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6epeseHb — KBITEHb

3MICT

Kopniii C. A., 3ine 1. M., Xnonux O. I1., Co6ooow H. H. TnriGyBanas Koposii
amominieBoro crutaBy J[16T koMmo3uiiieto HaTpito anbriHary
Ta IIUHKY aleTaTy B HeUTPATbHOMY XJIOPHUIOBMICHOMY CEPEMOBHUIIIL. ....vveervrereveeneraensns 5

BuBuanu BB ekosoriyHo Oe3rnevHoi iHri0yBanbHOI KOMITO3HIIIT Ha OCHOBI IoJTica-
xapuay (HaTpilo aNbriHaTy) Ta COJi aleTaTHOI KUCIOTH (IIMHKY aleTary) Ha KOpo3ito
QIFOMIHIEBOTO CIIABY Y HEHTpaIbHOMY XJIOPHIOBMiCHOMY cepenoBuini. Ha mizcrasi
EJIEKTPOXIMIYHUX JTOCHI/PKEHb BCTAHOBJICHO MPOTHUKOPO3iiiHY €(EeKTUBHICTH KOMIIO-
3umii Ta 0co0IMBOCTI MexaHi3My i 3axucHOi aii. CTymiHb 3aXHUCTy METally anbriHat-
aIeTaTHOIO KOMITO3HUIIIE€I0, PO3PaxOBaHUK 3a MOMSPU3AMIHHIMHI 3aJCKHOCTIMH, CTa-
HOBUB §89...98%. I[IpoTnkoposiiiHui e(peKT KOMIO3HUIi MOSICHEHO YTBOPEHHIM 3a-
XHMCHOI IUTIBKM Ha TOBEPXHI CIIaBy BHACHIIOK aJCcOpOLii anbriHaTy, OCaKeHHSIM
LMHKY Ha KAaTOJHMX AIISHKaX METally Ta, HMOBIPHO, YTBOPEHHSIM MaJOpO3UYMHHHUX
AP*—Zn*-anbrinataux komruiekcie. MOpPMyBaHHsS 3aXMCHOI IUTIBKM Ha MOBEPXHi
CIJIaBy B iHTiOOBaHUX PO3YMHAX IMIJTBEP/DKEHO PE3yJbTaTaMHU EJIEKTPOXIMIYHOI 1M-
TMEIAHCHOI CIIEKTPOCKOITiT, CKaHIBHOT €JIEKTPOHHOT MIKPOCKOIIIi Ta eHeproaucepciii-
HOTO PEHTT€HIBCHKOTO aHAIi3Yy.

KuarouoBi ciioBa: anmrominiesuili cnias, Koposis, X10pudosmicHe cepedosuuje, iHei-
oysanbHa KOMRO3UYis, HAMPIU alb2iHaAm, YUHK ayemam, NPOmuKopositna egex-
MUEHICMb.

Bunap B. A., Yyuman M. P., Xoma M. C., Isawxis B. P., Bacunie X. b., I'vpars T. O.,
Byknig P. JI., Pyokoscvkuti €. M. TIpuauHN IPUIIBUALIICHOT KOPO3ii
KOJNTIOOIHTOBHX TPYO 32 KHCIOTHOTO IIPOMUBAHHS CBEPIOBUHH
TA30BOTO POHOBHIIIA. ¢ ...veeenvreeenreeerurteeeuueesanseeesseeesseeesamseeenaseeesaseeesssseeennsneesaseeeeeeessanns 14

JocmimkeHo TpUYrHN aHOMAJIBHO BHCOKOI IIBUAKOCTI KOPO3ii KOATIOOIHTOBOI cTami
HT-95 3a xucmoTHOTO0 NpOMHUBAHHA Ta30BOi cBepmioBMHE [lonTaBchkoro OaceiHy.
3a3Buyail KOpO3iliHI BTpAaTH KOJTIOOIHTOBOI CTami HE MEpeBHUIIYIOTH 3,6 mm/year
3aBISIKM 1HTIOITOpY KOpO3il y CKJIaai MPOMUBHOTO PO3YMHY. BusBieHO, 1o micis
KHCJIOTHOI 0OpOOKH Ta30BOT CBEpAJIOBMHH IIBUIKICTh KOpO3ii cTaii 30iinpImmiacs Ha
Tpu nopsiaku. [TokazaHo, o KOpo3ist CTalli NPUIIBUAIIYETHCS BHACIIIOK HEHTpati3a-
uii aii iHridiropa Ta 3MIiHM XapakTepy KOpo3il MeTairy, 3yMOBJIEHOI BUCOKOIO KOH-
LIEHTpAIli€l0 OKUCHIOBauiB TUMy okcuaiB 3amza (III) Fe.Os y cBepmioBuHi. 3a B3ae-
Mogzii Fe;Os; 3 XJIOpHAHOI0 KHCIOTOI NPOMUBHOTO PO3YHMHY YTBOPIOETHCS XJIOPUJ



3amiza FeCls, sxuif yacTKOBO HEUTpaii3ye Aifo iHTiIOITOpA, IO MPHUIIBUALIYE KOPO3it0
cTaii.

KawouoBi cioBa: xonmiobineosi mpyou, Koposis, cmanb, KUCIOMHE NPOMUSAHHS
C8epON0BUHU, TH2IOIMOP.

Hlenopix T. I, /[ynaescoxa H. I, @amees A. 1. BucokoTemiiepatypHa Kopo3is
MeTalTy Iij Yac CHATIOBAaHHS BYTULIA 3 TiABUIICHUM BMICTOM COMEH. ....cevvvreeeeeeennne.

[IpoanainizoBaHo cy4acHi MeXaHi3MH PO3BUTKY KOPO3iHHHX MPOIECIB MiJl Yac Crao-
BaHHs BYIJIELEBOI CHPOBHMHHU (BiaXxomu OioMacH, BYTULIS pi3HOro meramopdizmy) 3
BUCOKUM BMicToM (y 301 >2% Na,O) JerkomnaBkux cojiei Ta cipku. BuzHaueHo
MOp¢oJIOTidHI 0COOTMBOCTI HANMIIAHDh Ha TIOBEPXHI METay IIif] BIUINBOM Ta3iB BHUCO-
KOTEMITepaTypHOTO CIalioBaHHsA cojoHoro Byrimis (CB) mo ta micis 3HecoyieHHS, a
TaKOX CKJIaJ MPOAYKTIB Kopo3ii pepurHOi cTami mix gac ozomeHass CB Ta fioro cymi-
Il 3 €HEPreTUYHNM Ta30BUM BYTUIISIM. ExcriepuMeHTansHO BHSBIECHO, IO €KCTPaK-
sl BOZopo3unMHHUX cronyk 3 CB (Ha mpuknani pomosun IliBHiuHOTO [oHOACY) Ta
HOro cymill 3 ByriuIsiM HM3bKOI COJIOHOCTI CYTTEBO 3HIKYIOTh KOPO3il0 MOBEPXOHb
HArpiBy MiJ 4ac CaJrOBaHHI.

KuilouoBi cjioBa: conome 8yeinns, chant08aHMs, WLIAKYBAMHA, KOPO3if, B)2ilbHA
cymiw.

Kocmin O. M., Mapmunenrxo B. O. Oco0nmBOCTI BUCOKOTEMITEPaTyPHOT
co160B0T KOPO3ii CIIABY Ni(L)—HI-Cr3Ca....eovviiiiiiiiieiieieciieieeeeeeeee e

Po3po0iieHHsT 3HOCOTPUBKUX MaTepiaiiB i3 BHCOKHM OIOPOM BHCOKOTEMIIEpaTypHil
COJIBOBIH KOpO3ii — aKTyalbHa TPoOJieMa CYJIHOBOTO Ta3oTypOo0OymyBanns. TyT mepc-
nektuBHUA crwiaB Ni(L)-Hf-Cr;C,, sixkuit nomarkoBo mictuth 16,5...17,5 wt% radHiro.
JleryBanHns radHiem 3a0e3reuye CTPYKTYPY, MAaKCUMAJIbHO HAOIIKEHY 10 CBTCKTHY-
HOI, 3 Temmeparyporo miasieHHs 1200 + 10°C, sika Mae cTabLIbHY TBEPHICTh y MEXKax
649...665 HV), Ta cepenHro mBuakicte koposii 0,18 mg/(cm*h) y cepenosuimi
75% Na,SO4 + 25% NaCl npu 900°C. Tomy 1ieil crtaB peKOMEHAYIOTh SK OCHOBY
JUTS 3MIITHEHHST KOHTAKTHUX TIOBEPXOHB JIeTalleli Cy/THOBHUX ra30TypOiHHUX JBUTYHIB.

Kuaro4oBi ciioBa: wixkenesutl cnias, Mikpocmpykmypa, MiKpomeepoicmy, 3HOCOMPUG-
Kicmb, 8UCOKOMEMNEPAMYPHA CONbOBA KOPO3Isi.

Beceniscoka I'. I, Ilpockypusik P. B., Kynpin O. C., Mawoseywv H. C. EnekrpoxiMiuHa
TIOBEJIiHKA TOBEPXHEBO-MOIM(IKOBAHOTO TEXHIYHO YHCTOTO TUTAHY
Y POBUMHI PIHTEPA. ...ttt et

Hocnimxeno nokputtsa TiN, orpuMaHe BakyyMHO-IYTOBHM HAIMJICHHSIM Ha TOBEpX-
HIO TexHi4HO uncToro Turany BT1-0 ta tepmoan¢y3iiHiM HacuueHHsIM B aTMocdepi
a3oty. [TokpuTTS OIiHIOBAJH 32 iX KOPO31HHOIO TPHUBKICTIO y (pi3ionorigyHOMY PO3UHHI
Piarepa enexrpoximiuHMMH MeTonaMu. Bussieno, mo mokputts TiN Mae BaBiui
HIDKYY TYCTHHY CTPyMy KOpO3ii, Hi)K HEoOpoOJeHHWH THTaH, BOAHOYAC a30TOBaHA
moBepxHs 0e3 Ta 3 mokputTsiM TiN MeHmry smmre Ha 6 Ta 20%, BiamoBigHo. HaiBuny
KOpPO3iliHy TPHUBKICTh Ma€e MOKpUTT TiN, ocakeHe Ha HEOOPOOICHUI THUTAaH, a Hail-
HIDKYY — a30TOBaHa IMoBepXHs. He3Baxkaloun Ha Take paH)XyBaHHs, KOpO3iiiHa TpHB-
KIiCTh BCIX JOCJIMKCHUX MOKPHUTTIB € BHIIOI0, HiXXK HeoOpobieHoro tutany BT1-0.
Tomy, 3 ornisy Ha BHCOKY €JIEKTPOXIMiYHY CTaOUIBHICTh y po3uuHi PiHrepa, sikuii
Mictuth Cl™-f0HH, TTIPOCTOTY TeXHOJOTil MOAM(IKyBaHHS MMOBEPXHi Ta i HETOKCHY-
HICTh, HITPUAHI TOKPUTTS MEPCIEKTHBHI IJIS 3ACTOCYBaHHS B MEAUIIMHI.

KurouoBi ciioBa: muman BT1-0, eakyymno-0y2o6e nanuienHs, mepmoouysiite Ha-
cuuenns, nokpumms TiN, kopositina mpuskicmos, po3uur Pineepa.



JImumpax I. M., Cupomiox A. M., Lupyavnux O. T. BIIUB e1eKTPOXiMiYHOTO

HaBOJHIOBAHHS HA IUIACTUYHICT Ta 00’ €MHY MiKPOIOIIKOHKEHICT
(05 w20 U0 10O s TR

INokasaHo, mo cepeanboByrierieBa crayib 60C2A € 4yTIMBOIO 70 €JIEKTPOXIMIYHOTO
HaBOAHIOBAHHS Y BOJHUX PO3YMHAX 3a KIMHATHOI TEMIEpaTypH, L0 MPHU3BOAUTH IO
CYTTEBOI BTpaTH Ii IJIACTUYHUX XapPaKTEPHCTHK. 3a pe3yJbTaTaMH MEXaHIYHUX BH-
poOyBaHb NWTHIPUIHAX 3Pa3KiB OJHOBICHIM PO3TATOM, BCTAHOBIICHO, IO 33 3MiHU
KOHIICHTpALii BomHIO y cTaii y miamasoni 0,3...5,0 ppm BiOZHOCHI BHIOBXCHHS Ta
3BY)KEHHS 3HIDKYIOThCS IPUOJIM3HO y TP pasu. BusiBieHo, 1o 3a ynapHoro HaBaHTa-
JKEHHs 00’€MHa MIKpONOIIKO/KEHICTh cTaini 60C2A po3BUBa€eThCs JHLIE 32 ii HABOJI-
HIOBaHHS y po3urHax 3 pH=1 i Hmwxue. KpuTepiaabHuM napaMeTpoMm cTaHy MaTepia-
JIy TYT CIIyT'Y€ €HEprisi yJapHOrO HAaBaHTaXEHHS E TPUTOYKOBHM 3TMHOM TJIaJIKUX
0aJIKOBUX 3pasKiB, 3HIDKEHHS SIKOi CBIUUTH MPO 3POCTaHHS iHTEHCHBHOCTI ITOIIKO-
JUKEHB, CIIPUYMHEHUX BoxHEeM. [lokazaHo KOpeNAIiiiHy 3aJeXHICTh MK IMapaMeTpoM
E Ta KoHIEHTpaIli€r0 3aIUIIKOBOTO (MacTKOBaHOTO) BogHiO Cy y Metanmi. Onmepxasi
pe3ysIbTaTi MOXXHA BHUKOPHCTOBYBATH [UISi PO3POOJICHHS TEXHOJIOTIYHUX MPOLECIB,
SIKI IiIBUIIATH PiBEHb (hparMeHTallii KOHCTPYKLUIHHUX CEepeHbOBYTIICIIEBUX CTAJICH.

KarouoBi ciioBa: cepeonvogyeneyesa cmanv, enekmpoximiune HAB0OHIOBAHMNS, KOH-
YyeHmpayis 8OOHIO, CMAMUYHE HABAHMAIICEHHS, XAPAKMEPUCIMUKU NAACMUYHOCHII,
OUHAMIYHE HABAHMAIICEHHS, eHepP2is PYUHYBAHMHS, 00 €EMHA NOWKOOICEHICHb.

3eipko O. 1., Huxughopuun I'. M., Kpeurkoscvka I. B., Benepunrox O. I. OuiHIOBaHHS

Harpy>XeHb BiJl €JIEKTPOIITUIHOTO HABOJHIOBaHHS TPYOHOI BYTJIEIEBOI CTaMI. ........

BcTaHOBICHO, 10 BHYTPILIHSA KOPO3is CTaNei ra3o0npoBoIiB MOXKE CYNPOBOIKYBATH -
Csl €JIEKTPOXIMIYHMM HABOJHIOBAHHSM, a TPAHCIOPTYBAHHS HUMHU BOJHIO IOCHITIOBA-
TH 11e# nporuec. Po3pobieHo METOANKY IOCIIPKEHHS Halpy)KeHb Y CTali, CIIpHYHHE-
HUX BOJHEM, SIKa TOJIATAa€ y TOMNEPEeIHbOMY >KOPCTKOMY HaBaHTa)XEHHI 3pasKiB y
NPYXXHIA Y TUIACTUYHIN 00J1acTsX, eNEeKTPOJITUYHOMY HAaBOJIHIOBAaHHI Ta peectpauil
HarpyxeHb. Y TpyOHiii crami 17T'1C (ananor API 5L X52) BusiBIeHO BHYTpILIHI pO3-
TATYBAJIbHI HANPYKSHHS MM €0 BOJHIO, aMILTITy 1a Ta 0OOPOTHICTH SIKMX 3aJIeKalN
SIK BT iIHTEHCHUBHOCTI HAaBOJHIOBAaHHS, TaK 1 XapaKTepy IMONEePeIHFOT0 HAaBAaHTAKECHHS.
OTtpuMaHi pe3yabTaTH MPOAHATI30BaHO 3 YPaxXyBaHHSAM Pi3HOTO CTaHY BOJHIO B CTali
— nu¢y3iitHO pyXJIMBOTO Ta ITACTKOBAHOTO B JC(PEKTAaX MIKPOCTPYKTYPH.

KuarouoBi cioBa: mpybua cmans, pexcumu eneKmponimuyHo20 HABOOHIOBANHSA, HA-
NPYAHCEHHS, MEXAHI3M 800HEB8020 OKPUXUEHHS.

Maxkapenko B. J[., Yueupuneys O. E., Bunnuxos IO. JI., I'oy B. 1., Makcumog C. IO.,

Ilina B. B., Maxapenxo FO. B. JlocnimKeHHs BIUINBY KiHCTUKA HABOJHIOBAHHS
Ha cynb]igHe KOpo3iiHe PO3TPICKYBaHHS CTallei CyaHOOYIIBHOrO NPU3HAYCHHS. ...

OmiHeHO KiHETHKY HaBOJHIOBAHHS i MEXaHI3MH CyNTb(QiIHOTO KOPO3IHHOTO po3Tpic-
KyBaHHsI TPHUBAJIO €KCIUTyaTOBaHMUX TPyOHHMX cymHOOymiBHUX ctameit 15XCH/I i D32.
BusiBiieHO, 0 3 TPHBATICTIO eKCIUTyaTalil BOHH iHTEHCHBHO HAaBOJHIOIOTHCS BiX
BHYTPILIHBOI TOBEpPXHI TPyOH, KOHIIEHTpalis BOJAHIO IEpeBaKa€ IMEPLIONOYaTKOBI
3HaueHHs B 2-2,5 pa3u. Taka  TeHIEHIsI 3MIHM MIKpOTBEPAOCTI B Hepepi3i CTIHKK
MeTaiy Tpy6 3 pisHUMH TepMiHAMHM €KCIUTyaTyBaHHs. Ii 3HaUEHHS B PUMOBEPXHEBUX
Hrapax BiJl 30BHIIIHBOTO OOKY TpyOM 3pocTaroTh y 1,5-2 pasu. 3 MiIBUIICHHSIM Hall-
PYyXeHb 3a BUIPOO Ha Kopo3iiiHe cynbdigHe po3TpickyBanHsA B cepenoBuili NACE
Ppi3KO 301MBITYEThCS HABOIHIOBAHHS 3pa3KiB (pUOII3HO B 2—3 pasu), MO CIIPUYNHSE
CHIIbHE OKPUXYCHHS (TiIBUIICHHSI MIKPOTBEPAOCTI METAITy) i 3SMEHIIICHHS OIIOpPY PO3-
TPiCKYBaHHIO.

KuouoBi cioBa: cyonobyodigna cmanw, oeepadayis, HABOOHIOBAHHS, MIKpOmMeep-
dicmb, MpiuHOCMItiKicmb.



Kupunis B. 1., Maxcumis O. B., I'ypeu I. B., Lliorc 5. P., I'ypeii B. 1., Kyaux FO. O.

Bmme moan nedopmartii Ta HABOAHIOBaHHS Ha MEXaHIUHI BIIACTHBOCTI
ctaii 40X 3 TOBEPXHEBOKO HAHOCTPYKTYPOTO. .....eueeeeeneerueeneesseeeesseeseeseeseeneenseeneennnens

BuBYeHO BIUIMB OIHO- Ta PI3HOHANPSAMIICHOT MOJI IHTEHCHBHOI IIIACTHYHOT ieopma-
11ii, FeHepOBaHOI MEXaHOIMITYIECHOIO 00pOOKOI0, Ha (hOPMYBaHHS MOBEPXHEBOI HAHO-
KpucTaiiuHoi cTpykTypH cram 40X Ta 11 ¢pi3nko-MexaHIqHi BIACTUBOCTI 0e3 Ta micist
CJICKTPOITHYHOTO HABOMHIOBAaHHS. Taka 0oOpoOKa MiIABHINY€e TPAHUIIO IUTMHHOCTI
OTPHMAHOTO MaTepiady MaikKe BJBiUi, XapaKTEPUCTUKU IUIACTUYHOCTI 3MIHIOIOTHCS
HEOJHO3HAYHO: BIJTHOCHE BHJOBXXEHHSI 3HW)KY€ETHCS MOPIBHSHO 3 BUXIHUM CTaHOM, a
BITHOCHE 3BY)KCHHS 3a Pi3HOHANPSIMIICHOI nedopmaitii 30UTbInyeThes. B3sito 10 yBa-
I'M 3POCTaHHS MOJYJsl NMPYXHOCTI Ta (opMyBaHHSI PIBHOBICHOI HaHOKPHCTAJIIYHOT
CTPYKTYPH, sIKa YMOXITUBIIIOE MEpeXijl IHTEHCUBHOI MacTHYHOI nedopmarii Ha cra-
Ii10 PO3BHHYTOI, KOJIH MPUTHIIYIOTHCS IJIACTUYHI 3CYBH 1 € TUTBKU IUTACTHYHI PO3BO-
potu. BeTaHoBieHo, IO MMiCIs HABOAHIOBAHHS pi3HOHAmIpsiMIIeHa aedopmariis 3ara-
JI0M 3a0e3medye 3pOCTaHHS XapaKTePUCTHK MIIHOCTI Ta 30epirae BiTHOCHE 3BY)KEHHS
HA PiBHI BUXIJHOTO MaTepiany.

KuarouoBi ciioBa: nogepxmnesa nanocmpykmypa, iHmMeHCUBHA NAACMUYHA OedopMma-
yis, Qi3uUKO-MexaHiuHi 61aCMUB0CMI, 800€Hb.

I'peodine M. 1., Kpuocaniecokuii €. 1., Jemsanuyk /[. O., IlImouixo I I1.,

Bapmowescokuii /]. I1. MexaHO-XIMIYHHI METOJI TaIbMyBaHHS POCTY
BTOMHOT TPILLIMHY y METANAX IITYYHUM i1 3AKPUTTAM. ....ceeeveererrerrenrenreniensensenseneenneennees

JocmimkeHo MeXaHO-XIMIYHUI METOJ TallbMyBaHHSI BTOMHO{ TPIIIWHY, SIKUHA TPYHTY-
€ThCS Ha MOJIaBaHHI y Hei CrelialbHOrO PiAKOT0 TEXHONOTYHOTO CepeIoBUILA Ha OC-
HOBI TaHiHIB, sIK€ 32 YMOB (D)PETHHTY IPU3BOAUTH 0 IHTCHCUBHOTO ()OpMyBaHHS B 11
MTOPOKHUHI HEPO3UMHHUX TaHATIB. 3allOBHIOIOYM MOPOKHUHY TPILIMHH, LI CIIOIYKH
CTBOPIOIOTH y CTaJSIX ICTOTHUH e(eKT 3aKpUTTS TPILIMHHU aX O ii MOBHOTO TaJIbMY-
BaHHS B IIMPOKOMY Jiarna3oHi KoedilieHTa IHTEeHCUBHOCTI HanpyeHb. JlociimKkeHo
CIUIaBH 3 PI3HOI0 KOPO3iMHOIO TPHBKICTIO: ByrieneBy cranb 20, Hep)KaBHY CTajb
12X18H10T rta texniyamii Tutad BT1-0. EdexTHBHICTE METOIYy OIiHIOBAIX 3a KiHe-
THYHAMH JiarpaMaMHu BTOMHOTO pocTy TpimuHu. [ligTBepmIKeHo KIF0UOBY pOJb 3a-
KPHTTS TpilMHHY y ii ransMyBaHHi. [loka3aHO HEOIHAKOBY €pEKTHBHICTh METOLY IS
PI3HHUX MeTaleBUX MaTepiaiiB, IO MOSICHEHO KOHKYPEHTHHM (OPMYBAHHSIM OKCHI-
HUX IUTIBOK, SIKi 3a1100irafoTh YTBOPEHHIO OCa/liB TAHATIB Y TPILIHHI.

KuaiouoBi cnoBa: smoma, eanvmyeanHs mpiwuuu, wmyyHe 3aKpumms mpiyuHu,
MAawiH.

Yenine O. A. Biue BOAHIO HAa TOBTOBIYHICTh TOHKOCTIHHOTO 3pa3Ka
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MeTooM CKIHYEHHHUX €JIEMEHTIB BU3HAYEHO JOBTOBIYHICTH TOHKOCTIHHOTO IIJIOCKOTO
3pa3ka, BUTOTOBJICHOTO 3i ctaini 22K, 3a BImBY BOAHIO i moB3y4ocTi. [lopiBHIHO pe-
3yJIbTAaTH, OICPKaHI 32 KIACHYHUMH DPIBHSHHSMH TEOpil MOB3yd4OCTi Ta CHEPreTHY-
HUM MigxonoM. BcraHoBieHO 3amoBiNbHY iX 30DKHICTE. OJHaK 3a CHEPrETUYHHM
KpUTEpIEM MOXKHA TOYHIIIIE CIIPOTHO3YBATH Yac O PYWHYBAHHS, HIK 32 KJIACHYHUMU
PIBHSHHSIMU.

Knrouosi cnosa: xonyenmpayis 600110, N0O83yHiCmb, eHepeis 0ehopMyB8aHHs, NOUKO-
00iCy8aHicmb, 00620MPUBANA MIYHICTb.



TI'soz0eyvkuii B. M., Cmyoenm O. 3., Cmyoenm M. M., Iloepeniok I. M.,

3aodopoocna X. P., JIyk aunenxo O. I'. @i3nko-MeXaHi4HI BIaCTHBOCTI
€NIEKTPOIYTOBOr'O IIOKPHUTTS, HATUIICHOTO B HAZI3BYKOBOMY PEHKHMI......euveveneeveeerennens

BcraHoBneHo, 1110 MeXaHIuHI BIIAaCTUBOCTI Ta MEXaHI3M pyHHYBaHHS €JIEKTPOYTOBHX
MOKPUTTIB 3 TopommkoBoro apoty (I1) 90X17P2I'C 3anexaTh Bi THCKY PO3IMIIIIO-
BaypHOTO TIOBiTPsI (0,6 Ta 1,2 MPa). BusiBieHo, 1Mo 3aIMIIKOBI HANIPY>KEHHS PO3TATY
B IIOKPHUTTi, OTPUMAHOMY 3a HAJ3BYKOBOI IIBHIKOCTI MOBITPSHOTO MOTOKY (600 m/s),
3Hm3mmcs Ha 10%, a X MIKpOTBepAiCTh Ta KOre3WBHA MilHiCTh 3pociu Ha 30 Ta
200%, BiIIOBIAHO, MOPIBHIHO 3 TAKMUMH JUISl TIOKPUTTS, c(QOPMOBAHOTO 32 JI03BYKO-
Boi mBuakocti (300 m/s). [ToninmieHHs BIacTUBOCTEW MOKPUTTS 3a BUKOPHCTAHHS
JUISl HAIIMJTIOBaHHS HA/I3BYKOBOT'O MOBITPSHOTO MOTOKY IOSICHEHO 3MEHILEHHSM PO3-
Mipy KparuinH posruiay I1]] i, BiAOBIHO, TOBIIMHY 3aKPUCTATI30BAaHUX HA MIIKIIA]T -
i JIaMeJel, a TaKoXX TOBIIMHHW OKCHJIB MiX HUMH 4epe3 MEHII TPUBAIUH TOJIT
KpalIMH MiJ 49ac HAMMIIOBaHHSA Ta X cnabie BHCOKOTEMIIEpaTypHE OKHCHEHHS;
JUCTICPCIiHAM 3MIIHEHHSAM Jlamesell HaHopo3MipHHMH dYactoukamu OopuniB (Fe,
Cr),B; 30inpIIeHHAM YacTKM Kpi3bJIaMeIIPHOTO pYyHHYBaHHS TOPIBHSHO 3
MDKJIaMeJISIPHUMH pO3IIapyBaHHSMH i/l 4ac BUIPOOYBaHb Ha KOTE3UBHY MILHICTb.

Kuaio4oBi ciioBa: 0yeoge nanunoganwus, HAO0- i 00368YK08A WEUOKICIG NOBIMPAHO20
NOMOKY, NOPOWKOBUIL Opim, NOKPUMMS, MIKPOMBEEPOIiCMb, 3ANUUKO8] HANDYICEHHS,
K02e3Uu8Ha MiYyHiCMb, MEXAHI3M PYUHYBAHHSL.

Tpyw B. C., Houancoxuii €. I1., Knum b. I1., Kpaguuwun T. M., Tuxonoscvkuii M. A.,

Cmoes I1. 1., Bympunceruii 1. 3., Cmeywvko A. €., Kopenoii B. M., Cipax A. A.
Axycruuna emicist crutaBy Zr—1% Nb 3 Moan¢ikoBaHHM OBEPXHEBHM ILIAPOM
TTLJT FAC POBTITY - .uveuteneententeneeuteteetesuestessessestensenseneeneeneeneeseeseabesseeteasessensensenseneeneeneeneeannes

HocnimkeHno BIMB MoIU(IiKOBaHMX MapiB, chOPMOBAHUX Mif Yac XIMIKO-TEPMi4HO-
ro 00poOJIeHHs i HACHYEHUX BOAHEM, Ha (Di3MKO-MEXaHIuHI BJIACTHBOCTI Ta aKyCTHYHY
emicito (AE) kinbleBuX 3pa3kiB, BUPi3aHUX 3 HUPKOHIEBOT TpyOKu 31 craBy Zr—1%
Nb. BcranoBieHo, 10 aKTHBHICTh HU3bKOAMILTITYAHUX curHamiB AE okcnmoBaHOro
CIUIaBY BTpWYi OiIbIna, HiXK HEOOPOOIIEHOTO, a BHCOKOAMILTITY THUX — MeHIIa. [Ticms
HACHYEHHSI BOJHEM OTPHMAaHO aHAJIOTIYHI Pe3yNbTaTH. XapaKTep aMIDIITYZHOTO PO3-
noxiny curHaiiB AE 11 okcumoBaHOTO 3paska chagajibHHH, a 1 00poOiIeHoro y
BaKyyMi 3MiHIOETBCS, 30KpeMa, 3HAYHO 30UTBIIYETHCS KUTBKICTh CHUTHAIIIB y BHCOKO-
aAMILTITYIHIH 001acTi.

KuarouoBi cioBa: yupkowiil, nosepxnesuii wiap, Ximiko-mepmiuHe o00poOneHHs,
aKyCmu4Ha emicis.

Cyxayvxuui FO. B., llenioa M. B., I'onosyyx M. AI. CunTe3 HaHOPO3MipHOT

mmiaesi MgMn,Oy4 CrliBOCaKEHHSM B YIIBTPA3BYKOBOMY IO ..c.vvenveerenresereneennnennnns

YactuHky HaHOpO3MipHOI mmmiHemi MgMn,O4 CHHTE30BaHO CITIBOCAKEHHSIM B YIIb-
Tpa3BYKOBOMY moui. BusiBieHo, mo miku bperra Ha nudpakTorpami CHHTE30BaHOTO
NPOAYKTY HOOpe Y3rOKYIOThCS 3 €TAIOHHOK MOJCIUIIO IumiHesi MgMn,04 3 TeTpa-
TOHaJIbHOIO CTpyKTyporo. 3a piBHsaHHAM Jlebas—Illeppepa po3paxoBaHo cepemHiit
po3Mip kpucranmita MgMn,Oy, sikuii ctaHOBUB ~24 nm. YacTHHKM HaHOpPO3MipHOL
LIMTiHes anpoOOBaHO SK aKTHBATOPU HATPi0 MepKapOOHATY IiJ| 4ac OKHCHIOBAIBHOT
Jerpajaiii KCaHTEHOBOTO OapBHHMKA pojaaminy b (mepemoBe OKHMCHEHHS — yIbTpa-
3ByK/MgMn,04/Na,COs-1,5 H,0,). BeraHoBieHo, 110 3a KOHIIEHTPAIl HATPIO Iep-
kapOoHaty 5 mM, BMicTy Karamizatopa B peakiuiiiHomy cepemoBuiii 1 g/l i TpuBa-
nocti 00podiennst 3600 s cryminp Aerpananii pomaminy b carae 98%, a koHcranTa
mBuakocTi —4,1-107 57",

KaouoBi cioBa: cunmes, ynvmpaszeykose noie, Cnigocaoddicenus, HAHOPOIMIpHA
wninenv, MgMn,O,, kamanizamop, akmusayis.



Lubaiino I. O. OGrpyHTYBaHHS PEXKHUMIB BiTHOBHOTO TEPMi4HOTO 00OpOOICHHS

TEIUTOTPUBKOT cTalli THHY HAPOTOHY TEC. . ..ottt 103

AnpoOOBaHO PEXHMMH BiJHOBHOTO TEPMIYHOTO OOPOOJICHHS AJISl MOJMIMIIEHHS MiKpO-
CTPYKTYPH €KCIUTyaTOBaHOI TEIUIOTPUBKOI CTalli PO3TSTHEHOI 30HH T'MHY TOJIOBHOTO
napororny TEC. JlocmimkeHO 3MiHY KUTBKOCTI 3€peH PIi3HHX PO3MIpiB IO TOBIIMHI
CTIHKH TPYOH MICIIs TPUBAJIO] eKCIDTyaTalii Ta JOJAaTKOBOTO TEPMIYHOTO 0OpOOIeHHS.
OOTpyHTOBaHO PEXXUM BiTHOBJICHHS CTPYKTYpH cTaii 12X1M®, skuii monsiras y mo-
nBiitHIN HOpMarizamii Bifg 1100 ta 960°C 3 momansmumM Biamyckom npu 740°C. Bera-
HOBJICHO, IO TICJIS TaKOro OOpOOJICHHS 4YacTKa JpiOHMX 3epeH 3pocia 10 55%, a
KPYIHHX 3MeHImmiach 10 10% 1o BCii TOBIIUHI CTIHKU TpyOH.

Korouosi ciioBa: menzompuexa cmanw, 2onosui napozonu TEC, ¢ionoena mepmiuna
00pobKa.

Topoanv B. @., Kpanisxka M. O., Mucausuenxo O. M. BnacTHBOCTi €KBiaTOMHUX

BUCOKOEHTpOMIHHUX (a3 JIaBeca THITY Cl4.......cooviiiiiiiiiiiiiiienencneecsene e 108

Hocmimkeno HU3KY BUCOKOeHTpomiitHux cruaBiB (BEC) i BcTaHOBIEHO YMOBH OTpH -
MaHHs ¢a3u JlaBeca Tury C14. OmiHEHO BIUIHB €IEKTPOHHO! KOHIIEHTPAIT XiMiTHIX
€JIEMEHTIB Ha Ii BMICT, @ TaKOX TBEPIICTb 1 MOAYJb MPY>KHOCTI TBEPAOPO3UMHHUX
BEC 3 OLIK Ta I'lLIK rparkamu. BusiBieHo, 1110 3HW)KEHHS ITapaMeTpiB KPUCTATIYHOT
I'PaTKH OTPUMaHOI a3y MPU3BOANTH IO MiJBHUIIECHHS TBEPJOCTI 1 MOIYJIS IPYKHOCTI
CILTIaBIiB.

KarouoBi cnoBa: sucoxoenmponitini cniasu, gasa Jlaseca muny Cl4, enmanvnis
3MIUWLYBAHHS, MBEPOICHb, MOOYIb NPYHCHOCMI, OUCMOPCIL.

|C1<aJ1bel<uL7 B. P.I, Pyoascoxuii J]. B., Kaniok IO. I. OuliHIOBaHHS 3aJIUIIKOBOTO

pecypCy 3alli3HUYHOI PEHKH 13 TOBEPXHEBUMHU TPIITHHAM.........veereveeereeerenseeseneeenns 114

3aIrpornoHoOBaHO HOBHH METOJI PO3PaXyHKY 3aJIMIIKOBOTO pecypcy pelok, sikuii 06a3y-
€THCSl Ha KIHETUYHOMY PIBHSIHHI pPOCTY BTOMHOI TpILIMHH, OTPUMAHOMY 3a €Hepre-
THUYHHUM IT1IJXOJIOM MEXaHIKH pyiHyBaHHs MarepianiB. MeTon npuaaTHUA Jist orpa-
MIOBaHHS METOAMKH OIIHIOBAHHS ITEPIOIMIHOCTI OTJISITYy PEHOK.

KuarouoBi cioBa: conoska i nidowea peuku, 6momua mpinjuna, Koepiyicum iHmeH-
CUBHOCII HANPYIHCEHb, 32UHHULL MOMEHM.

3sizn0 I. C., Cmanxesuu H. B. TpiuuHa 3akpyTy B KyCKOBO-OJIHOPIHOMY TiJTi

3 TOHKAM TPOIIAPKOM HA THTEPADEHCI...ceuvveerieiieiiiieiieniieeieeeieeeieesreeteeseneeseessneeennes 120

MeTo0M IrpaHMYHUX IHTErPaTbHUX PIBHAHB JOCIHIIKEHO BIUIMB TOHKOTO NPOIIAPKY
y KYCKOBO-OJHOPIJHOMY TiJli 3 IBOX IIBIIPOCTOPIB HAa IHTEHCHUBHICTh HAIIPy>XEHb B
OKOJII KpyroBoi TPIllIMHH 3aKpyTy. PO3IJIsIHYTO [Ba MIIXOAM MOJIEIIOBAHHSI TOHKOTO
MPOIIAPKy: TOYHE 3 ypaxyBaHHSIM HOTO T'€OMETPHYHUX DPO3MIpiB Ta HaOIMKEeHEe 3
BUKOPUCTaHHIM e(EKTHBHUX KPAaiOBHX YMOB y BHUIVISAI NPYKUHHOTO KOHTaKTy Ha
iHTepdeiici. BctaHOBIEHO MEXi MPUIATHOCTI NPYKUHHUX YMOB KOHTAKTy JJISI MOJIE -
TMOBaHHS iHTEP(EHCHOTO MPOIIapKYy.

Ku1i04oBi cji0Ba: Kycko80-00Hopione mino, Kpyeosa mpiwjuna 3aKpymy, WMOHKUU
NPOULAPOK, NPYICUHHI YMOBU KOHMAKMY, MEMOO SPAHUYHUX [HMESPATbHUX DIGHSHD.

Babauenxo O. I, Kononenxo I'. A., Jemenmoesa XK. A., Joomina K. I'.,
Tooonvcoxuii P. B., Cagponosa O. A. JlocnipkeHHS BIUIMBY XiMIYHOT
Ta CTPYKTYpPHOI HEOJJHOPIAHOCTI CTaJIl Ha B’SI3KICTh PyHHYBaHHS
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BuBueHO BIUIMB CTPYKTYPHOI 1 XiMI4HOI HEOIHOPIAHOCTI CTalli Ha B’S3KICTh PyHHY-
BaHHS 3aJi3HUYHOTO KoJeca. [TokasaHo, 1m0 (opMyBaHHS HEOAHOPIAHOI MIKPOCTPYK-



TypH TIOB’s13aHe 3 ACHIPUTHOIO JIKBAIIEI0 €IEMEHTIB y CTPYKTYpi MeTary. BcTaHoB-
JICHO, [0 MEeTaJ 3pa3KiB 3 HU3BKOIO B A3KICTIO PyHHYBaHHSI, KpiM copOiTOmoniOHOTO
TIEPIITY 3 BUIIICHHSIMH HAUTAIIIKOBOTO (DEepPUTY Ha MEXaX “KOJMHUIIHIX" ayCTEHITHUX
3epeH, Ma€ CTPYKTYpH 3 TOI9acToro Mopdomoriero (OeiiHiTHI). BoHU 30cepemkeHi,
371e0LIBIIOro, B MiKpoo0O’eMax, 30aradeHnx MapratieM. Y 3pa3kax 3 BHCOKOIO B’SI3-
KICTIO pyHHYBaHHS CTPYKTyp rosdactoi mopdoorii He croctepiranu. JlociimkeHo
XIMIYHUH CKJIaJl CTPYKTYPHHX CKJIaJHHKIB 3pa3KiB. BCcTaHOBIEHO, 1110 TUISHKH 3 TOJI-
YacTOI CTPYKTYPOIO MallM MiJBHIICHUA BMICT MapraHill0 MOPIiBHSHO 3 pO3TalllOBa-
HUMHU HETOJATIK repiitoM i peputom. JloBeneHo, mo JiKBaIiifHI SBHIA B MeTali
0001y 3aJli3HUYHOTO KoJeca 3 MiABUIICHAM BMiCTOM JIETYBaJIbHHUX €JIEMEHTIB (ByTIIe-
IF0, KPEMHIIO 1 MapraHIlio) € MIPHYNHOI0 (POPMYBaHHS HEOJTHOPIAHOT MIKPOCTPYKTYpH
MeTaITy MICIIST TePMIYHOTO 3MIIHEHHS BUPOOIB, a TUISTHKH 3 OCHHITHIMHA CTPYKTYpaMHu
HETaTHBHO BIUIMBAIOTh Ha B’SI3KICTh PyHHYBaHHS TaKOTO METaIy.

Kiro4uoBi ciioBa: sanisnuumi Koieca, MexawiuMi 1ACMUBOCMI, MIKPOCMPYKMYpd,
JiKeayisl.

Pesenko B. I1. TlobynoBa 3aranbHUX Po3B’s3KiB PIBHSIHD PIBHOBATrH

JUISL OPTOTPOITHUX MaTepiajiB 4Yepe3 TPU FapMOHIUHI PYHKIT.....coevvereververierienaeen 133

PosrnsHyTO NiHIHHY MaTeMaTHYHY MOJIENb TEOpPii MPYXHOCTI IS TPUBUMIPHOTO Op-
TOTPOITHOTO TijJla. 3aCTOCOBAHO METOJVKY iHTETPYBaHHS PiBHAHB MPYKHOI PiBHOBaru
Ta QaHATITUYHOTO BUPAKEHHS MPY)XHUX NepeMiniens yepe3 aBi Gpynknii. OxHa GyHK-
sl 3370BOJIbHSIE OJHOPiIHE PIBHSAHHS B YaCTUHHUX IOXiIHHUX APYTrOTo IOPSAKY, a
iHIIIa — YeTBEPTOro nopsiaKy. /st po3B’s3aHHs PIBHAHHS YETBEPTOTO MOPSIKY i ONHU-
CY OPTOTPOIHMX MaTepiaiiB BBeAeHO MoAudikoBaHi rapMOHi4YHI (YHKIII, SKi 3370-
BOJIbHSIIOTh OJHOPIJHI PIBHSHHS B YaCTHHHUX MOXIJHHUX JPYroro mopsuky. Boepiue
PO3pO0IIEHO METOIMKY IHTETPYBaHHS PiBHSHB IPYKHOI piBHOBAaru 0e3 3aiBUX (QyHK-
[iff Ta aHAITUYHOTO BHPAKEHHS IEPEeMIIIeHpb depe3 TpH Moan(iKoBaHI rapMOHIYHI
¢ynkmii. ocmimkeHo KpuTepii BUIIICHHS] YOTHPhOX HOBHUX KIIACiB OPTOTPOITHUX Ma-
TepiaiiB, SKi OMHCYIOTh TphoMa (PYHKIisIME. J[Ba KJIACH MICTSTH IIICTh HE3AIC)KHUX
Koe(illieHTIB OPTOTPOMii, a JBa IHIIMX — I’SATh. [HIII 3aJeXHi KOe]ili€eHTH OPTOTPO-
i1 BU3HAYa€MO 13 OIep)KaHUX PIBHSHB. 3anucaHo BHpa3 AedopMalliil 1 Hanpy>KeHb B
OPTOTPOIHOMY Tiji. BcTaHOBJIEHO, 1110 HE iICHYE €JMHOTO MOAAHHS 3arajbHOTO PO3-
B’sI3KY PIBHSIHB PIBHOBAaru Jyisi OPTOTPOITHOTO TijIa.

KuiouoBi cioBa: opmomponni mamepianu, po3s’si3ku pieHsHb pigHOGA2U, NepeMi-
WJCHHS, HANPYIHCEHHSL, MOOUDIKOBAHI 2APMOHIUHT (IYHKYL.

HALUI BTPATH

BajieHTHH POMAHOBHY CKATIBCBKME. ..........cccvvvviiiiiiiiiieeeieiitieeeeeeecireeeeeeeiveeeeeeeenasesssnaaes 139
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Korniy S. A., Zin I. M., Khlopyk O. P., and Sobodosh N. Yo. Corrosion inhibition
of 116T aluminium alloy by sodium alginate and zinc acetate composition
in neutral chloride-containing eNVIrONMENt...........cccevverierieierienieieeeceenese e seeens 5

The effect of an environmentally safe inhibitory composition based on polysaccharide
(sodium alginate) and acetic acid salt (zinc acetate) on the corrosion of aluminum
alloy in a neutral chloride-containing environment was studied. Based on electroche-
mical studies, the anticorrosion efficiency of the composition and the peculiarities of
the mechanism of its protective action were established. The degree of metal protec-
tion by the alginate-acetate composition, calculated according to polarization depen-
dences, was 89...98%. The anticorrosion effect of the composition is explained by the
formation of a protective film on the surface of the alloy due to the adsorption of
alginate, the deposition of zinc hydroxides on the cathode areas of the metal and,
probably, the formation of poorly soluble Al**~Zn**-alginate complexes. The forma-
tion of the protective film on the surface of the alloy in inhibited solutions was
confirmed by the results of electrochemical impedance spectroscopy, scanning
electron microscopy, and Energy-dispersive X-ray analysis.

Keywords: aluminum alloy, corrosion, chloride-containing environment, inhibitory
composition, sodium alginate, zinc acetate, anticorrosion performance.

Vynar V. A., Chuchman M. R., Khoma M. S., Ivashkiv V. R., Vasyliv Kh. B.,
Gural T. O., Bukliv R. L., and Rudkovskii Ye. M. Causes of accelerated
corrosion in coiled tubing during acid washing of a gas field well............c.cccccceenee. 14

The causes of accelerated corrosion of a coiled tubing HT-95 steel after acid washing
of a gas field well in the Poltava Basin were investigated. Corrosion losses of steel in
the washing solution do not exceed 3.6 mm/year due to the presence of a corrosion
inhibitor in its composition. It was found that after acid treatment of a gas well, the
corrosion rate of steel increased by three orders of magnitude. It is shown that the
accelerated corrosion of steel occurs due to neutralization of the inhibitor effect and
the change in the nature of metal corrosion caused by the high concentration of
oxidizing agents such as iron (III) Fe,O; oxides in the well. When Fe,Os; interacts with
the hydrochloric acid of the washing solution, iron chloride FeCl; is formed, which
partially neutralizes the inhibitor effect and accelerates corrosion of steel.

Keywords: coiled tubing, corrosion, steel, acid washing of the well, inhibitor.



Shendrik T. G., Dunayevska N. I, and Fateiev A. I. High-temperature corrosion

of metal during combustion of coal with high salt content...............coccoocinvininnnnnnen.

The modern mechanisms of corrosion processes during the burning of carbon raw
materials (biomass waste, coal of various metamorphisms) with a high content (Na,O
in ash >2%) of low-melting salts and sulfur are considered. The morphological
features of deposits on the surface of the metal exposed to the high-temperature
combustion gases of the salty coal (SC) before and after desalination and also
composition of corrosion products of ferrite steel during SC ashing and its mixture
with power-generating gas coal are determined. It is experimentally shown that
extraction of water-soluble compounds from SC (on the example of deposits of
Northern Donbass) and its mixture with coal of low salinity lead to a significant
reduction in corrosion of heating surfaces during burning.

Keywords: salty coal, burning, slagging, corrosion, coal blend.

Kostin O. M. and Martynenko V. O. Peculiarities of high-temperature salt

corrosion of Ni(L)—Hf—Cr3Cs alloy......cceecvevieciirieiieieieceeeeeee e

The development of materials resistant to wear and highly resistant to high-tempera-
ture salt corrosion is a pressing issue in ship gas turbine construction. In this case, use
of the Ni(L)-Hf-Cr;C; alloy, which contains hafnium 16.5...17.5 wt%, is promising.
The addition of hafnium enables the formation of a structure maximum resembling
the eutectic phase, with a melting point of 1200 + 10°C, maintaining stable hardness
within the range of 649...665 HV,, and exhibiting an average corrosion rate of
0.18 mg/(cm*h) in a 5% Na,SO4+ 25% NaCl environment at 900°C. The results
obtained allow us to recommend this alloy for use as a base material for reinforcing
the contact surfaces of marine gas turbine engine components.

Keywords: nickel alloy, microstructure, microhardness, wear resistance, high-
temperature salt corrosion.

Veselivska H. H., Proskurnyak R. V., Kuprin O. S., and Mashovets N. S.

Electrochemical behaviour of surface-modified commercially pure titanium
1N RINGET SOIULION. ...ttt

The TiN coating obtained by vacuum-arc spraying on the surface of commercially
pure BT1-0 titanium and thermodiffusion saturation in a nitrogen atmosphere was
studied. The coatings were evaluated by electrochemical methods for determining
their corrosion resistance in Ringer physiological solution. It was found that the TiN
coating deposited on untreated titanium has twice lower corrosion current density of
untreated titanium, while the nitrided surface, without and with the TiN coating, has a
lower corrosion current density by only 6 and 20% less, respectively. The TiN coating
deposited on untreated titanium has the highest corrosion resistance, and the nitrided
surface has the lowest corrosion resistance. Despite this ranking, the corrosion
resistance of all investigated coatings is higher than that of the untreated BT1-0
titanium. Therefore, owing to the high electrochemical stability in Ringer solution,
which contains Cl -ions, the simple surface modification technology, and its non-
toxicity, nitride coatings have a promising application in medicine.

Keywords: BTI-0 titanium, vacuum-arc spraying, thermodiffusion saturation, TiN
coating, corrosion resistance, Ringer solution.

Dmytrakh I. M., Syrotyuk A. M., and Tsyrulnyk O. T. Influence of electrochemical

hydrogen charging on loss of plasticity and development of volumetric
microdamaging 0f 60C2A StEEL........cecueriirieriieieeieeee ettt

Medium-carbon 60C2A steel is sensitive to electrochemical hydrogen charging in
aqueous solutions at room temperature, which leads to a significant loss of the



material plastic characteristics. According to the results of uniaxial tensile mechanical
tests of cylindrical samples, it was found that when the concentration of hydrogen in
steel changed in the range of 0.3...5.0 ppm, the relative elongation and relative area
reduction decreased in approximately three times. Under the impact loading, the
development of volumetric microdamage of 60C2A steel was observed only when it
was hydrogen-charged in the solutions with pH=1 and lower. The critical parameter
of the material state is the energy FE of the impact load under three-point bending of
smooth beam samples, the decrease of which indicates an increase in the intensity of
the hydrogen-induced damage. The existence of correlation dependence between the
parameter £ and the value of the concentration of residual (trapped) hydrogen Cy in
the metal is shown. The obtained results can be used in the development of technolo-
gical processes to increase the level of fragmentation of structural medium-carbon
steels.

Keywords: medium carbon steel; electrochemical hydrogen charging, hydrogen
concentration, static load, plasticity characteristics, dynamic load, fracture energy,
volumetric damage.

Zvirko O. I, Nykyforchyn H. M., Krechkovska H. V., and Venhryniuk O. I. Estimation
of stresses caused by electrochemical hydrogenation of pipe carbon steel..................

The internal corrosion of gas steel pipelines can be accompanied by electrochemical
hydrogenation, and hydrogen transportation can intensify this process. A method for
the study of stresses in steel caused by electrolytic hydrogen charging has been developed.
It consists in preliminary rigid loading of specimens in the elastic or plastic regions,
electrolytic hydrogen charging and recording of stresses. On the example of 17T'1C
pipe steel (an analogue of API SL X52), the occurrence of internal tensile stresses
under the action of hydrogen is established. The amplitude of stresses and their
reversibility depended on both the intensity of hydrogen charging and the character of
the previous load. The obtained results were analyzed taking into account the different
state of hydrogen in the steel — diffusible and trapped in defects of the microstructure.

Keywords: pipeline steel, hydrogen charging regimes, stress assessment, hydrogen
embrittlement mechanism.

Makarenko V. D.,Chyhyrynets O. E., Vynnykov Yu. L., Gots V. 1., Maksimov S. Yu.,
Pipa V. V., and Makarenko Yu. V. Study of the influence of hydrogenation
kinetics on sulphide stress corrosion cracking of shipbuilding steels..........................

The kinetics of hydrogenation and the mechanisms of sulphide corrosion cracking of
long-term operated pipe shipbuilding 15XCH/I and D32 steels were evaluated. It is
found that with the increase of the service life these steels are intensively hydroge-
nated from the inner surface of the pipe, the concentration of hydrogen exceeds the
initial values in 2-2.5 times. The same tendency of microhardness changes in the
cross-section of the metal wall of pipes with different service life is observed. Its
values in the near-surface layers from the outer side of the pipe increase in 1.5-2 times.
With the increase of the stresses during tests under corrosion sulphide cracking in the
NACE environment hydrogenation of the samples increases dramatically (in approxi-
mately 2-3 times), which causes severe embrittlement (increasing the microhardness
of the metal) and a decrease in the crack growth resistance.

Keywords: shipbuilding steels, degradation, hydrogenation, microhardness, crack
growth resistance.



Kyryliv V. L., Maksymiv O. V., Hurey I. V., Tsizh B. R., Gurey V. I, and Kulyk Yu. O.

Influence of the mode of deformation and hydrogenation
on mechanical properties of 40X steel with surface nanostructure...............cccccceeneee.

The influence of the unidirectional and multidirectional mode of severe plastic defor-
mation generated by mechano-pulse treatment, on the formation of tensile mechanical
properties of the 40X steel with surface nanostructure with and without electrolytic
hydrogen charging was studied. Due to such treatment the yield strength of the
obtained material was improved in almost 2 times. However, the characteristics of
plasticity changed ambiguously: the elongation decreased in comparison with as-
received state and the reduction in area after the multidirectional deformation —
increased. The increment of the modulus of elasticity and formation of the equiaxed
nanocrystalline structure, which enables transition of the severe plastic deformation to
the advanced stage when plastic shear is suppressed and only plastic rotation occurs,
is considered. It was established that after hydrogen charging, the multidirectional
deformation generally provided the increase of the strength characteristics and
retained the reduction in area as in the as-received steel.

Keywords: surface nanostructure, severe plastic deformation, physicomechanical
properties, hydrogen.

Hredil M. I, Kryzhanivskyi Ye. 1., Demianchuk D. O., Shtoyko I. P.,

and Bartoshevskyi D. P. Mechanochemical method of fatigue crack growth
arrest in metals by its artificial ClOSUIE..........ceecverieeiiiieie e

A method based on supplying a special liquid technological environment containing
tannins into the crack cavity is investigated, which leads to the intensive formation of
insoluble tannats in it. Filling the crack cavity, these compounds create an essential
crack closure effect in steel up to its complete arrest in a wide range of stress intensity
factors. Alloys with different corrosion resistance are studied: carbon steel 20,
stainless steel 12X18H10T and titanium VT1-0. The effectiveness of the method is
assessed by fatigue crack growth curves. A crucial role of crack closure in its arrest is
confirmed. The unequal effectiveness of the method for various metal materials is
shown. This is explained by the competitive formation of oxide films which prevent
the accumulation of tannate deposits in the crack.

Keywords: fatigue, crack arrest, artificial crack closure, tannin.

Chepil O. Ya. Hydrogen influence on the durability of a thin-walled sample

under high-tempPerature CIEEP.........eeruirierieieieeieete ettt

The durability of a thin-walled plane specimen made of 22K steel under the influence
of hydrogen and creep was determined using the finite element method (FEM). A
comparative analysis of The results obtained using the classical equations of creep
theory and the energy approach were compared. The satisfactory convergence of the
results with experimental data is established. However, the energy criterion allows for
a more accurate prediction of the time to failure compared to the classical equation.

Keywords: hydrogen concentration, creep, strain energy, damage, long-term
strength.

Hvozdetskyi V. M., Student O. Z., Student M. M., Pohrelyuk I. M., Zadorozhna Kh. R.,

and Lukyanenko A. G. Physicomechanical properties of electric
arc sprayed coating formed in supersonic Mode...........cceecververiereriiereeiieneeieeeeeeeenens

It was established that the mechanical properties and the failure mechanism of arc
sprayed coatings with cored wire (CW) 90X17P2I'C depend on the pressure of the
sprayed air (0.6 and 1.2 MPa). It was found that residual tensile stresses in the coating
obtained at a supersonic speed of air flow (600 m/s) decreased by 10%, and their
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microhardness and cohesive strength increased by 30 and 200%, respectively, relative
to that formed at the subsonic speed (300 m/s). The improvement in the properties of
the coating formed by a supersonic air flow was explained by: a decrease in the size
of droplets of the CW melt and, accordingly, the thickness of the lamellas crystallizing
on the substrate and also by a decrease in the thickness of interlamellar oxides in the
coating due to a shorter flight of droplets during spraying and, accordingly, less
intense high-temperature oxidation of their surface; dispersion strengthening of
lamellas with nano-sized particles of (Fe, Cr).B borides; an increase in the proportion
of translamellar failures compared to interlamellar delaminations during cohesive
strength tests.

Keywords: arc spraying, super- and subsonic air flow speed, cored wire, coatings,
microhardness, residual stresses, cohesive strength, failure mechanism.

Trush V. S., Pochapskyi Ye. P., Klym B. P., Kravchyshyn T. M., Tikhonovsky M. A.,

Stoev P. I, Butrynskyi I. Z., Stetsko A. E., Korendiy V. M., and Sirak Ya. Ya.
Acoustic emission of Zr—1% Nb alloy with modified surface layer
LDV Te (< g = 1153 (o) o DU TSR

The influence of modified layers formed during chemical-thermal treatment and
subsequent hydrogen saturated on the physicomechanical properties and acoustic
emission (AE) of ring samples cut from a zirconium tube of the Zr-1% Nb alloy was
investigated. It was established that the activity of low-amplitude AE signals of the
oxidized alloy is on average three times greater than that of the untreated alloy, and
while of the high-amplitude signals it was less. After saturation with hydrogen,
similar results were obtained. The character of the amplitude distribution of AE
signals for an oxidized sample is decreasing, while for a vacuum-treated sample it
changes, in particular, the number of signals in the high-amplitude region increases
significantly.

Keywords: zirconium, surface layer, chemical-thermal treatment, acoustic emission.

Sukhatskiy Yu. V., Shepida M. V., and Holovchuk M. Ya. Synthesis of nanosized

MgMn,0; spinel by co-precipitation in the ultrasonic field ..........ccoccoveriiniininennne.

Nanosized MgMn,O, spinel particles were synthesized by co-precipitation in an ul-
trasonic field. It was found that the Bragg peaks on the diffractogram of the synthe-
sized product were in good agreement with the reference model of MgMn,O, spinel
with a tetragonal structure. According to the Debye—Scherrer equation, the average
size of the MgMn,Oy crystallite was calculated, which was ~24 nm. Nanosized spinel
particles were tested as sodium percarbonate activators during the oxidative degrada-
tion of the xanthene dye rhodamine B (advanced oxidation — ultrasound/MgMn,O./
Na,COs:1.5 H,0,). It was established that at the sodium percarbonate concentration of
5 mM, the catalyst content in the reaction medium of 1 g/l, and the treatment time of
3600 s, the degradation degree of rhodamine B was 98%, and the rate constant was —
41107 s,

Keywords: synthesis, ultrasonic field, co-precipitation, nanosized spinel, MgMnO.,,
catalyst, activation.

Tsybailo 1. O. Justification of modes of restorative heat treatment of heat-resistant

steel of TPP vapour steam DENt..........c.ccveieriecierieieiieie ettt sse e 1

Restorative heat treatment modes was tested to improve the microstructure of used
heat-resistant steel in the stretched bending zone of the main steam pipeline of a
thermal power plant. The change in the number of grains of different sizes along the
pipe wall thickness after long-term operation and after additional heat treatment was
studied. The mode for restoring the structure of 12X1M® steel was substantiated,
which consisted in double normalization from 1100 and 960°C followed by tempering



at 740°C. It was shown that after restorative heat treatment, the proportion of small
grains increased to 55%, and of large grains decreased to 10% throughout the entire
thickness of the pipe wall.

Keywords: head-resisted steel, main steam pipeline TPP, restorative heat treatment.

Gorban’ V. F., Krapivka N. A., and Myslyvchenko O. M. Properties of equiatomic
high-entropy Laves phases of C14 type

Based on the results of studies of a number of high-entropy alloys (HEA), the condi-
tions for the formation of Laves phases of type C14 were established. The influence
of the electronic concentration of chemical elements on its content, as well as the
hardness and modulus of elasticity of hard-soluble HEA with BCC and FCC lattices
was estimated. It is found that a decrease in the parameters of the crystal lattice of the
obtained phase leads to an increase in hardness and elastic modulus of alloys.

Keywords: high-entropy alloys, Laves phase of type C14, mixing enthalpy, hardness,
elastic modulus, distortion.

kalskyi V. R, Rudavskyi D. V., and Kanyuk Yu. I. Evaluation of residual life

of a railway rail with surface cracks

A new calculation method of assessing the rail residual lifetime is proposed. The
method is based on the kinetic equation of fatigue crack growth obtained on the basis
of the energy approach of the materials fracture mechanics. The proposed calculation
method can be used when developing the methods for assessing the rails inspection
periodicity.

Keywords: head and foot rail, fatigue crack, stress intensity factor, bending moment.

Zvizlo 1. S. and Stankevych N. V. Torsion crack in a piecewise homogeneous
body with a thin layer at the interface

The influence of a thin layer in a piecewise homogeneous body consisting of half-
spaces on the stress intensity in the vicinity of a circular torsion crack is studied by
the method of the boundary-integral equations. Two approaches to modeling a thin
layer are considered — accurate considering its geometric dimensions and approximate
using effective boundary conditions in the form of a spring contact at the interface. The
limits of applicability of spring contact conditions for modeling the interlayer have
been established.

Keywords: piecewise-homogeneous body, penny-shaped torsion crack, thin
interlayer, spring boundary conditions, boundary integral equations method.

Babachenko O. I, Kononenko G. A., Dement’eva Zh. A., Domina K. G.,

Podolskyi R. V., and Safronova O. A. Study of the influence of chemical
and structural heterogeneity of steel on fracture toughness
OF TAIIWAY WHERLS. ...c..eieieiiiie e 128

The effect of structural and chemical heterogeneity of steel on the fracture toughness
of a railway wheel was studied. It is shown that the formation of a heterogeneous
microstructure is associated with the presence of dendritic liquation of elements in the
metal structure. The metal of the samples, which is characterized by a lower value of
fracture toughness, in addition to sorbitol-like pearlite with excess ferrite on the boun-
daries of the “former” austenite grains, has acicular morphology (bainite structures) of
the structure. They are concentrated, mainly, in microvolumes enriched with manga-
nese. In the samples with high values of fracture toughness the acicular structure was
not observed. The chemical composition of the structural component samples was
studied. It was found that areas with an acicular structure had an increased content of
manganese compared to pearlite and ferrite located nearby. It is proved that liquation



phenomena in the metal of the railway wheel rim, characterized by an increased
content of alloying elements (carbon, silicon and manganese), are the cause of the
formation of a heterogeneous microstructure of the metal after thermal hardening of
the products, and the presence of areas with bainite structures negatively affects the
fracture toughness of the metal of the railway wheel rim.

Keywords: railway wheels, mechanical properties, microstructure, liquation.

Revenko V. P. Construction of general solutions of equilibrium equations

of orthotropic materials in terms of three harmonic functions...........cccccoceeriinciinnene 133

A linear mathematical model of the theory of elasticity of a three-dimensional ortho-
tropic body is considered. The technique of integrating elastic equilibrium equations
and analytical expression of elastic displacements through two functions is applied.
One function satisfies a homogeneous equation in partial derivatives of the second
order, and the other one of the fourth order. To solve the fourth-order equation and
describe orthotropic materials, modified harmonic functions are introduced which
satisfy homogeneous equations in the second-order partial derivatives. For the first
time, a method of integrating elastic equilibrium equations without redundant functions
and analytical expression of displacements through three modified harmonic functions
was developed. The criteria for the selection of four new classes of orthotropic mate-
rials, described by three functions, were studied. Two classes contain six independent
orthotropic coefficients, and the other two contain five coefficients. The other depen-
dent orthotropic coefficients are determined from the obtained equations. The expres-
sion of deformations and stresses in an orthotropic body is recorded. It is established
that there is no single representation of the general solution of the equilibrium
equations of an orthotropic body.

Keywords: orthotropic materials, solutions of equilibrium equations, displacements,
stresses, modified harmonic functions.
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