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PE3FOME. JTocaimkeHO MiKpOTBEpIiCTh, MIKpOMEXaHi3M 1 OIip pyHHYBaHHIO 3a CTa-
THYHOTO 3TMHY Ta 3HOCOTPUBKICTh KaHIMIATHUX MAaTepiasiB Ul eJIeKTPOKOHTAKTHOI
BCTaBKU MaHTorpada TpaMBas y Hapi 3 MaTepiajloM KOHTaKTHOTO ITPOBOAY CHJIOBOI €JIEKT-
puvHOI Mepexi. Martepianamu aj1s BcTaBku Oyau KoMo3utd Ha ocHOBI MAX-dax TizAlC,
i Ti2AIC, orpumaHi 3a 0JJHOCTa/IIHHOIO TEXHOJIOTI€IO (rapsiue NMpecyBaHHs), sIKi MOPIBHIO-
BaJIM 3 paHillle JOCIHiPKEHUMH KOMIIO3UTaMH IICJIsS CHHTE3Y Yy BaKyyMi i rapsiaoro mpecy-
BaHHs (BOCTaJIii{Ha TEXHOJIOTIS) Ta AIFOMIHIEBHM CIUIABOM, 3 SIKOTO BUTOTOBJISIFOTH BCTaB-
k1 maHtorpadiB B YkpaiHi. BctaHoBneHo, 10 omip 3HOIIYBaHHIO MaTepiaiiB, OTPUMaHUX
32 OIHO- 1 MBOCTAMIHHOIO TEXHOJIOTIEI0, MPAaKTUYHO OJHAKOBHH i Habarato BHIIMMA, HiX
ANFOMiHIEBOTO cIDIaBy. IIpoTe BOHM IO-pi3HOMY BIUIMBAIOTH HAa 3HOIMTYBAHHS Mifi B TPHOO-
mapi KOMITO3UT (AITIOMiHIEBUH cIutaB)—Mins Mapku M1. HalimeHie MigHe KOHTPTLIO 3HO-
IIYETHCS. 32 BUKOPUCTAHHS MOPYBATOTO KOMIIO3UTY, HPOCOYEHOrO PO3YMHOM TIIIiLCPHHY.
Toni 3HOCOTpHBKiCcTE Mini y 50 pa3iB BUIIA, HIX Y Mapi 3 aTIOMiHIEBHM CILIABOM.

PE3IOME. UccnenoBaHbl MUKPOTBEPAOCTh, MUKPOMEXaHU3M U CONPOTHUBIICHUE pa3-
PYLICHHIO NIPU CTATHYECKOM M3rH0e, a TaKkKe W3HOCOCTOMKOCTh KaHAWAATHBIX MaTepHajIoB
JUISL 3JIEKTPOKOHTAKTHOM BCTABKH IMaHTorpada TpaMBasi B rape ¢ MaTepHaloM KOHTaKTHOTO
MPOBOJIAa CHUJIOBOM DIICKTPUYECKOH ceTH. MarepuanaMu JJisi BCTaBKH ObUTH KOMITO3UTHI Ha
ocHoBe MAX-da3 TizAlC; u Ti2AlC, monydeHHbIC MPH OJHOCTAIMAHON TEXHONOTHHU (TO-
psidee mpeccoBaHKE), KOTOphle CPAaBHHUBAIM C paHee MOJIYYCHHBIMHU IIOCJE CHHTE3a B Ba-
KyyM€ M TOpS/YEero NMpecCOBaHMs (IByXCTa[WiHAS TEXHOJIOTHS) U QIFOMHHUEBBIM CIUIABOM,
U3 KOTOPOTO M3TOTOBISIOT BCTaBKH MAaHTOTpa)oB B YKpawHe. YCTaHOBICHO, YTO W3HOCO-
CTOMKOCTh MaTepHajoB, MOIYYCHHBIX MO OIHO- M ABYXCTAAMHHON TEXHOJIOTHH, NPAKTH-
YeCKH OJJMHAKOBA M HAMHOTO BBIIIE, YeM aJFOMUHHEBOTO criaBa. OTHAKO OHH MO-Pa3HOMY
BIIMSIIOT Ha W3HOC MEAM B TPUOOMape KOMIO3UT (aJFOMUHHMEBBIN CIUIAB)—-Melb Mapku MI.
Haumenbirero m3Hoca MEJHOTO KOHTpTENa JIOCTHTHYTO IPH HCIIOJIB30BaHHU TOPHUCTOTO
KOMIIO3UTa, MPOMUTAHHOTO PacTBOPOM TJMIEpHHA. B 3TOM ciryyae H3HOCOCTOWKOCTD MEIH
B 50 pa3 Gosbllle, HEXKENH B Mape ¢ ATFOMUHUEBBIM CILUIABOM.

SUMMARY. Microhardness, micromechanism and resistance to fracture damage under
static bending and wear resistance of candidate materials for electric contact insertion of a
tram pantograph in pair with the material of the contact wire of the electric power network
have been investigated. Materials for insertion are composites based on MAX-films TisAIC,
and Ti2AIC, obtained by the one-stage technology (hot compression) which, compared to
previously investigated composites after vacuum synthesis and hot pressing (two-stage
technology) and aluminum alloy, used for the manufacture of inserts of pantographs in
Ukraine. It has been established that the resistance to wear of materials obtained by one-
and two-stage technology is practically the same and much higher than that of an aluminum
alloy. However, they vary in the way that the copper is worn out in the tribo-couple com-
posite (aluminum alloy) — M1 copper. It is found that the least deterioration of a copper
counter-body is achieved by using porous composite impregnated with glycerine solution.
Then the wear resistance of copper is 50 times greater than that in the pair with aluminum
alloy.
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PE3IOME. TlpoaHaii30BaHO BIUIMB BHCOKOCHEPT€THYHOI'O MOMENY Y IUIaHETAPHOMY
MJIMHI B aTMocgepi BOJHIO Ha CTPYKTYpY 1 (a30BUii ckiaj CIIaBiB Ha ocHOBI (a3 Jlaeca.
Hocnimxeno crutaBu ZrMn; 1 ZrCrNi, siki y BUXiJTHOMY CTaHI MICTSITh T'€éKCaroHaJIbHYy (a3y
JlaBeca Ty MgZn,. 3miHy iX ()a30BO-CTPYKTYPHOTO CTaHy IICIJIs TIOMENY Yy BOJHI 1 Tep-
Mi9HOT 00pOOKH y BaKyyMi BUBYCHO 3a JOMIOMOTOIO CKAaHIBHOI €JIEKTPOHHOI MiKpOCKOTIii, a
TaKOXX PEHTTeHOCIIEKTPAIBHOTO 1 peHTTeHO0(ha30BOr0 aHawi3iB. BCcTaHOBIIEHO, MO OCHOBHI
(asn y crmaBax ZrMn, i ZrCrNi mig gac moMeny y BOIHI pO3MafailoThCs BiATIOBIAHO Ha
TiAPHUI TUPKOHIIO 1 MapraHels Ta TiApHU HUPKOHIIO 1 XpoM. 31 30UIBIICHHAM Yacy TOMeTy
BMICT 3aImiza y 3pa3Kax BHACHIZOK CTUPAHHSA PO3METIOBATIBHAX KYIIBOK 3pOCTa€e. 3aexHO Bif
yacy momoiry B cmmiaBi ZrMn micis TepmiuHOi 00poOku y BakyyMi (opMyroTecs asu 3i
cTpyKTypoto Tuity MgZn, a6o TheMnys, a y 3paskax crmaBy ZrCrNi — dasu tumy MgCus i
Theans.

PE3IOME. TlpoaHanu3upoBaHO BIUSHUE BHICOKOXHEPTETHUYECKOTO MOMOJa B IJIaHe-
TapHOHM MeJIbHUIIE B aTMOc(epe BOAOpoJa Ha CTPYKTYpY U (a30BbI COCTAaB CIUIABOB Ha
ocHoBe (a3 JlaBeca. MccnenoBansl crasl ZrMn, u ZrCrNi, KOTopbie B HCXOIHOM COCTOSI-
HUH coJep)KaT TeKcaroHalbHyIo ¢a3y JlaBeca tuma MQZn,. Usmenenne ux (pazoBo-CTpyK-
TYpPHOTO COCTOSIHUS TIOCTIE TIOMOJIa B BOJOPOJE M TEPMHUIECKOH 00padOTKe B BAKYyME H3Y-
YEHO C MOMOUIbI0 CKAHHUPYIOILEH AJIEKTPOHHOM MHUKPOCKOIHH, a TaKXKE PEHTI€HOCIEKT-
paBHOTO W PEHTTeHO(A30BOTO aHATM30B. Y CTAHOBIICHO, YTO OCHOBHEIC (ha3bl B CIIaBax
ZrMn; u ZrCrNi BciiecTBHE TIOMOJIa B BOJOPO/IE PaCcIIaaroTCss COOTBETCTBEHHO HA THAPHUJ
LUMPKOHHS U MapraHel U THIApHJ UUpKOHHUA U XpoM. C yBeIMYEeHHEM BpPEMEHHU IOMOJIA
coJiepXaHue jkese3a B o0pa3iax B pe3ynbTaTe CTUPAHUSA IIOMOJIBHBIX LITIAPOB Bo3pacTaeT. B
3aBHCHMOCTH OT BPEMCHHM MOMOJIA B ciuiaBe ZrMny mocie TepMUYecKoil 00pabOTKu B Ba-
Kyyme (opmupytoTcs dassl co CTpyKTypoit Tuna MgZn, ninn TheMnzs, a B 06pa3uax cruia-
Ba ZrCrNi — ¢assr Trma MgCusz u TheMnys.

SUMMARY. The phase-structural state of the ZrMn, and ZrCrNi alloys with hexago-
nal MgZn, (C14) type of Laves phase structure after ball milling in hydrogen and heat
treatment in vacuum were investigated by means of X-ray powder diffraction, scanning
electron microscopy and energy-dispersive X-ray spectroscopy. It was shown that ZrMn;
and ZrCrNi alloys during milling in hydrogen decay into zirconium hydride, manganese
and zirconium hydride, chromium accordingly. An increase of milling time leads to the
increase of iron content in the samples due to the abrasion of the material of balls. There-
fore, depending on milling time the ZrMn, samples after heat treatment are crystallized into
MgZn; (C14) or TheMny3 types of structure, and the ZrCrNi alloy — into MgCu. (C15) and
TheMngs types of structure.

Boichyshyn L. M., Khrushchyk Kh. 1., Kovbuz M. O., Hertsyk O. M., and Hula
T. H. Peculiarities of transition of the amorphous AlgyREMsNig(Fe) alloys
into the crystalline state due to temperature influence ..o, 21

Bu3HaueHo KiHETHMUYHI mNapamerpu KpucTaiizauii amMOppHUX MeTajeBUX CIUIaBiB
(AMC) Ha OCHOBI aJIIOMiHIIO, JISTOBAaHHUX piJKicHO3eMenbHUMHU MeTanamu (P3M), 3a
JIOMTOMOT 010 mudeperiianpHoi ckaniBuol kamopumerpii (JICK). ITokazano, mo AMC
Ha OCHOBI QJIIOMIHII0 KPUCTANI3yIOThCS Y Tpu cTajil. 3a moxensmu Kiccinmxepa,
ABpami ta O3aBu Ha ocHOBI pesynbratiB JICK po3paxoBaHi eHeprii akTHUBaIii s
mepmioi  cramii  kpucramizamii.  BcramoBmeno, 1m0  crutaBu  A-P3M-Ni
HAHOKPHUCTANII3YIOTHCS 32 KIHETUYHO KOHTPOJILOBAaHMM MexaHi3MoM. 3aMiHa Y Ha Gd
TIPU3BOIUTH JI0 3MEHILIEHHS TeMIlepaTypu HaHokpucTaiizamii Ha 20...40 K, a Ha Dy —
J0 TJBHIIEHHS TeMIlepaTypd SK 3apOJUKEHHS, TaK 1 POCTY HAHOKPHUCTAIIB.
HonasanHs y ckiaj ciuiaBy Fe 3cyBae miana3oH HaHOKpucTanizanii Maibke Ha 100 K.
3a mozemto Marycita 3a cranux Temneparyp (a3oBHX HEepexoiiB BH3HAUCHO, IO
pict HanokpuctaniB y AMC cucremu Al-P3M-Ni BinOyBaetbcs y 1D Hampsmky Ta
nmiHiiHO (Mik(pazoBuil KoHTponb). Dy B amopdHHX cIutaBax HOMITHO ITiJBHIIYE
Temrepatypu (a30BHX TEPEXOMdiB, KUIBKICTH aTOMIB y KiacTtepax 1 3HHXKYE
MIKPOTBEPIiCTb.



PE3IOME. OmpeneneHbl KMHETHYECKHE IapaMeTphl KPHCTAJUIM3ALMU aMOp(HBIX
MeTauindeckux cmiaBoB (AMC) Ha OCHOBE aJIFOMUHUSL, JJIETUPOBAHHBIX PEIKO3EMEIbHBIMU
metawiamu  (P3M), ¢ mnomormpio anddepeHINanbHOH CKaHUPYIOIIEH KaJlopUMETpHU
(ACK). ITokazano, uto AMC Ha OCHOBE aTIOMHMHUS KPUCTALIU3UPYIOTCA B Tpu cTaguu. Io
monemsim Kuccunmkepa, ABpamu n O3aBsl Ha ocHoBe pe3yinbpraTtoB JICK paccuuraHsr
SHEPTUH aKTHBAIIUH JJIS IEPBON CTAJAWN KPUCTAJUTHU3AINH. Y CTAHOBJICHO, YTO CIUIaBHI Al—
P3M-Ni HaHOKPHUCTAJUTU3UPYIOTCS IO KHHETHYECKH KOHTPOIHUPYEMOMY MEXaHH3MY.
3amena Y Ha Gd MpHBOAXT K yMEHBIIEHUIO TEMIIEpaTyphl HaHOKpucTaum3anuy Ha 20...40
K, a Ha Dy — K NOBBIIIEHUIO TEMIIEPATYPHI KaK 3ap0OXkKJIEHHs, TAaK ¥ pOCTa HAHOKPUCTAIIIOB.
JloGasnenre B cocTaB ciuiaBa Fe caBuraer anana3oH HAHOKPHCTAUIH3AaIWHU 1moutd Ha 100
K. Tlo ™momenm MarycuTa TpH IOCTOSHHBIX TeMIepaTypax (Da3oBBIX MEPeXoa0B
ompeneneHo, 4to poct HaHokpuctauioB B AMC cuctembr AlI-P3M—Ni npoucxomut B 1D
HarpaBjIeHUH M JIMHEHHO (Mex(a3Hbli KOHTposib). Dy B aMOpQHBIX CIUIaBax 3aMETHO
MOBBIIIAET TEMIlEpaTypbl (a30BBIX MEPEXOAOB, KOJIMYECTBO aTOMOB B KiacTepax M
CHIDKAeT MUKPOTBEPIOCTb.

SUMMARY. The kinetic parameters of crystallization of the amorphous metallic alloys
(AMA) based on aluminum alloyed by rare earth metals (REM) were determined by
differential scanning calorimetry (DSC). It is shown that aluminium based AMA
crystallizes in three stages. Based on the DSC data and by using Kissinger, Avrami and
Ozawa models the activation energies for the first stage of crystallization were calculated. It
is established that AI-REM-Ni alloys crystallize by the kinetically controlled mechanism.
Replacement Y for Gd leads to a decrease in the temperature of nanocrystallization by
20...40 K, and for Dy leads to an increase in the temperature of nucleation and growth of
nanocrystals. According to the Matusite model, at constant temperature of phase transitions
it is determined that the growth of nanocrystals in the AI-Ni-REM AMA system takes
place in the 1D direction and is linear (interphase control). Dy in amorphous alloys
significantly increases the transition phase temperature, the number of atoms in clusters and
decreases the microhardness.

Gubenko S. I. Transformation of non-metallic inclusions in steels
under high-temperature NEAtING ..........cccveviiieiiese e 30

PE3FOME. JlocnipkeHO MEXaHi3M PO3YMHEHHS HEMETAIEBUX BKJIFOUCHBb 338 BHCOKO-
TEeMIIepaTypHOro HarpiBy. BcTaHOBICHO, IO MUCTIEpPryBaHHS BKJIIOYCHH IMOB’S3aHO 3 Jie-
KUJTbKOMa TPOIECaMHU — JHCOIIAIIEI0 Ta YACTKOBHM PO3YMHECHHSM BKITIOUCHB, U] y3idHIM
iX moapiOHEHHAM ImiJ Yac BHUOIPKOBOTO PO3YHHECHHSA, a TaKOXX YTBOPECHHSIM IHUCIICPCHHUX
“careniTHUX” 4acTHHOK. OOGroBOpeHO OCOOJIMBOCTI (hOPMYBAaHHS MIKPOKOMIIO3UTHUX 30H
MoOIHU3Y BKIIOUEHb.

PE3FOME. ViccienoBaH MEXaHH3M PAaCTBOPEHUS HEMETAIMYECKUX BKIIIOUEHHUH NMpH
BBICOKOTEMIIEPATYPHOM HArpeBe. YCTaHOBHeHO, YTO JUCTICPrUPOBaHUC BKJIIOUCHUI CBS3a-
HO C HCCKOJIbKMMHU HponeccaMu — }II/ICCOHI/IaHHeﬁ U YaCTUYHBIM PACTBOPECHHUEM BKIIHOYEC-
HUH, TUPPY3UOHHBIM UX APOOJICHUEM MTPU U30UPATEIHLHOM PACTBOPEHHH, a TaKKe 00pa3o-
BaHUEM JHCIIEPCHBIX “‘CaTEJUIMTHBIX” 4acTull. OOCYXIEHBI 0COOCHHOCTH (hOPMHUPOBAHHS
MHKPOKOMITO3UTHBIX 30H BOJIU3H BKIIIOUCHUIA.

SUMMARY. The mechanism of dissolution of nonmetallic inclusions at high tempe-
rature heating is investigated. It is established that the dispersion of inclusions is associated
with several processes (dissociation and partial dissolution of inclusions, diffusion fragmen-
tation under selective dissolution and the formation of dispersed “satellite” particles). The
features of the formation of microcomposite zones near inclusions are discussed.

Babak V. P., Shcepetov V. V., Gladkii Ya. N., Suprun T. T., and Bys S. S.
Structural regeneration of coatings under friction ..........cccccocvvivviv i 35

PE3IOME. 3anponoHOBaHO MeXaHi3M 30iJbIIEHHS JOBrOBIYHOCTI IOBEPXOHB TEPTA
i 9ac eKCIITyaTaliiHUX MOIIKOKEHb PETreHepaliclo BHYTPIIIHIX CTPYKTYp. Beranosmne-



HO, 110 Mi/1 9ac (PUKIIHHOI B3a€MO/IT 32 aIUTUBHOTO BILIMBY TEMIIEPATYpPHUX (IIyKTyawii
Ta MUTOMHX HaBaHTa)XCHb Yy KOHTAKTHII 30HI OTHOYACHO JIIIOTh BCI MOKJIMBI (i3MKO-XiMiU-
Hi aHOMAaJIbHI IEPETBOPEHHS y TBEPAil (a3i, pe3ysIbTaTOM SKUX € TePMIYHHIA PO3KIIaL CIO-
JyK KapOifiB Ta YTBOPEHHS CTPYKTYPHO-BUIBHOTO a-Tpadity. OTpuMaHi pe3yIbTaTh Jal0Th
MOXJIMBICTb MPUITYCTUTH, IO aHTH(OPUKLIHHUN MOBEPXHEBUH IIap, SIKUH MIiCTUTBH rpadit,
10 YTBOPIOETHCS B PEXKHAMI MPHUIPAIIOBAHHS, BiTHOBIIOETHCS, YTBOPIOIOYH IITICHY CHCTE-
My JUHAMIYHO 3HOCOTPUBKHX CTPYKTYp 32 HOPMaJILHOTO 3HOCY.

PE3FOME. TlpennoxeH MeXaHW3M YBEIMYEHHUS TOJITOBEYHOCTH ITOBEPXHOCTEH Tpe-
HUS IPU DKCIUTyaTallMOHHBIX MOBPEXIEHUAX BHYTPUCTPYKTYpHOM pereHepaunuein. Ycra-
HOBJICHO, 4TO TPH (PUKIMOHHOM B3aUMOJACHCTBUHM B YCIOBHSX aJJUTHBHOTO BIIMSHUS
TEMIIEPaTypHBIX (QIYKTyalid W YAEIbHBIX HAarpy30K B KOHTaKTHOW 30HE OJHOBPEMEHHO
JICWCTBYIOT BCE BO3MOJKHBIC (DM3MKO-XMMUYECKHE aHOMAJbHBIE MPEBPAIICHHUs B TBEPAOH
(haze, pe3ynbTaTOM KOTOPBIX SBISIETCS TEPMUUECKOE PA3JIOKEHNUE COETUHEHUH KapOUI0B 1
o0pa3oBaHHe CTPYKTYpHO-CBOOOAHOTO o-rpadura. IlpennonoxeHo, 4To aHTH(PHUKIHOH-
HBIIl IOBEPXHOCTHBIN CJI0H, conepkaruii rpaduT, KOTOPbIH GopMHUpYETCs B pexKUMe NpH-
pabOTKH, BOCIPOU3BOAMTCS, 00pa3ysl LEJIOCTHYIO CHCTEMY JWHAMHYECKH YCTOMYHMBBIX
U3HOCOCTOMKHMX CTPYKTYP BO BCEM JUANa30HE HOPMAJILHOIO U3HOCA.

SUMMARY. A mechanism for increasing the durability of friction surfaces during
operational damage due to intrastructural regeneration is proposed. It is established, that for
tribomechanical processes of frictional interaction under the conditions of the additive effect
of temperature fluctuations and specific loads in the contact zone a synchronous action of
all probable anomalous reactions in the solid phase occurs, as follows from the physicoche-
mical transformations of the process. As a result, thermal destruction of carbides and the
formation of a-graphite with free structure occur. Based on the results of the experiment it
can be concluded that the antifriction surface layer, which contains graphite, formed in the
breaking-in mode, is regenerated thus forming an integral system of dynamically stable
wear-resistant structures.

Lukaszewicz A. Temperature field in the contact area under friction welding
OF MEtalS N FOTALION ...eecee e 41

PE3IOME. 3anpornoHOBaHO MaTeMaTUuHy MOJIEINb JUIS JOCIIIKEHHsI TeMIIepaTypHOTo
TOJISI, 110 BUHHUKAE MMiJ] Yac (PPUKIIHHOTO 3BAPIOBAHHS METAJIIB. 3 HI€I0 METOI0 CPOPMYIIBO-
BaHO OCECHMETPHYHY HEIiHIIHY KpaloBY 3ajady TEIDIONPOBIAHOCTI IJIS JBOX LMTIHIP-
PUYHUX 3pa3KiB CKiHUCHHOI IOBXXWHH, BUTOTOBIEeHHX 31 ctami AISI 1040. BpaxosaHo, 1m0
TeIUTO(i3UYHI BIACTUBOCTI CTall, ii TPaHUIS IUIACTUYHOCTI, a TAaKOXK KOCQIIIEHT TepTs
3MIHIOIOTECS 3 TIIABHIIEHHSIM TeMIeparypu. YUcIoBUi po3B'sS30K 3a7adi OTPUMAHO METO-
JIOM CKIHYCHHHUX €JIEMEHTIB. JoCIiKeHO BIUIMB ABOX MEXaHi3MiB TEIIOYTBOPEHHS (BHAC-
JIOK TepPTs Ha TOBEPXHI KOHTAKTY 1 BiJ TUTACTHYHOTO Je(OpMyBaHHsS) HA TeMIIEpaTypHE
noJsie y 3paskax. BCTaHOBIIEHO y3roKEHICTh OTPUMAHHUX YUCIOBUX PE3yJbTATIB 3 BiAIO-
BIZITHUMH €KCIIEPUMEHTAIIbHUMH.

PE3IOME. TlpeanoskeHa maTeMaTHyeckas MOJIENb HCCIENOBAaHUSI TEMIEPaTypHOTo
OJIs, MHUIIMMPOBAHHOTO (PPUKIMOHHON CBapKo# MeTa/uioB. C 3TOH 1ebio chopMyITupo-
BaHa OCECHMMETPHYHAs HENMHEIHas KpaeBas 3ajada TEIUIONPOBOJHOCTH C Y4eTOM (HpHK-
[IMOHHOTO HarpeBaHus ABYX IMJIMHIPUYECKUX OOpa3lOB KOHEYHOW JUTMHBI, M3TOTOBJICH-
HbIX u3 cranmu AISI 1040. Terutodusnueckue cBOHCTBA cTayin, ee INpeiesl TEKy4decTH, a
TaKke KOIQQUINEHT TPEHUSI U3MEHSIOTCS C POCTOM TeMIIepaTyphl. UnCIeHHOEe pelieHue
3aJ1a4M TI0JIy4EeHO METOJIOM KOHEYHBIX 3JIEMEHTOB. VICclieoBaHO BIMSIHUE JBYX MEXaHU3-
MOB TeIUI000pa3oBaHus (BCIEACTBHE TPEHUS Ha TIOBEPXHOCTH KOHTAKTa M OT IIACTHYECKO-
ro nedopMHpOBaHMs) HAa TEMIIEpPAaTypHOE Ioje B oOpasiax. YCTaHOBJIEHO COTJIACOBaH-
HOCTb YHCJICHHBIX PE3YJIbTATOB C COOTBETCTBYIOLIMMH IKCIEPHUMEHTAIbHBIMH.

SUMMARY. A mathematical model is proposed for investigating the temperature field
caused by the friction welding of metals. For this purpose, an axisymmetric nonlinear
boundary value problem of heat conduction is formulated with allowance for the frictional



heating of two cylindrical samples of finite length made of AISI 1040 steel. The thermo-
physical properties of this steel, its yield strength and the coefficient of friction change with
increasing temperature. The numerical solution of the problem is obtained by the finite
element method. The influence of two mechanisms of heat generation on the temperature
field of samples is considered: due to friction on the contact surface and plastic deforma-
tion. A good agreement of the numerical results and corresponding experimental data is
obtained.

Vinas J., Brezinova J., Brezina J., and Maruschak P. O. Structural and
mechanical features of laser welded joints of zinc-coated advanced steel
1T USSR 47

PE3IOME. BuBueHo siKicTh 3BaproBaHHs craneBux JmuctiB COz nazepom. [lociimkeHo
3BapHi LIBY JIBOOIYHO OIIMHKOBAHUX JIUCTIB 3 BUCOKOMIIHMX HU3bKOJIETOBaHMX J1BO(A3HUX
Ta GararodasHuX MeracTaOLIBHUX cTajield. SIKICTh MATBEPIUKYIOTh Bi3yalbHHIH KOHTPOJIb,
pe3ysibTaTé BUOPOOYBaHb Ha MIIHICTh, MIKPOTBEPAICTh, MaKpO- Ta MIKPOCTPYKTYpPHHIA
aHaJIi3M METOJaMU ONTHUYHOI MIKPOCKOIIi, a TAKOX HEPYHHIBHI Ta PyHHIBHI METOAM Jiar-
HOCTYBaHHS.

PE3IOME. V3yyeHo KauecTBO CBapKu cTaibHbIX JucTOB CO2 nazepom. MccaenoBano
CBapHbIC IIBHI ABYCTOPOHHE OLMHKOBAHHBIX JINCTOB M3 BHICOKOIIPOYHBIX HU3KOJIETHPOBaH-
HBIX JBYX(a3HBIX M MHOTO(a3HBIX METACTAOMIBHBIX cTaned. KauecTBO moaTBep)kmaroT
BU3YyaJIbHBII KOHTPOJIb, PE3YJIBTAThl HCIIBITAHUH Ha IIPOYHOCTh, MUKPOTBEPJOCTh, MAaKpO- U
MHUKPOCTPYKTYPHBIA aHAIN3bl METOJAMH ONTHYECKOH MUKPOCKOIINH, a TaKKe HepaspyIlaro-
IIMe U pa3pyLIarolie MEeTO bl AUarHOCTUPOBAHUS.

SUMMARY. A quality analysis of laser welded bodywork steel sheets is presented.
The welding was done by CO; laser. The welds made on advanced steel sheets grades were
analyzed: high-strength low-alloy steel, dual phase steel, and multiphase transformed
induced plasticity steel. Both sides of the steel sheets were galvanized. Quality of the weld
joints was assessed by visual inspection. Tensile test were performed including destructive
tests. The Vickers microhardness was evaluated in the individual joint regions and the macro-
and microstructural analyses were performed by microscopy. Parameters recommended by
International Institute of Welding were used for welding. Based on the non-destructive and
destructive tests the welds were classified as satisfactory.

Kolomiets V. V., Antoshchenkov R. V., Ridniy R. V., Bogdanovich S. A,
and Fabrichnikova I. A. Optimization of processing of the inhomogeneous
deposited materials of tractor details ............cocooviriiiinini 52

PE3IOME. JlocnijkeHo pyliHYBaHHSI HEOJAHOPIIHMX HAIJIABJICHUX MaTepiajiB pi3Lisi-
MU i3 TBEP/OrO CIUIABY 1 HAATBEPOrO HA OCHOBI HiTpHUIY O0py. Po3paxoBaHo xapakTepuc-
THUKH 1X HEOJHOPITHOCTI i 00poOIIOBaHOCTI. BCTaHOBIEHO B3a€EMOBIUIMB 1 B3a€EMO3B’ 30K
(hi3uKO-MEXaHIYHUX IapaMeTpiB pi3aHHs i 0OPOOJIOBAHOCTI HAIUIABJICHUX JeTalleil Tpak-
TopiB. ONITUMI30BaHO TIPOIIEC Pi3aHHS | BA3HAYCHO ONTHUMAIBHY HOTO IIBUAKICTS.

PE3IOME. ViccnenoBaHo pa3pylLleHHE HEOJHOPOJHBIX HAIJIABICHHBIX MaTepUajoB
pe3namu U3 TBEpJIOTO CIUIaBa M CBEPXTBEPJIOr0 MaTeprasia Ha OCHOBE HUTpHIa Oopa. Pac-
CUNTaHBl XapaKTEPUCTUKH MX HEOJHOPOJHOCTH M oOpabarsiBaeMocTH. OIEHEHBI B3aUMO-
BIIMSTHUE U B3aUMOCBSI3b (PM3MKO-MEXaHMUYECKNX MapaMeTpoB pe3aHus U oOpadaTeiBaeMocC-
TU HaIUIaBJICHHBIX JAeTaneil TpakTopoB. ONTHMU3UPOBAH MPOLECC PE3aHMS U ONpeAeeHa
€ro ONTHMabHasi CKOPOCTb.

SUMMARY. Fracture of heterogeneous deposited materials by cutters made of hard
and super hard alloys based on boron nitride is considered. The characteristics of the
heterogeneity of the deposited materials and the characteristics of their mach inability are
calculated. The mutual influence and interrelation of the physical and mechanical charac-
teristics of the cutting process of the welded materials of tractor parts are established. Based



on the research optimization of the cutting process of heterogeneous deposited materials is
carried out and the optimum cutting velocity is determined.

Ogorodnikov V. A. and Arkhipova T. F. Prediction of mechanical properties
of metals after cold pressure treatment ...........coovireiiiniicnee s 61

PE3FOME. Po3po0bieHo MeTOoZ BH3HAYCHHS IUIACTHYHOCTI 3a3manerinp aedopmoBa-
HOTO MeTally, SIKUH IPYHTYETHCS HAa TEH30PHOMY OIIMCI HAKOITMYEHHUX IOIIKOHKEHb B YMO-
BaX XOJOAHOTO IDTaCTHYHOTO nedopmyBanHA. Lle mae MOXIIMBICTD 32 BiTOMAMH MEXaHid-
HUMH XapaKTEePUCTHKAMM, a TaKOX JiarpaMaMH IDIACTUYHOCTI OIiHUTH IUIACTHYHICTH Ta-
KHX 3arOTOBOK 3a OyIb-SKOTO HANPYXKEHOTO CTaHy. MeTo ] arpoOoBaHO IIiJl 9ac BHTOTOB-
JICHHS KPYTO3ITHYTHX BiJBOJIB CIIOCOOOM NPOTATYBAaHHS 3a34ajeTigb 3aHEBOJCHOI TPyOH.
BusineHo 3a/10BiJIbHY 301KHICTh pO3paxXyHKOBUX Ta €KCIIEPUMEHTAILHUX PE3YJIbTAaTIB.

PE3IOME. Pa3zpaboTaH pacueTHBIH amlmapar, ¢ MOMOIIbI0 KOTOPOTO OLEHEH pecypc
IUIACTUYHOCTH TPEIBApUTEIBbHO Ae()OPMHUPOBAHHBIX 3aroTOBOK. OH OCHOBAaH Ha MOJEIH
paspyieHus, 0a3upyromeiics Ha TeH30pHOM OINMCAHWM HAKOIUICHUS MOBPEXAEHHUH U IOo-
3BOJ'IHIOH.[I/II7[, Korja U3BE€CTHbBI MEXaHUYCCKNUEC XapaAKTCPUCTUKHU, aHAJIM3UPOBATH IJIACTHYCC-
KHE CBOWCTBA IpEIBapUTENbHO Ae(HOPMHUPOBAHHBIX 3arOTOBOK IPH JIOOOM BHIE HAampsi-
JKEHHOTO COCTOSIHUS. MeToIiKa anpoOHpoBaHa Mpy U3TOTOBICHUH KPYyTOU30THYTHIX OTBO-
JIOB METO/IOM TIPOTSDKKH IIPEIBApUTEIBFHO 3aHEBOJICHHOM TpYyObl. BhIsBIEHa yHOBIETBOPH-
TeNbHAs CXOJUMOCTb PACYETHBIX M SKCIIEPUMEHTAIBHBIX TaHHBIX.

SUMMARY. A method for estimating the plasticity of a pre-deformed metal is
developed, based on the tensor description of damage accumulation under conditions of
cold plastic deformation. The method makes it possible, with known mechanical charac-
teristics, and aso with known plasticity diagrams, to evaluate the plasticity of pre-deformed
blanks for any kind of the stress state. The method has been tested using the example of
manufacturing steeply curved bends by means of pulling a pre-sewn pipe. Satisfactory
convergence of the calculated and experimental datais shown.

Gutsalenko Yu. G., Sevidova E. K., and Stepanova I. I. The influence of
plasmoelectrolytic oxidation regimes on the dielectric properties of coatings
ON DIOT AHIOY ....viciicicce et sbe e ste b e esneesre e 66

PE3FOME. JlocmimkeHO BIUIMB TuTa3MoelnekTpoiitHoro okcunyBanus (ITIEO) nedop-
miBHoro cruiaBy J[16T Ha nienekrpuuni BiaactuBocti [IEO-OKpHBIB y IIy)KHO-CHITIKATHHX
enexTpoditax. [lokazaHo, mo 301IbIIEHHST TPUBAIOCTI OkcuayBaHHs 3 1 h 1o 2 h B pexumi
JIOBUTHHO mamarodoi moryxuocti (JAI1I1) Ha 3MiHHOMY CTpyMi IPHU3BOAMTE JI0 MOTIPIIECHHS Py
B 2-2,5 pasu, a enektpuuHoi MinHOCTI £ — Ha 30...40%. V ransBanoctatuusomy (I'C) pexu-
Mi eJeKTpoGi3MYHI OKa3HUKH 33 YMOB OJJHAKOBOI TOBIIMHHU TIOKPHBIB HE3HAUYHO 3MEHIIIY-
OTBCA 31 3DOCTAHHAM aHOJHOTO CTPYMy B JianasoHi 5...15 A/dm?, a cyTresile 3anexarh
BiJl CKIIaJly eNeKTpOJiTy. BcTaHoBeHO, Mo Jimm HokasHuku py = 3,2...4,3-10° Q - m ta
E =10... 13 V/um 3a 000X pexxumiB 3a0e3MeUyIOTh JTyKHO-CHIIiKaTHHU (1:6) Ta crmikaT-
Hui (0:12) po3yrHU eneKTpoiTiB. 3a aOCONOTHUMH 3HAYSHHSIMH TOKa3HUKH IOKPHUBIB,
chopmoBanux y pexumi /11, nepeBuinytoTh aHAJOTT4HI XapaKTEPUCTHUKH OKCUIHHUX LIa-
piB I'C pexumy B 1,2—1,9 pa3is.

PE3FOME. WccnenoBaHo BIUSHHE IUIa3MORJIEKTPOIUTHUECKOIO OKCHAUPOBAHUSA
(IT50) medopmupyemoro cruraBa JJ16T Ha musnexTpuueckue cBoiictBa [190-moKpeITHH B
HIETI0YHO-CUIMKATHBIX 3JeKTposnuTax. IlokazaHo, YTO yBeIUUeHHE BPEMEHHU OKCHAUPOBA-
HUsA ¢ 1 10 2 h B pexume npousBonsHO magaromeit momHocT ([1IIM) Ha nmepemeHHOM
TOKEe MPHUBOAWT K yXYIIIEHUIO Py B 2—2,5 pa3a, a 3JeKTpHUUecKod mpodHocTH E — Ha
30...40%. B rameBanocrarnueckom pexume (I'C) anmextpodmsnueckue nokaszaTenad IMpH
OJIMHAKOBOM TOJIIIMHE TOKPBITHIH HE3HAYNTEFHO YMEHBIIAIOTCS C YBEIIMICHUEM aHOIHOTO
TOKa B auanaszoHe 5...15 A/dm? a B OCHOBHOM 3aBHCAT OT COCTaBa JNIEKTPONIMTA. YCTAHOB-
JIEHO, YTO JIydIlHe TIOKa3aTenu py = 3,3... 4,3-10° Q@mu £ = 10...13 V/um B 06oux pexwu-
Max o0ecrneunBaIoT IMeI0YHO-cHMKaTHRIA (1:6) m cumukatsend (0:12) pactBopsr. [lo



aOCOJIOTHBIM 3HAYEHUSIM II0Ka3aTesid NOKpPbITUH, chopmupoBaHHBIX B pexume [1IIM,
MPEBBIIAIOT aHAIOTHYHBIE XapaKTepUCTUKU oKkcUIHbIX cioeB ['C pexxuma B 1,2—1,9 pasa.

SUMMARY. The influence of plasma electrolytic oxidation (PEO) factors for the
deformed /16T alloy on the dielectric properties of PEO coatings in alkaline silicate
electrolytes is investigated. It is shown that increase in the oxidation time from 1 hto 2 hin
the randomly falling power (RFP) mode at alternating current leads to deterioration of py in
2-2.5 times, and electrolytic strength E — by 30...40%. In the galvanostatic mode for the
same coatings thickness the electrophysical parameters slightly decrease with increase of
the anode current in the range of 5...15 A/dm?; a more significant their dependence on the
electrolyte composition is observed. It is established that the best properties of volume
resistivity py = 3.3... 4.3-10° Q-m and E = 10...13 V/um in both modes provide alkaline
silicate (1:6) and silicate (0:12) solutions. Absolute values of oxide films formed in RFP
mode are better than the ones formed in galvanostatic mode in 1.2-1.9 times.

Parashchuk L. Ya., Atamaniuk V. V., and Smychok V. D. Development of the
composition of complex expansive addition and its influence on the concrete
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PE3FOME. JlocnimpkeHo BIUTMB OJATKIB Ha JIiHIHHE PO3IIMPEHHS I[EMEHTHOIO KaMe-
HIO. 32 JOTMOMOTO MaTeMaTHYHOTO IUIaHYBaHHS €KCIIEPUMEHTY BHU3HAYEHO ONTHUMaJbHE
CHIBBITHOIICHHS MIX PO3IIMPHIMHU KOMIIOHEHTAMH B CKJIaJi IIEMEHTy. BaxuBicTs oxHO-
YaCHOTO BBEJICHHS KITBKOX KOMIIOHCHTIB € HE TINBKH Yepe3 PO3IIHPIOBAIBHY IO KOXKHO-
O, ayie i X B3a€MOBIUIHB. ['iNIC BUKOHY€ pOJb HE TUTBKM CHOBUTHHIOBAYA TigpaTallii BalHa,
ane 1 cymb(paTHOI CKIAIOBOI I YTBOPEHHS reKcacyib(oanmoMiHATy KaJbIli0 B Mi3HIIMI
TepMiHH TBepAHEHHs. Lle mae 3Mory BIUNIMBAaTH Ha (OPMYBAaHHS KPHCTATIYHOI CTPYKTYPH 1
MIIHICTh [IEMEHTHOTO KaMEHIO 3arajioM. 3IiHCHEHO MaTeMaTHYHy OOpOOKY pe3yibTaTiB
EKCIIePUMEHTABHUX JOCIIIKEHb.

PE3FOME. ViccnenoBaHo BIHMsIHHE NOOABOK Ha JIMHEHHOE paclIMpeHHe IIEMEHTHOTO
kaMHs. C IOMOIIBI0 MaTEMaTHYECKOTO IUTAHUPOBaHUS HKCIIEPHUMEHTa ONpPEeIeHO MaKCH-
MaJIbHOE COOTHOIICHHWE MEXAY PACHIMPSIOMIMMUCS KOMIIOHEHTaMH B COCTaBe I[EMEHTA.
BaxxHbpIM (akTOpOM OJHOBPEMEHHOTO BBEICHHS HECKOJIHKHUX KOMIIOHEHTOB SBISETCS HE
TOJBKO paclIupstollee AeCTBUE KaXKJ0ro U3 HUX, HO U UX B3auMMOBO3jeicTBUe. ['umc uc-
MOJB3YIOT HE TOJIFKO KaK 3aMEIUIHTENh THAPATAIlUN M3BECTH, HO M KakK CyJIb(aTHYIO CO-
CTaBIAIONIYIO Ui 00pa30BaHUs TeKcacyiab(oaToMUHATAa KalbIMs B OoJiee OTHAJICHHEIC
MIEPUOJIBI TBEPACHHUSA. DTO MO3BOJICT BIHMATH Ha (POPMHUPOBAHUE KPUCTAITHIECKON CTPYK-
TYpBI U IPOYHOCTH IIEMEHTHOTO KaMHs B 1esioM. OCYIIECTBIICHO MaTeMaTHIeCKyIo o0pa-
0OOTKY pe3ybTaTOB SKCIICPUMECHTATBHBIX HCCIICIOBAHUH.

SUMMARY. The influence of additives on linear expansion of cement stone is invest-
tigated. With the help of mathematical planning of the experiment, an optimal correlation
between the expansive components in the composition of the cement is determined. An
important factor in the simultaneous introduction of several components is not only the
expansive effect of each of them but also the mutual influence between those components.
Gypsum is used not only as a inhibitor of hydration of lime, but also as a sulphate compo-
nent for the formation of calcium hexasulphoaluminate in further stages of hardening. This
allows us to affect both the formation of the crystal structure and the strength of the cement
stone as a whole. The mathematical processing of the results of the experimental research is
carried out.

Datsyshyn O. P., Glazov A. Yu., and Lenkovskiy T. M. Estimation of contact
lifetime of 65I" steel by spalling formation Criterion ............c.ccocvoeiininiiiiincce 80

PE3FOME. 3anporoHOBaHO PO3PaxyHKOBI alTOPUTMH, Ha OCHOBI SKHUX OOYHCIICHO
Koe(ilieHTH 1HTEHCHBHOCTI HANpy>XeHb IS MiJIOBEPXHEBHX TPIIIMH y MiBIUIOIIMHI Ta
Mo0yJOBaHO TPAEKTOpii iX MOMMPEHHS MiJ AI€0 PYXOMOTO MOAEIHHOTO (EIINTHYHOTO)
KOHTAKTHOTO HAaBaHTaKEHHsS. EKCIIEpHMEHTaIFHO BCTAHOBIICHO JiarpaMH BTOMHOTO pyW-



HYBaHHS JUIsl MOZAEJIBHOI KONiCHOT cTaii 651" 3a yMOB MONEpevHOro 3CyBy Ta HOPMaJIbHOTO
po3puBy. OLIHEHO 3IMIIKOBY KOHTaKTHY IOBrOBIYHICTH 32 YTBOPEHHSM BiIIapyBaHHs B
MPUITIOBEPXHEBIH 30HI 3aJII3HUYHHUX KOJIC, BUTOTOBJIEHHX 31 ctaii tumy 651, JlociimkeHo
3aJIeXKHICTh JJOBIOBIYHOCTI BiJl TAaKMX €KCIUTyaTalifHUX Ta T€OMETPUYHUX MapaMeTpiB, SK
TepTsA/3MaIIyBaHHA 32 KOHTAKTy MK KOJIECOM 1 PeKolo, TepTsS MiX OeperaMu TPIIIHWHH,
TIMOWHA 3aJATaHHSA OYaTKOBO MPSMOJIHIKNHOI TPIIIMHA Ta IHTEHCHBHICTh HABAHTA)KEHHS
Tapy KOYEHHS, a TAaKOK CIIPOTHO30BAaHO (OPMY 1 pO3MipH BiAIIapyBaHb.

PE3FOME. TlpennoxxeHbl pacdeTHBIE aJTOPUTMBI, HA OCHOBAHWH KOTOPBIX BBIYHCIIC-
HBI KO3 QHUINCHTH MHTCHCUBHOCTH HANPSDKEHUH JJIsI MTOJIIOBEPXHOCTHBIX TPEIIMH M I0-
CTPOEHBI TPAEKTOPHUU HX PACHPOCTPAHEHHsS B YNPYrod MOIYIUIOCKOCTH MOJ AEHCTBHEM
MOJBI)KHOM MOJIEIbHOM KOHTAaKTHOM HAarpy3ku Ha ee TpaHulle. DKCIEePHUMEHTAIbHO IIO0-
CTPOEHBI AUarpaMMbl YCTaJIOCTHOTO paspylieHus s ctanu 651" mpu ycioBuu momeped-
HOTO CIBHra U HOPMAJIBHOTO pa3pbiBa. OlleHEHa OCTaTOYHAas KOHTAKTHAs JOJTOBEYHOCTH
M0 KPUTEPUIO 00pa3oBaHMs OTCIAWBAHUS B MPUIOBEPXHOCTHOH 30HE JKEJIE3HOLOPOIKHBIX
KoJiec, MPOU3BEACHHbIX U3 cTanu Tuma 650, IlokazaHa 3aBUCHUMOCTBH JOJATOBEYHOCTH OT
TaKMX JKCIITyaTAlMOHHBIX U T€OMETPUYECKUX MAPaMETPOB, KaK TPEHHE B KOHTAKTE MEKIY
KOJIECOM M PENbCOM, TPEHHE MEXIy OeperaMmm TpeIlMHbI, TIyOMHA PacIHOIOKEHUS HU3HA-
YaJlbHO MPSIMOJIMHEWHON TPEUIMHbl U MHTEHCUBHOCTh HArpy»KE€HUs Mapbl KadeHus. Takke
MPOTHO3UPYIOTCS ()OPMBI U pa3MEpHI OTCIANBAHUS.

SUMMARY. The calculation algorithms are proposed on the basis of which the SIF for
subsurface cracks are calculated and their propagation paths in an elastic semi-plane under
effect of moving model load on its boundary, are built. Fatigue diagrams for 65I" steel
under mode Il and mode I are experimentally built. Residual contact durability by spalling
formation in near-surface region of the railway wheels made from 65T steel is evaluated.
The dependence of durability on such exploitation and geometric parameters as friction in a
contact between a wheel and a rail, friction between crack edges, a location depth of
initially rectilinear crack and intensity of a rolling pair load is shown. Spalling shapes and
dimensions are also predicted.

Shopa T. V. Transversal vibrations of an orthotropic plate with a set of
inclusions of arbitrary configuration with different types of connections
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PE3FOME. Y Mexax yTOYHEHOI MOJEIi, sSIka BPaxOBYe NeQOpPMAIii0 MOIEPEIHOTO
3CYBY Ta IHEpIiiiHI KOMIIOHEHTH, MOOY/I0BAHO PO3B’ 30K 3aaui PO yCTaICHI 3THHHI KOJIU-
BaHHS OPTOTPOIHOI IUIACTUHM 31 CHUCTEMOIO JIOBUJIBHO PO3TAllOBAaHUX KPHBOJIIHIHHUX
BKJIIOYCHb. JIOCITIIKEHO Pi3HI TUIH X 3’€HaHb 3 IIACTUHON. 30BHIMIHSA MEXa MIACTHHU
JIOBUIbHOI reoMeTpuuHOi KoHQirypauii. Po3riissHyTo MimiaHi rapMOHI4YHI B 4aci KpaHoBi
yYMOBH Ha Hiil. PO3B’5130k 0Oy/I0BaHO Ha OCHOBI HENPSIMOTO METO/Y I'PaHUYHHX €JIEeMEeH-
TiB. BUuKkopucTaHo ceKBeHLIABHUHN MiAXix 10 300paxenHs ¢yHKuii ['pina.

PE3IOME. B npenenax yTOUHEHHOM TEOPUH, KOTOpAsi YUUTHIBAET NONEPEUHbIE CABH -
TH U MHEPIIOHHBIE KOMIIOHEHTHI, IIOCTPOEHO PEIISHHE 33/1a4X 00 YCTaHOBHUBIIHMXCS U3THO-
HBIX KOJICOAHHMSX OPTOTPOIHOM IIACTHHBI C TIPOM3BOJBLHO PACIONOXKEHHOM CHCTeMOH
KPHBOJIMHENHBIX BKIIOUEHHH. MccnenoBanbl pa3Hble TUIBI UX COEIUHEHHH C IUIACTHHOM.
PaccmoTpeHsl cMelaHHbIe TApMOHUUYECKHE BO BPEMEHU IPAHUYHBIE YCIOBUS HAa BHEIIHEH
rpaHUIle NIACTUHBL. PelleHre NocTpoeHo ¢ MOMOINBIO HENPSMOTO METO1a TPAaHUYHBIX dJIe-
MEHTOB. VIcr0Ip30BaH CEKBEHIMANBHBINA TOAXO] K peAcTaBIeHIO pyHKIwi ['prHa.

SUMMARY. In the framework of the refined theory, which takes into account trans-
verse shear deformation and inertial components, the solution of the problem on the steady
state bending vibrations of an orthotropic plate with a system of curvilinear inclusions of
arbitrary location is constructed. Different types of their connections with the plate are
investigated. Mixed harmonic in time boundary conditions are considered on the external
boundary of the plate. The solution is built on the basis of the indirect boundary elements
method. The sequential approach to the representation of the Green’s functions is used.



Harmatiy H. Yu., Popovych V. S.| and Krul M. The influence of material

thermosensitivity on non-steady thermal state of a multilayer plate..............c.ccceuennee. 98

PE3IOME. HeycTaneHuil TEIUIOBUH CTaH TEPMOYYTJIMBOI OararomapoBoi IUIaCTUHU
OIMMCaHO HEJiHIHHOIO KPaioBOIO 3a/laueio 3 PO3PUBHUMH KoedilieHTaMHU. 3arpoloHOBaHa
METOJIMKa TOOYIOBU PO3B’SI3Ky KpaloBOI 3a/1adi OXOILIIOE MEPEeXi 10 IHTerpabHOI 3MiH-
HOi ['yZMeHa, 110 1a€ MOXKITMBICTB MeperpyIyBaTy HENTiHIHHOCTI Ta 3aCTOCYBaTH iHTErpo-
IHTePHOJIMIHHUEN MeTOoJ Ut TOOYIOBH HAIIBANCKPETHOTO aHAOTa MOJCTI YV BHUIJIAI 3a-
nmadi Ko st cructemMu HeNHIMHNX 3BU9aiiHuX nudepeHmiansaux pisastas (CH3/P). Ot-
pumany CH3/IP Ha 3MminHy ['yiMeHa po3B’s3aHO YHCIOBO 3a JONOMOTOIO JIiHIHHKX Oara-
TOKPOKOBHX Pi3HUIIEBUX METOIIB.

PE3FOME. HeycTaHOBHUBIIEECS TEIJIOBOE COCTOSHHIE TEPMOTYBCTBUTEIHEHOW MHOTO-
CJIOWHOM TUIaCTHHBI ONMCAHO HENWHEWHON KpaeBoi 3a/aueii ¢ pa3pbIBHBIMU K0dddunmeH-
tamu. [IpeayioskeHHas METOAMKA MOCTPOESHHUS PEIICHUs KPaeBOH 3ajaun BKIIOUACT EePexo]
K MHTErpaJibHOW nepeMeHHo# ['yiMeHa, 4To mO3BOISET MeperpynnupoBaTh HENMHEHOCTH
U HOPUMCHUTH HHTeI’pO-HHTepHOJ’IHHI/IOHHHﬁ METOA MJIsA MNOCTPOCHUA MNOJIYAHUCKPECTHOI'O
aHajora MOJICJH B BHJE 3aaa4yu Komw IJIsi CHCTEMbI HEJIMHCHHBIX OOBIKHOBECHHBIX TU(de-
pernuaneHeix ypaBHeHuidt (CHOJLY). Ilomyuennyto CHOLY Ha nepemennyio ['yamena
PELIEHO YUCIEHHO C MOMOIIBIO TMHEHHBIX MHOTOIIATOBBIX PA3HOCTHBIX METOOB.

SUMMARY. The nonsteady thermal state of a heat-sensitive multilayer plate is
described by a nonlinear boundary-value problem with discontinuous coefficients. The
proposed procedure of construction of the solution of this boundary-value problem includes
the transition to the Goodman integral variable, which enables one to rearrange nonlinearities
and apply the integro-interpolation method for the construction of a semidiscrete analog of
the model in the form of the Cauchy problem for a system of nonlinear ordinary differential
equations (SNODE). The obtained SNODE with respect to the Goodman variable is
numerically solved by using linear multistep difference methods.

Kyrylova O. I. and Mykhaskiv V. V. Time-harmonic vibrations and resonance
effects under antiplane shear of a hollow elastic cylinder with a crack..................... 105

PE3FOME. 3ampornioHOBaHO €(EKTUBHUN aHATITHKO-YHUCIOBUA METOJ] BU3HAYCHHS
TUHAMIYHUX HAMPYXXEHb y MOPOXKHUCTOMY IMIIHAPUYHOMY TiJli JOBUIBHOTO Iepepi3y 3
HACKPI3HOIO TPILIMHOKO 32 YMOB aHTHUILIOCKOT nedopmaii. MeTos nae 3Mory po3B’si3yBaTH
OKpPEMO iHTeTpabHi piBHSAHHS Ha MOBEPXHi Ie(EKTY i 3aI0BOJIBHATH YMOBH TapMOHITHOTO
HaBaHTaXXCHHS Ha Mexi Tina. OtpuMano GopMynu sl po3paxyHKY KoeQiIlieHTiB iHTEH-
CHUBHOCTI TUHAMIYHHUX HAIPY>KEHb B OKOII TPIMIMHU Ta JOCIIIPKEHO BIUIMB Ha HUX ii Te0-
METPUYHUX HAPAMETPIB 1 YACTOTH KOJIHMBaHb, 30KpPEMa, 3 BUSBJICHHSM PE30HAHCHHUX YaCTOT.

PE3FOME. TlpennoxeH 3(Q¢EKTUBHBIN aHAIUTHKO-YUCICHHBIH METOJA ONpeAeiIeHus
JUHAMUYECKHUX HANPSIKEHUH B IOJIOM LIJIMHAPHYECKOM Telle MPOU3BOJIBHOTO CEUEHHS CO
CKBO3HOU TPEIIUHOMN, KOTOPOE HAXOAUTCS B YCIOBUAX aHTHILIOCKOW aedopmarmu. MeTos
MO3BOJISIET OT/EJBHO pellaTh WHTErpajbHbIE ypaBHEHHs Ha TOBEPXHOCTSIX JAeeKTa u
YIOBJIETBOPATH YCIOBUS HArpy)KeHHUs Ha rpanuie tena. [lomyueHs! GopMyIisl 1 BBIYHC-
JeHus1 KoA((PUIMEHTOB HHTEHCHBHOCTH HANPSDIKCHUH B OKPECTHOCTH TPEUIMHBI U HCCIE-
JIOBAHO BIUSHHE HAa HUX €€ TE€OMETPHUYCCKUX MapaMeTpPOB M YaCTOTHI KOJeOaHWil, B 4acT-
HOCTH C YCTaHOBJIEHUEM PE30HAHCHBIX YacCTOT.

SUMMARY. The effective analytical-numerical method for the determination of
dynamic stresses in a hollow cylindrical body of arbitrary cross-section with a tunnel crack
under antyplane strain conditions is proposed. The method allows us to solve separately
integral equations on the crack faces and satisfy the loading boundary conditions on the
body surfaces. The formulas for the calculation of the dynamic stress intensity factors in the
crack vicinity are obtained and the influence on these quantities of the crack geometry and
wave number is investigated, especially from the point of view of resonance phenomena
existing.



Stasiuk B. M., Kret N. V., Zvirko O. I., and Shtoiko I. P. Analysis of the stress
state of a gas pipeline pipe with a hydrogen-induced macrodefect..............ccccoeuenee. 113

PE3IOME. TpuBana ekclulyaTalliss MariCTpajJbHAX ra3olnpOBOMAIB MOXE CIIPUYHHITH
YTBOPEHHSI OOIIMPHOTO pO3LIapYBaHHS BCEpPEIUHI CTIHKM TpyOW 3a il HaBOAHIOBAHHS 3
00Ky BHYTpIIIHBOI ITOBEPXHI, JKEPEIIOM SIKOTO € TPAaHCIIOPTOBaHi ByriieBoHi. [IpoaHarizo-
BaHO HANPYXCHUH CTaH TPyOW Ta30IpOBOAY 3 BOAHEM iHINIHOBAaHUM MakponedeKToM y ii
CTiHII 3a cyMicHOI ZTii po060Yoro THCKY ra3y B TPpyOi Ta THCKY MOJICKYJISIPHOTO BOJHIO Y Jie-
(exri. s KOHKPETHUX MapaMeTpiB TpyOH, poO0Uoro THCKY MPUPOIHOTO Ta3y Ta BHSBIE-
HOTO Ha TIEBHIN IITHOMHI po3IIapyBaHHSI PO3PaxOBAHO HATPYKECHHUHA CTaH METally 3aJeKHO
BiZl THCKY BOJHIO Y MAaKkpONOPOXXHHHI. Pe3ynpTaTi po3paxyHKy MOXKHa BHKOPHCTOBYBAaTH
JUISL TIPOTHO3YBaHHS PU3HUKY BUXO/y Makpoe(eKTy Ha 30BHIIIHIO IIOBEPXHIO TPYOH.

PE3FOME. [lnmutenbHas 3KCIUTyaTallds MaruCTPATBHBIX T'a30MPOBOJIOB MOXET 00yc-
JIOBIMBATh 00pa30BaHUE OOLIMPHOIO PACCIOCHHS BHYTPH CTCHKU TPYOBI B ClIy4ae ¢ HaBoO-
JIOPOKMBAHUSL CO CTOPOHBI BHYTPEHHEW IMOBEPXHOCTH, MCTOYHHKOM KOTOPOIO CIIyXKar
TPAHCHOPTHUPYEMbIE YIIIeBOAOPO bl [IpoaHaTH3UPOBAHO HANPSHKEHHOE COCTOSIHUE TPYOBI
ra3onpoBoJa ¢ BOJOPOJOM HHHUIIMAPOBAHHBIM MaKpOJe(EeKTOM B €€ CTCHKE 3a COBMECT-
HOTO BJIMSHUS pabodvero AaBICHHUA Ta3a B TPyOe M NaBJICHUS MOJCKYJSPHOTO BOIOpPOIA B
nedexre. g KOHKpETHBIX IapaMeTpoB TPYOBI, pabodyero HaBleHHUS MPUPOJHOTO Ta3a U
00Hapy>KEHHOTO Ha ONpEAETICHHOW TIyOMHE PAcCIOCHUS PacCUYMTaHO HAIpsHKEHHOE COC-
TOSIHUE MeTajljla B 3aBHUCHMOCTH OT JaBJIEHHUS BOAOPOJA B MaKpOIIOJOCTH. Pe3ynbrarhl
pacdeTa MOYKHO HCIIONB30BATh ISl TPOTHO3WPOBAHMS pPUCKA BBIXOJa Makpoaedekra Ha
HaApPYXXKHYIO TOBEPXHOCTh TPYOHI.

SUMMARY. Long-term operation of the main gas pipelines can cause formation of
large-scale delamination inside the pipe wall in case of its hydrogenation from the inside
surface, a source of which are transporting hydrocarbons. The stress state of the pipe of the
gas pipeline with a hydrogen induced macrodefect in the wall under mutual action of the
working pressure of gas in the pipe and molecular hydrogen pressure in the defect is
analyzed. The stress state of the metal for the specific parameters of the pipe geometry,
working pressure of natural gas and delamination detected at a certain depth, depending on
hydrogen pressure in the macrocavity, is calculated. The calculation results can be used for
prediction of the risk of a macrodefect appearance on the external pipe surface.

Vasyliev G. S. Polarization resistance technigue adaptation for corrosion rate
measurement in the conditions of formation of low soluble iron corrosion
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PE3FOME. Po3riissHyTO 3aCTOCYBaHHS METOIY MOJSPU3AIIHHOIO ONOPY ISl BU3HA-
YeHHs LIBHJKOCTI KOpO3ii CTami y BOAax rOCIHOAapChKO-NMUTHOTO MPH3HAYEHHs. 3a LUX
YMOB Ha ITOBEPXHi JJaBaua YTBOPIOIOTECS OKcoriapokcuau [3- ta y-FeOOH, siki 3maTHi BeTy-
MaTy B €JIEKTPOXIMIYHI MEePEeTBOPEHHS 3a HAaKJIaJaHHs 30BHILNIHBOI MOJSpHU3alii, 10 MpH-
3BOJIUTH JIO 3aBHUIICHHS BUMIPSHHUX 3Ha4YeHb LIBHIKOCTI Koposii. [IpoaHanizoBaHO BILIMB
TBEPJIOCTI BOJHM, TEMIIEPATypH Ta IIBHUIKOCTI MOTOKY Ha CKJIAJ, CTPYKTYPY Ta €JIeKTPOXi-
MIYHY aKTHBHICTH NMPOAYKTIB KOpO3ii. BCTaHOBIICHO, IO Yy XOJIOMHII BOII MPOAYKTH KOPO-
3if iy 9ac BEUMIipIOBaHHS IPU3BOJATH JO 3aBUIICHHS Pe3ynbTaTiB y 3,5 pasu. B rapsuiii
BOJIi Ha MOBEPXHI (POPMYIOTHCS MEPEBAKHO OKCHJIHI CIIOIYKH 3aji3a, sIKi He BCTYINAlOTh B
CJIEKTPOXIMIYHI TEPETBOPEHHS 1 PO3ODKHICTH pe3ysbTaTiB He mepeBuinye 1,6 pasu. 3i
301UIBLICHHSAM [IBHAKOCTI MOTOKY Trapsdoi Bomu 10 0,45 mM/S BIIMB MpPOIYKTiB KOPO3ii
HiBEMOETHCS. J[JIs y3rOMKEHHS pe3ynbTaTiB MAaCOMETPHYHOTO Ta eNEeKTPOXIMIYHOTO METO-
JIiB 3allPONIOHOBAHO 3HU3UTH KOE(IIliEHT MepepaxyHKy MOJSAPU3AIiiHOTO OMopy Yy LIBHI-
KicTb Kopo3ii 1o 8 MV y xonoaHi# BogoriHHi# Bozi Ta 14 MV y rapsdiit Bozi 3a IIBUAKOCTI
noToky 10 0,3 m/s.

PE3IOME. PaccMOTpeHO NMpHUMEHEHHE METOa MOJSPU3AIMOHHOTO CONPOTHBICHHS
JUISL ONIPENENIEHUS] CKOPOCTH KOPPO3HMM CTalM B BOAAX XO3SMCTBEHHO-IIUTHEBOI'O Ha3HAue-
HUsl. B 3TUX yCIOBHS Ha TIOBEPXHOCTH JIaTYMKa 00pasyroTcs OKCOruapokeusl B- u y-FeOOH,



KOTOpBIE CIIOCOOHBI BCTYNATh B JJIEKTPOXUMHYECKHE MPEBPAILCHUS NPH HAJIO0KESHUU
BHEIIIHEH MOJsApHU3aluy, YTO NMPHUBOJAUT K 3aBBIIICHUIO U3MEPEHHBIX 3HAYEHUH CKOPOCTU
Koppo3uu. I[IpoaHanmu3upoBaHO BIMSHUE >XECTKOCTH BOJBI, TEMIEPAaTyphl U CKOPOCTH
MOTOKAa Ha COCTaB, CTPYKTYPY M 3JIEKTPOXUMHUYECKYIO aKTHMBHOCTb NPOIYKTOB KOPPO3UU.
YCTaHOBJIEHO, YTO B XOJOJHOW BOJONPOBOJHOM BOJE y4acTHUE NMPOAYKTOB KOPPO3HUU B
[IPOLIECCE U3MEPEHMSI IPUBOAMT K 3aBBIILIEHUIO PE3YNIbTATOB B 3,5 pa3a. B ropsueii Boge Ha
MOBEPXHOCTH (DPOPMHUPYIOTCS IPEUMYIIECTBEHHO OKCHIHBIE COCIMHEHNUS JKele3a, He BCTY-
MAONINE B AJIEKTPOXUMHUUYECKHE NTPEBPAIICHHS, PACX0XKICHHE PE3Y/IbTATOB HE MPEBHIIIACT
1,6 pasa. [Ipu yBeaM4eHHH CKOPOCTH MIOTOKA Topsiuei Boasl 10 0,45 M/S BIHsIHHE TPOIYK-
TOB KOPPO3WMH HHBEIMpyeTcs. [ cornacoBaHMs pE3yNbTaTOB MAaCCOMETPHYIECKOTO H
INEKTPOXUMHUUECKOTO METOJIOB MPEIOKEHO CHU3NUTHh KO (GHUIMEHT repecyeTa Mnojsipusa-
IIMOHHOT'O CONPOTHUBIICHUSI B CKOPOCTh Koppo3uu a0 8 mV B xonoaHoii Bone u 14 mV B
ropsiueii Boje mpu CKOpOCTH moToka g0 0,3 m/s.

SUMMARY. The application of linear polarization technique for corrosion rate
determination in potable water is considered. In this conditions iron oxyhydroxides - and
v-FeOOH are formed on the probe surface. Oxyhydroxides participate in electrochemical
transformations when external polarization is applied, thus leading to the overestimation of
the measured corrosion rate values. The influence of water hardness, temperature and flow
rate on the composition, structure and electrochemical activity of corrosion products was
analyzed. It was established that in cold tap water the overestimation of the results increases
in 3.5 times. In hot tap water iron oxide compounds are formed primarily on the surface,
which do not participate in the electrochemical transformations and the overestimation of
the results does not exceed 1.6 times. With increasing flow rate of hot water to 0.45 m/s the
influence of the corrosion products diminishes. To achieve agreement between the weight
loss and polarization resistance techniques it is proposed to reduce the recalculation
coefficient B in Stern’s equation to 8 mV in cold tap water and 14 mV in hot tap water for
the flow rate below 0.3 m/s.
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PE3FOME. JlociikeHO BIUTUB PEXKHAMIB a30TYBAaHHS B TIIFOUOMY PO3psi Ha Majo- i
0araTOLMKIIOBY BUTPHBAIIICTh KOHCTPYKUIHHUX CTaNeH y KUCINX, JIY)KHHX, HEHTpaTbHUX
MOJICJIFHUX CepeIOBHUIAX 1 Ha TOBITPI.

PE3IOME. ViccnenoBaHo BIMSIHUE PEKMMOB a30THPOBAHUS B TIECIOLIEM pas3psiie Ha
MaJjio- ¥ MHOTOLMKIIOBYIO YCTaJOCTh KOHCTPYKIHOHHBIX CTaledl B KHCJINX, IICTOYHBIX,
HEUTpaTbHUX MOAEIHHUX PACTBOPAX U HA BO3IYXE.

SUMMARY. The effect of nitriding modes on the glow discharge on the low- and
multi-cycle fatigue of structural steels in acidic, alkaline, neutral model solutions and in air
was studied.
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