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PE3FOME. JlocmimKeHO TeMIIepaTypHi 3aJIC)KHOCTI MIITHOCTI 1 TNITACTUYHOCTI, IIUKIIIY-
HY TPIIIUHOCTIMKICTD MICJIA TEPMOCHIOBOTO BIUTHBY IIil Yac TaJbMYBaHHSA, a TAKOX OIIip
3HONIYBAHHIO 1 TOUIKO/HKYBAaHOCTI KOJICHHUX CTaliell 3 MiIBUIICHUM BMICTOM KpEMHIIO i
MapraHIio Ta 3HIKCHUM BYTJIEIIO, SIKi OPIBHSHO 3 OTPUMAaHUMH PaHiIIe Ui CTaHAapTHUX
craneit mapok 2 i T. BusBieHo, mo KpeMHii i MapraHelp COPUSIOTh BUPIBHIOBAHHIO ITHK-
J9HOI B’A3KOCTI pyHHYBaHHA CTaNi Y Pi3HUX 30HAX 000y KOJeca, a TAKOK 3HIKCHHIO BHU-
cokotemmneparypHoi (Buie 500°C) miacTUIHOCTI (BiJHOCHOTO BUOBXKCHHS), 1[0 3MCHIIYE
CXWJIBHICTB CTaJli 10 yTBOPEHHS MOB3YHIB Ha WOro MoBepxHi koueHHd. [IpoTte TBepmopos-
YMHHE 3MIIIHEHHSI TaKUX CTajell 3a MOpiBHSAHO BHcokoro (~ 0,6%) BMicTy ByIJIElO CIpH-
YMHS€E€ HU3bKY TPINIMHOCTIMKICTh 32 HMKJIIYHOTO HABAHTAXKEHHS Yy BUXIIHOMY CTaHi 1 3a
BILUIMBY TEPMOCUJIOBHX YMHHHMKIB i/l 4ac rajibMyBaHHs, a TAKOXK CIIA0KHI OMIp TTOIIKOJIKY-
BAHOCTI 32 KOHTAKTHOI BTOMH. PEKOMEHJOBaHO 3HM3HUTH BMICT BYIJICIIO B TAKUX CTAJISX JIO

0,52...0,53%.

PE3FOME. ViccienoBaHsl TeMIIepaTypHble 3aBUCIMOCTH IIPOYHOCTH U MJIACTUYHOCTH,
HUKJIAYECKas TPEIMHOCTOMKOCTh TOCJIE€ TEPMOCHIOBOTO BIHSHUS IPH TOPMOXKEHUH, CO-
MPOTHUBIEHHE U3HOCY H MOBPEXKIAEMOCTH KOJIECHBIX CTAJIEH C MOBBIIIEHHBIM COAEPKAHHEM
KPEMHHUS ¥ MapraHia ¥ MOHMKEHHBIM YIJIEPOAa, KOTOPBIE CPABHEHBI C MOIYYEHHBIMU pa-
Hee I CTaHIapTHRIX craneit Mapok 2 u T. BeIsABICHO, UTO KpeMHUI U MapraHel] croco0-
CTBYIOT BBIPAaBHHMBAHHUIO LUKIMYECKON BSI3KOCTH Pa3pYIICHUS CTAIM B Pa3IMYHBIX 30HAX
oboa Koreca, a Takke CHIDKEHHUIO BeIcOKoTemreparypHoi (Beimie 500°C) mmacTHIHOCTH
(OTHOCHUTENPHOTO YJUIMHEHHS), BCIEACTBHE YET0 yMEHBIIAETCA €€ CKIOHHOCTh K 00pa3o-
BaHHUIO MOJ3YHOB Ha MOBEPXHOCTH KaTaHuA. OfHAKO TBEPIOPACTBOPHOE YNPOYHEHHUE Ta-
KHX CTaJiell MpU CPaBHUTENIBHO BBICOKOM (~ 0,6%) comepikaHnu yriepona o0ycIOBINBAET
HU3KYIO TPEIIMHOCTOWKOCTh MPH IUKINYECKOM HArpyXEHHH B HCXOTHOM COCTOSHHUH H
MI0CJI€ BO3JCHCTBUS TEPMOCHIIOBEIX (DaKTOPOB MPH TOPMOXKEHHH, a TaK)KEe HE3HAUHTEIBHOE
COTIPOTHUBIICHHE TOBPEXKIAEMOCTH B YCIOBUSIX KOHTAKTHOM ycTalocTH. PexoMeHIoBaHO
CHU3UTD COJIEpKaHUe yriiepoaa B Takux cransx J1o 0,52...0,53%.

SUMMARY. The temperature of strength and plasticity dependences, as well as fatigue
crack growth resistance after thermal impact during braking, resistance to wear and dama-
geability of type K wheel steels with increased silicon and manganese content at reduced
carbon content are established and compared with previously obtained ones for standard



steels of grades 2 and T. It has been found that silicon and manganese content causes the
homogenization of the steel structure in various zones of the wheel rim, as well as the
reduction of high temperature (above 500°C) plasticity (relative elongation), which leads to
a decrease in the steel tendency to flats forming on the wheel tread surface. However, solid-
solution hardening of such steels with a relatively high (~ 0.6%) carbon content causes a
low crack growth resistance under cyclic loading in the as-received state and after exposure
to thermal force factors during braking, as well as a low damage formation resistance in
contact fatigue conditions. It is recommended to decrease the carbon content in such steels
t0 0.52...0.53%.

Voyevodin V. M., Mitrofanov A. S., Gozhenko S. V., Vasilenko R. L., Krainyuk Ye. O.,
Bazhukov A. V., Paliy A. M., and Melnyk P. Ye. Non-metallic inclusions
in 08X18H10T steel as a cause of defects in the heat exchange tubes
OF NPP StEAM GENEIALONS........eviiiitiieeiietirt ettt 16

PE3FOME. Tlomano pe3ymbTaTH 3 BUBYEHHS MikpocTpykrypu ctami 08X18HIO0T y
TEIUTOOOMIHHUX TpyOax Micis IX TpUBAJIOl eKCIUTyaTalii B MaporeHepaTopax eHeprodyioka
BBEP-1000. Po3risiHyTO BIUIHB HEMETAJICBUX BKJIIOUCHD Ha JErpajaIlilo METalry TeIuioo0-
MmiaHux Tpyo AEC. [Toka3aHo, 110 #MOBIpHOIO MIPHUYMHOIO MMOPYIICHHS MMACUBAIli METaNy 1
BUHHMKHEHHSI KOPO3ifiHUX Je(eKTiB € HeMeTaJeBi BKIIOYECHHS, SIKi pO3TallloBaHI Ha HOTro
noBepxHi. [Tix BIIMBOM poOOYMX YMHHHUKIB y MeTalli BUHHKAIOTh 3HAKO3MIHHI HalpyKeH-
Hl, 110 MPU3BOANTH 10 MIKPOPYHHYBaHHS Ha MEXi BKIFOUEHHS—METaN i PO3BUTKY KOPO3iii-
HOI BTOMU.

PE3IOME. TlpencraBieHbl pe3yapTaThl IO WU3YYEHUIO MHUKPOCTPYKTYPHI CTalln
08X18HI10T B TeruiooOMeHHBIX TpyOax MOCie UX JIMTEIBHOM IKCILTyaTallid B MaporeHe-
paropax sHepro6moka BBOP-1000. PaccMoTpeHO BIMSHIEC HEMETAUNIMIECKAX BKIIFOUCHHUN
Ha Jerpajanuio Meramia TermooOMeHHBIX Tpyd ADC. Iloka3zaHO, 4TO BEepOSATHOW MPHYH-
HOHM HapyIICHMS MAaCCHBAILMH METAIa U BOSHUKHOBEHUS KOPPO3HOHHBIX NE()EKTOB SBIIA-
I0TCSl HEMETAJUINYECKHE BKIIIOYEHUS, BBIXOIAIINE HAa MOBEPXHOCTh MeTasna. Ilox Bo3men-
cTBHEM pabounx ()aKTOpOB B MeTaJule BO3HHMKAIOT 3HAKOIEPEMEHHBIEC HANpsDKEHUS, TPH-
BOJAIINE K MUKPOPA3PYIICHUSAM Ha TpaHMIIE BKIIOYCHHE—METaI U Pa3BUTHIO KOPPO3UOH-
HOM yCTaJIOCTH.

SUMMARY. The results of study of the microstructure of 08X18HI10T steel in heat
exchangers in steam generators of the power unit WWER-1000 after their durable operation
are presented. The influence of nonmetallic inclusions on metal degradation of NPP heat
exchangers is considered. It is shown that the possible reason for the passivation violation
of the metal and the occurrence of corrosion defects is non-metallic inclusions that extend
over the surface of the metal. Under the influence of working factors, alternating stresses
arise in the metal of heat-exchange tubes, which lead to micro-fractures at the inclusion-
metal interface and the development of corrosion fatigue.

Student O. Z., Krechkovska H. V., Nykyforchyn H. M., and Kurnat 1. M.
Fractographic criterion of carbon steels reaching critical technical state .................... 24

PE3FOME. 3anponoHoBaHO MikpodpakTorpadiYHAil METO/ OLIHIOBAaHHS TEXHITHOTO
CTaHy TPHBAJO EKCIUTyaTOBAaHMX BYIVICHIEBHX CTajel NMpo¢uIbHOTO MpoKary, sIKMi 0a3zy-
€TBCS Ha 1MTO0Y/IOBI KOPEISIIIHHOT 3aI€KHOCTI MK 3MIHOIO OTIOPY KPUXKOMY pyHHYBaHHIO,
30KpeMa yJapHOI0 B’S3KICTIO, 1 CHIBBIZHOIIEHHAM IUIONI (hpakrorpadiyHUX eJIEeMEHTIB
OKpHUXYEHHS 1 B’SI3KOT0 penbedy. KpuTHyHmii cTaH eKcIuryaToBaHUX cTayieil 00IpyHTOBaHO
SIKICHOFO 3MIHOIO €JIEMEHTIB OKPUXYEHHS Ha 3JlaMax, a came: po3IapyBaHHs, BJIaCTUBI iX J0-
KPUTHUYHOMY CTaHy, 3MIHIOIOThCS Ha Kpi3b3epeHHi Binkonu. Lle BimOyBaeThesa B Touli Oi-
(hypxarii Ha KOpeALiiHiil 3aJIeXHOCTI, CIUTBHIN TSI HU3KY CTaJIeH He3aIeXHO BiJ yMOB iX
eKCILTyaTaltii.

PE3IOME. TlpennoxxeH MHKpodpakTorpaduIecKuii MeTON OIEHKH TEXHHYECKOTO
COCTOSTHUS JUIUTENBHO DKCIUTYaTUPOBAHHBIX YIIIEPOJMUCTHIX CTaJlel, OCHOBAHHBIM Ha I0-



CTPOEHHMHU KOPPESIIMOHHON 3aBUCUMOCTH MEX1y U3MEHEHHEM COIPOTUBIICHHUS XPYIKOMY
pa3pylIeHHIO, B YaCTHOCTH YJAapHOH BSI3KOCTH, U COOTHOLICHUH Muiomaneil ppakrorpadu-
YECKUX JJIEMEHTOB OXPYIUMBAHUS U BA3KOTo penbeda. Kpurnueckoe cocrosHue 3KCILTya-
THUPYEMBIX CTaleil 000CHOBAHO Ka4eCTBEHHBIM M3MEHEHHEM JJIEMEHTOB OXPYITYMBaHHE Ha
M3JIOMaxX — PACCIOCHUS, TIPUCYIIHE UM B TOKPUTUIECKOM COCTOSTHHH, CMEHSIOTCS Ha TPaHC-
3€pEHHBIC CKOJIBI. DTO MPOUCXOIUT B TOUKEe OM]ypKanuu Ha KOPPEISITUOHHON 3aBHCH-
MOCTH, 00IIeH s psifa CTaje He3aBUCHMO OT YCIIOBHH MX 3KCILTyaTaIlHH.

SUMMARY. The microphractography method for technical state estimation of the long-
term operated carbon steels is proposed. The method is based on correlation dependence
between brittle fracture resistance changes (particularly, impact toughness) and a ratio of
fractographic brittle elements area and ductile relief. The critical state of operated steels is
caused by the quality change of embrittlement elements on the fracture surfaces — from the
delamination type typical of the subcritical state to transgranular cleavages which start at a
bifurcation point on the correlation dependence that is common for numerous steels
independent of their operation conditions.

Buketov A. V., Brailo M. V., Yakushchenko S. V., and Yatsiuk V. M. Development
of epoxy-polyester matrix with improved adhesion and physicomechanical
properties using an isocyanate ModifiCator............cccevveviiie v 31

PE3IOME. Jlocnimxeno aaresiiiHi Ta (i3Mko-MeXaHiYHiI BIACTHBOCTI KOMITO3UTHUX
marepiani (KM) Ha ocHOBI erokcunoniedipHoro 3B’ s3yBaua 3 1oJaBaHHIM MoaudikaTopa
MeTHICHIU(CHIIAI301iaHaTy. BCTaHOBIEHO, 0 HAWBUIIIMMHU aAre3iiHUME Ta KOTE31HHU-
MH XapaKTepUCTHKaMH BOJOAI€ MaTpHIld 32 BMicTy Moaudikaropa ( = 0,25 mass%. Axre-
3iifHa MIIHICTH 32 BIIPHUBY eMOKCHIOMieipHOI MATPHI 3 MOJIMIICHHUMH aare3iiHuMHU
BJIACTHBOCTSIMH CTaHOBUTH G, = 55 MPa, a 3anumkosi Hanpyxenus or = 4,1 MPa. Matpu-
1151 3 MOJIMIIEHNMH KOT€31MHUMH BIACTHBOCTSIMH Ma€ TaKi MMOKa3HUKU: MOAYJIb IPYXKHOCTI
3a 3ruy £ = 3,7 GPa, pyiiHiBHI Hanpy>XeHHs 3a 3ruHy os = 57 MPa, ynapny B’s3kicte W =
=8,9 kJ/m?. Jlna BuBYEHHs NOBEpXOHb 30aMy KM BHUKOPUCTAHO ONTUYHY MiKpPOCKOIIIO.
KoncraToBaHo, 1110 Mon]ikaTOp CyTTEBO BIUIMBA€E HA BKA3aHI XapaKTEPUCTHKU MaTepialliB.

PE3FOME. ViccnemoBaHBI aire3MOHHBIE W (PU3UKO-MEXaHHYECKHE CBOICTBAa KOMIIO-
3uTHBIX MaTepranoB (KM) Ha OCHOBE 3MOKCHUTIOIMI(HUPHOTO CBA3YIOLIETO MPH J00aBICHUN
Mo uduKaTopa MeTHIeHU(pEHIIINI301[MaHaTa. Y CTAHOBIIEHO, YTO MOBBILICHHBIC aJIre3u-
OHHBIE ¥ KOT'€3MOHHBIC XapaKTePUCTHKH UMEET dokcumonmmdpupras matpuiia ¢ 0,25 mass%
MomuduKaTopa. AIre3noHHast €e MPOYHOCT PU OTPBIBE COCTAaBIsET G, = 55 MPa, a ocra-
TOYHBIe HamnpspkeHus or = 4,1 MPa. Marpuna ¢ yirydmeHHbIMH KOT€3HOHHBIMU CBOMCTBA-
MH HMEET TaKHhe MOoKa3aTelIu: MOAYb ynpyroctu npu mrubde E = 3,7 GPa, pa3zpymutens-
Hble HAMPSKEHUs IpyU usrube cst = 57 MPa, ynapHas saskocts W' = 8,9 kKJ/m?. Jlns usyue-
HUs noBepxHocTu u3noMa KM ucrnosp3oBaHa ontuueckas MUkpockonusi. KoHcraTuposa-
HO, YTO MOJM(UKATOp CYIIECTBEHHO BJIMSET Ha a/Il€3MOHHBIE U KOI'€3MOHHBIE CBOWCTBA
UCCIIeyeMbIX MaTepHaOB.

SUMMARY. The adhesion and physicomechanical properties of composite materials
(CM) based on the epoxy-polyester binder doped with a methylenediphenyl diisocyanate
modifier are investigated. It has been found that the matrix with the content of the modifier
g =0.25 mass% is characterized by the best parameters of adhesion and cohesion. The
developed epoxy-polyester matrix with improved adhesion properties is indicated by
indices of adhesive strength under tear o, =55 MPa, residual stresses o, = 4.1 MPa. The
matrix with improved cohesive properties is characterized by the following indices: the
modulus of elasticity under bending E = 3.7 GPa, fracture stresses under bending os =
=57 MPa, impact toughness W' = 8.9 kJ/m?. Study of CM fracture surfaces is performed
using optical microscopy. Based on the results of the analysis of the microstructure, it is
proved that the presence of the methylenediphenyl diisocyanate modifier significantly
affects the adhesive and cohesive properties of the studied materials.



Blikharskyy Ya. Z. Mechanical properties anisotropy of heat-treated rebar A500S............. 37

PE3FOME. locnimkeHO 3MiHY MIKPOTBEPIOCTI apMaTypHOTO CTPIDKHS JiaMEeTpOM
20 mm 3i cram A500C B pamianpHOMY HamlpsMKY i BCTAHOBJICHO TOBIIUHY TEPMO3MIiIlHE-
Horo mrapy. [[ms omiHIOBaHHS aHI30TPOMii XapaKTEpHUCTHK MIITHOCTI Ta IUIACTHYHOCTI 3a
TOBIIMHOIO apMaTyPHOTO CTPYKHSI BUKOPHCTAIIM TPyOUacTi 3pa3ku, podoya 4acTHHA SKUX
MICTHJIA JIUINE 3MIITHCHHH Imap CTpHxkKHs, abo Juiie MaTepian cepreBuHH. [100ya0BaHO
YMOBHI Ta ICTHHHI Aiarpamu JeopMyBaHHS 3a po3Tary. [lokasaHo, 1110 MeXaHi4HI XapakKTe-
PHCTHKH MaTepiajly IIOBEPXHEBOTO IIapy apMaTypHOTO CTPMIKHS CYTTEBO BIIPI3HSIOTHCS
BiJl XapaKTEPUCTUK HOTO CEPIIEBUHH.

PE3IOME. VccnenoBaHo M3MEHEHHWE MUKPOTBEPAOCTH apMaTypHOTO CTEPXKHS Tua-
metpom 20 mm u3 cramu AS00C B pamuambHOM HampaBICHWW W YCTAHOBIICHA TOJIIUHA
TEPMOYIPOYHEHHOTO cJosl. JlJIsl OLIEHKH aHU30TPOIIMHU XapaKTEPUCTUK MPOYHOCTH U IuIac-
TUYHOCTH TIO TOJIIWHE apMaTypHOT'O CTEP>KHS MCIOJB30BAIH TpyOUdaTbie oOpasifsl, pado-
Yas 9acTh KOTOPBIX COJAepiKajia JINO0O YIPOYHEHHBIA CIOH CTEpKHS, JINOO MaTepHall cep-
IeBUHEL. [1OCTPOCHBI YCIOBHBIE W HWCTHHHBIC AMArpaMMbl Ie(OPMHpPOBAHUS TIPH pac-
TskeHuH. lloka3aHo, YTO MEXaHHYECKUE XapaKTEPUCTHKU MarepHalla MOBEPXHOCTHOIO
CJI0S1 apMAaTypPHOTO CTEP>KHS 3HAUUTENIBHO OTIIMYAKTCS OT XapaKTEPUCTUK €TI0 CEPILECBUHBI.

SUMMARY. The microhardness distribution of the 20 mm rebar made of A500S steel
in a radial direction is investigated and the thickness of the hardened layer is established.
To evaluate the anisotropy of the strength and plasticity characteristics of a rebar, tubular
samples are used the gauge section of which contains either only a hardened layer or only a
core material. Engineering and true stress-strain curves under tensile testing are
constructed. It is shown that mechanical characteristics of the hardened layer of the rebar
are significantly different from those of its core.

Dmitrieva G. P., Cherepova T. S., Kosorukova T. A., and Pryadko T. V.
The influence of rhenium alloying on heat resistance of cobalt
With niobium carbide allOY .........cooov i 43

PE3FOME. MetonaMu (i3uKO-XIMIYHOTO aHANI3y AOCHIIKEeHO BILHB 1...9 mass%
pEHil0 Ha TeMmeparypy IUIaBICHHS, CTPYKTYpPY 1 ’KapOTPHBKICTh JIMBapHOTO CEpiifHOTO
crutaBy XTH-62, sikuii 3aCTOCOBYIOTH IS 3aXUCTY BiJf 3HOITYBAaHHS KOHTaKTYIHOUHX MOBEP-
XOHB po0OounX Jonatok razorypOinaux neuryHiB (I'T/). BcTaHOBIIEHO, IO 32 ONITUMAITE-
Horo Horo BMicTy Big 3 1o 9 mass% omip crutaBy okucHeHHo npu 1100°C miaBuiyeTbes
BzBiui. [Ipu npoMy Temmneparypa ruiaBieHHs 30epiraetbest He Hkue 1300°C i He 3MiHIo-
€TBCSI CTPYKTYpa, TOMY BiH II€PCHEKTUBHHH Ui BUKOPHUCTAHHS B JKOPCTKIMIMX YMOBax
poboru I'TA.

PE3FOME. MetonaMu (pHU3UKO-XHMMHUYECKOTO aHalW3a MHCCIEAOBAaHO BiMsAHHUE ...
9 mass% peHHs Ha TeMmIeparypy IUIaBJIEHHs, CTPYKTYpPY M KapONPOYHOCTH JIUTEHHOIO
cepuitHoro crutaBa XTH-62, mpuMeHseMOTo Ui 3alUTHl OT M3HOCA KOHTAaKTHUPYIOIINX
MOBEPXHOCTEH paboumx jomaTok ra3oTypOuHHBIX asurarteneit (I'TZ[). YcrtaHoBneHo, 4TO
MPY ONTHMAJIFHOM €r0 COAep>KaHuH OT 3 10 9 mass% CONMpOTHBIICHHE CIIIaBa OKHCIIECHHIO
npu 1100°C nosbIaetcs B 2 pasa. Ilpu 3Tom Temneparypa IIaBlIeHUs] COXPAHSETCsl HE HIKE
1300°C u He HM3MEHSETCSl CTPYKTYpa, MOTOMY OH INEpPCTIEKTUBHBIA IJISI WCIIOJBb30BAaHMS B
KECTKHX ycoBusix padotsr I'T/I.

SUMMARY. The influence of 1...9 mass% rhenium on melting temperature, structure
and heat-resistance of foundry industrial XTH-62 alloy, used for wear protection of contact
working surfaces of gas turbine blades (GTB) was investigated by the methods of physico-
chemical analysis. It was established that at the optimal rhenium content from 3 to 9 mass%
the oxidation resistance of the alloy increases two-fold at 1100°C. In this case a melting
temperature remains not lower than 1300°C and the structure does not change, thus making
it prospective for use in aggressive working conditions of GTB.



Zhuravel I. M. Computer assessing the variation of grain size of the exploited
12X IMD SEEEI SEFUCTUIE ..ttt eb e 48

PE3FOME. 3amponoHOBaHO METO]T OLIHIOBAaHHS Pi3HO3EPHHUCTOCTI 3a MeTajorpadid-
HUMH 300pa)XCHHSMH MIKPOCTPYKTYpH €KCIUTyaTOBaHOI maporpoBigHoi ctami [12X1MO,
BUpi3aHOI 3 NPSMONIHIHHOI NUISHKK Ta 30HHM PO3TArY T'MHY rosioBHoro mnaporony TEC.
BcranosneHo, 1110 ii piBeHb Ha IPSAMIH AUISHII HUOKYHH, HDK Y 30HI pO3TATY T'MHY. 3 HaOJIH -
JKEHHSIM JI0 30BHIIIHBOI 1 BHYTPIIIHHOT MOBEPXOHb TPYOH Ha MpsMiil AUISHII TpyOH 3MeH-
HIYETHCS, @ B 30HI PO3TATY THHY 3pOCTAE, 110 3yMOBJICHO IHTCHCHBHOIO JIETPaalli€lo MaTe-
piajly y BaXKHX €KCIUTyaTalliiHUX yMOBaXx.

PE3FOME. TlpenmosxeH METOJ OIEHKHA Pa3sHO3EPHUCTOCTH II0 MeTauorpaduaeckuM
M300paKEHHEM MHKPOCTPYKTYPBI SKCIUTyaTHPYeMO# maponpoBogHoi cramu 12X1M®,
BBIPE3aHHOI M3 MPSIMOJIMHEHHOTO Y4acTKa U 30HBI PACTSDKEHUS M3ruoa IriIaBHOTO TaporoHa
TOC. YcraHOBIEHO, YTO €€ YPOBEHb Ha IPSMOM YYacTKe HUXKE, YEM B 30HE PacTKECHUs
n3ruba. C npubamkeHNeM K BHENIHEW M BHYTPEHHEH NMOBEPXHOCTSIM TPyOBI HAa HMPSIMOM
y4yacTke TpyObl YMEHbBIIAETCS, @ B 30HE PACTSHKEHHs M3rnda pacTeT, YTO BHI3BAHO MHTEH-
CUBHOMH Jlerpajsanyieil MaTepyana B TSHKEIBIX DKCILUTyaTallHOHHBIX YCIOBHUSAX.

SUMMARY. The method of computerized evaluation of heterogeneous grains by
metallographic images of microstructure of exploited steam-conducting steel 12X1M®, cut
out from the straight section and tension and zone of the bent of main steam pipeline of
HPP is proposed. It is established that its level in the straight line is lower than in the zone
of tensile bending. With the approach to the external and internal surfaces of the pipe it on the
straight line of the pipe decreases and in the zone of tensile bending — increases, what is
caused by the intensive degradation of material under heavy operating conditions.

Kryshtopa S. I., Prunko I. B., Dolishnii B. V., Panchuk M. V., Bohatchuk I. M.,
and Melnyk V. M. Regularities of wear of metal polymer friction couples
under iNfluence of triBOCUITENTS.........ccvi i e 53

PE3FOME. Ha oCHOBI IOCIHiIKCHb TPUOOJIOTIYHAX XapaKTEPHCTUK METAIOIOIiMep-
HUX Hap TePTs rajibMiBHUX MEXaHi3MiB Y BUPOOHHYMX Ta JJaDOPaTOPHUX YMOBaX BCTAHOB-
JICHO 3aKOHOMIPHOCTI 3MiHU: IIMPKYJIOIYHUX TPUOOCTPYMIB y mapax TepTs Cipuil 4aByH—
noiiMepu 0apabaHHO- Ta CTPIYKOBO-KOJIOJKOBUX TajibM BiJl TEeMIEpaTypud Ha NOBEPXHI
(pUKLIIHUX BY3IiB Ta KUIBKOCTI LUKIIIB IajbMyBaHb; IMHAMIYHOTO KOe(Dil[IEHTa TepTs Bill
UPKYJTIOI0YUX TPUOOCTPYMIB; JIHIHHOTO 3HOCY IMap TEpTsl TaJIbMiBHUX NPUCTPOIB BiJ re-
HEPOBAaHUX TPHUOOCTPYMIB ¥ 30HI KOHTAKTy ABOLIAPOBHX CTPYKTYP METaI—OIIMep.

PE3FOME. Ha ocHOBe uCCleOBaHUN TPHOOJIOTHYSCKUX XapaKTEPUCTUK METAIIIOMNO-
JMMEPHBIX Tap TPEHUS TOPMO3HBIX MEXaHM3MOB B NPOHM3BOACTBEHHBIX M JIAOOPATOPHBIX
YCIOBUSIX YCTaHOBJIEHBI 3aKOHOMEPHOCTH N3MEHEHHS: HUPKYIUPYIOMNX TPUOOTOKOB B Ma-
pax TpeHUsl cepblif YyryH—TIOJMMEpbl OapabaHHO- M JICHTOYHO-KOJIOJIOYHBIX TOPMO30B OT
TEeMITepaTypbl Ha TIOBEPXHOCTH (DPUKIMOHHBIX y3JIOB M KOJMUYECTBA LIUKIJIOB TOPMOXKCHHIL;
JMHAMHYECKOro Kod(QQUIMEHTa TpeHUs OT LHUPKYJIMPYIOIUX TPUOOTOKOB; JHMHEHHOTO
M3HOCA Map TPEHUsI TOPMO3HBIX YCTPOUCTB OT T€HEPUPYEMBIX TPHOOTOKOB B 30HE KOHTAKTa
JIBYXCJIOMHBIX CTPYKTYp METaJI-TIOJIUMEp.

SUMMARY. Based on studies of the tribological characteristics of metal-polymer fric-
tion pairs of the brake mechanisms in production and laboratory conditions the following
regularities of the change are established for: circulating tribocurrent in the friction pairs
grey cast iron—polymers of drum-type and band-type brakes depending on the temperature
on the friction units surface and the number of braking cycles; dynamic coefficient of
friction depending on circulating tribocurrent; linear wear of friction pairs of brake devices
depending on the generated tribocurrent in the contact zone of two-layer structures metal—
polymer.



Zhuravlov O. Yu., Shijan O. V., Semenov M. O., Strigunovskiy S. V., Levenets V. V.,
and Shirokov B. M. Deposition of boron carbide coatings by gas-phase method........ 61

PE3FOME. TlogaHo pe3yibTaTH OOCTIHKCHb OTPUMAaHHS KapOimy OOpy BOJHEBHM
BiTHOBJIECHHAM Tpuxiopuctoro 6opy BCls y mapax tomyomy C7Hg. Jocmimkeno TepMoau-
HaMIKy Ta KIHETHYHI OCOOJIMBOCTI 0ca/KeHHs KapOiny 6opy y cucremi BClz—C7Hg—Ho.

PE3IOME. TlpencraBneHsl pe3ybTaThl HCCIEJOBaHUH MOTydeHus kapouia 6opa BoJo-
POJHBIM BOCCTaHOBIIEHHEM Tpexxyopuctoro 6opa BCls B mapax toiyona C7Hs. Vccnenosano
TEPMOAMHAMUKY M KHHETHYECKHE OCOOCHHOCTH OCakJIeHUs KapOuga Oopa B cucTeMe
BCIl:—C7Hs—H..

SUMMARY. The results of studies on the production of boron carbide by hydrogen
restoration of trichloride boron BCl; in pairs of toluene C;Hs are presented. Thermodyna-
mics of the deposition process and the kinetic features of boron carbide deposition in the
BCl;—C7Hg—H> system are investigated.

Pohrelyuk I. M., Fedirko V. M., and Proskurnyak R. V. The influence of dispersity
of the powder component of the saturating medium on titanium alloys
CArDOOXIING ...ttt 64

PE3IOME. Ilomano pe3ynpTaTé KapOOOKCHIyBaHHS THUTaHOBHX ciiaBie BT1-0 Tta
OT4 3a BUKOpPHCTaHHS BYTJICIIEBOI MMOPOIIKOBOI KOMIOHEHTH HACHIYBAJILHOTO CEPEIOBH-
ma 3 po3mipamu TBepAMX ¢paxuii Bin 45 no 300 um (Hacu4eHHs 3 caxi, rpadirty, nepes-
HOTO BYTULLA). MetanorpadivHuMH, JOPOMETPHIHUMH, TIPO(PITOMETPUIHAME JTOCIIIKEH-
HSMH Ta PEHTTEHIBCHKIM (Da30BHUM aHAIi30M BCTAHOBIICHO BIIIMIHHOCTI y XapaKTePUCTUKAX
copMoBaHUX MoauQpikoBaHUX ImapiB. Kopo3iiHUMH Ta eIEKTPOXIMIYHUMH BHIIPOOYBaH-
MU y 80% cynbhaTHIN KACIOTI BUSABICHO MiABHIIECHHS €(EKTUBHOCTI KapOOOKCHyBaH-
Hs 31 3MEHILCHHSAM PO3MIpiB TBepAUX (pakiiil ByrieneBoi mopouKoBoi KOMIIOHEHTH HACH-
4yBaJIbHOT'O CEPELOBUIIIA.

PE3FOME. TlpencraBieHbl pe3yabTaThl KapOOOKCHAUPOBAHHS THTAHOBBIX CILIABOB
BT1-0 u OT4 npu UCIIONB30BaHUN YIIIEPOTHON MOPOIIKOBONW KOMIIOHEHTHI HACHIIIAIONIEH
cpensl ¢ pa3MepaMu TBepIbIx (pakmwmii ot 45 mo 300 um (HaceImeHUE U3 caxwu, rpadura,
JpeBecHOro yrisi). MeTayorpagu4ecKuMH, JI0POMETPUIECKUMH, MPOPHUIOMETPUICCKUMH
UCCJIEJIOBAaHUSIMH M PEHTTEHOBCKMM (Da30BBIM aHAJIM30M YCTAHOBJICHBI Pa3IMYMs B Xapak-
TEpUCTUKAaX CHOPMHUPOBAHHBIX MOANGHUINPOBAHHBIX CI0E€B. KOPPO3HMOHHBIMHU M 3JIEKTPO-
XUMHYECKMMH HCObITaHUAMU B 80% pacTBOpe CEpHON KHCIOTHI BBISIBIEHO IMOBBIIICHHE
3¢ PeKTUBHOCTH KapOOOKCHIMPOBAHHS IIPH YMEHBIIEHHH Pa3MEpOB TBEPABIX (Gpakiui
YTIE€pOJHOM MOPOIIKOBON KOMIIOHEHTHI HACKHIIAIOIIEN CPEbIL.

SUMMARY. The results of carbooxiding of BT1-0 and OT4 titanium alloys are pre-
sented with the use of the carbon powder component of the saturation medium with the
sizes of solid fractions from 45 to 300 um (saturation from soot, graphite, charcoal). Metal-
lographic, dyrometric, prophylometric and XRD studies have established the differences in
the characteristics of the formed modified layers. Corrosion and electrochemical tests in
80% solution of sulfitic acid have been found to increase the efficiency of carbon dioxide
by reducing the size of the solid fractions of the carbon powder component of the saturation
medium.

Yapontseva Yu. S. and Kublanovsky V. S. Corrosive and catalytic properties
of electrolytic CO—MO—RE COALINGS ......coiviiiiriiriiieiiieiee e 71

PE3IOME. Bus4eHO KOpO3iiiHI BIACTHBOCTI enekTpoiitnyHux cruiaBiB Co—Mo-Re,
0Ca/DKEHNX 3 LUTPATHOTO eJIeKTpoutiTy 3a pH 3,5 i 6,3. BusiBieHO BUCOKY KOpO3iliHY TpHUB-
KICTh NOKPHUBIB y KHCJINX, HEHTPAIGHHUX Ta JY)KHUX po34MHax. JI0CIi/DKEHO BIUIMB TYCTUHU
CTPYMy OCaJKEHHs, TOOTO 1 XIMIYHOTO CKJIaly TTOKPHBIB, HA X KOPO3iiiHy NMOBEIIHKY B PO3-
quHi KOH. BcTranoBiieHo, 110 Ortip KOpo3ii 3aJIeXUTh Bil BMICTY B OCajli peHi0 — HAHO1IbIIT



KOPO3IHHOTPHUBKIIIOTO KOMITOHEHTA. JIOCHI/PKCHO KATaNiTHYHI BJIACTUBOCTI OTPUMAHHX
CIUIaBiB y peakuii BuiiaeHHs BonmHio y po3unHi KOH. BusiBneno, mo peHiii HeraTHBHO
BIUIMBAE HA MEPEHANpPyry BUAUICHHS BOJHIO 1 CIUIAaB 3 MOJIMNIIEHUMH aHTHKOPO3iHHUMHU
BJIACTUBOCTSIMU Ma€ OUIBLIY IIEpeHANpyry, HiK YUCTUI KOoOajbT. 31 3MEHIIEHHSAM BMICTY
PEHiI0 B OCaji TPOSBISIETHCS KaTaNiTHYHA aKTHUBHICTh, TOOTO IIEpeHAnpyTa BiJHOBIICHHS
BOJTHIO TTIA/1A€, aJie CYTTEBO 3HIDKYETHCS KOPO3iifHa TPUBKICTh TOKPHBIB.

PE3IOME. V3y4eHbl KOPPO3NOHHBIE CBOWCTBA 3JIEKTPOIIMTHYECKUX cIu1aBoB Co—Mo—
Re, ocaxxneHHbIX M3 nuTpartHoro anekTpoiuta npu pH 3,5 u 6,3. BrisiBieHa BrIcOKast Kop-
PO3HOHHAs CTOMKOCTh MOKPBITUI B KHUCIBIX, HEUTPAJIbHBIX M ILENOYHBIX pacTBopax. Mc-
CJIEZIOBAHO BIMSHUE IUIOTHOCTU TOKA OCAXKICHUS, a CIEeI0BAaTENbHO, U XMMHUYECKOTO CO-
CTaBa MOKPHITHI Ha WX KOppo3noHHOe moBereHne B pactBope KOH. Ob6HapykeHO, 9TO
COIPOTHUBJICHHE KOPPO3WH 3aBHUCHUT OT COAEPXKAHUS B OCAJKE PEHHsI — Hambosiee KOppo-
3MOHHO-CTOMKOrO KOMITIOHEHTa. MccienoBaHbl KaTalUTUYECKHE CBOMCTBA MOIYYEHHBIX
CIUIaBOB B pEaKUUM BbAEIEHHS Bomopoga B pactBope KOH. BeiiBneno, 4ro peHmit
HETaTUBHO BJIMSET Ha TEPEHANpsDKCHHE BBIICICHHUS BOJOPOAA M CIUIAB, O0JaJarouui
JY4IIMMH aHTHKOPPO3HOHHBIMU CBOICTBaMH, IEMOHCTPUPYET OoJiblliee MepeHanpsHkeHne
BOJIOPO/Ia, YeM Ha YMCTOM KoOaibre. C YMEHBIICHHEM COJEpIKaHUsI PEHUS B OCAJKe MpO-
SBIISICTCA KaTaJIUTHUYECKasi aKTUBHOCTB, T. €. MIEpEHANPHKEHUE BOCCTAHOBJICHUS BOJOPOJA
ociabeBaeT, HO CyIIECTBEHHO TIOHMKAETCSI KOPPO3UOHHAS CTOMKOCTh TIOKPBITHA.

SUMMARY. The corrosion properties of Co—-Mo-Re electrolytic alloys deposited from
citrate electrolyte at pH 3.5 and 6.3 are studied. It is shown that coatings have high corro-
sion resistance in acidic, neutral and alkaline solutions. The effect of the deposition current
density and, consequently, the chemical composition of the coatings on their corrosion
behavior in KOH solution are investigated. It is found that corrosion resistance depends on
the rhenium content of the deposit which is the most corrosion-resistant component. The
catalytic properties of the obtained alloys in the hydrogen evolution in KOH solution are
investigated. It is shown that rhenium exerts a negative influence on the overvoltage of
hydrogen evolution, and the alloy having better anticorrosive properties demonstrates
hydrogen overpotential greater than pure cobalt. Reduction of the rhenium content in the
deposit leads to the manifestation of catalytic activity, i.e. reduction of the overvoltage of
hydrogen reduction, but at the same time to a significant decrease in the coatings corrosion
resistance.

Kolesnyk V. P., Chuhai O. M., Sliusar D. V., Kalakhan O. S., Voloshyn O. O.,
Oleinyk S. V., and Veselivska H. H. Structure and properties
Of 10N-plasma WC COALINGS.........ciiviieeiicie ettt sne e 77

PE3IOME. Po3po0iieHo TeXHOJI0Tii0 (OpMyBaHHS MOKPHBIB, Ka 0a3yeThCsl HA PO3IIH-
JIeHH] 0araThOX KaTo/iB-MillleHeil 3 KOMINOHEHTIB MokpuBiB. [lyist ampoOarii TexHoorii Ha
ninkiankax 3 Oponsu bpAXK9-4 ta koposiiiHorpuskoi crani 12X18H10T chopmoBano mo-
kpuBd WC 3aBroBiiku 4...9 pm. JlocmikeHo iX CTPYKTypy, MOpGOJOrito MOBEpXHi, a
TaKOX HEOJHOPIJHICTh €NEeKTPOOIOpY CUCTEMH MOKPHB—IIIIKIaqKa B HOPMAJIbHOMY JI0 11
MOBEPXHI HANPSMKY. BCTaHOBIIEHO, 110 MOKPUBH BOJIOJIIOTH TEKCTYPOIO Ta MICTATHh HAHO-
omoxu posmipom 30 nm. BusiiieHo, o Mop¢osIoris TOBepXHi MOKPHUBIB UyTIIMBA 10 YMOB 1X
(opmyBaHHS1.

PE3IOME. Pa3paboTtana TeXHOJOTH (OPMHUPOBAHHS MTOKPHITHH, OCHOBaHHAs Ha pac-
MbUICHUH MHOXKECTBA KAaTOJI0B-MHUIIEHEW U3 KOMIIOHEHTOB MOKPBITHH. [Jis anpodarium Tex-
HOJIOTHH Ha IoJI0XkKax u3 Opon3sl bpAXK9-4 u xopposnonHocroiikoit cramm 12X18H10T
cthopmupoBansl okpeiTuss WC tonmuHo# 4...9 um. MccnenoBaHo ux cTpykTypy, Mmopdo-
JIOTUIO TIOBEPXHOCTH, & TAKXKE HEOJHOPOJHOCTH JJIEKTPOCONPOTHUBIEHHUS CHUCTEMBI II0-
KPBITHE—TIO/JIOXKKa B HOPMAJIBbHOM K €€ ITOBEPXHOCTH HAIPABJICHHU. YCTAHOBJIEHO, YTO
HOKPBITHS 00J1a/IaI0T TEKCTYpOr M coJiepKaT HaHOOIoKK pasmepoM 30 nm. BrisBiieHo, uto
MOP}OIIOTHS TOBEPXHOCTH HOKPHITHI YyBCTBUTENbHA K YCIOBUSAM UX ()OPMUPOBAHUSL.



SUMMARY. The technology of formation of the coatings based on spraying of a va-
riety of target cathodes made of pure tungsten and bronze is considered. To verify the tech-
nology on the BpAX9-4 bronze and 12X18H10T steel substrates the WC coatings 4...9 um
thick were formed. The structure, morphology of the coatings surface and also the
unevenness of electric resistance of the system coating—substrate in the direction normal to
its surface are investigated. It is established that coatings contain nanoblocks of size 30 mm
and have a texture. Surface morphology is sensitive to their formation conditions.

Bohun L. 1., Kovbasiuk T. M., Kushpir V. 1., and Humeniuk I. A. Wear resistance
of Fe-Cr—Mn-Ti—Al coatings sprayed by pOWdEr WIreS..........c.cccvvereirenenneneineenns 81

PE3FOME. Jlocnimkero poboto3aatHicTh mokpuBiB cuctemMu Fe—Cr—-Mn—Ti—Al, Ha-
MIJICHUX 13 TMMOPOIIKOBHUX APOTIB, 3aJ€KHO BiJ IX IOTIMHAIBHOI 3AaTHOCTI. BecTaHOoBIEHO
MEXaHi3M 3HOLIYBaHHS JOCII/PKYBaHHX TPUOOCHPSDKEHb Ta JOMYCTHMUI Jiana3oH IMHTO-
MHUX HaBaHTXXEHb JJIsI HAJIHOTO BHUKOPHCTaHHS IMX IOKPUBIB B yMOBaxX I'PaHUYHOTO
MallCHHA.

PE3FOME. VccnenoBana paboTOCIOCOOHOCTD TTOKPHhITHIT crcTeMbl Fe—Cr—-Mn-Ti—Al,
HAIBUICHHBIX W3 MOPOUIKOBBIX IPOBOJIOK, B 3aBUCHMOCTH OT HMX MOTJIOIIAOIIEH croco6-
HOCTH. YCTAHOBIICH MEXaHH3M H3HOCA HCCIIEAYEMbIX TPHOOCOMPSDKCHHH M MOMYCTHMBIN
JIMANa30H yIEIbHBIX HATPY30K IS HAJEKHOTO HUCIOJIB30BAHMS ITHX MOKPBHITHI B YCIOBHU-
SIX TIPeeTIbHOM CMa3KH.

SUMMARY. The effect of serviceability of Fe—Cr—Mn-Ti—Al coatings sprayed from
powdered wires, depending on their adsorption capacity is investigated. The mechanism of
wear of the investigated tribo-coupling and the permissible range of specific loads for the
reliable use of these coatings under conditions of boundary lubrication is established.

Savruk M. P., Kazberuk A., and Chornenkyi A. B. Stress state in a quasi-orthotropic
half-plane with a curvilinear dge..........coeiiiiiiiiiii e 88

PE3FOME. MeTooM CHHTYIISIPHUAX IHTETPAJbHAUX PiBHAHB PO3TILHYTO IUIOCKY Tepio-
JUYHY 3a7ady Teopii Npy>KHOCTI I KBa3iOPTOTPOIHOI MiBIUIOIIMHY 3 HECKIHUCHHUM Dsi-
JIOM KpalOBHX KYTOBHX 3aKPYIJICHUX BHPi3iB. 3a BUKOPUCTAHHS €AMHOTO MiIXOMy 0 pO3-
B’sI3yBaHHs 3a/lau KOHIGHTpallii HarpyXeHb Oijsl BUPI3IiB 3 TOCTPUMH Ta 3aKPYIJIEHUMH
BEpIIMHAMHU OTPUMAaHO KOe(illieHTH IHTEHCHBHOCTI HAIlpy)XeHb y TOCTPUX BEpIIMHAX Bij-
MOBITHUX KpaioBUX BUPI3iB. LM ke METOJOM pO3B’sI3aHO 3ajadyy PO PO3MOILT HAPY-
JKEHb Y KBa310pTOTPOIHI MIBIUIOMIMHI 31 CHHYCOTIHIM KPa€EM.

PE3FOME. MeTo10M CHHTYJISIPHBIX HHTETPAIBHBIX YPaBHEHHH PacCMOTPEHA IUIOCKAs
HepHoAnYecKas 3a/1aua TEOPUU YIPYTOCTH AJIsl KBa3UOPTOTPOIHON MOJYIUIOCKOCTH ¢ Oec-
KOHEYHBIM PSIOM KPaeBbIX YITIOBBIX 3aKPYIJEHHBIX BbIpe3oB. IIpu wcmomb3oBaHHMU eau-
HOTO MOAXO0Ja K PEIIEHHIO 3a/1a4 KOHIEHTPAlUM HANpsOKEHUH y BBIPE30B C OCTPBIMHU H
3aKpYTJIEHHBIMH BEpIIMHAMU ITOJy4eHbl KO3((GHUINEHTH WHTEHCUBHOCTH HAIPSHKEHUH B
OCTPBIX BEPIIMHAX KPAEBBIX BBIPE30B. OTHM K€ METOAOM PEIICHO 3a/1ady O paclpeje-
JIEHUU HAIMPSHKEHUH B KBa3HOPTOTPOITHOM MOIYINIOCKOCTH C CHHYCOMJAIBHBIM KPaeM.

SUMMARY. The method of singular integral equation in application to solving the
periodic problem of elasticity theory for a quasi-orthotropic plane containing an infinite
row of edge rounded notches is considered. Stress intensity factors at the sharp tips of the
edge notches are calculated using the unified approach to solving the problems on stress
concentration at sharp or rounded notch vertexes. The same method is used for solving the
problem on stresses distribution in a quasi-orthotropic half-plane with a sinusoidal
boundary.



Dubyk Ya. R. and Seliverstova I. P. Application of the approximate solutions
of the shell theory for the problem on concentrated force action
0N the hoHOW CYIINGEN ........cuiiiiiic e 96

PE3FOME. Po3pobieHo HaOMKeHi po3B’sI3KK Teopii 000II0HOK Ta MMOETHAHO IX Yepe3
KpalioBi yMOBH. 3aCTOCOBAHO MPUIYIIEHHS 1010 XapaKTepy MOXIAHUX OCHOBHHUX (pyHKIIN
(3MIHHEX), IO JTJIO 3MOT'Y CIIPOCTUTH BHXiIHE Au(epeHLiiiHe piBHAHHS Teopii 000I0HOK
BOCBMOT'O CTYIICHSI 10 CUCTEMH 3 JIBOX PIBHSHb YETBEPTOTO CTYIEHS, PO3B’SI3KU SIKHX OTPH-
MaHO JUId TOJIOBHUX 3MiHHHMX. TOYHICTH PO3B’S3KYy HPOJEMOHCTPOBAHO Ha KJIACHYHIN
3amadi Jif 30CepeKCHUX CUJI Ha 000IOHKY.

PE3IOME. Pa3zpaboTanbl NpuOIMKEHHBIE PEIICHUS] TEOPUH 000JI0YEK U 00BbEeIMHEHBI
3a CUET TPAaHUYHBIX yCJIOBHH. [IpMeHeHNe TUIOTE3 O XapaKTepe MPOU3BOIHBIX OCHOBHBIX
(yHKIHN (TIEpeMEHHBIX) AaeT BO3MOXKHOCTH YNPOCTUTH HCXOxHOE IuddepeHnnansHoe
YpaBHEHHE BOCBMOIO MOPsAKA K CUCTEME M3 ABYX YPaBHEHUI 4ETBEPTOTrO MOPSAIKA, perle-
HUS KOTOPBIX MOIYYEHBI Ul TNIABHBIX NMEPEMEHHBIX. TOYHOCTb PEIICHUs] MPOAEMOHCTPH-
pOBaHa I KJIACCHYECKOH 3a1adun AeHCTBHUS COCPEIOTOUEHHBIX CHII Ha 000JIOUKY.

SUMMARY. The approximate solutions of the shell theory and their combined use due
to the boundary conditions are developed. The application of hypotheses about the nature of
the derivatives of the main functions (variables) makes it possible to simplify the initial
eighth-order differential equation to a system of two fourth-order equations whose solutions
are obtained in terms of principal variables, which simplifies their further application. The
accuracy of the solution is demonstrated for the classical problem of the action of
concentrated forces on the shell.

Jiang Qionggin, Hembara O. V., and Chepil O. Ya. Finite element simulation
of hydrogen influence on the accumulation of damages in the steels
under Nigh-teMPErature CrEEP ....vcveiveiieeteesteerteeieeee s e e e ste e e e sre e taesreeeeaneens 104

PE3IOME. 3a po3po0ieH0I0 MaTeMaTHYHO0 MOJICILIIO Ta TPOrPaMHHUM MOJYJIEM OLli-
HEHO HarpoMaJDKEHHs MOUIKOKEeHb 3 ypaxyBaHHsM audys3ii BogHto. [Ipouec 3moaenboBa-
HO 3a JIBOMa mifxoaamu: piBHsHHAME KauanoBa—PabotHoBa—JIokolieHKa 3 JBOMa mapa-
MeTpaMu (IOIIKO/KEHHS Ta KOHIIEHTPAI[isl BOJHIO) TA €HEPreTUYHUM. J{JIs IbOTO BUKOPHC-
TaHO 3pa3oK BpipkMena 3 ypaxyBaHHsIM i 0e3 BIUIMBY BOAHIO. Pe3yibratu po3paxyHKiB,
OTpPHMaHI 32 BOMa MiIXOJaMH, 3aJ0BUIFHO 30IiraloThCs 3 eKCIepUMeHTalbHUMH. [IpoTte
SHEepPreTUIHUH IMiIXi]] 1a€ BBIYI MEHIITY TOXHOKY.

PE3IOME. Pa3pabotana mareMaTudeckas MOJIeJb U MPOTPAMMHBIA MOAYJb, MO3BO-
JISTFOUTUHN OIIEHWTh HAKOIUIEHHWE MOBPEXIeHH ¢ ydetoM auddysun Bogopoaa. Ilpomecc
CMOJIETTMPOBaH JBYMsl crocoOamu: ypaBHeHUs MU KauanoBa—PaGoTHoBa—JIoKomIeHKO C
JByMs MapameTpamu (IOBPEXICHNE W KOHIIGHTPALUS BOJAOPOJa) M 3HEpreTudeckuM. Jis
ATOTO UCIOJIL30BaHO 0Opaszen bpumkmena ¢ yueTom u 06e3 BIMsHUS BOOPOAa. Pe3ynbTarsl
pacy€ToB, NOJYUYCHHBIC JIBYMS MMOJAXO0AaMH, COIIaCYIOTCA C OKCIEPUMCEHTAJIbHBIMH. O}IHaKO
JHEPreTUYECKU MOAX0/ AaeT BBOE MEHBIUIYIO TOIPEITHOCTb.

SUMMARY. A mathematical model and a software module have been developed,
allowing the estimation of damage accumulation with allowance for hydrogen diffusion.
Damage accumulation is modeled in two ways: using Rabotnov—Kachanov—Lokoschenko
equations with two parameters (damage and hydrogen concentration) and the energy
approach. Mathematical modeling was carried out for the Bridgman sample with and
without consideration of the influence of hydrogen. The results of calculations obtained by
two approaches give satisfactory convergence with experimental data. However, the energy
approach gives twice less error.



Malezhik M. P., Pidgurskyi M. I., Rudyak Yu. A., Fedchyshyn N. O., Pidgurskyi I. M.,
and Voitovich L. V. Investigation fracture of an orthotropic plate with a circular
hole and two edge cracks by the method of dynamic elastiCity ..........c.ccoceeerereenen. 112

PE3FOME. JlocmimkeHO AWHAMIYHE PYHHYBaHHS KOHCTPYKIIIHHUX €JIEMEHTIB Y BUT-
JSIIl TUIACTUH 13 TPO30PUX KOMITO3MTIB, IO IMOCIA0IeHI OTBOPOM Ta JIBOMAa KOHTYPHHUMH
CHMETPUYHMMH TPILIMHAMH, METOJOM AWHAMI4HOi (POTONMPYXKHOCTI MiJl IMITYJIbCHHM Ha-
BaHTa)XEHHsIM. BuBUYeHO 3MiHM B 4aci KOe(illieHTIB IHTEHCUBHOCTI Halpy)XeHb Ta IIBUJI-
KOCTI pyXy BEPILIMHH TPILLIMHH.

PE3FOME. VlccnenoBaHO AMHAMHUYECKOE pa3pyllIeHHEe KOHCTPYKLMOHHBIX JIEMEHTOB
B BUJIE TUIACTUH M3 MPO3PAYHBIX KOMIIO3UTOB, OCIa0IEHHBIX OTBEPCTUEM H JBYMS KOHTYD-
HBIMH CHMMETPHYHBIMU TPELIMHAMH, METOJOM AMHAMUYECKOH (hoTOympyroctu mpu uM-
MyNbCHOHN Harpyske. M3y4eHbsl M3MEHEHHsI BO BPEMEHH KO3()()MIMEHTOB MHTCHCHBHOCTU
HaNpsKEHUN U CKOPOCTH IBUKEHUS BEPILHHBI TPEIINHBL

SUMMARY. The process of dynamic fracture of structural elements in the form of
plates of transparent composites weakened by a hole and two symmetrical contour cracks is
investigated using the method of dynamic photoelasticity under pulse load. The changes of
the stress intensity factors and the crack tip propagation velocity are studied.

Ivanytskyi Ya. L., Hvozdiuk M. M., Maksymenko O. P., Klysh S., Kharchenko Ye. B.,
and Shyshkovskyi R. O. Assessment of contact strength of bolted joints
OF COMPOSITE PIALES ....eveeiiitireet bbb 116

PE3FOME. Bu3HaueHO HampyXeHHS 3MHHAaHHS OaraTopsaHuX OONTOBHX 3’€THAHb
HIapyBaTUX BYTJIEIIACTUKOBMX KOMIIO3UTIB 32 Ae(hOopMalli€lo B OKOJII OJUHUYHOTO (i30J160-
BaHOTO) OTBOPY, KOHTAKTHO HaBaHTa)XEHOTO 4epe3 OonT. 3a pe3ynbTaraMH BHPOOYBaHb,
OTPHUMAaHUX METOJIOM IM(POBOT KOpeJsiiii 300paxeHp, Mo0yI0BaHO AiarpaMy pyHHYBaHHS
B KOOpJMHATAX HAMpyXeHHsI—nedopmMallis i BCTAHOBJICHO IOMYCTUME HAMPYKCHHSI 3MU-
HaHHJ, 10 BiJNOBIa€ 30UIBIICHHIO 3aIAIIKOBOT Nedopmaiiii giamerpa oTBOpy Ha 2%.

PE3IOME. OmpeneneHsl HaNpsDKEHUS CMATHSA MHOTOPSAHBIX OONTOBBIX COCTMHEHWIH
CIIOWCTBIX YTJICTUIACTUKOBBIX KOMIIO3UTOB IO JepopMamu B OKPECTHOCTH EIMHUYHOTO
(M307MPOBAHHOTO) OTBEPCTHS, KOHTAKTUpYIOIHUe depe3 OouT. [1o pesynprataM HCIIBITAHHH,
TOJTy"€HHBIX METOJIOM HU(POBOI KOPPEISIIMN H300paskeH i, TOCTPOCHO JHarpamMMy paspy-
IICHNS] B KOOP/IMHATAX HampspKeHHe—IeopManus 1 yCTaHOBJICHO JOIyCTHMOE HANpsSDKEHUE
CMSATHSI, YTO COOTBETCTBYET YBEIMYEHHIO OCTATOYHOH JedopMaliii JuamMeTpa OTBEpCTHS Ha
2%.

SUMMARY. Bearing failures of the multiple-row botted joints of layered carbon-filled
plastic composites are determined by the deformation in the vicinity of a single (isolated) hole
under contact loading through a bolt. Using the test results obtained by the method of digital
correlations of images a fracture curve is constructed in the coordinates stresses—deformation
and the admissible local bearing failure that corresponds to the increasing residual deforma-
tion of the hole diameter by 2%, is established.

Khoma M. S., Ivashkiv V. R., Halaichak S. A., Chuchman M. R., and Vasyliv Kh. B.
The influence of steels structure on corrosion, hydrogenation,
stress corrosion cracking in hydrogen suplhide environments...........ccccccoceienenennnee 121

PE3IOME. [locmipkeHo BIUIMB CTPYKTYPH BYTJICLIEBUX CTaJled Ha KOPO3if0, HABOIHIO-
BaHHs Ta Kopo3iiiHe po3TpickyBaHHS y po3unHi NACE. IlIBuakicTs Kopo3ii Ta HaBOJHIO-
BaHHS cTajl Y8 3pocrae 31 30UIbIICHHSM JUCHIEPCHOCTI CTPYKTYPH B psAy: NPT, COpoiT,
TPOOCTUT 1 MapTeHcuT. BoHM MakcumanbHi y cram 45 3i CTpYKTYporo (epuTo-Tepiiry,
HaliMeHIn — copbity. Cranb 45 MEHII CXWJIbHA IO CIPKOBOIHEBOTO KOPO3iHHOTO pO3Tpic-
kyBaHHs y po3unHi NACE, Hix V8, 1110 cBiIUNTB NPO 3aJIeXKHICTh BiJ KOHIEHTpalii Byrie-
10, Ta, BIATOBiTHO, KapOiniB y Hiil. Cranb 45 3i cTpykTyporo copdity Ta craimp Y8 3i



CTPYKTYpaMH COpOITYy 1 TPOOCTHTY HAWCTIHMKILIN JO pyHHYBaHHS y CIPKOBOJHEBOMY cepe-
qouii. ONHAK, BPaXOBYIOUHM BIUIMB HABOJHIOBAHHS, CTall 31 COPOITHUMH CTPYKTYpaMHU
HaWNpUAATHINI JJIs eKCIUTyaTalii y CipKOBOJHEBUX CEPEOBUIIAX.

PE3FOME. ViccnienoBaHO BIHSIHHE CTPYKTYpPBI YIJIEPOAMCTHIX CTaleld Ha KOPPO3HIO,
HaBOJOPOXMBAHUE U KOPPO3UOHHOe pacTpeckuBaHue B pactBope NACE. CkopocTtu kop-
pPO3UM U HABOAOPOXKUBAHUS CTalNM Y8 BO3PAcTalOT C YBEIMYEHHEM AUCIEPCHOCTH CTPYK-
TYpBI B PAIy: NEPIUT, COPOUT, TPOOCTUT U MapTeHCUT. OHU MakCUMalbHbIe B cTaiu 45 co
CTPYKTYpO#l (eppuTO-niepianTa, MUHUMaNbHble — copouTta. Ctanp 45 MeHee MOABEp)KeHA
CEpPOBOJOPOTHOMY KOPPO3HMOHHOMY pacTpeckuBaHuio B pactBope NACE, uem VY8, uro
CBHJIETENIBCTBYET O 3aBUCHMOCTH OT KOHIIEHTpALUH yIiIeposia U, COOTBETCTBEHHO, KapOu-
nmoB B Heil. Cramp 45 co CTpyKTypoil copburta M ctamp Y8 cO CTpyKTypaMu copOuTa U
TPOOCTUTA HaWOOJIee CTOWKHE K pa3pylICHHIO B CEPOBOIOPOAHON cpexe. Tem He MeHee,
YUUTBHIBAsl BIMSHHE HABOIOPOKMBAHUS, CTaNM C COPOMTHBIMH CTPYKTypaMHu HamOoiee
MPUTOAHBI I IKCILTyaTalluy B CEPOBOJOPOAHBIX Cpeiax.

SUMMARY. The influence of carbon steel structure on its corrosion, hydrogenation
and corrosion cracking in the NACE solution is investigated. The corrosion rate and
hydrogenation of 0.8% C steel grow with increase of the structure dispersion in the row:
perlite, sorbite (high temperature martensite), troostite (middle temperature martensite) and
martensite. The corrosion rate and hydrogenation of 0.45% C steel are the greatest for the
ferrite-perlite structure and the smallest for the sorbite. The 0.45% C steel has a lower
tendency to hydrogen sulfide corrosion cracking in the NACE solution than the 0.8% C steel.
Corrosion cracking resistance of steels depends on the carbon concentration and the content
of carbides in them. The sorbite structure of 0.45% C steel and sorbite and martensite
strustures of 0.8% C steel are the most resistant to corrosion cracking in hydrogen sulfide
environment. However, steels with sorbite structures are most suitable for operation in
hydrogen sulfide media taking into account the influence of hydrogenation.

Polutrenko M. S., Maruschak P. O., Tsyba A. A., and Bishchak R. T. Development
of corrosion inhibitors of ferrite-pearlite steels in environment
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PE3FOME. BuBueHO BIUIMB TIOHOBUX OakTepiil Ha MBUAKICTH Kopo3ii craneit 17T'1C-
VY Ta 20 y cepenoumi beriepurka. KinbKiCHO OLIHEHO 3aXHCHY [0 JNESKHX OPTaHIYHHUX
1HTIOITOPIB 3aJIeKHO BiJ iX KOHIIGHTpALii Ta CTPYKTypu craneil. BcraHOBIEeHO, MmO iHTI-
0iTOp Ha OCHOBI MOXIAHUX MiIOKCOJCKATIAPOAKPUANHY 3aXHUIIIA€ JIOCTIHKEeHI TPyOHI crai
Bi 6iokoposii Ha 37...57%.

PE3IOME. ViccrienoBaHo BIUSTHUE THOHOBBIX OaKTepUH HA CKOPOCTh KOPPO3UH CTa-
neit 17T'1C-Y u 20 B cpene beitepunka. KomnuecTBEeHHO OIIEHEHO 3alIUTHOE JIEHCTBUE He-
KOTOPBIX OPTaHWYECKUX MHIMOUTOPOB B 3aBUCHMOCTH OT MX KOHLEHTPALMH U CTPYKTYPbI
cTasieil. YCTaHOBIEHO, YTO MHIMOMTOP Ha OCHOBE MPOW3BOJHBIX JHOKCOJEKATHIPOAKPH-
JMHA o0ecTieYnBaeT 3aIIUTy dTHX TPYOHBIX cTajel oT brnokopposuu Ha 37...57%.

SUMMARY. The effect of thiobacteria on the corrosion rate of 17I'1C-Y and 20 steels
in the Beijerinck’s medium was studied. The protective effect of some organic inhibitors,
depending on their concentration and the structure of steels was quantitatively evaluated. It
was found that the inhibitor based on the dioxodecahydroacridin derivatives provided
protection of the investigated tube steels against biocorrosion at the level of 37...57%.
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PE3IOME. BcraHOBIICHO, 1110 HAHECEHHs] KOHBEPCIHMX NMOKPHBIB Ha allFOMiHiEBHH
craB J116T cyrreBo migBuiLye HOro KOpo3idHy TPUBKICTh, 8 TAKOXK 3MEHIIIYE MiIIUIIBKOBY
KOpO3il0 MeTairy TiJl JlakoapOOBUM IOKPHUBOM. 3a BiJICYTHOCTI JlakogapOoBOro miapy



XIMIYHE OKCHYBaHHS Ma€ BHII 3aXUCHI BIIACTUBOCTI MPOTH XpoMmodochaTyBaHHs. 3pa3ku
ITIOMIHIEBOTO CIUIaBY 3 QJIKIJHUM IOKPUBOM MalOTh HPUOJHM3HO OJHAKOBY KOPO3iHHY
TPUBKICTh 32 BUKOPUCTAHHS JUIS MiATOTOBKU MOBEPXHI XpoMoQochaTyBaHHs Ta XiMI4HOTO
OKcUayBaHHS. 3axuCHHUN eeKT XpoMopoc(haTHOro MOKPUBY MOXKHA MOSICHUTH B3a€MOJIEI0
(ocdarHOTO MIAPY 3 PYHKITIOHATEHUMHE TPYIAMHU aJKiTHOI CMOJIH.

PE3FOME. YcTaHOBJICHO, YTO HAaHECEHHWE KOHBEPCHOHHBIX IOKPHITHHA Ha aIIOMH-
HUEBBIH criaB J[16T CyImIecTBEHHO TOBBINIAET €r0 KOPPO3HOHHYIO CTOMKOCTH, a TaKXkKe
YMEHbBIIAeT MOAIUICHOYHYIO KOPPO3HI0 METaJula MOJ JIAKOKPACOYHBIM IMOKpBITHEM. [Ipm
OTCYTCTBHH JIAKOKPACOYHOTO CJIOSI XHMHYECKOE OKCHIMPOBAHHE HMMEET Ooiee BBICOKHE
3aIUTHBIE CBOMCTBA MPOTHB XpoModocharupoBanns. OOpas3mpl aTlOMHHIEBOTO CILIaBa C
IKUJHBIM TOKPHITHEM HMMEIOT MPHUMEPHO OJMHAKOBYIO KOPPO3HOHHYIO MPOYHOCTH IpPHU
UCIIOJIb30BAaHUU ISl TIOATOTOBKU IMOBEPXHOCTH XpoMo(ochaTupoBaHUsi ¥ XUMHYECKOTO
OKCUAMPOBaHUS. 3aIIUTHBIA 3(PdekT xpomodocdaTHOr0 MOKPHITHS MOXHO OOBICHUTH
B3auMo/ieiicTBUEM (OC(aTHOTO ci10sl ¢ PYHKIMOHATBHBIMH TPYIIIaMH AIKUAHOW CMOJIBI.

SUMMARY. The application of conversion coatings on the 16T aluminum alloy
significantly increases the alloy corrosion resistance, as well as reduces its corrosion under
paint coating. In the absence of organic layer chemical oxidizing has higher protective
properties comparing with chrome phosphating. Samples of the aluminum alloy with an
alkyd coating have approximately the same corrosion resistance both on aluminum alloy
chrome phosphated and chemically oxidized surface. The protective effect of the chrome
phosphate coating can be explained by the interaction of the phosphate layer with functional
groups of alkyd resin.
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PE3FOME. [ocnimxeno BmmB jeryBaHHsA 4...7 at.% Si abo/ra 1...3 at.% B na
KOpO3iliHy MOBeiHKY KBasikpucramiunux criasiB Al-Cu-Fe y posumnax kucior HCI,
H2SO.4, HNOs, H3PO4 (pH 1,0) i coneit 3,0 M NacCl, 0,2 M NaSO4 (pH 7,0). Bukopucrano
METOI KiJIbKiCHOI MeTtaniorpadii, eneKTpoHHOT MiKpOCKOMii Ta rpaBiMETPHYHOTO aHawi3y.
BcranosineHo, 110 cruiaBu HaiOibine kopoaytots y posunHax HCI ta H>SOs, a HalimMeHie —
y po3uuni HNOs3. Kopo3iiiHa TpuBKICTb 3pOCTa€ 31 3MEHIIEHHSIM BMICTY B IX CTPYKTYpi (a3,
36arauenunx 3amizom. Koposii nepeBaxkHo miguani dhaza A-AlizFes ta mixkdasui mexi noginy
y—A 1 y—(t,1,0). [TopiBHAHO 3 KUCIHUMHU y COJLOBUX PO3YMHAX CIUIABH KOPOAYIOTh 3HAYHO
noBinpHime. TyT Takox 3adikcoBaHo BUOIPKOBY KOpO3ilo 3aji3a, ajne po3unHeHHs (a3 pis-
HOMIpHille, HK y po34MHax KUCIOT. Ha moBepxHi CIUIaBiB yTBOPIOIOTBCS TUISTHKH Oypol
ipXi Ta MITTHHTIB, THO SIKUX BKPUTE MOPUCTHM IIapoM Mili. BUSIBICHO MO3UTHBHUI BILUTHB
neryBaHHA Si abo/Ta B Ha 1X KOpO3iifHy TpHBKICTb. BCTaHOBIIEHO CKJIaJ CIIaBiB, MO Haii-
Oisplle OMUpArOThCS KOpo3il. i1 ekciutyaTalii B KHCINX pO3YMHAX PEKOMEHIOBAHO CILIAB
A|55CU25F6125i7B1, a B COJILOBHUX — CIIJIaB A|53CU25F8128i7B3.

PE3FOME. VccnenoBano BnusiHUE nerupoBanus 4...7 at.% Si wnmw/m 1...3 at.% B Ha
KOPpPO3HOHHOE TOBEJCHUE KBasWKpUcTauImdeckux cruraBoB Al-Cu-Fe B pacTtBOpax
kuciot HCl, H2SO4, HNO3, H3PO4 (pH 1,0) u coneit 3,0 M NaCl, 0,2 M Na,SO, (pH 7,0).
Hcnonp30BaHbl METOIbI KOJMYECTBEHHON MeTaiuiorpadyu, 3JIeKTPOHHOW MHKPOCKONUH U
IrPaBUMETPHYECKOTO aHAIM3a. YCTaHOBJIEHO, YTO CIUIAaBbI OBICTpee KOPPOJMPYIOT B pac-
tBopax HCI u H2SO4, a memiiennee — B pacteope HNO3. Koppo3uoHHast CTOWKOCTh BO3pac-
TaeT C YMEHBIIICHHEM COJIepPKaHUS B UX CTPYKType (a3, oborameHHbIX xkene3oMm. Koppo-
3WH NPEUMYILIECTBEHHO MOABepKeHbI (aza A-AlisFes u MexdasHble rpaHUIbl pa3aena Y—A
u y—(t, 1, 0). CruiaBbl B COJIEBBIX PACTBOPAX KOPPOAUPYIOT 3HAUUTEIHHO MEIJICHHEE, YeM
B KUCIIBIX. 3]IeCh TaKKe 3aUKCHpOBaHa M30MpaTesbHAs KOPPO3Ms Keje3a, HO pacTBope-
Hue (a3 Ooyiee paBHOMEpPHOE, YeM B pacTBOpax KHCJIOT. Ha moBepXHOCTH CIuiaBoB 00Opa-
3YIOTCSI YYaCTKU OYpOH pXKaBYMHBI M MATTHHTOB, THO KOTOPBIX IMOKPHITO MOPUCTHIM CIOEM
Med. BBISBICHO NOJ0KHUTENEHOE BIHSHAE JISTUPOBaHUS Si Win/U B Ha MX KOPPO3HOHHYIO



CTOMKOCTh. YCTAHOBJIEH COCTaB CILIaBOB, XapaKTCPU3YIOIUXC HaI/IGOHI)H_H/IM COIIPOTHUBJIC-
HUEM KOppO3HH. Hﬂﬂ OKCIUTyaTalluh B KHUCJBIX PpacTBOpaxX pPEKOMCHAOBAH CIlJiaB
AlssCuasFe2SizB1, a B coneBrix — cruiaB AlssCugsFes;SizBa.

SUMMARY. The influence of alloying with 4...7 at.% Si and/or 1...3 at.% B on
corrosion behavior of quasicrystal Al-Cu—Fe alloys in HCI, H,SO4, HNO3, H3PO4 (pH 1.0)
and saline 3.0 M NaCl, 0.2 M NaySO. (pH 7.0) acids solutions was investigated. The
methods of quantitative metallographic, electron microscopic and gravimetric analyses
were applied. The investigated alloys were established to corrode the most in solutions of
HCI and H,SO; acids, and the least — in HNOj3 solution. The corrosion resistance in acids
increases with decrease of the content of iron-rich phases of alloy structure. The corrosion
mainly occurred in the areas, where A-AlisFes phase or y—A and y—(t, n, 0) interfaces were
located. As compared to acidic solutions, the investigated alloys corroded in saline solutions
much more slowly. The selective iron corrosion of Al-Cu-Fe—(Si, B) alloys was also
observed in saline solutions but dissolution of the phases proceeded more homogeneously.
Corrosion layers of brown rust were formed at the samples surface and porous copper films
covered the pits bottom. The most samples and pits corroded more strongly in NaCl
solution than in Na;SO, solution. The positive influence of alloying with Si or/and B on
corrosion resistance of quasicrystal Al-Cu-Fe alloy was found. The composition of the
alloys that showed the highest resistance to corrosion was established. The
AlssCugsFe1SivB1 alloy was recommended for operation in acidic solutions, and
Als3CuzsFe12SiyBs alloy — in saline solutions.



