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TOM 57, Ne 4, 2021

nnneHb — cepneHb

3MICT

Hempeb6ro B. B., Boruox I. I1., Ilonoe C. M., Aximos I. B. OcobnuBocTi
PyHHYBaHHS BACOKOXPOMHUCTHX YaBYHIB 32 aOPa3UBHOTO 3HOUTYBAHHS. ..........evervevenees. 5

[NokazaHo, 1m0 pyiiHyBaHHS BHCOKOXPOMHCTHX YaBYHIB Y CyXOMY Ta Bojloromy a0pa-
3MBHOMY CEpEIOBHINAX 3aJCKHTh Bifl iX XIMIYHOTO CKJIany, CTPYKTYPH, PO3MOILTY
XpOMY B METaJIeBiii OCHOBI, BIACTHBOCTEll aOpa3uBy 1 3HAYHOIO MIpOIO BiJ e€eKTy
Pebinaepa Ta BUHUKHEHHST MiKpOTaJibBaHIYHUX Tap. BcTaHoBieHO, 1o Bifma 30171b-
Iye XiMiYHy HEOJHOPIHICTh PO3MOJITy XpOMY B MeTayieBiil ocHOBI. HasiBHICTh 30H
Oinst xkapOiniB 3 MOHIKEHHUM 10 8,5% BMICTOM XpoMy (HEraTUBHHI HOTEHIIAN) Ta
LEHTPATbHUX YaCTHH 3€PEH 13 KOHIEHTpaLieo Xpomy noHad 12% (Mo3nTHBHUH mO-
TEHILiaJ1) NPU3BOJMIIA 10 BUHUKHEHHS MIKpOT'aJbBaHIYHUX MAp Y €ICKTPOIITHYHOMY
cepenoBuIli. BusiieHo, mo pyiHYBaHHS ITOCHITIOBAIIOCS 3a IPHCYTHOCTI y abpa3uB-
HOMY CEpEeJOBHILI YaCTUHOK po3mipoM 1o 0,5 um (mysibma), siKi HOro NpUIIBUAIIYBa-
JM Ta 301IBIIYBaIN BTPATH MacH. 3alpolOHOBAHO MapKU YaBYHIB JUIS JIMTHUX JieTalleH
i3 ypaxyBaHHSM yMOB €KCILTyaTallii.

KarouoBi cioBa: sucoxoxpomucmuil 4uaeyn, abpasusne 3HOULY8AHHS, CMPYKMypd,
po3nodin xpomy, egpexm Pebinoepa.

Ckanveokuti B. P., Cmyodenm M. M., Moxpuii O. M., I'6030eyvruii B. M.,
Pomanuwun I. M., Cemax I1. M. OuiHIOBaHHS CTaHy NPUITIOBEPXHEBHX
IapiB MeTally, MiJiaHuX abpa3uBHO-CTPYMEHEBIH 00poO1li, 3 TOMOMOT 00
TIOBEPXHEBHUX AKYCTHUTHHIX XBHITB......cveutrtenterenterensesersesertesessestssestasentssensasensensessesseensens 12

JocnijpkeHo TOBEpXHEBi Iapy MeTaly HU3bKOBYIVIELEBOI cTalli micis abpa3uBHO-
CTpyMeHeBOi 00poOKH. Bu3HaueHO MIBUAKICTH MOBEPXHEBUX XBHIIb Pejes iMITyIIbC-
HO-(a30BMM METO/IOM Ha 4acToTax 3; 6 1 9 MHz 3i 3acTocyBaHHSIM KOHTaKTHHUX I1’€-
30€JIEKTPUYHHUX [EPETBOPIOBAYiB. BHBUEHO pO3MOAiINT MEXaHIYHHX HANpyXeHb 3a
TIIMOWHOIO 3 JOTTOMOTOI0 TeH30METPHUIHUX BUMipIoBaHb. [IpoaHaizoBaHO BIUIHB pi3-
HUX YMHHHKIB Ha 3MiHY IIBHJIKOCTI MOBEPXHEBUX aKyCTHYHHX XBWJIb. 3aIpOIIOHOBA-
HO HOBY METOAMKY BH3HAYECHHS TOBIIMHH IUIACTUYHO A€(OPMOBAHOTO IIApy METaIy
micis abpa3uBHO-CTPYMEHEBOI OOPOOKH 332 YaCTOTHOKO 3AJICKHICTIO MIBHIIKOCTI IUX
XBHJIb.

KuarouoBi ciioBa: abpasusno-cmpymeneea 06poobxa, weuoKicms nOBEPXHEGUX XGUb,
3ANUWKOB] MEXAHIYHI HANPYIHCEHHA, WOPCMKICTb.



Pubayyx B. I, Yuanin B. M., Kynunuy A. I1. Oco0IMBOCTI KOHTPOIIIO

aHiSOTpOHHI/IX HCMAari€THUX MaTGpia.]'IiB BUXPOCTPYMOBHUMH JlaBadaMH
3 KOJIOBHMH OOMOTEKAME........ceceeuveeeereeeeeseeeeeseeeeesseeeeesseeeessseeesesesesseeeesseeeesseseenseeeanseeeans

PosrnsHyTO 0COOIMBOCTI B3a€MOJIi1 HAKIIQZHOTO BUXPOCTPYMOBOTO JaBada 3 KOJIOBH-
MH KOHLIEHTPUYHUMH OOMOTKaMH Ha (pepHTOBOMY OCepAi Mix 4ac WOro 30ymKeHHS
TapMOHIYHAM CTPYMOM 3 00’€KTOM KOHTPOJIKO Y BHIJISAI HEMarHeTHOI IUIACTHHU 3
OITHOBICHOO aHi3oTpomiero mutoMoi enekTporposigHocti (ITEIT). Otpumano anami-
THUYHHMI BHpPa3 JUIl BHECEHOI HANPyrH BUMIPIOBAaJIbHOI OOMOTKHM JjaBada Ta IpoaHali-
30BaHO HOTO YHMCIOBUMH po3paxyHKamHu. [lokasaHo, IO A TaKOro THITYy JaBadviB
anizotporist [1EII € nonaTkoBuM mKepenoM MOXHUOOK Ta BCTAHOBJIEHO 3aKOHOMIPHOC-
Ti 11 BIUIMBY Ha MapameTpy BHECEHOI Hanpyry. BusiBieHo, 0 3a1eXHICTh aMILTITy 1
BHECEHOI HAIPYTH BiJ Koe]imieHTa aHi30TPOIi € CYTTEBO MEHIIIOI TIOPIBHSIHO 3i 3a-
JISKHICTIO Bifl 3a30py 1 MPOSBIAETHCS B 0OMEXEHOMY [iama30Hi 3HAUYCHb y3arajbHe-
HOTO MapaMeTpa KOHTPOJIK. BIUMB 3a30py MOXXHA yCYHYTH BiIIIOBIITHHUM BHOOPOM
pexxuMy koHTponro. Ha mporuBary msomy nist amizorporii I1EIT Ha a3y BHeceHoi
HAIlpyT¥ € CIIBMIPHOIO i3 BIJIMBOM 3a30py 1 HPOSIBISAETHCS B LIMPOKOMY Jliana3oHi
3Ha4eHb y3araJbHEHOT0 MapaMeTpa 3 Jy>Ke MOBITbHUM 3aracaHHsIM 3 POCTOM OCTaH-
Hboro. IlokazaHo, 110 KOHTPOJIIOBATH, BUKOPUCTOBYIOUM (pa3y BHECEHOI Harpyru
BUXPOCTPYMOBOT'O JaBaya 3 KOJIOBUMH OOMOTKaMH, MOYKHA TiIbKW HEMarHeTHi Mare-
pianu 3 MaJor0 aHi3oTporri€eto, Ae koedimieHT anizorporrii [TEIT < 0,04.

KaouoBi ciioBa: uepyiinienuii KoHmponb, uXpocmpymosutl 0aead, Koioea 0OMon-
Ka, numoma eiexmponpogioHicmos, aHi3omponis, naacmuna.

I'pedine M. 1. Brpata kore3ii Mik OSTOHOM Ta CTaJICBOIO apMaTypPOIO

3a BIUIMBY KOPO3WBHO-HABOAHIOBAJIBHOT'O CEPEIOBHUIIIA. . eutvninininneniitiatatnnanneenanaeannns

BukoprcTaHo eneKTpOXIMIYHUH MiAXiA O MOACTIOBAHHS CKCIUTyaTalliifHol Jerpaua-
il 3aJ1i300€TOHY: aHOAHY MOJSIPH3ALI0 — AJIS MPULIBUAIICHHS KOPO3il apMaTypy B
OeToHi 1 KaToAHY — JUIsl 11 HAaBOAHIOBaHHS. B 000X Bumankax 3a TpuBayol Mmossipu3arii
BUSIBJICHO IOTIPIICHHS 34YETICHHS apMaTypH 3 OETOHOM.

Kuro4oBi citoBa: 3anizobemon, koposis apmamypu, HaBOOHIO8AHHS, MIYHICMb 36 S3KY.

I3106ux A. P., Boumosuu A. A., Cmyodenm O. 3., [[3106ux JI. B., Xomuu . b.

O1iHIOBaHHS TEXHIYHOTO CTAHy apMaTypH 3aJ1i300€TOHHOTO OaJIKOBOTO
MIPOTOHY MOCTY KIHITS XX CTOPITUS - veeuveveenteneeentenseenteentenseeneesseesesueensesmeenseessneesneens

[IpoanainizoBaHo CTPYKTYpy, MeXaHI4HI BIACTUBOCTI Ta (paxrorpadiuHi ocodamBocTi
pyiHyBanHsi apmarypHoi crani 2512C i3 3a1i300€TOHHHUX OaJioK, eKCITyaTOBaHUX
~40 poKiB Ha LEHTPAILHOMY IPOTOHI aBTOJOPOXXKHBOTO MOCTy. BcraHoBieHO, 110
JKOPCTKI CHIJIOBI YMOBHM €KCIUTyarallii IpOroHy, PO3TAalllOBAaHOTO Ha MOBOPOTI aBTO-
HUISIXY, MiZCKIIeH] BiOpaliiHUMU HaBaHTKEHHSMH BiJl PyXy 3aJi3HUYHOI'O TPaHC-
MOPTY MiJ HAM Ta IMIKiIJHBAM BIUTMBOM IOBKIUIA, iHTCHCH(IKyBanmu pyHHYBaHHS
0eTOHYy Ha MOBEpPXHI 0aJOK 1 MOCHIIIIN KOPO3iI0 apMaTypH, IMOPYIINBIIA KOTE3if0
MK OETOHOM Ta apMarypolo. BusBieHO 3HEMIITHEHHS €KCIUTyaTOBAHOI CTalli Io3a
periaMeHTOBaHUM /IS Hel Jiana3oHOM Ta He3HA4yHy BTpaTy IUIACTHYHOCTI, Mpote ii
ylapHa B’S3KICTh CTajla BJBIUi HIDKYA, HIXX PEKOMEHIOBaHE 3HaueHHs. PyiHyBaHHS
NPOrOHY Maike MOocepelvHi JOBKUHU Oaliki MOB’S3aJIM 3 BHUSABJICHUM JAe(EKTOM
3BapIOBAaHHs TOPIIB OJHOTO 13 MPYTKIB apMaTypu Ta IPyOOTOJKOBOIO CTPYKTYPOIO
JUISTHOK MeperpiBy B 30HaX TEPMIYHOI'O BILIMBY HABKOJIO TOUOK TEXHOJOTIYHUX ITPH -
XOIUTIOBAaHb TIPYTKIB 3BapIOBAHHAM 3 IHIMIIOBAaHHSAM BiJl HUX KPUXKOTO PyHHYBaHHS
BIJIKOJIOM y MAaKCUMAaJIbHO HABaHTa)KEHOMY TIepepi3i Oankm.

KuouoBi cioBa: excniyamayiiina oezpadayis, apmamypHa Cmaib, CMpPYKmypd,
MEXAHIUHI 1ACMUBOCTI, OCOONUBOCME PYUHYEAHHSL.



Banuyvruit O. 1., Keacnuyvka IO. I'., Isacvkesuy JI. M., Manvuiya I'. I1.,

Ksacnuyvka K. I'. BromHe pyitHyBaHHS JIOTIATOK T'a30TYpOIHHOTO IBUTYHA
3 HOBOT'O JKQPOMIITHOTO HIKEIIEBOTO CIIIABY ....vevervenrenrenrensensenseneeneeneemeenenseeseeseemeensees

ExcnepuMeHTanbHO JOCHIHKEHO BTOMHE PYHHYBaHHS JIONATOK TypOiHHM APYroro
CTYICHSI €HEPreTUYHOT0 Ta30TypOiHHOTO IBHTYHA, BUTOTOBICHHX i3 pO3poOIEHOrO
JKapOMIIIHOTO KOPO31MHOCTIHKOTO CILIaBY, KWK TOJATKOBO MICTHTH PEHIH 1 TaHTAl
(4,07 1 2,62 mass% BiamoBinHo). HoBuii crraB Mae BHIy BTOMHY MilIHICTh, a HOTO
MEXaHI4HI XapaKTEePUCTHKH (JOBrOTpUBaNa 1 KOPOTKOYACHA MIIHICTh Ta IUIACTHY-
HICTB) 1 KOpO3iiiHa CTIMKICTh BiINOBiAAIOTH cepiiiHomy crutay CM88Y-BI. Bromue
pyliHyBaHHs JomaTok 3a Oasu BumpoOysanmb 2-107 cycles ¢ikcyBamu wa pismi
220...280 MPa, o Ha 15...20% BuIIe, HiXK y BUPOOAaX 31 CEPIHOTO CIUIABY.

KuouoBi cioBa: oicapomiynuti kKopo3itiHOCmIiuKull Hikenesuil Cnias, 6momMHaA Miy-
HICMb, IORAMKA, 2a30MYPOIHHUL OBUSYH.

Cmevyuwuna H. M., Cmeuuwun M. C., Onexcanopenxo B. I1., Jlumeunenxo O. A.,

Mapmuniok A. B., Cyxenko B. IO., L]enentox M. I. BB eHepreTUYHUX
mapameTpiB 0€3BOAHEBOTO a30TYBAaHHS Y TIIIOUOMY PO3PALIi
Ha Qi3HKO-XIMigHI BIACTUBOCTI CTAT 40X ... cviiiierieiieieeii ettt

JocnikeHo BIUIMB peXXUMHUX (TeMIIepaTypa, CKJIaJl Ta TUCK ra30Boi cyMili) 1 eHep-
TeTUYHHUX XapaKTEPUCTUK (HANpyra, T'yCTHHA CTPYMY, MUTOMA TOTYXXHICTb pO3psLy)
3a 0e3BoHEBOTO a30TyBaHHSA B Tmitouomy po3psani (BATP) wa crpykrypy, dazoBuit
CKJIaJl a30TOBaHMX IapiB. [loka3aHo, Mo 3aBIsKy KOMOIHAIT PEXKUMHHIX Ta €Hepre-
THIHUX mapameTpiB BATP MoxHa mocATHYTH (i3HKO-XIMIYHUX ITOKa3HUKIB a30TOBa-
HUX MIapiB 33JaHUX YMOBAMH €KCILTyaTaIlii.

Kuaio4oBi ciioBa: 6e3800nege azomyeanHs 6 miuitouomy po3paoi, gazosuii ckiao,
Hanpyea, 2ycmuna cmpymy, RUmMoma ROMYNHCHICHb PO3PSIOY.

Caspyx M. I1., Kpaseyv B. C., Yopnenvkuii A. 5. Brmis 3cyBHOTO HaBaHTa)KEHHS

Ha QOPMH ONITHMAIHHUX OTBOPIB ¥ KBA310PTOTPOITHINA TUTACTHHI. .....veenveeeenveeseeeeaneens

Po3pobneHo aHaliTHKO-9MCIOBHIA aITOPUTM BHU3HAYEHHS ONTHMAIbHOI GOpMH TIaj-
KOTO OTBOPY (3 MiHIMAJILHOK KOHIICHTPAIIIEI0 HAMTPYKEHB) Y KBa31l0PTOTPOITHIif miac-
THUHI 32 11 ABOBICHOTO PO3TATY Ta 3CYBY Ha HECKiHUEHHOCTi. PO3B’s13aHO0 0OepHEHi 3a-
Jadi Teopii Mpy>KHOCTI [T KBa3iOPTOTPOITHOTO Tijla 3 HEBIIOMOIO Mexkero. Bukopuc-
TaHO C(CKTHBHI PO3B’SA3KH BiJIIOBITHHUX MPAMHX 33]a4, OTPUMAHUX METOJIOM CHHTY-
JSIPHUX IHTETrpaJIbHUX PiBHSIHB. P0O3B’s13yBaHHsA 0OepHEHOI 3a/1adi 3 HeBijoMoro (op-
MOIO OTBOPY 3BEJICHO 10 MiHiMmi3alii OararonapamMeTpuyHoro (hyHKI[iOHalIa CEPEAHBO-
KBAJIPaTUYHUX BIJXMJICHb PO3TATYBAJIHHUX HANpYKEHb YB3JIOBXK KOHTYPY OTBOPY Bil
yCepeqHeHHX X 3HaueHb. 3HaWAEeHO (OPMHU ONTUMAIBHUAX OTBOPIB y KBa3iOPTOTPOIHIN
IUTACTHHI JJIS PI3HUX JBOBICHHUX PO3TSTIB Ta 3CYBIB Ha HECKIHYCHHOCTI Ta PIBHS il
OpPTOTpOTIii.

Kuro4oBi ciioBa: xeaziopmomponna niacmuna, po3msazanbHe ma 3cyeHe HA8AHMA-
JICEHHS, ONMUMATILHI OMBOPU, KOHYEHMPAYii HANPYAICEHb, CUHSYIAPHI THMESPalbHi
DIGHAHMHAL.

Hlona T. B., Tyacensax O. I. TlonepedHi KOMUBaHHS OPTOTPOIHOI TNIACTHHU

3 MHOKHHOIO OTBOPIB AOBLUTBHOI KOHQITYpaIlii 3a BpaXyBaHHS
PO3IOAUICHOI0 HABAHTAXKEHHS HA HOBEPXHI.....euvverveerriaetieeteeerenenesnesesnennenesneennennes

IToOymoBaHO PO3B’SI30K 3a7adi MPO yCTaJCHI MOIEpPEYHi KOJHUBAHHS OPTOTPOIHOT
IDTACTUHH JOBITBHOT POPMH 3 MHOKHHOIO OTBOPIB JOBIIFHOI KOH(Iryparii 3a aii rap-
MOHIYHOTO PO3IOAIJICHOTO B Yaci HaBaHTa)KEHHS Ha TOBEPXHI B MeXax Teopii, ska
BpaxoBYe IOINIEPEYH] 3CyBH Ta iHEPIiifHi KOMIIOHEHTH Ha OCHOBI HEIIPSIMOT'O METOIY
TPaHWYHUX EJIEeMEHTIB. Po3risiHyTo MimraHi rapMOHIYHI B 9aci KpaioBi yMOBHM Ha



KOHTYpax OTBOPIB Ta Ha 30BHINIHIA Mexi macTuHu. s 3HaxomkeHHs ¢yHkmin ['pi-
Ha BHKOPHCTAHO IOCIiIOBHICHE MomaHHs nenbTa-QyHkmii Jlipaka Ta y3aranbHEHHHA
Mmeron psniB yp’e. HaBeneHO TECTOBI YHCIIOBI pe3ysIbTaTH Ul Pi3HUX OKPEMUX BH-
MajKiB 3a1adi.

Ku1040Bi cj10Ba: xonusanusa, opmomponna naacmunad, omeopu, po3noodilene Ha8aH-
MAdICEHHs, HENPAMULL Memoo0 2PAHUYHUX eleMeHmis.

Cmawyx M. I, Ip3a €. M. TepMoHanpyXeHHs PYHKIIOHATHHO-TPATIEHTHIX

TIJT 38 BIJIITATLY ... vvevtenveeseenseessesseessesseessesseessesssessesssensenssensesssenseensesssensesssesssensseesnsesensses

3anpoNoHOBaHO METOJMKY BH3HAYCHHS TEPMOHAINPY)KEHOI'O CTaHY B’S3KONPYKHHUX
TiN 3 (PYHKIIOHANEHO-TPANiEHTHUX MaTepialiB 3a Biamamy. Po3pobieHo uncnoBuii an-
TOPHTM PO3B’SI3aHHS BiAMOBIIHOT 3a7a4i Ta peaii3oBaHO HOro JUIsi 3a1ad TeruIonpo-
BIZIHOCTI 1 TepMOB’sI3KONPYKHOCTI. OIIIHEHO TePMOHAIPYXEHUH CTaH MOPOKHHUCTOTO
LIJTIHApPA 3a 3aJaHUM PeXUMOM Bianany. [IpoimocTpoBano 3MiHy HOro TemrepaTyp-
HOTO 1 HAITPYKEHOTO CTaHIB.

KuarouoBi cnoBa: mepmonanpyscenuii cmawn, mino obepmants, yHKYiOHANIbHO-IPA-
OIEHMHUTL MAMEPIA, Memoo CKIHUEHHUX eJIeMeHMi6, NOPOICHUCUL YUTIHOD.

Tpyw B. C., Cmoesg I1. 1., @eoipro B. M., Tuxonoscovruii M. A.,
Ilanos B. A., JIyx sinenxo O. I'. BITUB BOJIHIO HA BIACTUBOCTI OKUCHEHOTO
Ta a30TOBAHOTO CTUIABY ZT—1% ND...ooiiiiiiiiiieiiecieceece et

BusiBiieHO BIIMB HACHYEHHS BOJHEM Ha ()i3MKO-MEXaHIYHI XapaKTePUCTUKU OKHCHE-
HHX Ta a30TOBAHMX 3Pa3KiB-KiIEIlb, BUPi3aHUX 3 TBEIBHUX TPYOOK 3i cruiaBy Zr—1% Nb.
Bcranosieno, mo 3MinHEHUH TPUIIOBEPXHEBHUA ImIap, copMOBaHHUN Y KOHTPOIHOBA-
HUX (KHCHe- Ta a30TOBMICHOMY) ra30BHX CEpPEelIOBHIIAX, BIUIMBAE HA iX TPUBAITY MiIl-
HicTh y moBiTpi 3a BuTpuMKu 100 h. Hacudeni BomHeM 3pa3ku, 3a34ajeriah OKACHEHI
Ta a30TOBaHi, 32 BUTPUMKH Y TOBITpPi NPH KIMHATHIN TeMmeparypi pyHHYyIOThCS 3a Ha-
npyxeHb 490...510 MPa. Ileit nianazon y 10 pasiB By)X4uMid, HDK Ui HEHAaCHYEHUX
BOJIHEM 3pa3KiB-KiJlenb, sKi pyHHyroThCs 3a HampyxeHb 400..600 MPa. Ouineno
XapakTep iX pyWHYBaHHS Micis Pi3HUX 00pOOOK.

KuarouoBi caoBa: yupxowiesuti cnias, XiMmiko-mepmiuHa 00poOKa, KUCeHb-a30Mo-
éMicHe cepedoguiye, 600eHb, NPUNOBEPXHEGULL AP, MEXAHIYHI 61ACUBOCIII.

Lupynonux O. T., 3gipxo O. 1., Bonowun B. A. KoposiiiHo-BTOMHA

BUTPHUBAJIICTH CTalll 35 y BOAOTiHHIN BOAI 32 TOJATKOBOT'O KaBiTalliHOTO
HABAHTAMKECHHS. .....c.venvereneerintetetentnueneeseatesessesessesessesessestesesessenessesessesseseaseseasesenesensenenen

BcraHOBICHO OCHOBHI YHHHUKH 3HIKCHHS KOPO31HHO-BTOMHOI BUTPUBAIOCTI BYTJIC-
[IeBOi cTali 3a KaBiTallifHOTO, IIUKJIIYHOTO HABAaHTAaXCHb Ta iX cymicHOI aii. [Tomepe-
Hs KaBiTaIlisl OBEPXHI HEOJJHO3HAYHO BIUIMBAE HA BTOMHY BUTPHUBAIICTh CTaJli yepes
MepeBaKaIbHUN BIUIMB OJJHOTO 3 JIBOX YHHHHUKIB: JIe(OpMaIiiHOro 3MIIIHEHHS Ta
PO3BHUTKY IONIKO/KCHb Ha KaBiTOBaHiM moBepxHi. CywmicHa [isi KaBiTamiifHOTO Ta
[UKJIIYHOTO HABAHTAKEHb 3MEHIIYE YMOBHY I'PaHUIIIO KOPO3iiiHOT BTOMU cTauni y 2,4
pasu, a 0OMekeHy JOBIOBIYHICTE IS ONM3BKUX JI0 TPAHUIl BTOMH HAaBaHTaXXCHb — Ha
TOpSAAOK. ENeKTpoxiMivHIMH JOCITIIKEHHSIMH TT0OKa3aHo, 0 OTPUMaHi eekTH 3y-
MOBJICHI MOCHJICHHSM BIUIUBY KOPO3iHHOTO YHHHUKA.

KuiouoBi ciioBa: gyereyesa cmanv, KOpositina emoma, Kagimayis, MiKpomeepoicmo,
eNeKMPOXIMIYHI 61ACMUBOCHII.



Tepyux O. M., Xpywux X. 1., Koebys M. O., Hocenxo B. K., Kopniii C. A.,

IHanosx H. JI. Ponb qudy3ii mpoayKTiB OKCUIHO-BITHOBHUX PEaKIIin
y Tporecax Kopo3il aTFOMIHIEBUX AMOP(PHHUX CIITABIB. .....ccveeveerreerrerreerreseeesesseessreeenns

MeTonoM IHMKIIIYHOT BOJIBTAMIIEPOMETPIl AOCIIIHKEHO KOPO3idHY TPHUBKICTH aMopd-
HOro Ta KpuctaiiuHoro cmiabiB AlgyNisYs y 0,5 M Bogaomy posuuni NaCl 3 pizHOIO
IIBU/IKICTIO CKAHYBaHHS MOTeHLiany moBepxHi esnextpona (10; 20; 50 Ta 100 mV/s).
BusHaueHo enekTpoxiMidHi xapakTepucTuku kpucramiuaux Al, Ni ta Y y po3uuni
Harpiit xiopuay. Po3paxosano koedinientu mudysiii ionis A" ta Ni**. Beranosneno,
IO CIUIaBH MOHI3YIOTBCSA y IIBOMY PO3YHMHI y TPH CTaii, a MBHAKICTE audysii Al* 3
NPHETEKTPOAHOTO APy HIKYa, HiK HoHiB Ni*',

KurouoBi ciioBa: amvopgui cniasu, Kopositina mpusKicmo, eleKmpoXiMiuHi xapakme-
pucmuxu, koegiyienm oupysii.

IO3esuu B. M., Jloz06an B. I1. BuiuB MexaHIYHUX HANPYXEHBb Ha picT

KOPO3iHHOI TPIIIUHHU Y CTIHII TPYOOTIPOBOILY .. .vevvenveneanteemeentientenseeneeseeeneesnseeenseeesnneens

3anporoHOBaHO METO/MKY OI[IHIOBaHHS 3aKOHOMIPHOCTEH KIHETHKH POCTY 30BHIlII-
HBOI KOPO3IMHOT TPIIMHU Y CTIHII MiA3€MHOr0 MeTaneBoro Tpybomnposoay (IIMT) 3
ypaxyBaHHSM 33/1aHOTO BHYTPIITHHOTO THUCKY 1 KaTOIHOTO 3aXUCTy. B 11 ocHOBI aHa-
73 KOPO3IMHOTO CTPyMy y BEpIIMHI TPIIIMHMA 3 ypaxXyBaHHAM MEXaHIYHUX Hampy-
JKEHb, OMIYHOTO 3HIDKEHHS MOTEHIIATY, NIepeHarnpy>KeHHsI aHOJJHOTO PO3YMHEHHS Me-
Tairy. 3aponoHOBAaHO YAOCKOHAIICHUH MeTo obuncienHs pecypcy [IMT 3 ypaxysaH-
HSIM BIIMBY MEXaHIYHUX HalpyKeHb B OKOJII BEPLIMHU TPIIIMHK HA KOPO3ilHI CTPY-
MH. BusiBieHo, 110 MeXaHi4HI Hampy>KeHHS MPU3BOJATH 10 3MEHILEHHS pecypcy
TpyOompoBoay y 3,6 pa3u MOPIBHAHO 3 PEKHUMOM, KOJIM BHYTPILIHIA TUCK OJNU3bKHIA
JI0 aTMOC(EPHOTO.

KurouoBi ciioBa: niozemuuii mpyoonposio, mpiuna, Mexaniuki HanpyiCerHsi, Kopo-
3IUHI CMPYMU, KAMOOHUL 3aXUCT, KPUMepill IKOCMI, HEeUPOHHT MepeicCt.

Koneii b. B., Kpeuxoscvka I'. B., Hiconcoruii B. I1., baxyn B. M.

3aKOHOMIPHOCTI POCTY TPILIMH BTOMH B FOPUAHUX HACOCHHUX LITAHTAX......ccrveeneeens 1

Po3risiHyTO 0COOIMBOCTI BTOMHOTO pyHHYBaHHS TiOpUIHIX HACOCHUX IITAHT ISl BH-
JN00yBaHHS HaTH 3 BYIJICBOJIOKOHHUM OCEPJSIM Ta CKJIOIIACTHKOBOIO O0OOJIOHKOIO.
BcraHoBneHo, 110 pyiHHYBaHHs IITAHT 32 HABAaHTKEHHS 3THHOM CYNPOBOKYETHCS
IHTEHCHBHHM YTBOPEHHSM IOB3IOBXKHIX TPIIIMH Yy BUIVISAI pO3LIAPYBaHb y CKIIO-
IDTACTUKOBIHM OOOJOHIII Ta 3apOHKEHHS B Hill 10 5—6 TpimmH. BuzHaueHo ymoBH Tpi-
LIMHOYTBOPEHHS 33 OJHAKOBOTI'O PiBHS LUKJIIYHOTO HABAHTA)XKCHHS B IUTAHrax 3arpo-
TTIOHOBAHOI KOHCTPYKIIii. MeTOoJOM CKiHYEHHHMX €JIEMEHTIB IPOAHATi30BaHO HaNpy-
JKEHHS B 3’€/IHAHHI €JIEMEHTIB riOpUIHOT IITAHTH 32 Tl HABAHTA)KECHHS 3TUHOM Ta PO3-
TsiroM. Ha 0CHOBI BCTaHOBJIEHHX 3aKOHOMIPHOCTEI pOCTY BTOMHHUX TPIIIMH Y TiOpHa-
HUX HACOCHHMX INTAaHTaX 3allpOIIOHOBAHO METOJ IPOTHO3YBAHHS IX 3aJIUIIKOBOTO
pecypey.

KarouoBi cioBa: cibpuona nacocrha wmarnea, 8yeneniacmukosa Yacmuna Wmaneu,
CKIONNACMUKO8A 0O0NOHKA WMAH2U, CKIHYEHHO-eleMeHMHUT AHAI3, YUKTTUHUU 32UH
i posmsie, picm 6mOMHUX MPIWUH, NPOSHO3YBAHHSA PECYPCY.

T'embapa O. B., Yenino O. A. MogaentoBaHHsl [eopmaliii eIeMEHTIB

KOHCTPYKII B yMOBaxX MOB3Yy4OCTi, KOPO31IHHOTO PO3TPICKYBaHHS
1 HABOITHEOBAHHS. ... eeeeeeeeeeeeeeeeeeeeeeeeeeseseaeaae e eaeeeeneeeeeeeeeeeeeeeeeeesenanaaaaans 1

YucnoBo MpoaHaii3oBaHO HaNpyKEHO-Ae(OPMOBAHUI CTaH MPAMOJIIHIHHOT ALISHKA
TEMJIO0OMIHHUX TPYO TPHOX THIIB IapOre€HEpPaTOpiB, BUTOTOBJICHHX 13 HEpIKaBHOI
KapoMilHoi XpoMoHikeneBol craii aycreHitHoro kiacy 08X18H10T, 3a ymoB, mio



MOJIENTIOIOT eKCITyaTalilfHi, 3 ypaxyBaHHSIM HaBOIHIOBAHHS CTIHKHM Ta Jii KOPO3UB-
Horo cepenoBuiia. CIIPOrHO30BaHO iX JOBTOBIYHICTH 33 PI3HUX PEXHMMIB E€KCILTya-
Tarii.

KunrouoBi ciioBa: nossyuicmos, 006206iuHicnb, HABOOHIOBAHH, KOPO3UGHE cepedosuiye.

Ab6oynina /]. P., Konmeea XK. I1., Konmesa I'. €., Bopmman M. A. Mixpobna
JECTPYKIIisS MOJTIMEPHHUX MaTepialiB — MIHOMONiICTHICHY,
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BuueHo GiogecTpyKuito MoOMiMEpHUX MarepiaiiB (TMIHOMOMIETHIEHY, eTHICHBIHIIA-
[eTaTy i TyMH) 3a BIUIMBY ByTriieBoaeHbokuCcHIOBaIbHUX (HOB) Ta cynbhaToBigHOB-
moBasHKX (SRB) Gakrepiii. [Tokazano, mo 3a aii HOB 6axrepiit ynpomosx 180 days
KoedimieaTH mectpykuii (Kp) s miHomomieTineny — 7,6...12,5%, mis erwieHBiHiIa-
ueraty — 2,2...8,8%, must rymu — 1,5...1,8%. ITig niero SRB 6akrepiit micns 90 days
KyJIbTHBYBaHHsS BUSBICHO BTpaTy MacH 3paskiB s minomosietmieny 0,6...2,9%,
etunenBinuanerary — 0,2...0,6%, rymu — 1,2...2,3%. EH3uMaTHYHA aKTUBHICTH OaK-
Tepiit Ha 30-Ty nOOy KyJNbTHBYBaHHS Taka: KarajlasHa y Mexax 5..26,9 U/mg Oinka
s HOB Ta 0,31...4,1 U/mg 6inka ans SRB; mimomitnara — 5,9...37,1 s HOB i
2,54...55,5 U/mg 6inka mis SRB. Ile Bka3ye Ha npsmuii BIuMB OakTepiil Ha moiimMe-
pu. 3rizHo 3 pe3yabTaTaMy iH(QPaIEepBOHOI CIIEKTPOCKOIIIi, Y 3pa3Kax MiHOMOJIieTHIe-
Hy mig nieto HOB Oakrepiii BinOyBamich OKUCHIOBAJIBHI MPOIECH, a B 3pa3Kax CTH-
JICHBIHIJIallETaTy — JAECTPYKTHBHI, a caMe pyHHYBaHHs MOJIMEPHOIO JIaHIIora 3a ec-
TEpHOIO TPYIOI0, IO KOpEIoe 3 KoedilieHToM OiomecTpykuii matepiaiis 3a 180 days
excriepuMenTy. Ha 3pa3zkax ryMu 3MiHIOETBbCS CTPYKTypa ckejera. 3a BBy SRB
6axrepiit Desulfovibrio sp. 10, D. desulfuricans DSM642 y mociimkeHUX 3pa3skax
BiIOYBaIOTHCS OKUCHIOBAJIBHI MPOIECH Ta 3MIHIOETHCS CTPYKTypa JaHIIora.

KuarouoBi cioBa: 6iooecmpykyis, iHpauepgoHa cnekmpockonis, noiiMepHi mame-
pianu, 8y2nes00eHbOKUCHIOBANbHI, CYb(amOoGiOHOGTIOBANbHI baKmepii, eH3UMAMu4HA
aKMUEHICMb.

Kaxepcokuii C. I, [Joopooxcan O. A., HNwenuunuii P. M., Bopobtios C. 1.,
Taspuniox €. O., Komaniykuii B., Ilnomnixos C. B., Onanaciox A. C. Bruus
HU3BKOTEMIIEPATYPHUX BiIIAJIB HAa CTPYKTYPY 1 XIMIYHUH CKIIa]I TUTIBOK

Cu,ZnSnS,, HaHECEHNX Ha THYYKI MOMIIMITHI TAKITAIK. ....cveeevereeeeeenreeeeneeeeeneeennns 125

PosnmieHHsIM 9OpHWII 3 HAaHOYACTHHKaMH HaHeceHO IumiBku Cu,ZnSnS; (CZTS) Ha
THYYKi MMOJIIMiAHI MiAKIAQAKH 3 MOJANBIINM HU3BKOTEMIEPAaTYpPHUM BiAIIAIOM IIPH
200°C ympomosx 10...120 min B atmocdepi aproHy. BcranoBiieHO MeTomamMu peHTre-
HIBCBKOI audpakTomeTpii i PaMaHIBCHKOI CIIEKTPOCKOTIIi, 0 HAHOYACTHUHKH 1 TITiIBKU
MICTATh (pa3y KecTepuTy 3 HEBEIIMKOI KUIBKICTIO BKIroueHb (a3 Cu,S i Cu.Sn,S..
301IbIICHHS] TPUBAIOCTI POCTY HAHOYACTHHOK 1 BiATANy TUIIBOK CIPHYMHWIIO TOJIII-
IICHHS KPHCTAJIIYHOI SKOCTI iX OCHOBHOI (a3u — kecrepury. [lokazaHo, 110 MJIIBKH
CZTS HaHOCTPYKTYpOBaHi 1 HE PO3TPICKYBaJHCs HaBiTh Mmicis 50 3ruHIB Ha TUIONII
10x10 um. MeTozoM eHeproAucepciiHOl PEHTIeHIBChKOT CIIEKTPOCKOIi XIMIYHOTO
CKJIay 3pa3KiB BCTAHOBIICHO, 1[0 HAaHOYACTHHKH 1 IiBKA CZTS MICTATh HATUIIIOK
Mifi 1 CipkH, ajge MaroTh IeQilUT HUHKY. Y pe3ynbTaTi JOCHTIHKEHHS ONTHYHHUX Xa-
PaKTEpPUCTUK MIApiB 3’SICOBAHO, IO IIMPHHA 3a00POHEHOI 30HM CHHTE30BAaHMX Mate-
pianiB craHoBUTH E, = 1,4...1,5 £ 0,2 eV, mo moOpe 30iraeTscs 3 IiTepaTypHUMH Oa-
HuMH. OtpuMani wiiBku CZTS MoXHA BUKOPHUCTATH SIK MOTJIMHANBHI MIAPH COHSY-
HHX €JIEMEHTIB TPETHOT'O ITOKOJIIHHSI.

KmouoBi cnoBa: Cu,ZnSnS., noniimioni niokniadku, mopgonozia, cmpykmypa,
XIMIYHUL CKNAO0, ONMUYHI 8]IACMUBOCHIL.



Ghazvinloo H. R., Honarbakhsh-Raouf A. BiinB napameTpiB MeTano3BaproBaHHs
Ha MIMPUHY 30HU TEPMIYHOTO BIUIMBY Yy 3’€qHaHHsX 31 cTami HQ130.......c.ccceeeneee. 134

OcTraHHIM 4acoM €JEeKTpOIyroBOMY 3BaploBaHHIO MeTaliB y rasi (GMAW) npumins-
I0Th OCOOJIMBY yBary uepe3 HOro eeKTHBHE 3aCTOCYBAHHS y PI3HHX Tally3sX IpoO-
MHCJIOBOCTI. 30Ha TepMiyHoro BBy (HAZ) Bin3HayaeThcss HAHHMIKYOIO B’SI3KICTIO
y 3BapHOMY 3’€JJHaHHI 1 TOMY BHKJIMKA€ OCOOJIMBY 3alliKaBJICHICTh 0AaraThboX JOCIiJ-
HuKiB. PosrmsiHyTo BrutnB mapamerpiB GMAW, 30kpema, KyTa poOodoro enekrposa
(p), miameTpa meTaneBoro HanoBHioBaua (d) i Tuny 3axuchoro rasy (SGT) Ha cepen-
Hio mmpuay HAZ (AHW) B craxi HQ130. I mporo BUKOPHCTaHO Pi3HI 3BapIOBANIb-
Hi 3pa3ku 3 Kytamu 65°, 75° ta 85°; miamerpamu 0,8 mm, 1 mm Ta 1,2 mm, a TaKox
aproH, remiit i miokcuna Byriemio sk SGT. BusHadueHo Ta mpoaHaTi30BaHO MIMPHHY
HAZ. TlokaszaHo, mo BigMIiHHOCTI y mapamerpax poOortm3oBanoro GMAW cyTreBo
BITMBarOTh HAa AHW.

Ku1io4uoBi ciioBa: enexmpodyeose 36apiosanms Memanie y 2asi, poboui napamempu,
cmans HQ130, 30na mepmiuno2o 6niugy, cepeoHs Wupuna 30Hu mepMiuHo20 GNIUGY.

Onauxo I. I, Kueyy FO. FO., Onauxo M. B. Oco0IrBOCTI HAIMJICHHS TUTIBOK
KOMITOHCHTaMH I1JIa3MH, CTBOPEHOI HAHOCCKYHTHIMH JIa3ePHUMU
IMITyJIbCaMHU

Po3pobneno crnoci6 GopMyBaHHS MEPiOAUIHAX CTPYKTYp MiJ Yac OMpPOMIHEHHS IIy-
TOM JIa3ePHUX IMITYJbCIB, SIKMH 3a0e3medye AKiCHI TeTepOoreHHi i cyOrpaTkoBi CTPyK-
TYpPH 32 IOTPUMAaHHS BCTAHOBJICHUX YMOB.

Kiro4oBi ciioBa: yyeu, azepui iMnyivbcu, Miuienvb, (asa, HanuieHHs,, nepioOudti CmpyK-
mypu.

Macrwok A. C., Jlesuyvkuii B. €., Kampyx /[. C., I'ymeneyvxuui T. B., Binuu JI. M.
®Di3uK0-MeXaHiYHI BIACTUBOCTI MOJIBIHIIXIOPHIIONICTUPOIIBHUX IUIACTUKATIB. .... 145

JocnipkeHo BIUTMB NPUPOIH TONICTHPOILHUX MoaudikaTopiB Ta miecrepdraaaTHIX
mI1acTU(IKaTOpiB Ha TIOBEPXHEBY TBEPHICTh, TCIUIOTPUBKICTH 3a Bika, cTymiHb BH-
BUTPHEHHS IUTACTH(]IKaTOpa, MPYKHO-IUIACTHYHI BIIACTHBOCTI ITONiBiHITXJIOPHUIHUX
TUTACTUKATIB T4 KOMIIO3UTIB Ha IXHIM OCHOBi. BCTaHOBJIEHO BIUIMB MOJIIMEpCHIIIKAT-
HUX HaIlOBHIOBAUiB Ta MOJIICTUPOIMArHETHTOBUX MaTepianiB Ha (i3MKO-MeXaHiuHi Ta
TeII0(i3UYHI XapaKTEPUCTUKU MOAM(DIKOBAHUX MOTIBIHIIXIOPUIHUX TUIACTHKATIB Ta
BU3HAYCHO YMOBH X PeryJIIOBaHHS.

Knruosi cnosa: nonisininxiopuo, moougiKyeants, nomicmupos, RONIMEPCULIKamHULl
HAanogHIeay, NiAcmuikayis, aKkpuioHimpurdymaoieHCMupoIbHUl NIACMUK, Oudy-
mungpmanam.
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Netrebko V. V., Volchok I. P., Popov S. M., and Akimov I. V. Peculiarities
of fracture of high-chromium cast irons under abrasive Wear.............cocceevverenereennnenns 5

It is shown that the fracture of cast irons with high chromium content in dry and wet
abrasive media depends on their chemical composition, structure, distribution of
chromium in the metal base, the properties of the abrasive and is significantly determined
by the Rebinder’s effect, as well as the appearance of microgalvanic couples. It is
established that annealing increases the chemical heterogeneity of the distribution of
chromium in the metal base. The presence of zones near carbides with low chromium
content of up to 8.5% (negative potential) and the central zones of grains with chro-
mium concentration of more than 12% (positive potential) leads to the appearance of
microgalvanic couples in an electrolytic medium. It is found that the fracture has
enhanced in the presence of particles up to 0.5 um (pulp) in the abrasive medium,
which accelerated the fracture and increased weight losses. Grades of cast irons for
foundry parts with account of the operating conditions are proposed.

Keywords: high-chromium cast irons, abrasive wearing, structure, chromium distri-
bution, the Rebinder’s effect.

Skalskyi V. R., Student M. M., Mokryi O. M., Hvozdetskyi V. M., Romanyshyn 1. M.,
and Semak P. M. Assessing the state of the near-surface layers of metal
subjected to shot peening using surface acOUStIC WaVES..........ceevveereereeerierieeieeieieeneans 12

The surface layers of low-carbon steel metal after shot peening was studied. The velo-
city of surface Rayleigh waves of different frequencies was measured by the pulse-pha-
se method using contact piezoelectric transducers. Determination of the surface acoustic
waves velocity was performed at frequencies of 3; 6 and 9 MHz. The distribution of
mechanical stresses by depth was studied by means of tensometric researches by
etching the surface layers of metal. A study of the roughness of the treated surface
was carry out. The influence of various factors on the change in the speed of surface
acoustic waves was considered. An approach that allows us to estimate the thickness
of the plastically deformed layer of metal after abrasive blasting, based on determining
the frequency dependence of the surface acoustic waves velocity is proposed.

Keywords: shot peening, velocity of surface waves, residual mechanical stresses,
roughness.



Rybachuk V. H., Uchanin V. M., and Kulynych Ya. P. Peculiarities of anisotropic

nonmagnetic materials testing by eddy-current probes with circular windings...........

Peculiarities of the interaction of the attachable eddy-current probe (ECP) with circu-
lar concentric windings on the ferrite core with the plate with uniaxial anisotropy of
specific electrical conductivity (SEC) are investigated. The ECP drive winding is
excited by the current of harmonic shape. An analytical expression for added voltage of
the ECP measuring winding is obtained and analyzed by numerical calculations. It is
shown that for such ECP type the SEC anisotropy is an additional stray factor, and the
regularities of its influence on the added voltage parameters have been established. It
is found that the degree of dependence of the added voltage amplitude on the aniso-
tropy coefficient is significantly less compared to the dependence on the lift-off and is
evident in a limited range of values of the generalized parameter of eddy current
testing. It can be eliminated by choosing a suitable testing mode. On the contrary, the
influence of the SEC anisotropy on the added voltage phase is comparable to the
effect of the lift-off and exists in a wide range of the generalized parameter values. It
slowly attenuates as the value of the generalized parameter increases. It is shown that
testing by using the added voltage phase of the ECP with circular windings can be
used only for materials with a low level of anisotropy, which does not exceed < 0.04.

Keywords: non-destructive testing, eddy current probe, circular winding, specific
electrical conductivity, anisotropy, plate.

Hredil M. 1. Loss of cohesion between concrete and steel reinforcement

under the influence of corrosion-hydrogenated environment ................ccccoeveveennnnnn.

The electrochemical approach to simulation of the operational degradation of rein-
forced concrete is used: anodic polarization — to accelerate the reinforcement of corro-
sion in concrete and cathodic — for its hydrogenation. In both cases under durable
polarization deterioration of cohesion between reinforcement and concrete is found.

Keywords: reinforced concrete, rebar corrosion, hydrogenation, bond strength.

Dziubyk A. R., Voitovych A. A., Student O. Z., Dziubyk L. V., and Khomych I. B.

Assessment of the technical condition of the reinforcement of the reinforced
concrete beam span of the bridge of the end of the XX century...........cccoevceeriirennen.

The structure, mechanical properties and fractographic features of 25I'2C steel for
reinforced concrete beams after ~40 years of operation on the central span of a high-
way bridge are analyzed. It is shown that severe force conditions of operation of this
bridge span located at a turn of a highway, intensified by vibration loads due to
railway transport movement under it and harmful effects of the environment, facilitate
the fracture of concrete on the surface of beams and intensify rebar corrosion breaking
the cohesion between concrete matrix and reinforcement. The decrease in the exploited
steel outside of the regulated range and a slight loss of plasticity are found. Its impact
toughness is twice lower than the recommended value. The fracture of the bridge span
beam almost in the middle of its length is associated with a detected defect in welding
of the ends of one of the reinforcing bars and a coarse-acicular microstructure inside
overheating areas in the heat-affected zones around technological spot of tack welding
of the reinforcement with initiation of brittle cleavage fracture in the maximum loaded
section of the beam.

Keywords: operational degradation, reinforcing steel, microstructure, mechanical
properties, fractographic features of fracture.



Balitskii O. I, Kvasnytska Yu. H., Ivaskevych L. M., Mialnitsa G. P.,

and Kvasnytska K. H. Fatigue fracture of gas turbine engine blades
made of a new heat-resistant nickel alloy.........ccoocveiriirieiiiie e

Experimental studies of fatigue fracture of turbine blades of the second stage of a
power gas turbine engine, made of the developed heat-resistant corrosion-resistant
alloy, have been carried out. The new alloy, which additionally contains rhenium and
tantalum (4.07 and 2.62 mass%, respectively), has high fatigue strength while
maintaining ductility and corrosion resistance. The fracture of the investigated blades
during endurance tests at a base load of 2-10 cycles occurred at the level of 220...280
MPa, which is 15...20% higher than in products made of CM88Y-VI serial alloy.

Keywords: heat-resistant corrosion-resistant nickel alloy, fatigue strength, blade,
gas turbine engine.

Stechyshyna N. M., Stechyshyn M. S., Oleksandrenko V. P., Lytvynenko A. A.,

Martynyuk A. V., Sukhenko V. Yu., and Tsepeniuk M. I. The influence
of energy parameters of hydrogen-free nitriding in the glow discharge
on physicochemical properties 0f 40X Steel.........cccueririeririiinieienieeeee e

The influence of the regime (temperature, composition of a gas mixture and its
pressure) and energy characteristics (voltage, current density, specific discharge
power) under non-hydrogenated nitriding in a glow discharge (NHGD) on the
structure, phase composition of the nitrided layers is investigated. It is shown that
because of the combination of regime and energy parameters of the NHGD it is
possible to reach the physical and chemical indicators for the nitrided layers assigned
by the exploitation conditions.

Keywords: non-hydrogenated nitriding in a glow discharge, phase composition,
voltage, current density, specific discharge power.

Savruk M. P., Kravets V. S., and Chornenkyi A. B. The influence of shear

loading on the shapes of optimal holes in a quasi-orthotropic plate.............ccceeneeee.

An analytical-numerical algorithm for determining the optimal shape of a smooth hole
(with a minimum stress concentration) in a quasi-orthotropic plate under biaxial
tension and shear at infinity has been developed. Inverse problems of the theory of
elasticity for a quasi-orthotropic body with an unknown boundary are solved.
Effective solutions of the corresponding direct problems obtained by the method of
singular integral equations are used. Solving the inverse problem with an unknown
hole shape is reduced to minimization of multiparametric functional of the standard
deviations of the tensile stresses along the hole contour from their averaged values.
The shapes of optimal holes in a quasi-orthotropic plate for different biaxial tension
and shear loading at infinity and the level of its orthotropy are found.

Keywords: quasi-orthotropic plate, tension and shear loading, optimal holes, stress
concentration, singular integral equations.

Shopa T. V. and Tuzheliak O. I. Transversal oscillations of an orthotropic plate

with a set of holes of arbitrary shape with account of distributed loading
O thE SUITACE. ... eeeiieiieiiecie ettt e ee et e s e et e e s tbeeaaeestbeebeessaeesbeeeensnaaeeas

The solution of the problem on the steady state flexural vibrations of an orthotropic
plate of arbitrary shape with a set of holes of arbitrary configuration under the effect
of harmonic distributed in time load on the surface is constructed within the theory
that takes into account transverse shear displacements and all inertial components,
based on the indirect boundary elements method. Mixed harmonic in time boundary
conditions on the contours of the holes and on the outer boundary of the plate are
considered. To find the Green’s functions the sequential representation of the Dirac



delta-function and the generalized Fourier series method are used. Test numerical
results for different partial cases of the problem are presented.

Keywords: vibrations, orthotropic plate, holes, distributed load, indirect boundary
elements method.

Stashchuk M. H. and Irza Ye. M. Thermal stresses of functionally gradient

bodies UNder anNEaliNg...........ccveiiereriereeieieeiee ettt 71

A method for calculating the thermal stress state of viscoelastic bodies made of
functional-gradient materials during annealing is proposed. A numerical algorithm for
solving the corresponding problem has been developed and implemented for the
problems of thermal conductivity and thermal viscoelasticity. The thermal stress state
of the hollow cylinder is calculated according to the given annealing mode. The
change in temperature and stress state of the hollow cylinder during annealing is
graphically illustrated.

Keywords: thermal stress state, body of revolution, functional gradient material,
finite element method, hollow cylinder, optimization modes.

Trush V. S., Stoev P. 1, Fedirko V. N., |Voyevodin V. N.|, Tykhonovskyi M. A.,
Panov V. A., and Lukyanenko A. G. The influence of hydrogen
on the properties of oxidized and nitrided Zr—1% Nb alloy.......cccccoceviioiiiiiineenncen.

The effect of hydrogen saturation on the physicomechanical characteristics of oxidized
and nitrided specimens-rings cut from fuel tubes of the Zr—1% Nb alloy has been
studied. It is shown that the hardened near-surface layer, which is formed in controlled
(oxygen- and nitrogen-containing) gaseous media, affects the long-term strength of
specimens-rings of Zr—1% Nb alloy during holding in air for 100 h. The rapture of
specimens-rings after oxiding and nitriding, when held for 100 h in air at room
temperature, occurs in the range of stress 490...510 MPa, which is 10 times narrower
than for non-hydrogenated specimens-ring, which are fractured in the stress range of
400...600 MPa. The fracture character of specimens-rings manufactured of Zr-1% Nb
alloy after thermochemical treatments is shown.

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

Tsyrulnyk O. T., Zvirko O. 1., and Voloshyn V. A. Corrosion-fatigue endurance
of steel 35 in tap water under additional cavitation loading..............cccoevvvevereercreennnnn.

The main factors reducing corrosion fatigue durability of carbon steel under cavitation,
cyclic loading and their combined action have been established. Preliminary cavitation
of the surface ambiguously affects the fatigue durability of steel due to the predomi-
nant influence of one of two factors: deformation hardening and the development of
damages on the cavitated surface. The combined effect of cavitation and cyclic loading
reduces the corrosion fatigue limit of the steel in 2.4 times, and the limited durability
for loads close to the fatigue limit — by an order of magnitude. Electrochemical studies
have shown that the obtained effects are caused by intensification of corrosion factor.

Keywords: carbon steel, corrosion fatigue, cavitation, microhardness, electrochemi-
cal properties.

Hertsyk O. M., Khrushchyk Kh. 1., Kovbuz M. O., Nosenko V. K., Kornii S. A.,
and Pandiak N. L. The role of diffusion of redox reaction products
in the processes of aluminum amorphous alloys COrrosion.............cccceveereeeeeerieenneen.

Corrosion resistance of amorphous and crystalline Alg;NigY's alloys in 0.5 M aqueous
NaCl solution with different scanning speed of the electrode surface potential (10; 20;
50 and 100 mV/s) was investigated by cyclic voltammetry. The electrochemical pro-



perties of crystalline Al, Ni, and Y in sodium chloride solution were determined. The
diffusion coefficients of AI’ " and Ni’* ions were calculated. It was found that the ioni-
zation of the alloys in 0.5 M aqueous NaCl solution occurred in three stages, and the
diffusion rate of AI** from the electrode layer was lower than the diffusion of Ni*" ions.

Keywords: amorphous metallic alloy, corrosion resistance, electrochemical charac-
teristics, diffusion coefficient.

Yuzevych V. M. and Lozovan V. P. The influence of mechanical stresses
on corrosion crack growth in a pipeline wall............cccooeveviiiiieninieniceeeeee e

The method of estimation of the peculiarities of the kinetics of an external corrosion
crack growth in the wall of an underground metal pipeline (UMP) taking into account
the specified internal pressure and cathodic protection is proposed. The corresponding
method is based on the analysis of the corrosion current at the crack tip, taking into
account mechanical stresses, ohmic potential drop, overvoltage of anodic dissolution
of metal. An improved method for calculating the service life of UMP taking into
account the influence of mechanical stresses in the vicinity of the crack tip on corrosion
currents is proposed. It is found that mechanical stresses lead to a 3.6-fold decrease in
the pipeline life compared to the regime when the internal pressure is close to the
atmospheric.

Keywords: underground pipeline, crack, mechanical stresses, corrosion currents,
cathodic protection, quality criterion, neural networks.

Kopei B. V., Krechkovska H. V., Nisonskyi V. P., and Bakun B. M. Regularities

of crack propagation in hybrid pumping rods............ceeeeeeiirieriecereeereee e |

The features of fatigue fracture of hybrid sucker rods with a carbon fiber rod and a
fibreglass shell for oil production are considered. It has been established that the
fracture of the rods under bending loading is accompanied by the intensive formation
of longitudinal cracks in the form of delamination in the metal part of the rods and the
initiation of up to 5—6 cracks in the fibreglass shell. The conditions for cracking at the
same cyclic load in rods of different designs are determined. The finite element method
is used to analyze the stress in the connection of the elements of the hybrid rod when
it is loaded by bending and tension. Based on the established patterns of fatigue crack
growth in hybrid sucker rods, a method for predicting their residual life is proposed.

Keywords: hybrid sucker rod, carbon fiber part of rod, fiberglass shell, finite
element analysis, cyclic bending and tensile loading, fatigue crack growth, life time
prediction.

Hembara O. V. and Chepil O. Ya. Modelling of the structural elements

deformation under conditions of creep, stress corrosion cracking
aNd hYdIOZeNation. ......coueiuiiiiiiiieeee ettt 1

A numerical analysis of the stress-strain state of a rectilinear section of heat exchange
tubes of three types of steam generators made of stainless chromium-nickel austenitic
steel 08X18H10T under conditions simulating operating conditions, taking into account
the saturation of the wall with hydrogen and the action of a corrosive medium, was
carried out. On this basis their durability was predicted under various operating
conditions and geometric dimensions.

Keywords: creep, durability, hydrogenation, corrosive environment.

Abdulina D. R., Kopteva Zh. P., Kopteva A. E., and Vortman M. Ya. Microbial

destruction of polymer materials — foamed polyethylene, ethylene
vinylacetate and rUDDET..........coouiiiiiiei e |



The biodegradation of polymer materials (foamed polyethylene (FPE), ethylenvinyla-
cetate (EVA) and rubber) under the influence of hydrocarbon-oxydizing (HOB) and
sulfate-reducing bacteria (SRB) is studied. It is shown that the coefficients of materials
fracture during the exposure period for 180 days under the influence of HOB for FPE
is 7.6...12.5%, for EVA — 2.2...8.8%, for rubber — 1.5...1.8%. In variants with SRB,
no changes in the mass of samples during this period are observed. After 90 days of
SRB cultivation a mass loss of samples is detected, the coefficints of destructions for
foamed PPE are 0.6...2.9%, EVA — 0.21...0.6%, rubber — 1.2...2.3%. For 30 days of
exposure the enzymatic activity of bacteria is the following: the catalase activity is in
the range of 5...26.9 U/mg of protein for HOB and 0.31...4.1 U/mg of protein for
SRB; the lipolytic activity for HOB and SRB are 5.9...37.1 and 2.54...55.5 U/mg of
protein, respectively. This indicates a direct effect of bacteria on the studied polymers.
According to IR spectroscopy data, oxidative processes occur in foamed FPE samples
under the action of hydrocarbon-oxidizing bacteria. In EVA samples the destructive
processes occur, i.e. the biodestruction of the polymer chain by the ester group, which
correlates with the coefficient of biodegradation of materials for 180 days of the
experiment. For rubber samples, the carbon chain structure changes are detected.
Under the effect of sulfate-reducing bacteria Desulfovibrio sp. 10, D. desulfuricans
DSM642 oxidative processes and changes in the chain structure occur in the studied
samples.

Keywords: biodestruction, IR spectroscopy, polymer materials, hydrocarbon-oxidizing,
sulfate-reducing bacteria, enzymatic activity.

Kakherskyi S. 1., Dobrozhan O. A., Pshenychnyi R. M., Vorobiov S. I,
Havryliuk Ye. O., Komanicky V., Plotnikov S. V., and Opanasyuk A. S.
The effect of low-temperature annealing on structure and chemical composition

of Cu,ZnSnS, films deposited on flexible polyimide substrates..............cccvveevrreneee. 125

The Cu,ZnSnS4 (CZTS) films were deposited onto flexible polyimide substrates by
spraying inks containing nanoparticles followed by low-temperature annealing at
200°C for 10...120 min in an argon atmosphere. Studies by X-ray diffractometry and
Raman spectroscopy showed that nanoparticles and films contained a kesterite phase
with a small amount of inclusions of the Cu,S and Cu.Sn,S. phases. Increasing the
growth time of nanoparticles and annealing of films led to an improvement in the
crystalline quality of their main phase — kesterite. TEM studies showed that the
obtained CZTS films were nanostructured and did not crack even after 50 bends in an
area of 10x10 um. EDAX measurements of the chemical composition of the samples
revealed that the nanoparticles and CZTS films contained an excess copper and sulfur
but were deficient in zinc. As a result of the study of the optical characteristics of the
layers, it was found that the value of the band gap of the synthesized materials was

E,=1.4.1.5 % 0.2 eV, which coincided well with the literature data. The obtained
CZTS films are promising for application as absorbing layers of the third generation
solar cells.

Keywords: Cu,ZnSnS., polyimide substrates, morphology, structure, chemical com-
position, optical properties.

Ghazvinloo H. R. and Honarbakhsh-Raouf A. Effect of the robotic GMAW

parameters on HAZ width in HQ130 steel JoInts.........cccevvreveveecienieecieeeiie e 134

Gas metal arc welding (GMAW) has received much attention over the last several years
and has many wide and beneficial applications in different industries. Heat affected
zone (HAZ) is the region between the base and weld metal where has the lowest
toughness in a welding joint and hence has always been a matter of interest for many
researchers. This study is focused on GMAW parameters effects including, electrode
to work angle (o), filler metal diameter (d) and shielding gas type (SGT) on average



HAZ width (AHW) in HQ130 steel. For this aim, different welding samples were
produced by employing electrode to work angles 65°, 75° and 85°; filler metal
diameters 0.8 mm, 1| mm, and 1.2 mm, and shielding gases of argon, helium and
carbon dioxide. Having finished the welding process, the average HAZ width was
experimentally measured and discussed in all samples. The results of this study
indicated that variations in robotic GMAW parameters have significant effects on
average HAZ width.

Keywords: gas metal arc welding, welding parameters, HQ130 steel, heat affected
zone, average heat affected zone width.

Opachko 1. I, Zhiguts Yu. Yu., and Opachko M. V. Specific features of spraying
of layered structures by plasma components formed by nanosecond laser

The method of the formation of periodic structures under irradiation by a train of laser
pulses, which ensures the production of qualitative heterogeneous and sublattice
structures provided that the conditions established in the work are observed, has been
developed

Keywords: pulse group, laser pulses, target, phase, sputtering, periodic structures.

Masiuk A. S., Levytskyi V. Ye., Katruk D. S., Humenetskyi T. V., and Bilyi L. M.

Physicochemical properties of polyvinyl chloride polystyrene plastics..................... 145

The influence of the nature of polystyrene modifiers and diesterphthalate plasticizers
on the surface hardness, Vicat softening point, the degree of release of the plasticizer,
elastic-plastic properties of polyvinyl chloride plastics and composites based on them
has been investigated. The influence of polymer-silicate fillers and polystyrene-mag-
netite materials on the physicomechanical and thermophysical properties of modified
polyvinyl chloride plastics is established and the conditions of directional regulation
of technological and operational properties of such materials are determined.

Keywords: polyvinylchloride, modification, polystyrene, polymer-silicate filler, plasti-
cization, acrylonitrile butadiene styrene plastic, dibutylphthalate.



	CONTENTS

