil Ta HOTO CIIONYKH 3 IHIINMH eIEMEHTaMH, SKi HaJeXaTb 10 KOpOo-
31i{HO-aKTHBHUX 1 PUCKOPIOIOTH KOPO3it0.

KnrouoBi ciioBa: dyzcose mannasnenus, mepicasna cmaiv, HemMemanesi GKII0UeHHS,
KOpO3iliHa MpusKicmo.

Koneii b. B., Kpeukoscoka I'. B., Koneii I. b., bakyn b. M. OcoOauBOCTi KOpO3iitHO-
BTOMHOTO PYHHYBaHHSI CTaJI€BUX Ta TIOPUIHUX HACOCHUX IUTAHT ....cverueeeneeaneeaneeannens

BurikoHaHO MOPIBHSUIBHI €KCIIEPUMEHTANIBbHI JOCIIKEHHSI CTAJIEBUX Ta TOpUIHUX Ha-
COCHHX IITAHT HA BTOMHY BUTPUBAJIICTh 32 YMOB, MAKCHUMAJIbHO HAOJIMKCHUX 10 Ha-
TypHHX. BCTaHOBIIEHO 3aKOHOMIPHOCTI 3MiHH IX BUKOPHCTAaHOTO pecypcy (3a iHkyba-
[IHHUM TIEPiOZOM JI0 MOSBU B HUX TPIIIMH JOBXKHHOIO 0 2 Mm) BiJl MPHUKIAIEHUX
Hampy>KeHb Ta BUABJICHO Horo 3poctanHs Bin 0,25 mo 0,85 3a ix 30imemenHs Big 110
mo 175 MPa. V craneBux ITaHrax 4acTka pecypcy IO 3apODKCHHS TaKUX TPIIIUH
MeHIIa Ta 3MiHroBanacs B gianaszoni 0,18...0,4 31 3poctanHsM HaBaHTaxkeHb Bix 100
no 150 MPa. 3 migBUIIEHHSIM HaBaHTAXXCHD, TPUKIIAICHUX IO TIOPUIHUX IITAHT, OLIsL
CTaJICBHX T'OJIOBOK 3 ABJISUIOCS Jeaaii Ouibiie Tpitud. [IIBuakicTs X pocTy i B cTajie-
BHUX, 1 B KOMIIO3UTHHX IIITAHTraX Ha €TaIll iX JOKPUTHYHOI'O POCTY 3MIHIOBAIACS B Jia-
masoni 107...10° m/cycle.

Kuro4oBi cnoBa: nacocui wumaneu, picm 6momHoi mpiwunu, Cmans, KOMHO3UMU.

Kocmin B. A., Jlayxin /1. B., Hupkosa JI. I. Po3TpickyBaHHsI OETOHHOT MaTpPHII
BiJl THCKY ITPOJYKTIB KOPO3ii apMATYPHU B 3ATI300€TOHI «..eeuvevvenienieiieieeniieeiieeie e

BrBYE€HO OKMCHEHHS METaJEBOi apMaTypu B 3aJi300€TOHHHMX KOHCTPYKIISIX MiCIIs
TpUBAJIOi eKCIUTyaTalii METoJaMH MaTeMaTH4YHOTO MOJICTIOBaHHS. Y PO3paxyHKax
BUKOpHCTaHO OeToH Mapku B25 (M350), 3 SKoro BUTOTOBIISIIOTH MOHOJITHI (yHIa-
MCHTH, TUIUTH MEPEKPHUTTS, KOJIOHH, OAJIKK, MOHOJITHI CTiHHM TOIIO. BusBICHO, 1110
KOpo3isg 00yMOBJICHa BiTHOBJICHHAM KHCHIO i3 ()OPMyBaHHSIM OKCHIHOTO IIapy, II0
BUKJIKA€ KOPO3il0 CTaJeBOi apMaTypH y O€TOHi, HOro pO3MIMpEHHS Ta MOJAJIbIIe
MOCTYIOBE PYWHYBaHHS, IO BPAaXxOBaHO 3a JOIOMOTOK CKAIAPHOI MOJENi YIIKO-
JDKeHHs. BCTaHOBJICHO BIUIMB TOBIIMHH OKCHAHOTO LIapy HA TUCK, HOpPMAaJbHi Ta
JOTHYHI HaIlpy>KEeHHs Ha MeXIi apMmarypa—OeToH. Bu3HaueHO yMOBH, 3a SKHX KpH-
THYHE KOpO3iliHE pyHHYBaHHS apMaTypH y OETOHHOI KOHCTPYKIII HE JOCSTaeThCH.
CryniHb NOIIKOKEHHSI KOHCTPYKIIT 3HIXKYEThCS 31 30UIbIICHHSIM JAiaMerpa apma-
TYPH, 3MEHIIEHHSIM TOBLIMHU OKCHJHOTO IIapy Ta 3arajJbHOr0 BMICTY B Hill KHCHIO.

KuarouoBi ciioBa: xopo3sis, 3anizo6emoH, pyuHy8anHs, MOOEN08AHHS, TIHIUHO-NPYIIC-
HULl Mamepian, OKCUOHULL wap, 0iazpama YulKOONICeHHs.



Hozepentok I. M., Tkauyx O. B., Ilpockypuax P. B., Ky3ueyos O. B.,
THiniyoxuti 1. M. Mopddomnoris Ta Kopo3iifHi BIaCTUBOCTI TiIPOKCH-
alaTHUTHOTO MOKPHUBY, C()OPMOBAHOTO Ha TUTAHOBOMY cIutaBi BT6.............ccccceuenee.

Hocmimkeno GpopMyBaHHS T1IPOKCHAIATUTHOTO MIOKPUBY HA TUTaHOBOMY ciutaBi BT6
i yac KOMOIHOBAHOTO OOPOOJICHHS: a30TYBaHHS Ta ILIa3MO-EJICKTPOJIITHOTO OKCH-
JyBaHHS Y JIY)KHOMY €JeKTpOIIiTi (TimpokcuamatuT + 1M rigpokcuay kamiro). Bera-
HOBJICHO, TII0 Take 00poOIIeHHs cripusie pocty TigpokcuanatuTHol (asu Caio(PO4)s(OH),,
10 MOXKHA TOSICHUTH 30UIBIIEHHSAM LIEHTPIB KpHUCTaIi3alii IiJpOKCHANaTUTy Ha 3a-
3JIJIET1Ib A30TOBaHIN MOBEPXHi. BUABICHO, IO TiPOKCHATATUTHUHN TIOKPUB HA TaKiit
MOBEPXHI MiIBHILYE TiAPOGUIBHICTh Ta IOJIMNIIYE KOPO3iiHY TPUBKICTh Y PO34MHI
Pinrepa npu 37°C.

Kniouosi cnosa: mumanosuii cnnaé BT6, azomyganus, niasmo-eneKmponimue oKCu-
0yeanHs, eiopoxkcuanamum, po3uut Pineepa.

Bnao X. I, Bepbosuyvkuii IO. B., boeamupvos B. M., 3asaniu I. FO. CTpykTypa
Ta eJIEKTPOXIMIUHI 3apsSJHO-PO3PSIHI BIACTUBOCTI
HAHOKOMITOZHUTIB NI—CO—C.. .ottt

Komro3ut Ha OCHOBI HiKeIT0, KOOAIBTY Ta BYTJICIIO OCITIDKYBAIH SIK CIIOYYHI Ma-
Tepiajiu JUis BUTOTOBJICHHSI HETaTUBHUX €JIEKTPO/IIB HiKkenb-Metanoriapunaux (Ni-MI')
XIMIYHUX JDKepea CTpyMy. BHBYEHO CTPYKTypy Ta €NEKTpOXIMiYHI BIIACTHBOCTI
HaHokoMmo3uTiB Ni—C, Co—C Ta NiCo—C, fKi CHHTE30BaHI METOJOM IHipoii3y 3
MONICTHPOIY Ta COJiel MeTamiB. MeTOIOM PEeHTIeHIBChKOI MOPOIIKOBOT JU(paKiii
BCTAQHOBJICHO IXHIO KPHCTAIIYHY CTPYKTYPY, @ METOIOM CKAaHIiBHOI EIEKTPOHHOI
MIKpPOCKOTII TTOKa3aHO 3aJeKHICTh MOPQOIOTii Bif XiMIiYHOTO CKIaTy KOMIIO3UTIB.
EstexTpoxiMi4HI BJIAaCTMBOCTI NPOJEMOHCTPYBAJIM, IO HaHOKOMIIO3MT Ni—C Mae
XOpOILy HUKIIYHY cTabinbHICTh (92% y 40-my mukmi), a Co—C — BHCOKY pO3psIHY
emHicTh (330 mA-h/g). MeTosoM JTiHIHHOT pO3rOPTKM MOTEHIIANy MiATBEPAKEHO, 110
OCHOBHHM peaKIlisiM 3apsi1y-po3psay BiIIOBIIAIOTH TiJpyBaHHs Ta JETiApyBaHHS.

Knro4doBi cnoBa: meman-eyeneyesi Hanokomno3umu, Hikenw, Kooanom, mamepian He-
2aMUBHO20 eNeKmpOo0d, eleKMPOXIMIUHI 61ACMUBOCMI.

Kupunie B. 1., 3axies B. I., Maxcumie O. B. 3mina Moysi Ipy>KHOCTI

MOBEPXHEBOT0 HAHOCTPYKTYPOBAHOTO IAPY HA CTAME Y 8..ceiiiienieieniieniieniieeiieeeene 1

JocnimkeHo 3MiHy MOIyJIsl IPYXHOCTI MOBEPXHEBOI HAHOKPUCTAIIYHOI CTPYKTYpH,
cOpMOBaHOI MEXaHOIMITYJILCHOIO 00poOKkoro crami Y8, meromom OmiBepa—®Papa.
ITokazano ioro mizBuIeHHS Ha 17% MOPIBHSIHO 3 MaTPUYHOIO CTPYKTyporo. Take
301IBIICHHS TTOSICHEHO 3MIHOIO €JICKTPOHHOI KOH(iryparii 3aii3a, 30KpeMa 3pOCTaH-
HSIM BHECKY d-opOiTayieil y MeTajaeBuid 3B 30K 3aBISKH JIii BUCOKHX THCKIB i 4ac
00poOKH, 1110 MATBEPIKYE BiIOMHUI BUCHOBOK MPO IIIBUIICHUI B3a€MO3B’SI30K MK
aTOMaMH¥ BCEepeIuHI MeTany Ta foro mociabneHHs Ha nmoBepxHi. [TokazaHo obepHeHy
3aJIEKHICTh MIXK MOYJISIMH TIPYKHOCTI Ta KOe(II[ieHTaMI TEPTS IS Pi3HIX METAIIB.

Ku1040Bi cnoBa: nosepxnesa nHaHoKpucmaniyna cmpykmypa, MexaHoiMnyibCHa 00-
pobxra, Mmooy npysicnocmi, memoo Onigepa—Papa, enexmponna Kongizypayis HaHoO-
CmMpyKmypu.

Jlobumenko O. M. OcobmmBocTi 3MiHN (POPMH ITACTHHY 32 YTBOPEHHS

TPA/II€EHTHHUX CIUIABIB MATAIII0 3 BOIHEM. .. c.vevereenrenrentententententeseentemeesessensessessessensenses 108

Briepiiie nociipkeHo yTBOPEHHS THMUYAcOBOro rpajieHTHoro ciuiaBy o-PdH, 3a tem-
neparypu 320°C mig 9ac HOro HaCHYCHHS BOAHEM 3a 3MiHU BMICTY BOAHIO B Mamamii
Bix 0,01543 no 0,06172 H/Pd 3 kpoxom An = 0,01543. ExciepuMeHTaIbHO MTOKA3aHO,
[I0 BUTMHH IUIACTHHY TMOBHICTIO OOOPOTHI, MAKCHMAaNbHHI BUTUH 3MCHILYBaBCS Y
CIUIaBi 3 OLTBIIMM BMICTOM BOJHIO 3 JOCSTHEHHSIM ILIATO, SIKE TPUBAJIO B KOKHOMY



excrepuMeHTi 1Mo 5 s. OTpuMaHi pe3yIbTaTH CBiAYATh PO MPOSIB IPOTPECyroUoi Tep-
MobaponpykHO-1H(y3iiHOT pIBHOBArd 3 ralbMyBaHHIM IPOHUKHEHHS BOAHIO B ILIac-
TUHY i, BIIIOBITHO, IPOTPECyI0Ye 3MEHIIICHHS IIBUAKOCTI POCTY TPANi€HTHOTO IIapy
(a-PdH,), BiAmoBigagbHOTO 3a BUTMH. 3BiACH CIiIye, 10 CHHEPTEeTUYHUH XapakTep
TPHOX B3A€EMOIIOB’S3aHMX 1 B3aEMOOOYMOBJICHUX KIHETHYHHX TIPOLIECIB 3MIiHH (hOPMHU
TUIACTUHHM 3 rpagieHTHUX criaBiB o-PdHogis43, 0-PdHo 3086, 0-PdHo4620, 0-PdHo 06172
3YMOBIJICHHH TUQY3iHHUM TPAHCIIOPTOM BOJIHIO, IEPEPO3IIOIIIOM BHYTPILIHIX HATIPY-
JKeHb y TUTACTHHI 3a 11 BUTHHY (BUIIPSMIICHHS) Ta BiJNOBIIHOIO NepeOy0BOIO0 KOH-
LEHTPALIHHOTO TIOJISI BOIHIO, 110 3MIHIOE€ BHYTPIIIHI YMOBH AU(y3iiiHOrO TpaHCIOP-
Ty BOJHIO B mapu cruiaBy o-PdH,.

KuarouoBi cioBa: 6odens, nanadiil, epadieHmuuti cnias, HACUYEHHsl, KOHYESHMpayis,
mepmodaponpyicHo-oupy3itna pisnosaza.

Tonybeys B. M., ['6030eyviuii B. M., Ilaweuxo M. I., Unynsp FO. C. Bruus
€JIEKTPOICKPOBUX MOKPUTTIB IHCTPYMEHTIB Ha CHIIOBI TOKa3HUKHI

(hpe3epyBaHHS TEPEBUHHIX MATEPIATIIB. ... ceruerueetieniertertenteetenteeneesteentesteesaeeesneeesnnes 115

JociimkeHo MOMEHT OIopy pi3aHHIo i 4yac Gpe3epyBaHHs 1y0a i COCHU B3JIOBXK Ta
MONIEPEK BOJIOKOH 3aJICXKHO BiJl CYyXOro abo BOJIOTOrO CTaHy IMCKOBOKO (HaCOHHOIO
¢pe3oro 3i crani 9XC 3 HaHECEeHNMH Ha 3yOIli eJeKTPOiCKPOBIMHU MOKPUTTIMH. [Ipo-
aHAJII30BaHO BIUIMB €JIEKTPOICKPOBUX MOKPHUTTIB Pi3HOTO CTPYKTYpHO-(Ha30BOTo CTa-
Hy, OTPUMaHHX eleKTpoJaMu 3 TBepmoro cmwiaBy T15K6 1 mopomkoBux IpoTiB
cucteMu Fe-Mn—-C-B Ta Fe-Cr—C-B, Ha cHJOBi MOKa3HWKH (pe3epyBaHHI
JIEpEeBUHHHX MaTepialib.

Knro4doBi cioBa: enexmpoickpose noxpumms, eneKmpoickpoge necy8aHHs, eleKm-
OO, Opim NOPOWKOBUL, MOMEHI ONOPY Pi3aHHIO, Ppesa ouckosa.

Pawandeep Kaur, Jaspal Singh. BnactuocTi OyAiBeTbHOTO BaITHIHOTO
PO3YMHY Ha OCHOBI METaKaOJiHY i3 0araTOCTIHHHUMU BYTJICIICBUMH

HAHOTPYOKAMI. .....c.veeuteeeenieeetenteeeeeseeseesseessesseensesseessesseessesssessesseensesseesessessnsseesnseennnes 121

Jiist po3BUTKY OymiBEIBHOI Taly3i 3alpOITIOHOBAHO ANBTEPHATHBHI MaTepiand. Jloci-
JOKEHO TeoIoIiMepHI OyNiBeTbHUN PO3YMH Ha OCHOBI MaTaKaolliHy pa3oM i3 30JI010
kauyaHiB Kykypym3u (CCA) i GaraTomapoBuMu ByriienieBUMu HaHotpyOkamu (NMCNT).
BuBueHO #0oro BIacTUBOCTI 3a 3MIHOIO KUIBKOCTI 0araTonapoBHX BYTJIELEBUX HAaHO-
TpyooK (0%; 0,25; 0,5; 0,75 Ta 1%), a TaKoX CTYITiHb 3aMIiHH METaKaOJIHY KYKypYyI3s-
Hoto 3071010 (0...10% Ta 2,5% npupocty). 3a pe3yabTaTaMi CKaHyBaJIbHOTO €JIEKTPOH -
HOTO MiKpoaHami3y BcTaHOBieHO, o NMCNT piBHOMIpHO pO3IOIiTEHI B TEOMOIi-
MepHiil MaTpui 3a BMicTy KoHIeHTpauii 50%, Toxi sk 3a BmicTy 1% — cxabo posmo-
JTeH] Ta arioMepoBaHi BCepeArHI MaTpuIli. 3adikcoBaHO 3HAYHE 30LTBIICHHS MIIl-
HOCTi Ha CTHCK T'€ONONIMEPHOTO PO3YHMHY HAa OCHOBI METAKaOIiHy 3a MOEAHAHHA 5%
CCA 1a 5% MWCNTs.

Kuaro4oBi cinoBa: gyeneyesi HanompyoKku, MiyHicms HA CMUCK, MEMAKAONiH, CKAHY-
BANLHULL eTIEKMPOHHUL MIKPOCKON.

Ilepenix cmameii, onyonixosanux y syxcypuani “OXMM” 3a 2022 p.................cccuueeen.. 127
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Andpreikiv O. Ye., Dolinska I. Ya., and Zviagin N. S. Acoustic-emission method
of determining residual life of thin-walled structural elements
under the action of force loads and corrosive environments............ccooeevvveeeeeeeeeeeeeeeenne. 5

An acoustic-emission model of local fracture (crack propagation) of the material is
constructed. Based on this, a method of determining the residual lifetime of thin-walled
structural elements under the action of long-term static load and corrosive environ-
ment has been developed. It is proposed to determine the size of the crack and the
stress in its plane by using the parameters of the acoustogram taken from the struc-
tural element during the crack propagation. To demonstrate the application of this
method, a numerical experiment is conducted and the residual lifetime of the plate is
determined.

Keywords: acoustic emission, corrosion-mechanical crack, residual resource, refe-
rence acoustic-kinetic diagram of corrosion-mechanical crack propagation, scheme
of reference analytical acoustogram during crack propagation.

Kuryliak D. B., Nazarchuk Z. T., Voytko M. V., and Kulynych Ya. P.
SH-wave diffraction on a thin interface finite defect in the joint
of an elastic layer and a half-Space ..........cccoeieiiriiiiii e 12

The elastic SH-wave diffraction from the finite defect that is formed on the boundary of
the rigid joint between a layer and a half-space is considered. The model of the defect is
an impedance strip on the surface of the joint. Using the Wiener—Hopf technique, the
problem is reduced to an infinite system of linear algebraic equations. Its solution is
used to clarify the features of the displaced field on the surface of an elastic layer which
is free from the stress.

Keywords: diffraction, defect, impedance, elastic layer, Wiener—Hopf technique.

Savruk M. P., Kazberuk A., Kravets V. S., and Chornenkyi A. B. Stress state
of an ortthotropic plate at the holes with sharp and rounded tips.........cccccceerveeerennennn. 19

Using the method of singular integral equations, the solutions of the plane problems
about stress concentration near curvilinear holes in an orthotropic plane with smooth
and piece-smooth contours are constructed. Numerical results for orthotropic plates
with holes of various shapes under uniaxial symmetric loading at infinity have been
obtained. The distributions of contour normal stresses for a narrow slot and an ellip-



tical hole in orthotropic and quasi-orthotropic planes with the same ratio of the main
elastic module of the material are compared. The stress concentration and intensity
factors for an orthotropic plate with square and rhombic holes with rounded and sharp
tips are calculated.

Keywords: orthotropic and quasi-orthotropic material, sharp and rounded notches,
stress concentration and intensity factors.

Melnyk 1. V., \Stashchuk M. H, Hohol M. V., Prystavskyi T. V., Ivasyk H. V.,

and Partuta V. P. Methodology of calculation and experimental verification
of rigidity of reinforced concrete structures with unidirectional cavities.....................

The methodology for calculating the rigidity of monolithic reinforced concrete struc-
tures with cavities, located in one direction, is presented. According to the results of
theoretical (numerical) modeling using the theory of shells and the finite element
method, the values of cylindrical rigidity of hollow floors were obtained, which are
different in both directions and smaller compared to solid slabs. The decreasing
coefficients of cylindrical rigidity c., ¢, depending on the geometric parameters of the
cavities were determined. Deflections of the hollow floor of significant dimensions, in
the plan on which the experimental studies were carried out, were calculated, taking
into account the c,, ¢, coefficients. The obtained theoretical values of the deflections
give a more satisfactory convergence with the experimental values of the deflections.

Keywords: reinforced concrete flat hollow slabs, rigidity calculation, theoretical and
experimental values of deflections.

Pasternak la. M., Sulym H. T., Vasylyshyn A. V., and lasniy O. P. The influence

of interfacial layers of high thermal conductivity on the distribution
of physical and mechanical fields in two-component Structures..........c..c.cceeerveenueennen.

Based on the complex variable calculus and the Stroh formalism, a mathematical mo-
del of the generalized plane thermomagnetoelectroelasticity of a two-component
structure with a thin interfacial layer of high thermal conductivity is presented. Using
the expansion of the Stroh complex potentials in power series and further satisfaction
of boundary conditions on the basis of the least squares approach, a semi-analytical
computational method of analysis of physico-mechanical fields in such two-compo-
nent structures is developed. Numerical examples of solving specific problems for
finite solids are presented.

Keywords: thermomagnetoelectroelasticity, biomaterial solid, high temperature
conducting interface.

Gubenko S. I. and Parusov E. V. The influence of eutectic-type inclusions

0N the red DIIttIeNeSS Of STEEIS. ....cciiiieiiiiiiiieiieee et e e e e eeeeaes

The behavior of heterophase inclusions of the eutectic type (IET) is studied under
different conditions of plastic deformation of industrial steels. It has been established
that near inclusions of eutectics, having various types of microdamages, the cracks
and cavities of deformation origin and cavities associated with their melting are formed.
The melting temperatures of inclusions of different IET, as well as the temperature
intervals for the formation of microdamages of various types during the deformation
process, have been established. It is shown that the melting of eutectic inclusions
causes a sharp growth of cracks and cavities at the initial stages of deformation, which
contributes to the manifestation of red brittleness of steels.

Keywords: steel, deformation, non-metallic inclusions, cracks, cavities, inclusion—
matrix interphase boundaries, red brittleness.



Husarova I. O., Solodkyi Ye. V., Manko T. A., and Loboda P. I. Ceramics based

on reaction-bonded boron carbide for heat protection coatings
OF SPACE QUTCIATL. ..ottt ettt e e

The method for activated sintering of reaction-bonded boron carbide by diffusion
doping of boron carbide powder particles with amorphous boron was developed. On
the basis of X-ray phase analysis it is shown that under the conditions of activated
sintering in the presence of boron the formation of the B,(B,C,Si); phase occurred.
According to the results of microstructural studies of the material, it is proved that on
the surface of polycrystals there is a diffusion layer saturated with boron and silicon,
which surrounds each particle. It is found that the structure of obtained ceramics
based on boron carbide by doping with boron and silicon, represents the boron carbide
grains penetrated by needle crystals of secondary silicon carbide. It has been expe-
rimentally proved that this nature of the structure leads to an increase in the fracture
toughness of the material in 2-3 times compared to the existing sintered reaction-
bonded boron carbide. This allows us to use the material for creating heat-proof coatings
for hypersonic spacecratft.

Keywords: activated reaction sintering, boron carbide, silicon carbide, heat
protection.

Narivskyi O. E., Subbotin S. O., Pulina T. V., Leoshchenko S. D., Khoma M. S.,

and Ratska N. B. Modeling of pitting of heat exchangers made
of 18/10 type steels in Circulating Water...........cceevvereereienerieeeeesie e sieeae e e seeeeseeees

Mathematical models have been developed that describe the dependences of critical
pitting temperatures of 12X18H10T, 08X18H10, AISI304 and AISI321 steels in model
circulating waters with pH 4...8 and chloride concentration 350...600 mg/l on chemical
composition and structure. They are based on multidimensional regressions of the
first order and on neural networks of direct signal propagation. The analysis of
mathematical models shows that the critical pitting temperatures of these steels increase
with increasing pH of circulating waters and decreasing chloride concentration, the
average distance between oxides and nitrides of titanium and the number of the
smallest (up to 1.98 pm) oxides. It is found that the influence of chloride
concentration in circulating waters and the above-mentioned indicators of steel
structure is the most significant, and of their chemical composition within the
standard is absent. It is proposed to use the developed mathematical models to select
the optimal melting of steels of type 18/10 according to their pitting resistance and its
prediction during the operation of heat exchangers in circulating waters.

Keywords: pitting resistance, corrosion-resistant steels, model circulating waters,
chlorides, structural heterogeneity, heat exchanger.

Martinez-Galvan Y., Dzib-Pérez L., Garcia-Renteria M., Bilyy O.,

Lopez-Morelos V., and Gonzalez-Sanchez J. Effect of temperature
on resistance to pitting corrosion in duplex stainless steel 2205 welds............ccceneee.

Potentiodynamic polarization was applied to study the electrochemical behaviour of
AISI 2205 duplex stainless steel welds and their resistance to pitting corrosion in natural
seawater for different temperatures. The gas metal arc welding method (GMAW) was
used to manufacture joints with and without the simultaneous application of an external
magnetic field of low intensity. The improvement of electrochemical behaviour and re-
sistance to pitting corrosion was evaluated as a function of the electrolyte temperature.
The welded joints formed under an external magnetic field of 3 mT presented electro-
chemical behaviour similar to that for base metal samples, where as joints welded
without a magnetic field (0 mT) showed the lowest resistance to pitting corrosion. The
joints welded under the external magnetic field presented stable passive behaviour in
natural seawater up to the temperature of 45°C, whereas the base metal up to 65°C. The



samples welded without a magnetic field showed unstable passive behaviour at a
temperature of 25°C. The improvement in the resistance to pitting corrosion of the
welds with the application of a magnetic field occurred due to the intensification of
austenite phase regeneration during the thermal cycle and the limitation of ferrite phase
grains growth. It also limits the precipitation of Cr-rich secondary phases with the
consequent reduction of Cr-depleted zones, which ensures the formation of a stable and
resistant passive film. The breakdown of this passive film, both in welds with and
without a magnetic field, mainly occurs in the heat-affected zone.

Keywords: duplex stainless steel, pitting corrosion, fusion welding, magnetic field.

Kuskov Yu. M., Student M. M., Bohaichuk I. L., Kaida T. V., Zadorozhna Kh. R.,

and Veselivska H. H. Corrosion-active non-metallic inclusions in deposited
metal from powder-coated 30X20MH wire under AN-26 fluX.........ccccevvvverieneeeennnen.

The influence of non-metallic inclusions on the corrosion resistance of austenitic-
martensitic stainless steel deposited in one layer with IIII-Hn-30X20MH flux-cored
wire under AN-26 flux has been studied. It has been established that in the deposited
metal there are non-metallic inclusions of complex composition and structure, including
those containing calcium and its compounds with other elements, which are classified
as corrosive, accelerating the course of corrosion phenomena.

Keywords: arc surfacing, stainless steel, non-metallic inclusions, corrosion resis-
tance.

Kopei B. V., Krechkovska H. V., Kopei I. B., and Bakun B. N. Specific features

of corrosion-fatigue fracture of steel and hybrid pump rods..........c.ccoeevvviieriiennienne.

Comparative experimental studies of steel and hybrid sucker rods were carried out for
fatigue life in the conditions maximum close to natural ones. The regularity of the
change in their used life (for to the incubation period before the detection of cracks up
to 2 mm long) due to the applied stresses was established and it was shown that it
increased from 0.25 to 0.85 with their increase from 110 to 175 MPa. In steel sucker
rods, the percent of life before the crack appearance is smaller and can be in the range
of 0.18...0.4 with increasing load from 100 to 150 MPa. As the loads applied to the
hybrid rods increased, more and more cracks appeared on the steel heads. The crack
growth rates in both steel and composite rods at the stage of subcritical growth
changes in the range of 107”°...10°* m/cycle.

Keywords: sucker rods, crack fatigue growth, steel, composites.

Kostin V. A., Laukhin D. V., and Nyrkova L. I. Cracking of the concrete matrix

in reinforced concrete due to the pressure of corrosion products
O the T@INTOTCEMENL. .....c.uiitieiiiiii et s

The processes of oxidation of metal fittings in reinforced concrete structures after a
long period of operation were studied using mathematical modeling methods. B25
(M350) concrete is used in the calculations, which is widely used for the manufacture
of monolithic foundations, floor slabs, columns, beams, monolithic walls and other
responsible structures. It is found that the corrosion process is caused by the recovery
of oxygen with the formation of an oxide layer, which causes gradual fracture of
concrete, which is taken into account using a scalar damage model. The effect of the
thickness of the oxide layer on the pressure, normal and tangential stresses at the
reinforcement—concrete boundary is determined. The conditions under which the
critical state of corrosion fracture of the concrete structure cannot be reached have
been determined. It is established that the degree of damage to the structure decreases
with an increase in the diameter of the reinforcement, a decrease in the thickness of
the oxide layer and the total oxygen content in the concrete structure.



Keywords: corrosion, reinforced concrete, fracture, modeling, linear elastic mate-
rial, oxide layer, damage diagram.

Pohrelyuk I. M., Tkachuk O. V., Proskurnyak R. V., Kuznetsov O. V.,

and Gnilitskyi Ya. M. Morphology and corrosion properties
of hydroxyapatite coatings formed on BT6 pre-nitrided titanium alloy............cc.........

The formation of hydroxyapatite coating on BT6 titanium alloy under combined treat-
ment: nitriding and plasma-electrolytic oxidation in an alkaline electrolyte (hydro-
xyapatite + 1M potassium hydroxide) was investigated. It was determined that such
treatment promotes the growth of the Ca,o(PO4)s(OH), hydroxyapatite phase, that can
be attributed to an increase of the centers of hydroxyapatite crystallization on the pre-
nitrided surface. It was shown that the hydroxyapatite coating on pre-nitrided surface
provided higher hydrophilicity and better corrosion resistance in Ringer’s solution at a
temperature of 37°C.

Keywords: BT6 titanium alloy, nitriding, plasma-electrolytic — oxidation,
hydroxyapatite, Ringer’s solution.

Viad Kh. L., Verbovytskyy Yu. V., Bogatyrov V. M., and Zavaliy I. Yu. Structure

and electrochemical charge-discharge properties of Ni-Co—C
NANOCOMIPOSIEES. ... veenterteeutestienteeteeteeseeteeseeteeseeseeeneesseeseesseenseaseensesseentesseensesseensesseensees

Composites based on nickel, cobalt and carbon were investigated as bonding materials
for the production of negative electrodes of nickel-metal hydride (Ni-MH) batteries.
The structure and electrochemical properties of Ni—C, Co—C and NiCo—C nanocom-
posites synthesized by the pyrolysis method from polystyrene and metal salts were
studied. Its crystal structure was established by X-ray powder diffraction, and the
dependence of morphology on the chemical composition of the composite was shown
by scanning electron microscopy. Electrochemical properties demonstrated that the
Ni—C nanocomposite had good cyclic stability (92% in the 40™ cycle), and Co—C had
a high discharge capacity (330 mA-h/g). The hydrogenation and dehydrogenation
processes which corresponded to the main charge-discharge reactions were confirmed
by the linear potential sweep method.

Keywords: metal-carbon nanocomposites, nickel, cobalt, negative electrode mate-
rial, electrochemical properties.

Kyryliv V. L, Zakiev V. I., and Maksymiv O. V. Change in the modulus of elasticity

of the surface nanostructured layer on Y8 steel........cccovveveviieiiiieciiiieieceeeeceenee e 1

The change of elasticity modulus of surface nanocrystalline structure, formed by
mechanical-pulse treatment on Y8 steel has been studied by Oliver—Pharr indentation
method. Its increment by 17% compared with matrix structure is shown. This is
explained by the change of electron configuration of iron, namely by increase in the
contribution of d-orbitals into metallic bond due to the influence of high pressure under
treatment, thus confirming the theory about higher interaction between atoms inside
the metal and its weakening on the surface. The inverse relationship between module
of elasticity and friction coefficients for different metals is shown.

Keywords: surface nanocrystalline structure, mechanical pulse treatment, modulus
of elasticity, Oliver—Pharr indentation method, electron configuration of the nano-
structure.

Lyubymenko O. M. Specific features of change of the plate shape

in the formation of gradient alloys of palladium with hydrogen..............ccccceeerunennnee. 1

The formation of temporary gradient a-PdH, alloy at 320°C during the saturation of
the a-PdH, alloy with hydrogen at An = 0.01543 to 0.06172 H/Pd for the change in



the hydrogen content of palladium has been studied for the first time. It is shown
experimentally that plate bending is completely reversible, the value of the maximum
plate bending decreases when the alloy with a high hydrogen content in the plate is
formed with reaching a plateau, lasting for 5 s in each experiment. It is shown that the
results obtained indicate the manifestation of a progressive thermo-baro-elastic-dif-
fusive equilibrium with inhibition of hydrogen penetration into the plate and a cor-
responding progressive decrease in the growth rate of the gradient layer (a-PdH,)
responsible for bending. Hence, the synergistic nature of the three interrelated and
interdependent kinetic processes of the change of the plate shape from gradient alloys
(I—PdHo,o1543, G—PdH0,03035, (l-PdHo,o4629, (I-PdHo,osnz iS caused by difquiOl’l hydI'OgCIl
transport, redistribution of internal stresses in the plate during its bending (straighte-
ning) and corresponding restructuring of hydrogen concentration field, which changes
internal conditions of hydrogen diffusion transport into the a-PdH, alloy layers.

Keywords: hydrogen, palladium, gradient alloy, saturation, concentration, thermo-
baro-elastic-diffusion equilibrium.

Holubets V. M., Hvozdetskyi V. M., Pashechko M. 1., and Shpuliar Yu. S.
The influence of electrospark coatings of tool on the strength indicators
of milling of Wooden MAaterials..........cecveeverierierieiieiee et s 115

The moment of resistance to cutting during milling of pine and oak along and across
the fibers, depending on the dry or wet state, with a disc-shaped milling cutter made
of 9XC steel with an electric-spark coating applied to the teeth, was investigated. The
influence of electric-spark coatings of different structural and phase composition,
obtained by electrodes from T15K6 hard alloy and the Fe-Mn—C-B and Fe-Cr—C-B
powder wires, on the strength indicators of the milling process of wooden materials
was analyzed.

Keywords: electric-spark coating, electric-spark alloying, electrode, powder wire,
moment of resistance to cutting, disk milling cutter.

Pawandeep Kaur and Jaspal Singh. Properties of metakaolin-based
geopolymer mortar incorporated with multi-walled carbon nanotubes...................... 121

The use of alternative materials, predominantly with high levels of supplementary
cementitious materials and geopolymer composites for the development of the
construction industry is proposed. Metakaolin-based geopolymer mortar along with
corn cob ash (CCA) and multi-walled carbon nanotubes (MWCNTSs) were characterized
and tested. In this paper, the properties of geopolymer mortar was studied by varying
the concentrations of multi-walled carbon nanotubes (0%; 0.25%; 0.5%; 0.75% and
1%) along with the replacement levels of metakaolin with corn cob ash (0...10% about
2.5% increment). From the scanning electron microscope analysis, it was depicted that
the MWCNTs were distributed uniformly within the geopolymer matrix at 0.50%,
while at 1% these were poorly distributed and agglomerated within the matrix. Expe-
rimental investigation revealed that there was a significant increase in compressive
strength of metakaolin-based geopolymer mortar when CCA and MWCNTs were
combined at 5% of CCA and 0.5% of MWCNTs, but beyond this combination, there
was a reduction in strength.

Keywords: carbon nanotubes, compressive strength, metakaolin, scanning electron
microscope.
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