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

®I3NKO-XIMIHHA
MEXAHIKA MATEPIANIB

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

TOM 57, Ne 3, 2021

TpaBeHb — YEPBEHb

3MICT

Haszapuyk 3. T. 70 pokiB 3 yacy 3acHyBaHHS Di3MKO-MEXaHIYHOTO IHCTUTYTY

im. I'. B. Kaprienka HartionanpHOT akageMii HAYK YKPATHHI. ......cocveveeeriereeniireenenieenne 5
IHanacrox B. B. Baecok @iznko-mexaHigHoro iHcTuTyTy iM. ['. B. Kapnenka

HAH VYkpainu y nocnipkeHHs BIUIMBY BOJHIO Ha JIe)OpMyBaHHS

Ta pyHHYBAHHS METATIB (OTTIAIL)...cuvevrenvereeenieeeienteetenteesesseesesseensesseessesssessesssessesensaeenes 7

[poaHanizoBaHO pe3yJbTATH IOCIIKEHb B3a€EMOJIi BOJHIO 3 METaJIaMHM I 4ac iX
nedopmyBanast. CPOpMyIEOBaHO BUCHOBKH NP0 PYHHYBAaHHS Ta MIIHICTh KOHCTPYK-
LIfHUX MaTepialliB 3a JaHUMH BUIIPOO, BUKOHAHUX Y Di3uKO-MEXaHIYHOMY IHCTUTYTI
im. I'. B. Kapnienka (®MI) HAH Ykpainu 3a munynux 70 pokis (3 1951 p.). 'onosny
yBary HpHUIiIEHO JABOICTOMY XapaKTepy BIUIMBY BOJHIO Ha Ae(OpMyBaHHS METaliB:
3a MaJIMX KOHLIEHTpaliil BiH cnpusie iX macTudikarii, a 3a BUCOKMX — OKpuxueHHro. L1i
0COOJIMBOCTI MOTO B3a€MOJIiT 3 METaJlaMH € OCHOBOIO IS ITPOTHO3YBAaHHS JAOBIOBId-
HOCTI METaJIeBUX KOHCTPYKIIH y BOJECHBBMICHHUX CEpEIOBHINAX, a TAKOXK PO3POOIEH-
Hs BUPOOIB 3 BUCOKHMH (Pi3UKO-MEXaHIYHUMH XapaKTePUCTHKAMHU.

Kawu4osi cnoBa: memaniuni mamepianu, 600eHv, oepopmayis, 800He8aA OeK02e3is
MIDHCAMOMHUX 38 A3KI8 Y KPUCMANIYHIL Tpamyi Memainie, niacmugiky8aHHs ma oK-
PUXUEHHA Memanis, niacmugikyeanbha Oisi 800HIO.

Xoma M. C., Bacunie X. b., Yyumarn M. P. BB KOHIIEHTpAIIi1 CIpKOBOTHIO
Ha KOPO3il0 Ta HABOAHIOBAHHS TPYOHUX CTANCH (OTIIAM)...c.veeeeeeeeeeiesieeeiie e 17

PosrnsHyTO KOpO3ifo cTaneil y CipkOBOAHEBUX CEPeIOBHUINAX Pi3HOI KOHIIEHTpAIi 3
BpaxyBaHHSAM 0ocoOimBocTell popMyBaHHS Ha iX MOBEpXHi CyIb(imiB Pi3HOrO XiMid-
HOTO CKJIaJly Ta iXHBHOT'O BILTHBY Ha mepedir OKMCHO-BiTHOBHUX peakiii. [TomaHo pi3-
Hi MOMIAAN Ha iX poib y KOpOo3iHHMX mponecax. Ha OCHOBI y3araJbHEHHS BIUIMBY
cynb(diaiB 3aji3a Ha eNEeKTPOHI peakii, BUIUICHHS i aOCOpOIif0 BOAHIO apMKO 3aJIi-
30M, ctaysiMu Y8 Ta 45 pi3HOI CTPYKTYpHU BHSIBICHO, IO X0U CyNIb(iay 3amiza nepe-
B)XHO 3HMXKYIOTh IIEPEHANPYTY KaTOIHHUX Peakiiil Ta 30UIbIIYIOTh KUIBbKICTh BHJILIE-
HOT'O 32 KaTO/HOI MOoJisIpU3allii BOJHIO, BOHU HE 3aBXKIM CIPHSIOTH iX HABOJHIOBAHHIO.
Cynbdinu 3ami3a BIDIMBAIOTH 3/eOLTBIIOr0 Ha PEakIlifo BUAUIEHHS BOIHIO, a HOro ab-
COpOIIis 3a7eXKUTH Bi cTpyKTypH craneii. Ha mpuxnani crami 171'1C-Y nmoka3zano, 1mo
Ha IIBUAKICTH KOPO3il BIUTUBAE MpHUpoaa chOpMOBaHUX Ha MTOBEPXHi CYIb]iaiB, sAKi 32
KoHIeHTpamii 25...100 mg/dm’® 3HmKyIoTh ii Maike Ha IOPAMOK. 3a KOHIEHTpAIii
cipkoBoaHio Cips > 500 mg/dm® GpopmyroThes nopucTi cysbdimm, KoposiliHi momKo-



JOKEHHS JIOKATI3YIOThCS 1 cTaib abcopOye BogeHb Maiike ynBidi Oinble, HiXK 32 MEH-
[IMX KOHLEHTpALiH, 10 CIIPUs€ PO3BUTKY TPIIMHOYTBOPEHHS Ta KOPO3iHOMY po3-
TPICKYBaHHIO. BCTaHOBNECHO, 110 KPUTHYHOK KOHLICHTPALIE UL PO3BHTKY CIpPKO-
BOJIHEBOTO KOPO3iiHOTO pO3TpicKyBaHHs craneil Takoro kiacy € Cips < 100 mg/dm®.

KuiouoBi ciioBa: cipxosoodens, cmaii, Koposis, weUOKICIb KOPO3ii, HABOOHIOBANHS,
CIpKOBOOHEBe KOPO3iliHe pO3MPICKYBAHHS, NPOOYKMU KOPO3ii, cynvbhiou.

3sipko O. I. ExcrinyaTanifiHa qerpagarmist KOHCTPYKIIHHUX cTaineld (OTIA). ......eeenveeennne...

[IpoananizoBaHo MexaHi3M Jerpanaiii crajxell IepIiTHOTO Kiacy 3aJeXHO BiJl YMOB
eKCILTyaTalii, HacamIiepe/], TeMIIepaTypH, HalpyX eHb Ta HaBoAHIOBaHHs. CHcTeMa-
TU30BaHO MIKPOCTPYKTYpPHI, MEXaHI4HI Ta eJICKTPOXIMIUHI O3HAKH EKCILTyaTalliifHO1
Jerpaanii KOHCTPYKIIIHHNX cTaneH, i1 ocHoBHI craxii. HalixapakTepHiIow 03HaKo
€ 3HIDKCHHS ONOpPY KPUXKOMY PYHHYBaHHIO, IO IiJBHILYE PU3HUK BTPATH LIITICHOCTI
KOHCTpPYKIil. BuineHo craziito po3BUTKY pO3CiSIHOI MTOIIKOKEHOCTI Ha HAHO- 1 MiK-
POPpiBHI Ta MOB’sI3aHi 3 UM TeBHI MexaHiuHi edexTr. Po3rnsHyTo nabopatopHi MeTo-
I TIpHUCKOpeHoi aerpananii craneid. [TokazaHo ocoOnMBYy poJib HABOJHIOBAJIbHUX CE-
PEeloBHIN y JAerpajalii cTaiel Ta MmpoaHaai30BaHO HEPYHHIBHI MeTOAH ii AiarHOCTY-
BaHHS. PO3IJISIHYTO NMEPCHEeKTUBH JOCHIIPKeHb eKCIUTyaTaliifHoi nerpajanii cranen
BOJHEBOI CHEPreTHKH, TIOB’S3aHOI 3 BUKOPHCTAHHAM ICHYIHOYOI MEpEeXi TPaH3UTHUX 1
PO3MOAUTFYMX Ta30MPOBOIIB U TPAHCIIOPTYBAHHS BOJIHIO YK CYMIIIel MPHPOTHOTO
rasy 3 HUM.

KuiouoBi ciioBa: cmans, excniyamayis, 600eHb, MIKPOCMPYKMYpd, MEXaniuHi 61ac-
mugocmi, KOpo3is, Onip KPUXKOMY DYUHYBAHHIO, 800HE8A KPUXKICHb.

Caspyx M. I1. KoHnleHTpAIlisl Hanpy>kKeHb 01151 KpUBOJIIHIMHAX OTBOPIB

Ta BUPI3IB 3 HETTATKAMI KOHTYPAMI. ......eeuverreenreseensesssensesseesenssensesssenseessessnseesnseeennses

HagBeneHo oris 1ociipkeHb KOHIIEHTPAIIT HANPYKEeHb Y NPYXKHUX Tiax, nocnade-
HUX KPUBOIIHIHIMH OTBOpaMH Ta BHpi3aMH 3 HETrJIaJKUMH KoHTypamu. OcoOimBy
yBary IpuAiICHO aCHMIITOTUYHOMY ITiIX0AY IO BHBYCHHS PO3MOILTY HANPyXeHb Oi-
7l TAKUX KOHIICHTPATOPIB, KOJNU KOe(illieHTH IHTCHCUBHOCTI HANPYXKEHb y TOCTPUX
BEpIIMHAX BUPI3iB 3HAXOATH 3 KOS(IIliEHTIB KOHIICHTpAIlil HAPYKECHb y 3aKpyTJie-
Hill BepIINHI KyTOBOTO BHPI3y.

KuarouoBi ciioBa: mexanika pytiHysanus, Koe@iyieHm iHMEHCUBHOCNI HANPYICEHD,
KoeiyicHm KoHYyeHmpayii Hanpysjiceuv, KYMosutl 6Upi3, 20CMpPOKYMHULL OMSIp.

Hasapuyk 3. T., Bopouax T. I., Mypaecwxuii JI. I. PO3BUTOK oNTHKO-TIM(DPOBUX

METOJIIB KOHTPOJIIO TIOBEPXHi €JIEMEHTIB KOHCTPYKIIH /1 HOTped
TEXHIUHOT JTATHOCTHKH . ....c.veuventeneentententesteuteseeseesestessestensessensensensensensenseneeseasessesssesanesnne

[IpoanamnizoBaHi ONTHKO-III(PPOBI METOAN KOHTPOJIIO MTOBEPXHI €I€MEHTIB KOHCTPYK-
iif, po3BunyTi y ®isuko-mexaniyHomy iHctutyTi iM. I'. B. Kapnenka HAH Ykpainu
JUTA IOTpeO TEeXHIYHOI MiarHOCTUKH. MeToan 3acHOBaHI Ha MpUHIHUIAX (a303CyBHOL
irTepdpepomerpii (P3I), mudposoi cnexn-inrepdepomertpii (LICI) Ta nndposoi xope-
nmii 300paxens (IIK3). OuineHo mepeBaru MeToiB 1BO- Ta TpukpokoBoi D31 3 mo-
BIJIBHUMH 3CyBaMH (pa3H OIIOPHOTO MPOMEHS NPOTH Tpaauuiitanx. Ha ocHOBI MeTomy
tpukpokoBoi ®31 crBopeHo 3D npodinomeTp it BUMIpIOBaHHS MTapaMeTPiB LIOPCT-
KOCTI 1 XBHJISICTOCTI ToBepxHi. Po3pobieHo meron ¢azoscysroi LCI, mo 3paTHuit mu-
me 3a JBOMa MapaMu CHeKJI-iHTepdeporpaM BiITBOPIOBATH TOJE TepeMilleHb Io-
BepXxHi. MeToJi BAKOPUCTAHO JUIsl PO3B’sI3yBaHHS PI3HHUX 3a/1a4 TEXHIYHOI JIarHOCTH -
KW, 30KpeMa, IS BUSIBIICHHS IIPUXOBAaHUX OTBOPIB i1 Ae(DeKTiB y METaNiYHUX 3pa3Kax
Ta 3BapHHX 3’eqHaHHAX. Metogamu 1[K3 BU3HaueHO moJs mepeMileHb OBEPXHi TO-
6m3y OeperiB TPIIIMH Ta HIIMX KOHIEHTPATOPIB HAIpy>KeHb, KOC(ILIEHTH IHTEH-
CHBHOCTI HampyXeHb, J-IHTerpall, HampsiM IOIIUPEHHS TPIIIMHHU, MEXi 30HM IIIac-
TUYHOCTI MiJl YaC HaBaHTaXCHHs 3pa3ka. J[ns BcraHoBiaeHHs 3D moiB mepeMilicHb



po3pobseno Homit Meron 3D I[K3, 3a gomomororo skoro BUMipsHoO aedopmarrii mo-
BEPXHI MaJIMBHOTO 0aka paKeTH-HOCIS.

Kawuoi cioBa: ¢gazoscyena inmepgpepomempis, yupposa cnexi-inmepdepomem-
pia, yugposa kopenayisa 306padicets, penvegh nosepxHi, noje nepemiujerb n08epxHi.

Anopetixie O. €., Cranvcokuil B. P., [Jonincoxa 1. A. Teopetndni 3acaau METORy

aKyCTUYHOI eMiCii y JiarHOCTHIII 3alI0BUTFHEHOTO PYHHYBaHHS MaTEepIaliB...............

3po0JIeHO OIS Pe3yNbTaTiB TEOPETHYHHUX JOCTIIKCHb METOAY aKyCTHUHOI eMicil
(AE) mns BCTaHOBIIGHHS TPAaHUYHOI PIBHOBATH MaTepiajiB 3 TPIIIHAMH, IX 3aMIOBIIb-
HEHOTO pyWHYBaHHS (3apOKEHHS 1 OIIMPEHHS TPILMH) Ta BU3HAYEHHS 3aJIUIIKOBO -
IO Pecypcy elIeMEeHTIB KOHCTPYKLIH TPHBAJIOTO eKCILTyaTyBaHHsS. BogHouac po3po6-
JICHO PO3paxXyHKOBI MOJeNi Iuis Bu3HaueHHS MeTogoM AE medexTiB tumy TpimuH,
00’eMHOI MOUIKO/KEHOCTI MaTepialiB Ta KpUTepii MeXaHi3MIB ix pyiiHyBaHHS, a Ta-
KOXX aKyCTHKO-EMIiCiiHI METOIUKH ISl TOOYIOBH KIHETHYHHUX JiarpaM 3aroBlIbHEHO-
IO POCTY TPILIMH TOB3yYOCTi.

KuarouoBi cnoBa: axycmuuna emicis, KinbKiCHa OiaeHOCUKA CMAHY Mamepianie,
3anosinbHene pyuHy8ants, po3paxyHKoea Mooes, picm mpilyuHu.

Bepbosuyvkuii IO. B., Onpuck B. B., llImenoep B. B., 3asaniii I. FO. BoaeHs-

copOl1iifiHI BIACTHBOCTI MaTepialiB Ha OCHOBI CILIABIB Ta CIIOJIYK
3 BEJIUKUM BMICTOM MATHIEO. ... .eutetetitentententententententesteseeseetesseseessessestensensensensensenseneenne

[TonaHo KOPOTKHH aHaNi3 Mpalp 3 TA30BOTO Ta EJIEKTPOXIMIYHOrO TiApYBaHHS CILIa-
BiB 3 BUCOKMM BMIiCTOM MarHiro, 30kpema, Ha ocHOBI R,Mg;; Ta RMg),. [Ipoanasizo-
BaHi METOJM TIOJIMILIEHHS] BOJEHbCOPOLIMHUX BIACTUBOCTEH MAarHi€BUX KOMIIO3UTIB
Ta BIUIMB HAa HUX Pi3HUX JojaTKiB. [Toka3aHO K TpPHBAIICTh IIOMOJY Ta KUIBKICTh J0-
JAaHUX KaTajli3aToOpiB [ifOTh Ha BOACHBCOPOLINHHI Ta €IEKTPOXIMiUHI BIACTHBOCTI
KOMIO3UTIB. [IpakTHYHO y BCIX BHIAJKaX Liei BIUIMB € MO3UTHBHUM, a OCHOBHI Mapa-
METPH MOXYTb 3pOCTATH HA 3HAYHUHN BiJICOTOK.

Kawu4oBi cioBa: cniasu pioxicnozemenvHux Memanie, CHIagu Machiio, 2iopuou,
e1eKMPOXIMIUHI 81ACMUBOCMI, eNeKMPOOHT Mamepianu.

Cmyoenm M. M., Ilozpentox I. M. Monudikarist moOBepXHi aTFOMiHIEBIX

1 THTAHOBUX CILIABIB JUIS MiIBUINEHHS X 3HOCOCTIHKOCTI
TA TPUOOTOTTUHIX XAPAKTEPHCTIK. ...nvenvereeereneeneaseaseeseeseasessessessessessessensesseneesssesssesssensns

[Toxa3zaHO OCHOBHI IOCATHEHHsI HayKoBIiB Di3nKo-MexaHIIHOTO iHCTHUTYTY iMm. ['. B.
Kapnenka HAH Ykpainu y popMyBaHHI 3HOCOCTIMKHX ITOKPHUTTIB Ha aTIOMiHI€BUX Ta
THUTAHOBHX CILIaBax. BCTaHOBIIEHO MeXaHI3MHU il BOJHIO, MiJi Ta HIKEIIO Ha CHHTE3
OKCHIOKEepaMidHUX MOKPHUTTIB ITiJ 9ac IUIa3MOeNeKTpoliTHOro okcunayBaHHs ([TEO)
AIFOMIHIEBUX CIUIABIB. 3alIPOIIOHOBAHO METOMAU iHTeHCH(DiKaIllii CHHTE3y, a caMe: JI0-
JlaBaHHsI MIEPOKCHUYy BOJHIO Ta O30HY B €JIEKTPOJIT (IiIBUILIEHHS BMICTY KHCHIO) Ta
301IbIICHHS TYCTHHHA aHOJHOTO 1 3MEHIICHHS KAaTOAHOI'O CTPYMIB, IO HPHU3BEIC 110
3HW)KEHHS HOHIB BOJIHIO B IJIa3MOBOMY KaHaii. [loeqHaHHS 1IMX METOIB 30UIBIINTD
toBmHy ITEO nokpurts Ha 80%, a 3HOCOCTIHKICTD ¥ 4—6 pasiB. Po3pobieno mera-
JIOOKCHJTHI KOMIO3HIIIHHI Tapy Ha OCHOBI KOPYHAY 13 BKIIOYCHHAMHU MiJi abo Hike-
J7r0. BUsiBIIeHO B32€MO3B’ 130K PO3MIpiB BKIFOUCHb METAIIIB 3 HEPTi€I0 OKPEMOro po3-
psdy, MO AacTh 3MOTy (OpPMYBaTH BKIFOUSHHS Milli i HIKeI0 HaHOpo3MipiB. Bcera-
HOBJICHO BIUIMB BOJHIO, SIKHH YTBODIOETBCS IiJl Yac po3Majy MacTHjia Ta BOAHM, Ha
TpUOOJIOTIUHY MOBEIIHKY KOHTAakTHHX map MeTad—IIEO MOoKpuTTA, IO 103BOJIMIIO
3MEHIIUTH KoedilieHT TepTsi uux Tpudonap y 5-20 pasiB. PozpobieHo meroau mif-
BUILICHHS 3HOCOCTIHKOCTI BUCOKOMIIIHUX (O[3 )-TUTAaHOBHX CIUIABiB, 30KpeMa, CIIIaBy
BT22. Buepiiie BCTaHOBICHO, 10 BuXifgHa (otf)-rio0yssipHa CTPYKTypa CIUIaBy €
HAWCIPHUSTIMBIIIONI ISl ra30BOr0 a30TyBaHHs. Po3pobieHo miaxin mis inTeHcudika-
il Ta30BOr0 a30TYBaHHA 32 JOMOMOIO0 XOJOAHOTO TIOBEPXHEBOTO ITACTUYHOTO Jie-



(opMyBaHH, O TO3BOJIMIIO 3HU3UTH TEMIIEPaTypHO-4acOBi IapaMeTPH a30TyBaHHS
Ta CyMIiCTUTH HOTO 31 3MIIHIOBaJbHUM TEPMIUYHIM 00poOIeHHsM ciiiaBy. [loka3zaHo,
0 Take KOMOiHOBaHe nedopMarliifHo-1udy3iliHe 00poOIeHHS 3a0e3medye BUCOKI TPH-
OoTexHiuHI XapakTepucTHkH ciiaBy BT22. BeranoBieHo, 1110 KOMOIHyBaHHS HU3BKO-
TEMITEpaTypHOTO OKCHHITPYBAaHHS Ta CTapiHHSA B OJHOMY TEXHOJIOTIYHOMY IMKJI
3a0e3meyuye BUCOKY (PPEeTHHIOCTIHKICTh crutaBy BT22 y tpubomnapi 3i criaBom J[16.

Kuaro4oBi cioBa: arrominiesi ma mumarnosi cniaeu, niasmoenekmponimmue oKcuoy-
BAHH5, OKCUOOKEPAMIYHI NOKPUINMSL, MEMAl00KCUOHI NOKPUMMs, NOGepXHese 3Miy-
HEeHHsl, A30MYBAHHS, MmepMiuHe 00pobaeHHs, deopmayitino-ougysitine 0bpobuenHns,
OKCUHIMPYBAHHSL, 3MIYHEHI WapU, 3HOCOCMIUKICMb, Ppemun2oCmitikicme.

JImumpax 1. M., Cupomiok A. M., Jlewax P. JI. Bnius nonepegHboro

HaBO/IHIOBaHHS—3HEBOHIOBAHHS HA 3[aTHICTh HU3bKOJIETOBAHOI CTAI
a0COPOYBATH EHEKTPOXIMITHII BOMEHD......ccuvirueenrerieeteritentenitenteentesteentesseeseeennneesnneens

BcraHoBneHo, 110 TONEpeHE LUKIIYHE HABOJAHIOBAaHHS—3HEBOJHIOBAHHS (DEPUTHO-
nepaiTHOT TpyOHOT CTaji CyTTEBO BILUIMBAE Ha i 3[aTHICTH MOIJIMHATH CICKTPOXiMiU-
HUH BOJIEHB, KUIBKICTH SIKOTO 3pOCTa€ 3i 30UIbIICHHSIM TaKWX IUKIiB. Po3paxoBaHa
KOHIIGHTpAIisl BOIHIO, aICOPOOBAHOTO MPUIIOBEPXHEBUMH IIapaMH MeTalxy Ta abcop-
00BaHOTO 00’€MOM METaly, a TAKOXK CyMapHa y METalli 3aJIeXKHO BiJl KITBKOCTI IIUKIIIB
HaBOJHIOBAaHHSI—3HEBOJHIOBAaHHA. BUSABIECHO, MO IS PO3TIITHYTUX BUMIAIKIB IOIIE-
pellHe HaBOAHIOBaHHI—3HEBOIHIOBAHHS 301IbIIY€ 34aTHICTh CTalli TIOTJIIMHATH BOJECHB
y 1,2-2 pa3u.

Kiro4o0Bi ciioBa: Husbkone208ami cmaii, eneKkmpoximiune HAB0OHIOB8AHHS, HABOOHIO-
BAHHA—3HEBOOHIOBANHI MEMALY, KOHYEHMPAaYisi 800HIO.

Congyuan Jin, I'embapa O. B., [ punenko M. B. KoMIT toTepHEe MOJICITFOBaHHS

nedopMyBaHHS eJIeMEHTIB KOHCTPYKIii B yMOBaX MOB3y4OCTi
32 HABOAHIOBAHHSA METAILY Ta CKJIAJHOTO HABAHTAKEHHM. . ... c.eveveeenerveeerveeeenenneneennen 1

CdopMyibOBaHO PO3PaXyHKOBY MOJENb IS OLHIOBaHHS BIUIMBY BOIHIO Ha nedop-
Marlii MOB3y4OCTi B METalli 3a CKJIaJHOTO HAIPY>KEHOro cTaHy. BusHaueHo Hampyxe-
HO-71e()OPMOBAaHUI CTaH TOHKOCTIHHOI'O TPyO4acToro 3paska 3a CKJIaJHOTO HaBaHTa-
JKCHHSI Ta TOB3YyYOCTi 332 HABOIHIOBAHHsS Marepiany. BCTaHOBICHO BIUIHB BUIY Ha-
BaHTa)XEHHS Ha 4ac JI0 pyiHyBaHHs 3paska. [lokazaHo, 1o 3pa3ku 3a po3TATy 3 BHYT-
PILIHIM THCKOM pyiHYyI0ThCS Ha 30% mBHIIIE, HDK 3pa3KH 332 OJHOBICHOTO PO3TATY, a
TaKOX, 10 BOAEHb 3MEHIIy€e NpuOm3Ho Ha 14% TpuBamicTs ekcrutyaranii MaTepiany
3a BCIX BUIB HABAaHTA)KCHH.

KuarouoBi cinoBa: nasooniosanns, ckiadnull HanpysceHutl Cmat, nOG3y4icms, HOUKO-
0iCenHs, 006206IUHICNG.

Cmyoenm O. 3., Kpeuxoscoka I'. B., Csipcvka JI. M., Kinopayvxuii b. 1.,

Llupoxoe B. B. PanxyBaHHS MEXaHIYHAX XapaKTEPUCTHK CTaleH
naporoHiB TEC 3a 4yTJIMBICTIO 10 €KCIUTYaTAIIHHOT JETPATAIIT. .ccvveeeeeeeneeeeneeenne |

[IpoananizoBaHO MEXaHIYHI BIACTUBOCTI TEINIOTPUBKHUX CTaJEH MIiCIS TPHUBAJIOL €KC-
uTyartariii Ha 00’ €KTax TEIUIOCHEPTeTHKH. BcTaHOBIEHO, IO YMOBH po0OOTH (BHCOKI
TEeMITepaTypa Ta THCK KOPO3WBHO-HABOJHIOBAJIBHOTO CEpPENOBUINA, TEPMiUHi 1 Mexa-
HIYHI HAaIpy>KeHHS) HETaTUBHO BIUIMBAIOTH HA X CTPYKTYPHO-MEXaHIYHUH CTaH. Y3a-
rajJbHEHO Pe3yJIbTaTH PO MEXaHI4HI XapaKTEPUCTUKHU CTajel micis 1X excruryararii
B pi3HMX eneMeHTax (IpsMi AUISTHKY, THHH TpYO, 3BapHi 3’€THaHHS;) TOJIOBHUX I1apo-
rodiB TEC 3a cykymnHOro BIUIMBY €KCIUTyaTaliiHUX YMHHUKIB 1 Ha LI OCHOBI Mpo-
PAH)XOBAHO 1X 3a YYTJIMBICTIO 0 BUCOKOTEMIICPATYPHOT BOAHEBOT erpaiarfii.

KuarouoBi ciioBa: meniompuski cmari, 207106HI NAPO2OHU, 36APHI 3 €OHAKHS, PI3HI 30-
HU 2UHIB, 0e2padayisn, MexaHiuHi XapaKkmepucmuKu, menjioeHepeemuKd.



Ocmaw O. I1., Yenino P. B., Timos B. A., I[lonusooda C. JI., Bopou M. M.,
THooeypcvrka B. . MinHICTP 1 IUKITIYHA TPIOMHOCTIHKICTH
TepMOo1e()OPMOBAHUX CIIABIB CHCTEMH Al-ME—SC......eriiiiiriiiiiiieiie e 118

JocmimkeHo cTpyKTypy, $a3oBUA CKIall, XapaKTEPUCTUKH MIIHOCTI i ITACTHYHOCTI
Ta TPIIMHOCTIMKOCTI 32 IMHUKIIYHOTO HAaBaHTAXCHHS TepMoae(OopMOBaHUX (EKCTPY-
3i€10, IpeCyBaHHAM i BANBIIOBaHHSIM) BIUIMBOK CIIaBiB cuctemu Al-Mg—Sc 3 pisHIM
BMicTOM MarHito (tumy 1570 i1 1545), oTpuMaHuX 3a MarHETOT1APOAMHAMIYHOTO TIe-
peMilryBaHHSI po3IUIaBy. BcTaHOBIICHO, 1110 3 HMOHIKEHHSIM BMICTY MarHio po3mip
3epHa CIUIaBy IIiCIsl BaJbIIOBAHHS 1 KUIBKICTh 36pHOTPAHWYHUX BUAIJICHB iHTEpMETa-
JIIB 3MEHIIYIOThCS. MeXaHiuHl XapaKTepUCTUKU 000X CIUIAaBIB HEOJHO3HAYHO 3a-
JISKATh BiJl CIIOCOOY 1 TeMmepaTypu TepMmozedopMariiitnoro oopoodicHus. BuspieHo,
IO 3a IapamMeTpoM KOHCTPYKIIIHOI MIIHOCTI, SKWH KOMITJICKCHO BH3HAUYAIOTh Xa-
PaKTEPUCTUKU MIIHOCTI 1 IUKIIYHOI TPIIMHOCTIHKOCTI, BOHH MEPEBAXKAIOTh BiJJOMI
crutaBu cucteM Al-Mg—-Sc, Al-Mg i Al-Cu—Mg. Ilpu mpomy Horo HaifHMKYE 3HA-
4yeHHA 3a()iKCOBAHO LTS CIUIABY 3 MAIUM PO3MipOM 3epHa.

KuiiouoBi cioBa: anominiesi cniasu, ekcmpysis, npecy8ants, 8aIbYl08AaHHs, CIPYK-
mypa, KOHCMpPYKYiuHa MiyHicmo.

Kupunis B. L, I'vpeii B. I, Maxcumis O. B., I'ypeii I. B., Kyauk FO. O.
Bme moau nedopmartii Ha cuIoBi yMOBH (pOpMyBaHHS IOBEPXHEBOI
HAHOCTPYKTYPH CTAT 40X ...ttt ettt e 126

BuBueHo BrMB Moy aedopmaliii, ClipuYrHEHOT Pi3HUMHU 3MIIHIOBAJIBHUMHU 1HCTPY-
MEHTaMH M7 Jac (OopMyBaHHS MMOBEpXHEBOI HAHOCTPYKTypu cram 40X MexaHoiM-
ITyJTECHOI0 0OpPOOKOI0, HAa CKIAJAHWUKHA CHIM TEPTA B 30HI (PUKLIHHOTO KOHTAKTY,
CTPYKTYpY Ta (pi3MKO-MEXaHIUHI BIACTHBOCTi. BHUSABIIEHO, 10 BHACHIIOK peaizarii
MO/ TIPOCTOTO 3CYBY CHEIaIbHUM 3MII[HIOBAIBHUM 1HCTPYMEHTOM 3MEHUIYIOTHCS
PO3MipH 3€peH, MiJBHUINYIOTHCSA TNIHOWHA Ta MIKPOTBEPAICTh 3MIIIHEHOT'O MOBEPXHE-
BOTO IlIapy 4epe3 HOJIMIIEHHsT YMOB 3apOJDKEHHS Ta TeHEPYBaHHS IUCIIOKAIIH.

KuarouoBi ciioBa: nanocmpyxmypa, oscepeno @panxa—Pioa, ckiaouuku cunu mepms,
SMIYHIOBANLHUL IHCIPYMEHM, DO3MID 3€PEH.

Topbanwv B. @., Ceporwx I. B., Uyeau O. M., Bonowun O. O., Oniunux C. B.,
Beceniecvra I'. I'., [{anunenxo M. 1., Cmrocap /[. B., Cmonbosuil B. A.,
Kanaxan O. C. Oco0aMBOCTI CTPYKTYPH 1 eNeKTPO(DI3NIHUX XapaKTePUCTHK
HITPUJHUX MOKPHUTTIB 3 BUCOKOEHTpomiiHoro cruaBy Ti—V-Zr—Nb-Hf.................. 132

Hocnimkeno cknax, Mop¢oJorito Ta eneKTpo(di3udHi BIACTHBOCTI BaKyyMHO-
JYTOBHX HITPUAHUX MOKPHUTTIB Ha OCHOBI BHCOKOEHTpomiiHOro cmiaBy Ti—V-Zr—
Nb-Hf. BcTaHoBneHO iCTOTHI KOJMBAaHHS XIMIYHOTO CKJIaJy BHUCOKOCHTPOMIHHOTO
CIUIaBy B3JOBXK 3pa3kiB. BoaHodac i MOCHIIPKEHHX 00iacTeil BiIXHUICHHS
yCepemHEeHOTO aTOMHOTO pajiyca eJIEeMEHTIB BHCOKOCHTPOIHHOTO CIDIaBy HE
nepeBunyloTb  1,5%. BusaBmeHo, 1mo  Mopdomorii  HOBEpXHI  3pa3KiB
XapaKTepu3yeThcss TphbOMa THIAMH BKJIOUCHb, SIKI BIJPI3HSIIOTECS BMICTOM
JeryBaIBHHUX €NIEMEHTIB, Po3MipoM i ¢popmoro. YacTHHA BKIIOYEHb € KPaIULsIMH, IO
XapaKTepHO JUIsi BaKyyMHO-IYrOBOTO METOJy HAHECeHHs MOKPHUTTIB, a pemra —
CKOJaMH. BcTaHOBIEHO, IO PO3MOAIIM EIEKTPOONOpy 3MIHHOMY CTpyMy Ta
JIOOPOTHOCTI B3IIOBXK 3pa3Ka XapaKTePHU3YIOThCS CILICCKaMU. BHUSBIEHO 3B’SI30K MiXk
MopdoJtoriero MoBepxHi 1 HAIBHICTIO HA Hil OKMCHHX LIAPIB.

KurouoBi ciioBa: gaxyymuo-0y206i HImpuoHi ROKpUmMmsi, 8UCOKOCHMPONIUHUIL CHIAG,
eeKMPOONip 3MIHHOMY CIMPYMY, 000POMHICIb, MOPGON02Isi ROBEPXHI, OKUCHL Wapu.



®edopenkosa JI. 1. Binus nonepeqHboi 00poOKH B €JIEKTPOIITHIH ru1azmi
Ha CKJIaJ Ta BJIACTHBOCTI OOPHIHOTO MIapy 32 6araTOKOMIIOHEHTHOTO

JSEE1)% 45 (<1515 Qo v: N1 DU SRR 137

ExcnepuMeHTaNbHO OCTIKEHO KOMIDICKCHHN OaratodasHuil Judy3idHuE map,
chopMOBaHMIl Ha MOBEPXHI MONEPEIHLO 00POOICHOT CTal B CNEKTPONITHIN IIa3mi
Ta B yMOBax XiMiko-tepMmiuHoi 00poOku (XTO) B HacuuyBajIbHOMY CEPEOBHILI, 110
MICTUTB OOp, MOIIOJIeH, Boib(paM. B pe3ynbraTi 6araToOKOMIIOHEHTHOTO HACHYCHHS
Ha MOBEPXHI CTalli OTpUMaHO AU(Y3iHHMUI MIap 31 CTPYKTYPHUMH €lIEeMEHTaMH Pi3HOT
TBEPIIOCTI, IO CKIIAly SKUX BXOMIATH MIKPOKPHCTANIYHI BKIIOYEHHS OOpHAiB Moo Ie-
Hy 1 Bonb(paMy, a TAKOXK TBEp/i pO3UNHHI Ha OCHOBI 3aJ1i3a, SKi CIIPUSAIOTH IiIBUIICH-
HIO 3HOCOCTiHKOCTI O0pHaHOTO MOKPHUTTS B 1,5-2 pasu. BeraHoBneHo, 110 mornepeHs
00poOKa cTai B eNeKTPOIITHIN I1a3Mi IPUCKOPIOE MUQY3iiHI MpoIec mig yac Gpop-
MyBaHHs Oaratodasznoro mokputts 3a XTO, cripuse YTBOPSHHIO 1 PO3MOALTY MIiKpO-
KPUCTAJTIYHUX BKJIIOUEHb 3 TYIOIUIABKHMX CIOJIYK Ha BEJIHMKY INIMOWHY, BIUIMBAE Ha
MopdoJIorifo Ta SKiCHI XapaKTepUCTUKH MTOBEPXHI.

Knrouosi cnosa: 6opuou, b6azamoxomnoneHmuuil, nonepeonss 00pooKa, erexmponim-
Ha NIA3Ma, MIKpOKPUCTNANIYUHT GKIIOYEHHSl, MIKpOmMEepoicmb.
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Nazarchuk Z. T. The 70-th anniversary of the foundation of H. V. Karpenko
Physico-Mechanical Institute of the National Academy of Sciences
OF UKTAINE. ...ttt ettt ettt st 5

Panasyuk V. V. Contribution of H. V. Karpenko Physico-Mechanical Institute
of NAS Ukraine into the researches on hydrogen effect on deformation
and fracture of Metals (A TEVIEW)....ccieieriieieriieiecieeee ettt e ereesens 7

The research results on the problems of hydrogen interaction with metals during their
deformation are analyzed. The conclusions on the fracture and strength of structural
materials using the test data obtained by the scientists of H. V. Karpenko Physico-
Mechanical Institute NASU for the last 70 years (beginning from 1951) are
formulated. Main attention is paid to the double character of hydrogen influence on
metals deformation: at low concentrations it promotes plastificization of the metals,
and at high — embrittlement. These peculiarities of its interaction with metals are the
basis for prediction of the metal structure life time in hydrogen — containing
environments as well as the development of products with high physico-mechanical
characteristics.

Keywords: metallic materials, hydrogen, deformation, hydrogen decohesion of inter-
atomic bonds in crystal lattice of metals, plastificization and embrittlement of metals,
plasticizing effect of hydrogen.

Khoma M. S., Vasyliv Kh. B., and Chuchman M. R. The influence of hydrogen
sulphide concentration on corrosion and hydrogenation of pipe steels
(A TEVIBW) ettt ettt ettt eb bbbt be bbb e e bt e saees 17

The corrosion of steels in environments with different concentrations of hydrogen
sulfide is considered, the peculiarities of the formation of different sulfides on the
surface and their influence on the redox reactions are considered. Different points of
views on their role in corrosion processes are shown. The effect of iron sulfides on
electrode reactions, formation of hydrogen and its absorption by iron, steels Y8 and
45 of different structure is summarized. It is shown that iron sulfides mainly reduce
the overvoltage of cathodic reactions, increase the amount of hydrogen released by
cathodic polarization, although they do not always contribute to their hydrogenation.
Iron sulfides affect mainly the reaction of hydrogen formation, and its absorption is
determined by the structure of steels. It is shown on the example of 17MnlS steel,
that the corrosion rate is determined by the sulfides nature on the surface. When H,S
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concentration is 25...100 mg/dm’, the surface sulfide film reduces corrosion rate by
almost an order of magnitude. Porous sulfides are formed at Cuys > 500 mg/dm’,
corrosion damage is localized and steel absorbs hydrogen almost twice as much as at
lower concentrations, thus contributing to the development of corrosion cracking. It is
found that the critical concentration for the development of hydrogen sulfide corrosion
cracking of this type of steels is Cis < 100 mg/dm?’.

Keywords: hydrogen sulfide, steels, corrosion, corrosion rate, hydrogenation,
hydrogen sulfide corrosion cracking, corrosion products, sulfides.

The mechanism of degradation of pearlitic steels depending on operational conditions,
first of all, temperature, stresses and hydrogenation, is analyzed. Microstructural, me-
chanical and electrochemical indicators of operational degradation of structural steels
and its main stages are systematized. The most characteristic feature is a decrease in
resistance to brittle fracture, which increases the risk of the structural integrity loss.
The stage of development of dissipated damaging at the nano- and microscales and
associated mechanical effects are highlighted. In-laboratory methods of accelerated
steel degradation are considered. The special role of hydrogenating environments in
the steel degradation process is shown, and non-destructive evaluation methods are
analyzed. Research perspectives in operational degradation of steels for hydrogen
energy associated with a usage of an existing network of gas transit and distribution
pipelines for transportation of hydrogen or its mixtures with natural gas are considered.

Keywords: steel, operation, hydrogen, microstructure, mechanical properties,
corrosion, resistance to brittle fracture, hydrogen embrittlement.

Savruk M. P. Stress concentration near curvilinear holes and notches

With UNSMOOTNE COMTOUTS. .....eeiiiiieiiiiieieeieiee ettt e e e e e e e e e e e saaenannnes

The survey of studies on stress concentration in elastic bodies weakened by curvi-
linear holes and notches with unsmooth contours is presented. Special attention is
paid to the asymptotic approach to the problems of stress distribution near these stress
concentrators, when stress intensity factors at sharp vertices are found from the stress
concentration factors at the rounded vertices of V-shaped notches.

Keywords: fracture mechanics, stress intensity factor, stress concentration factor,
V-shaped notch, acute-angled hole.

Nazarchuk Z. T., Voronyak T. 1., and Muravsky L. I. Development of optical-

digital methods for control of structural elements surface for needs
of technical diaGNOSTICS. ......cueivieieiieiecieieetee ettt be et esaesseessesseensees

Optical-digital methods for control of the structural elements surface that have been
developed in H. V. Karpenko Physico-Mechanical Institute of the NAS of Ukraine for
technical diagnostics are considered. These methods are based on the principles of
phase shifting interferometry (PSI), digital speckle pattern interferometry (DSPI) and
digital image correlation (DIC). The advantages of the developed methods of two-
and three step PSI with arbitrary phase shifts of a reference wave in comparison with
conventional PSI techniques, in particular, their simple technical implementation and
high speed, are analyzed. A 3D profilometer for measuring the roughness and waviness
parameters is developed on the basis of the three step PSI. The phase shifting DSPI
method that allows us to restore the surface displacement field using only two pairs of
speckle interferograms is developed. This method is used to solve different tasks of
technical diagnostics including detection of hidden holes and defects in metal
specimens and welded joints. Due to the proposed optical-digital speckle correlation
method, it is possible to determine the displacement fields of the surface near uneven
crack edges and other stress concentrators. Using the DIC method, new methodologies

Zvirko O. I. Operational degradation of structural steels (A TeVIEW)....c.ccccecvverereriereeniennne. 28



have been developed for definition of stress intensity factor, J-integral, crack propa-
gation direction, plastic zone boundaries under specimen loading. To determine 3D
displacement fields, a new 3D DIC method has been elaborated and used to measure
the surface deformations of a launch vehicle fuel tank.

Keywords: phase shifting interferometry, digital speckle pattern interferometry,
digital image correlation, surface relief, surface displacement field.

Andpreikiv O. Ye., Skalskyi V. R., and Dolinska I. Ya. Theoretical bases

of the acoustic emission method in diagnosing delayed fracture
OF MALETIALS. ...ttt sttt n

The results of theoretical investigation of the method of acoustic emission for
establishing the limit equilibrium of materials with cracks, their delayed fracture
(initiation and propagation of cracks) and, thus, determining the residual life of
structural elements of long-term operation are analyzed. At the same time,
computational models for determination of crack-like defects, volumetric damage of
materials, criteria of their fracture mechanisms, and also acoustic-emission techniques
for construction of kinetic diagrams of slow growth of creep cracks are developed.

Keywords: acoustic emission, quantitative diagnostics of materials state, delayed
fracture, calculation model, crack growth.

Verbovytskyy Yu. V., Oprysk V. V., Shtender V. V., and Zavaliy I. Yu.
Hydrogen sorption properties of materials based on alloys
and components with a high content of magnesium ............ccccoeceeviiniiniinieninenenen.

A brief analysis of experimental works on solid gas and electrochemical hydrogena-
tion of the alloys with high magnesium content, in particular, based on R.Mg;; and
RMg:, is given. Methods for improving the hydrogen sorption properties of magne-
sium-based composites and the effect of various additions on these properties are
analyzed. It is shown that the grinding time and the amount of added catalysts signifi-
cantly affect the hydrogen sorption and electrochemical properties of the composites. In
almost all cases, this influence is positive, and the increase in basic parameters can
have a significant percentage.

Keywords: rare-earth alloys, magnesium alloys, hydrides, electrochemical pro-
perties, electrode materials.

Student M. M. and Pohrelyuk I. M. Modification of aluminum and titanium alloys

surface for increasing their wear resistance and tribological characteristics................

The main achievements of scientists of the Karpenko Physico-Mechanical Institute of
the NAS of Ukraine in formation of wear resistant coatings and layers on aluminum
and titanium alloys are shown. The mechanisms of the action of hydrogen, copper and
nickel on the synthesis of oxide-ceramic coatings during plasma electrolyte oxidation
(PEO) of aluminum alloys are established. Methods for intensifying the synthesis are
proposed, namely: addition of hydrogen peroxide and ozone to the electrolyte (increasing
the oxygen content) and increase of the density of the anodic and decreasing cathodic
currents, which lead to a decrease in hydrogen ions in the plasma channel. The
combination of these methods will increase the thickness of the PEO coating by 80%,
and the wear resistance by 4—6 times. The metal oxide composite layers based on
corundum with inclusions of copper or nickel are developed The relationship between
the sizes of metal inclusions and the energy of a separate discharge is established,
which makes it possible to form nano-sized copper and nickel nclusions. The influence
of hydrogen formed during the oil and water decomposition on the tribological
behavior of the metal-PEO contact pairs of the coating is established, which makes it
possible to reduce the friction coefficient of these tiribo-pairs by 5-20 times. Methods
for increasing the wear resistance of high-strength (o+f)-titanium alloys, in particular,



the BT22 alloy, are developed. It is established that the initial (a+)-globular structu-
re of the BT22 alloy is favorable for gas nitriding. An approach to the intensification
of gas nitriding, using cold surface plastic deformation, is developed, which makes it
possible to reduce the temperature-time parameters of nitriding and combine it with
the strengthening heat treatment of the alloy. It is shown that such a combined defor-
mation-diffusion treatment provides high tribotechnical characteristics of the BT22
alloy. It is established that the combination of low-temperature oxynitriding and aging
of the BT22 alloy in one technological cycle provides a high fretting resistance of the
BT22 alloy in the tribo-pair with the A2024 alloy.

Keywords: aluminum and titanium alloys, plasma-electrolytic oxidation, oxide-cera-
mic coatings, metal oxide coatings, surface hardening, nitriding, heat treatment, de-
formation-diffusion treatment, oxynitriding, hardened layers, wear resistance, fretting
resistance.

Dmytrakh I. M., Syrotyuk A. M., and Leshchak R. L. Effect of preliminary

hydrogen charging—discharging of low-alloyed steel on its further ability
to absorb electrochemical hydrogen...........ccoocveeierierienieniereeeeee e

It is established that the preliminary cyclic hydrogen charging—discharging of ferritic-
pearlitic pipeline steel significantly affects its further ability to absorb electrochemical
hydrogen and the amount of absorbed hydrogen increases with the increase of such
cycles. The concentration of hydrogen adsorbed by the metal sub-surface layers, the
concentration of hydrogen absorbed by the metal bulk and its total concentration in
the metal are calculated depending on the number of cycles of hydrogen charging—
discharging. It is shown that for the considered cases the preliminary hydrogen
charging—discharging increases the further ability of steel to absorb hydrogen in 1.2-2
times.

Keywords: low-alloyed steel; electrochemical hydrogenation; hydrogen charging—
discharging of metal; hydrogen concentration.

Congyuan Jin, Hembara O. V., and Hrynenko M. V. Computer modeling

of deformation of structural elements in creep conditions
under metal hydrogenation and complex 10ading............cccevvervieieviieienieeeeneeiee e 1

A computational model for estimating the effect of hydrogen on creep deformations
in metal under complex stress state is formulated. The stress-strain state of a thin-
walled tubular sample under complex loading and creep is determined. The influence
of the type of load effect on the time prior to the sample fracture is established. It is
shown that the specimens under tension with internal pressure fracture by 30% faster
than the specimens under uniaxial tension. The presence of hydrogen reduces the
service life of the material by approximately 14% under all types of loading.

Keywords: hydrogenation, complex stress-strain state, creep, damage, durability.

Student O. Z., Krechkovska H. V., Svirska L. M., Kindratskyi B. I,

and Shyrokov V. V. Ranking of mechanical characteristics of HPP pipeline
steels by their sensitivity to operational degradation..........c.cccceceeverervenirencneneneenne 1

The mechanical properties of heat-resistant steels after long-term operation at heat-
power facilities are analyzed. It is found that working conditions (high temperature
and pressure of a corrosive-hydrogenation environment, thermal and mechanical
stresses) negatively affect the structural and mechanical state of steels. The data on
the different mechanical characteristics of steels after their operation in various
elements (straight sections, bands of pipes, welded joints) of the main steam pipelines
of TPPs according to the combined effect of operating factors are summarized. On
this basis, all these characteristics are ranked according to their sensitivity to high-
temperature hydrogen degradation.



Keywords: heat-resistant steels, main steam pipeline, welded joins, different zones of
the bend, degradation, mechanical characteristics, heat power engineering.

Ostash O. P., Chepil R. V., Titov V. A., Palyvoda S. L., Voron M. M.,
and Podhurska V. Ya. Strength and cyclic crack growth resistance

of thermally deformed AI-Mg—Sc alloys.......ccoevieieriieierieiereee e 118

The microstructure, phase composition, strength and plasticity characteristics and
crack growth resistance under cyclic loading of thermodeformed (by extrusion, pressing
and rolling) castings of AlI-Mg—Sc alloys (type 1570 and 1545) with different magne-
sium content obtained by magnetohydrodynamic mixing of the melt have been studied.
It is established that after rolling the alloy grain size and the amount of grain boundary
intermetallics inclusions decrease with the magnesium content decreasing. The me-
chanical characteristics of both alloys ambiguously depend on the method and tem-
perature of thermomechanical treatment. It is shown that the structural strength
parameter, which is comprehensively determined by the strength and fatigue crack
growth resistance characteristics, for investigated alloys is higher in comparison with
the known Al-Mg-Sc, AlI-Mg and Al-Cu—Mg alloys. In this case, its lowest value is
recorded for the alloy with a small grain size.

Keywords: aluminum alloys, extrusion, pressing, rolling, structure, structural
strength.

Kyryliv V. L., Gurey V. I., Maksymiv O. V., Hurey I. V., and Kulyk Yu. O.
The influence of deformation mode on force conditions of formation

of the surface nanostructure 0f 40X StEEl........cccvvvevviiieiieiiiieeeee e 126

The influence of the mode of deformation, caused by different strengthened tools
during the formation of surface nanostructure on 40X steel by mechanopulse treat-
ment, on the components of the frictional force in the friction contact zone, structure,
physical and mechanical properties is studied. It is shown that implementation of the
simple shear mode by a special strengthened tool decreases the grains size, increases
the depth and microhardness of the strengthened layer due to the facilitation of
initiation and generation of dislocations.

Keywords: nanostructure, Frank—Read source, components of the friction force,
strengthening tool, grains size.
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The composition, morphology, and electrophysical properties of vacuum-arc nitride
coatings based on the Ti—V-Zr-Nb—Hf high-entropy alloy have been investigated.
Significant changes in the chemical composition of the high-entropy alloy along the
samples are established. At the same time, for the studied regions, the deviations of
the averaged atomic radius of elements do not exceed 1.5%. It is revealed that the
surface morphology of the samples is characterized by three types of inclusions,
which differ in chemical composition, size and shape. Some of the inclusions are
drops, what is typical of the vacuum arc method of coating application, and the rest
are cleavages. It is found that the distributions of the AC resistance and quality factor
along the sample are characterized by bursts. The relationship between the surface
morphology and the presence of oxidizing layers on it is found.

Keywords: vacuum-arc nitride coatings, high-entropy alloy, electrical resistance to
alternating current, quality factor, surface morphology, oxide layers.
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Experimental studies of a complex multiphase diffusive layer formed on the surface
of a pretreated steel in electrolyte plasma and under conditions of chemical-thermal
treatment (CTT) in the saturating medium containing boron, molybdenum, and
tungsten are carried out. The diffusive layer with structural elements of different
hardness is formed on the steel surface as a result of multicomponent saturation. The
diffusive layer composition contains microcrystalline inclusions of molybdenum and
tungsten borides, as well as iron-based solid solutions, which increase wear resistance
of boride coating in 1.5-2 times. It has been established that steel pretreatment in an
electrolyte plasma leads to acceleration of diffusion processes during the formation of
a multiphase coating in the CTT process, promotes the formation and distribution of
microcrystalline inclusions made of refractory compounds to a greater depth, affects
the morphology and qualitative characteristics of the surface.

Keywords: borides, multicomponent, pretreatment, electrolyte plasma, microcrys-
talline inclusions, microhardness.
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