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Bepbosuyvkuii IO. B., Bepezoseywv B. B., Kuysi A. P., 3asaniii 1. IO., Apmucs B. A.
Bukopucranns peakuii rinponizy MgH> a1t FeHEpYBaHHS BOIHIO ......covvevvenvenrinreniennenens 9

PE3IOME. Tinpun marnito MgH> — 1ie crionyka 3 BUCOKMM BMICTOM BOJIHIO, SIKa YT-
BOPIO€ 3HAYHY HOTO KUTBKICTB MiJ 9ac TiAPOIi3y — XiMidHOT B3aeMOIil 3 BOIOIO a00 BOIAHMU-
Mu po3unHaMu. Lleft mporec 0coOIMBO IiKaBHA AT aBTOHOMHOTO BHPOOJIEHHS BOJHIO 5K
MajauBa Al HU3BKOTEMIICPAaTYpHHX MNAJMBHUX EIEMEHTIB. Y Wil mpami IOJaHO Orisin
OCTaHHIX ITyOJIiKaIiif 3 i€l TeMH, a TaKOXX pe3yNbTaTH BIACHUX EKCIEPHUMEHTIB. BkazaHO
Ha BaYXIMBICTH MiABUIUTH IIBHAKICTh BuAineHHS H> Ta moBHOTY KoHBepcii MgH,. Jlns
IIFOTO CIIiI ONITUMIi3yBaTH PO3Mip mopomKiB MgH, nmuisxoM KyJap0BOTO IOMEINY; BUKOPHC-
TaTH KaTaji3aTopu, noaaHi 10 MgHo, Ta BOJHI pO3YMHU; MMiIBUIIUATH TEMIICPATYPY B3aEMO-
Jii. BIUIMB MX YMHHUKIB HA CTYIMiHb KOHBEPCIl Ta MBUAKICTh BHIUICHHS BOIHIO JCTAIbHO
MPOaHaJi30BaHO Ta BU3HAYEHO CUCTEMH IS IOCATHEHHS e(DeKTHMBHUX MOKA3HHKIB peaKiiii.
3anpornoHOBaHO MEXaHi3M KaTaJiTHYHOTO BIUIMBY, a JJIs1 BAOCKOHAJICHHS MOKA3HUKIB TiIpo-
i3y TMOTPiOHI MOAATBIII JOCITIPKCHHS.

KurouoBi ciioBa: 600ens, 2iopuod mazito, KomMnosumu, 2i0poiiz, 600He6d eHepeemuKa.

PE3IOME. T'uapun maraus MgH» — 370 coeJMHEHUE ¢ BBICOKMM COJEPKAHUEM BOZO-
poJia, KOTOpoe 00pa3yeT 3HAYUTENBHOE €r0 KOJIMYECTBO MPH THIPOJIN3E — XUMUUECKOM B3au-
MOJICHCTBHHU C BOJOW WJIM BOAHBIMH pacTBOpaMHu. DTOT IPOLECC MPEACTaBIsIET OCOOCHHBII
WHTEpeC IJIsi aBTOHOMHOW BBIPaOOTKM BOJIOpOJA AJISi HU3KOTEMIIEPATYypPHBIX TOTUTUBHBIX
aneMeHTOB. B pabote mpuBemeHbl 0030p MOCICTHUX MyOJMKAIMN [0 3TOW TeMe, a TaKKe
pe3yabTaThl COOCTBEHHOTO MCCIIeIOBaHus. BhIBsjeHa HEOOXOIUMOCTD MOBBIIIIEHUSI CKOPOCTH
BbiAesieHuss Hy u nonmHOThI koHBepcun MgHp. /[ 3TOrO cienyeT onTUMU3UPOBAaTh pa3Mep
nopowkoB MgH» nmyTem 1mapoBoro nomosa; MCHOJIb30BATh KaTalIn3aTOPbl, PUIOKEHHBIE K
MgH>, wim BomHBIE PaCTBOPHI; MOBBEICHTH TEMIIEPATypy B3aMMOJACHCTBHS. BrusHue 3THX
(haKTOpOB Ha CTEleHh KOHBEPCHH U CKOPOCTH BEIJIENICHHS BOIOpPOJA NCTAIBRHO MPOAHAIH-
3WPOBAHBI M OTIPEEIICHBI HanOoJiee MprUeMIIeMbIe CUCTEMBI JITS JOCTIKEHHS 3 (eKTHBHBIX
nokasaresien peakuuu. [lpeioxkeH MeXaHU3M KaTalTUTUYECKOTO BO3JEHCTBYUSA, a AJIsl COBEP-
IIEHCTBOBAHUS TIOKa3aTellel THAPOJI3a HEOOXOAUMBI JaTbHEHUIITHE UCCIIETOBAHMS.

KawueBble cl10Ba: 6000p00, 2UuOpud MacHuUst, KOMIO3UMbL, 2UOPOIU3, B000POOHAS IHEPLEMUKA.

SUMMARY. Magnesium hydride MgH- is a hydrogen-rich compound which generates
significant amount of hydrogen by a hydrolysis process — its chemical interaction with
water or with aqueous solutions. This process is of great interest for on-site hydrogen
generation aimed at use of H; as a fuel for PEM fuel cells. The present paper is a review of the
recent reference publications on the topic which also presents the results of the own
research. Increase of the rates of H, release and a completeness of transformation of MgH:
are two important goals which can be reached by: optimizing size of the powders of MgH, by
ball milling; using catalysers added to MgH> and to the aqueous solutions; increasing the
temperature of interaction. The effect of these parameters on the extent of conversion and
the rates of hydrogen evolution are analysed in detail and the best systems to reach the
efficient hydrolysis performance are identified. The mechanism of catalytic hydrolysis was
proposed while further improvements of the hydrolysis process are required and need
further studies of this important topic.

Keywords: hydrogen, magnesium hydride, composites, hydrolysis, hydrogen energy.



Bacunis B. 1., [lodeypcoka B. A., Ocmaw O. I1., Ioniwko I. O., bpoouikoecs-
kuu €. M., Ieanuenxo C. E., Bacunves O. /[. Biiaus po604oro cepeoBu-
1112 MTAJIMBHUX KOMIPOK Ha CTPYKTYpY 1 Ppi3MKO-MeXaHiqHI XapaKTepHCTH-
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PE3FOME. locnimkeHo BracTHBOCTI Kepamiku cuctemu ZrO>—Y03-NiO, orpumaHoi
32 TEXHOJIOTISIMU CITIKaHHS MOPOMIKIB 1 CTPIYKOBOTO JIUTTS, Y BUXiZHOMY CTaHi Ta ITiCIIA
OTHOKPATHOTO BiJHOBIICHHS y YHCTOMY BOZHI Ta cymimax Ar-5% H» i N>-10% H>-5% CO..
BcTaHOBNIEHO, 110, BUKOPUCTOBYIOUH TEXHOJIOTIIO CTPIYKOBOTO JIMTTS, MOXKHA OTPHUMATH
MaTepial s aHOIiB-TIiAKIIATO0K TBEPIOOKCHIHIX MaTUBHIX KOMIipOK 3 IPiOHIIINM 3epHOM
1 OHOPIMHIIIO CTPYKTYPOIO, IO MiABHINY€E HOTO MINHICTh. BUsABIEHO, 1m0 3a HAsABHOCTI
JIBOOKUCY BYIJICHIO y BOACHBEBMICHOMY cepenoBuiini (No—10% Hx—5% CO,) mirHicTs Kep-
mety 8YSZ-Ni 3HMXKY€EThCS, TOPIBHSIHO 3 BinHOBIEHNM y cymimi Ar—5% Hp, 3i 3pocran-
HSIM HOTO €JEeKTPOIPOBIIHOCTI.

KuarwuoBi cioBa: meepoookcudna namusna komipka, xepamika cucmemu 8YSZ-NiO, eodenw,
QUOKCUO 8yeneyio, CMpPYKmMypd, MIYHICMb, e1eKmponpogioHicmb.

PE3IOME. ViccnenoBansl cBoiicTBa kepamuku cucteMbl ZrO2—Y>03-NiO, noiyuen-
HOH 110 TEXHOJIOTHSIM CIIEKaHHUs TIOPOIIKOB U JICHTOYHOTO JIUThSI, B HCXOJTHOM COCTOSIHUM U
MOCJIe  OJHOKPAaTHOTO BOCCTAHOBJICHHMS B 4YHUCTOM Bogopoje M cmecsix Ar-5% Hy u
N2>—-10% H>-5% CO;. YcTaHOBIEHO, YTO JIGHTOYHBIM JIUTHEM MOXHO ITOJy9UTh MaTepHall
JUISL aHOJOB-TIOJKIIAZOK TBEPIOOKCHAHBIX TOIUIMBHBIX sUEEK ¢ OoJiee MEIKHM 3€pHOM H
OJTHOPOJIHOM CTPYKTYPOH, YTO MOBBIMIAET €r0 MPOYHOCTh. BBIABICHO, YTO NMpH HATHIUU
IBYOKHCH Yyriiepona B Bogopoacoxepxkameii cpeme (N>—10% Hx-5% CO,) mpodrOCTH
kepmera 8YSZ-Ni CHIDKaeTcs 1o CPaBHEHUIO C BOCCTAHOBIICHHBIM B cMecH Ar—5% H» mpu
POCTE €ro 3IEKTPOIPOBOJHOCTH.

KuroueBble CJIOBa: mEepOOOKCUOHAsL MONAUSHAS siuelika, kepamuka cucmemsl 8YSZ—NiO,
6000p00, 08YOKUCH Y21epoda, CMPYKMypd, NPOYHOCb, INEKMPONPOBOOHOCHb.

SUMMARY. The properties of ZrO,—Y,03:-NiO ceramics obtained by powder sintering
and tape casting technologies in the initial state and after one-time reduction in pure hydro-
gen and mixtures of Ar-5% H, and N»—10% H>-5% CO; were investigated. It was estab-
lished that the use of tape casting technology allows us to obtain material for anodes-sub-
strates of solid oxide fuel cells, which had a smaller grain and a more uniform structure,
which caused an increase in its strength. It was found that the presence of carbon dioxide in
hydrogen-containing medium (N>—10% H>-5% CO,) caused a decrease in the strength of
the 8YSZ-Ni cermet compared to that reduced in the Ar-5% H. mixture with increasing its
electrical conductivity.

Keywords: solid oxide fuel cells, ceramic system 8YSZ-NiO, hydrogen, carbon dioxide, struc-
ture, strength, electrical conduction.

bpoouikoscorkuii M. I1., Kysueyosa T. JI., Poxuyvka O. A., 3ybeys FO. FO.
Bubip ckiagy 6aratokomnoHeHTHOTo cruiaBy cucremu Nb—Ti—Al-X
3 MiABUICHAMH JKapPOMIIHICTIO, )KAPOCTIHKICTIO TA TEXHOMOTITHICTIO. . evvevveeeeeene 27

PE3IOME. BcraHoBneHO (i3UKO-XiMIUHI MNepelyMOBH CTBOPEHHsS 0araToKOMIIO-
HeHTHHMX HioOieBux cmiaBiB cucremu Nb-Ti—Al-X (X — Cr, Zr, Mo, Sr) 3 migBuIleHUMHA
KAPOMIITHICTIO, JKAPOCTIHKICTIO Ta TEXHOJIOTIYHICTIO. BUCHOBKHM TPYHTYIOTHCS Ha B3ae-
MO3B 53Ky (hi3MUHUX BIACTUBOCTEH €IEMEHTIB CIUIaBiB, SHTABIIIT 3MINTyBaHHs, CKJIATy Ta
JiarpaM CTaHy KOMIIOHEHTIB 3 OCOOIMBOCTSIMH iX KpUCTaJIi3allil BHACTIOK JIeTyBaHHS.

KuarouoBi cioBa: 6acamoxomnonenmui Hiobiesi cniasu, 8UCOKOEHMPONIUHI cniasu, Qizuxo-
XIMIYHI nepedyMOo8uU, NUMOMA HCAPOMIYHICMb, HCAPOCMIUKICIb, MEXHONOSTUHICTb.

PE3IOME. YctaHOBICHBI (DU3UKO-XUMHUUYECKUE MPEIIOCHIIKH CO3MaHUS MHOTOKOM-
MOHEHTHBIX HHOOUEBbIX crutaBoB cucrembl Nb-Ti—Al-X (X — Cr, Zr, Mo, Sr) noBsiiies-
HBIX KAPOMPOYHOCTH, KAPOCTONKOCTH M TEXHOJIOTHYHOCTH. BBIBOJBI OCHOBAHbI HAa B3aH-



MOCBS3H (1)PI3I/I‘ICCKI/IX CBOMCTB 3JICMEHTOB CIINIaBOB, SHTAJIBIIMK CMCIICHUS, COCTaBa U Jua-
TpaMM COCTOSAHUA UX KOMIIOHCHTOB C OCOOEHHOCTIMM HX KpucTtajljin3alluu BCJICIACTBUC
JICTUPOBAHUA.

KiioueBble cI0Ba: MHO2OKOMNOHEHMHblEe HUOOUESbLE cniaeol, 6‘blCOK03Hmp0}’luL7Hbl€ Cnjaeol, ¢M'
SUKO-Xumu4deckue I’lpe()l’lOCbl]ZK‘u, ydejsza}z HCAPONPOYHOCMY, DdepOC"’lOlZK‘OC"’lb, MEXHOJI0CUHOCH1b.

SUMMARY. The physicochemical prerequisites for the creation of multi-component
Nb-Ti-Al-X (X — Cr, Zr, Mo, Sr) niobium alloys with improved high temperature strength,
heat resistance, and technological properties are established. Conclusion are based on the
relationship between the physical properties of the alloying elements, the enthalpy of
mixing, the composition of alloys, the component state diagrams with specific features of
their crystallization due to alloying.

Keywords: multicomponent niobium alloys, highly entropic alloys, physicochemical conditions,
specific high temperature strength, heat resistance, technological effectiveness.

Yymano I'. B., llocysaiino B. M., Xapuenko €. B., Ilanox B. M. Brnus ckiany
EJICKTPOJIITIB Ha BIACTUBOCTI IIA3MOEJIEKTPOITHUX OKCUIHUX MTOKPUTTIB
3 C I (SN0 D ) 1 0) 121 : V- ). SOTT 32

PE3IOME. Po3rnsiHyTO Ai0 Pi3HUX €IEKTPOJITIB Ha (PYHKIIOHAJIbHI XapaKTEPUCTUKU
MOKPUTTS, HAHECEHOTO METOJIOM IuTa3MoeekTposiTHoro okcunyBanus (IIEO) Ha craBax
anoMiHito Ta MarHito. [TokazaHo BIuMB KoHUeHTpalii iyry Ha ¢popmyBanus [IEO mokpur-
Ts. PO3rIIsiHYTO JOUIIBHICTE BUKOpHCTaHHS KoMmOiHOBaHux enektpoiitie, KOH (NaOH)—
Na,SiO3 ta pisHux momarkis (riiuepus, 6ypa, GTOpUIN, HAHOUYACTUHKH) ISt 3a0e3MeUCHHS
BHCOKHX KOpO31HHO-MEXaHIYHMX XapaKTEpHCTHK IMOKPUTTSA. Bin3HaueHo, o KepyBaTu
CKJIQJIOM Ta TOBIIMHOIO OKCHIHMX IOKPUTTIB Ha JITKUX CIDIABaX MOXKHA LIIIXOM BHOOpPY
KOMITOHCHTIB eJIeKTpouiTy Ta pexxumis [TEO.

KuarouoBi ciioBa: niasmoenekmponimue OKCUOYBAHHS, CNIA8 ANIOMIMIIO, CNIA8 MA2Hil,
eIeKMPOIn, MOBWUHA OKCUOHO20 ULAD).

PE3FOME. PaccMOTpeHO BIHSHHE Pa3IHYHBIX SJCKTPOIUTOB Ha (PYHKIIMOHAIBHBIC
XapaKTEePUCTHUKHU TTOKPBITHSI, HAHECEHHOTO METOJIOM IUIa3MOAJIEKTPOJIMTHOTO OKCHANPOBA-
Hus (I120) Ha crtaBax amoMUHUS U Maraud. [lokazaHo BIMsSHHE KOHIEHTPAIUH IIETI0YH
Ha ¢opmupoBanue [190 mnokpeiTHi. PaccMoTpeHa 11€1ec000pa3HOCTh HCIOJIb30BAHHMS
koMOuHupoBaHHbIX dnekTponuToB, KOH (NaOH)—Na,SiO3 u pazandHbx 106aBOK (TITHIle-
puH, Oypa, QTOpHUIBI, HAHOYACTHIIBI) Ul OOECHEYSHUs] BBICOKUX KOPPO3HMOHHO-MEXaHH-
YECKUX XapaKTEePUCTHK MOKPHITHA. OTMEUEHO, YTO YHPABISATH COCTABOM M TOJIIWHON OK-
CHUJIHBIX ITOKPBITHH Ha JIETKHX CIIJIABaX MOXKHO IMyTEM BBIOOpa KOMIIOHEHTOB 3JIEKTPOJIUTA
u pexxumos [120.

KiroueBble ciioBa: NAA3MOIJIEKMPOIUMHoe OKcu()upoeaHue, cniae ajaioMuHuUs, cniae MAacHuA,
aslekmpoaum, mojaujuHa OKCUOHO20 CJIOA.

SUMMARY. The effect of various electrolytes on the functional characteristics of the
coating deposited by plasma electrolyte oxidation (PEO) on aluminum and magnesium
alloys is considered. The effect of alkali concentration on the formation of the PEO
coatings is shown. The feasibility of using combined electrolytes, KOH (NaOH) — Na,SiOs
and various additives (glycerin, borax, fluorides, nanoparticles) to ensure high corrosion-
mechanical characteristics of the coating is considered. It is noted that the composition and
thickness of oxide coatings on light alloys can be controlled by choosing the electrolyte
components and PEO modes.

Keywords: plasma electrolyte oxidation, aluminum alloy, magnesium alloy, electrolyte, oxide
layer thickness.



Torcmonyyvka I'. /I., Pysicuyvkuii B. B., Konaneys 1. €., Kynpin O. C.,
Boesooin B. M., binoyc B. A., Bacunenxo P. JI. OcoOIMBOCTI HACUYEHHS
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PE3IOME. JlocnimpkeHO HaKONMYEHHS JeWTepito B MOKpUTTsX 3i ciuiaBiB FeCrAl i
HeprKaBHOI cTasi Ta Juist HopiBHsAHHS B cruiaBi Zr1% Nb 3a IX HacH4YeHHs i30TOIOM BOJHIO —
JIeWTepieM 3 Ta30BOTO CepeloBHINA. METONOM SAepHUX PEakiliii BUMIpsSHI MPOCTOPOBO-
KOHLIEHTPALIIHI pO3NOALIN ISHTEPit0 B HOKPUTTSX IICIIsl HACHYEHHS 3a Temnepatypu 450°C
(Po = 2:1073 Pa, tpuBanicts 120 min). BcranoBneHo, 10 3a JOCITIIPKEHUX TEMIEPATypH i
TUCKY JIeiTepiil He IPOHUKAE B 00’ €M MOKPHUTTIB, aICOPOYIOUHCH Y IXHIX MPHUITOBEPXHEBUX
obuacTsx, 3 sIKHX JecopOyeThes 3a TemriepaTypu HarpiBy Ha 20...30°C Buiie KiMHAaTHOI.

KnwouoBi ciaoBa: noxkpumms, yupkouiti, Hacuuenus, Oeumepill, po3n0Oin KomyeHmpayii,
XIMIYHULL CKAAO, MOPPOROLIAL.

PE3FOME. ViccnenoBaHO HaKOIUICHHE IEHTEpHs B MOKPHITUAX U3 ciuiaBoB FeCrAl u
HEp KaBEIOIICH cTany U AJs cpaBHeHHS B ciuiaBe Zrl%NDb B yCIOBHAX MX HACHIIICHIS H30-
TOIIOM BOJOPOJA — NECUTEPUEM U3 ra30BOH cpenbl. MeTOnOM SAEpHBIX peakLuil U3MEPEHBL
MIPOCTPAHCTBEHHO-KOHIICHTPAIIMOHHBIC PACIpECICHAS NEHTepHsi B TOKPBITHAX IMOCTE
Hacwimenus npu temneparype 450°C (Pp = 2-:107 Pa, Bpems 120 min). YcTaHOBJIEHO, 4TO
TIPY WCCIICIOBAaHHOM TeMIepaType W AaBICHUU ACUTEpUil HE MPOHUKAECT B OOBEM ITOKPHI-
THH, agcopOUpysICh B X MPUIOBEPXHOCTHBIX 00JACTAX, U3 KOTOPBIX JECOPOHPYETCs MPHU
temmeparype HarpeBa Ha 20...30°C Bplllle KOMHATHOM.

KiioueBble ci10Ba: nokpwimue, Yyupkonuil, Hacvlyenue, oetimepull, pacnpeoenenue KOHYeHmpa-
Yuu, XUMUHECKULl cOCTas, Mopghoaozus.

SUMMARY. The deuterium accumulation in the FeCrAl coatings and stainless-steel
and also for comparison in the Zr1%Nb alloy was studied under conditions of their satura-
tion with a hydrogen isotope — deuterium from a gaseous phase. The method of nuclear
reactions was used to measure the spatial distribution profiles of deuterium and in coatings
after saturation at a temperature of 450°C (Pp = 2-10-2 Pa, time 120 min). It was established
that at the studied temperature and pressure, deuterium did not penetrate into the coating
volume, adsorbing in their surface regions, from which it was desorbed at a heating
temperature of 20...30°C above the room temperature.

Keywords: coating, zirconium, saturation, deuterium, concentration distribution, chemical
composition, morphology.

Tonybeyv B. M., Jloseynux B. M., Iaweuxo M. 1., Kopuiu C. A., Hnyasp IO. C.
OpuKiriiiHa MoOBeiHKa eJICKTPOICKPOBHX MOKPHUTTIB 32 YMOB IPAaHHYHOTO
V)11 0<) 8156 (TR 47

PE3IOME. JlocnimkeHo QpUKLiHI XapaKTEepUCTHKH Tap TepTs 3i cram 45 “muck—
KOJIOJIKa (CErMEHT)” i3 HAaHECEHUMH €JIEKTPOICKPOBUMHM MOKPUTTSIMU. [IpoaHainizoBaHo ix
3HOCOTPHBKICTh 32 TPAHUYHOTO MAIllEHHs, MOP(OJIOTi0 MOBEPXHEBUX IapiB ab0 BTOPHH-
HUX CTPYKTYp, cpOpMOBaHHUX HA KOHTPTLII IiJ] Yac TepTS.

KuarouoBi cioBa: enexmpoickposi nokpumms, 3HOCOMPUBKICIb, KoeqiyieHm mepms, Mop-
Gonoeis, enemeHmHuil anauis.

PE3IOME. ViccnenoBanbl (GpUKIMOHHBIE XapaKTEPUCTHKU Iap TPeHHs U3 cramu 45
“IMCK—KOJIOZKa (CErMEHT)” C HAaHEeCEeHHBIMH JJIEKTPOMCKPOBBIMHM MOKpHITHsMH. [IpoaHa-
JM3UpOBaHA MX HM3HOCOCTOMKOCTb IPHU TPAHMYHOM CMa3bIBaHWH, MOP(OJIOTHS NOBEpX-
HOCTHBIX CJIOEB WJIM BTOPHYHBIX CTPYKTYP, COOPMUPOBAHHBIX HA KOHTPTEJIE IPH TPEHHH.

Ki1104eBble ¢JI0Ba: 271eKmMpouUcKpogble NOKPuImus, U3HOCOCMOUKOCHb, KOIGduyuenm mpenus,
Mopghonoaus, INeMeHMHbIL AHATU3.



SUMMARY. The frictional characteristics of friction pairs of 45 steel “disc—block
(segment)” with electrospark coatings were investigated. Their wear resistance under boun-
dary lubrication, morphology of surface layers, or secondary structures formed on the
counterframe during friction were analyzed.

Keywords: electrospark coatings, wear resistance, coefficient of friction, morphology,
elemental analysis.

Kannyn I1. B., I'onuap B. A., [Jonuenxo T. B. KiHeTnka 3HOITYBaHHS CTaJeH
3 TUQY31HHAME TOKPUTTAMU 38 TEPTS KOTCHH ..vevvveveenreesrensnensnesseesreesneennessnesnnesseenns 53

PE3FOME. BcTaHoBIIEHO, IO Ha KIHETHUKY 3HOIIYBaHHA cTaynel 3 audyy3idiHIMHA TI0-
KPHUTTSAMH 32 TEPTS KOUCHHS CYTTEBO BIUIMBAIOTH (Di3MKO-MEXaHIYHI BIACTHBOCTI i (ha30BHi
CKJIaJ] MOKPHUTTIB, TBEPAICTE OCHOBH, a TAKOX BUJ TEPMIUHOI 1 XiMiKO-TepMidHOi 0OpOOOK.
3anexHICTh 3HOIIYBAaHHS Bil KUTBKOCTI IWKJIIB HABAaHTAXXCHHS Ma€ MapaOoNidHUi Xapak-
Tep. Ha KOHTaKkTHY BUTPHBAIICTh 32 KOYECHHS CYTTEBO BIUIMBAE CIIIBBIAHOLICHHS aedop-
MaIliifHOT CKJIaoBO1 1 Bix mpokoB3yBaHHs. JledopmariiiiHa CKiIagoBa mepeBa)xae 3a Mayol
TBEPAOCTI MOKPUTTSI 1 OCHOBH Ta MPU3BOJUTH A0 MiHIMaIbHOT KOHTAKTHOI BUTPUBAJIOCTI, a
BiJl MPOKOB3YBaHHS — 32 MaKCUMAaJbHOI TBEPJOCTI OCHOBHU 1 CHPUYMHSAE HAWOUIbIIY KOH-
TaKTHY BUTPHBAJICTh 33 TEPTsl KOYCHHS.

Kurouosi caoBa: kinemuxa snoutyeanns, uonHe a3omyeanis, HiMpo2apmyeanHs, cepedosuuye,
meepdicms, 0CHO8A.

PE3IOME. Ha xuHeTHKy U3HaLIMBaHUA cTajed ¢ nuddy3HOHHBIMU TOKPBITUSIMU TIPU
TPEHUH KaueHHM OOJNBIIOE BIMSHUE MMEIOT (PU3NKO-MEXaHWYECKHE CBOMCTBA M (pa30BBIH
COCTaB MOKPBITUH, TBEPAOCTb OCHOBBIL, a TAKXKE BUJI TEPMUUYECKON U XUMUKO-TEPMUYECKON
00paboTOK. 3aBUCHMOCTh M3HOCA OT KOJIMYECTBAa ILUKJIOB HArpyXCHHUS MMeeT mapaboim-
yecknil Xxapaktep. Ha KOHTaKTHYIO BBIHOCIMBOCTD NP Kau€HWH OOJBIIOE BIHUSHUE UMEET
COOTHOIIICHHE COCTABIIIOIINX U3HOCA — Ne(hOPMALIMOHHON U OT NpOCKanb3bIBaHusL. Jledop-
MAalMOHHAasl COCTaBIIAIONIAs SABIAETCS MPEBAIMPYIOIIEH B M3HOCE MPH Malod TBEPAOCTH
MOKPBITUS U OCHOBBI M MPUBOJUT K MUHHUMAJIbHON KOHTAaKTHOW BBIHOCIMBOCTH. COCTaBIIA-
IOLIast OT IIPOCKAJIb3bIBAHUS SBJISIETCS IPEBANMPYIOIIEH B U3HOCE IIPU MAKCUMAJIBHOM TBEp-
JIOCTU OCHOBbl U IPUBOJUT K MAKCHUMAaJIbHOM KOHTAaKTHOH BBIHOCIMBOCTH IIPU TPEHUU
KaueHUHU.

KiioueBble CJI0Ba: KUHeMUKA UBHAUUBAHUS, UOHHOE A30MUPOSAHUe, HUMPO3AKAIUBAHUE, CPe-
da, meepodocmyp, OCHOEA.

SUMMARY. In the process of rolling friction, kinetics of wear of steels with diffusion
coatings is dependent on the physical-mechanical properties and phase composition of
coatings, base hardness as well as the type of thermal and chemical-thermal processing.
Dependence of wear on the number of loading cycles is always parabolic. The ratio of the
components of wear — deformation and wear caused by slipping is of great importance. In
case of the surface and a base low hardness, the deformation component prevails in wear,
which leads to the minimal contact strength. When the base hardness is maximum, the
component caused by slipping prevails in wear, which leads to the maximum contact
strength in the process of rolling friction.

Keywords: kinetics of wear, ion nitriding, nitroguenching, medium, hardness, base.

Zhibin Zheng, lllampasa O. I1., Jluxowsa B. I1., Ilenikan O. A., Kaihong Zheng.
CrpykTypa Ta BIaCTHBOCTI OiMETaIeBUX BiILIEHTPOBOIUTHX
OOPOITHOMEITBHIX BATIBIIIB ... .vesteesseesseasresuresseesseaseassesssesssesseesseessessseessesnsesssesssesseenes 61

PE3IOME. 3anpornoHOBaHO crioci0 MiJBUIIEHHS 3HOCO- 1 TPIIIMHOCTIMKOCTI OCHOB-
HUX PoOOYMX OpPraHiB BaJbIIbOBHX MIIMHIB. biMeranesi Bambii (iameTp 252 mm, TOBKHHA
1620 mm) BUrOTOBIISUIA MUIAXOM IOCTIJOBHOTO 3aJMBAHHS CIUIABIB 3 MOAIOHMMHU TeMIIepa-
Typamu (ha30BHX MEPETBOPEHb. JJOCTIHKEHO MIKPOCTPYKTYPY, (ha30BHiA CKIIa, TIepEPO3Io-
JIiJT JIETYBAJILHUX €JIEMEHTIB 1 BIACTUBOCTI OiMeTaneBUX MaTepianiB. PesynbTatm mOCIi-



JUKEHB B3STO 332 OCHOBY IiJl 9Yac PO3POOKH TEXHOJOTIYHOTO MPOIECY BUPOOHUIITBA OiMeTa-
JICBUX BaJbIlIB METOJOM BiJIICHTPOBOTO JIUTTS. Peamizalfis 1poro crnoco0y aana MOKIH-
BICTh MiJBUIIUTH HAIHHICTb 1 JJOBFOBIYHICTH BAJIBI[IB i/l 4aC CKCILTyaTAIlil.

KumouoBi cioBa: cmpykmypro-pazosuii ananis, 3anizosyeieyegi HU3bKONE208AHI CNIAGU,
Memoo BiOYEeHMPOB020 TUMMmsL, nepexiona 30Hd.

PE3IOME. TlpennoxeH crnoco0 MOBBIIICHUS] W3HOCO- U TPEIMHOCTOHKOCTH OCHOB-
HBIX paboYMX OpPraHOB BAJBLOBHIX MENBHUIL. bruMerammmaeckue BambIpl (AuameTrp 252 mm,
mHa 1620 MM) U3roTaBIMBAIIH ITyTEM HOCIEI0BATEIEHON 3aIHBKH CIUTABOB C IIOXOKUMHU
Temneparypamu (pa3oBeIX mpeBpamieHui. MccnemoBanel MUKPOCTPYKTYpa, (a3oBbIid coc-
TaB, MEepPepacIpeieICHNAE JETHPYIOINX 3JIEMEHTOB U CBOMCTBA OMMETANIMIECKUX MaTepHa-
70B. Pe3ynbTaTel nccneqoBaHUN B3STHI 32 OCHOBY AJISI pa3pabOTKK TEXHOJIOTHIECKOTO MPO-
1iecca MpOM3BOACTBA OMMETAINIMIECKNX BAIBIIOB METOJIOM LIEHTPOOEKHOTO JINThs. Peannu-
3alusi 3TOr0 Croco0a I03BOJMIA TOBBICHTh HAJEXKHOCTh M JOJTOBEYHOCTH BaJbLIOB B
IpoIiecce dKCILTyaTaluy.

KiioueBble c10Ba: crmpykmypho-ghazosuiii ananu3s, dcene3oyeiepooucmole HU3KOIe2UposanHbie
CNaBbL, MEMOO YeHMPoOesHCHO20 TUMbs, NepexoOHds 30Hd.

SUMMARY. A way to increase the wear and crack resistance of the main working
tools for roller mills is proposed. Bimetallic rollers (diameter — 252 mm, length — 1620 mm)
were produced by sequential pouring of alloys with similar temperatures of the phase trans-
formations. The microstructure, phase composition, redistribution of alloying elements and
the properties of the bimetallic materials were studied. The results were taken as the basis
for the development of a technological process for the production of bimetallic milling
rollers by a centrifugal method of casting. The implementation of this method makes it pos-
sible to improve the reliability and durability of the rollers in the course of their operation.

Keywords: structural phase analysis, iron-carbon low alloys, centrifugal casting method,
transition area.

Song Wen-Guang, I'embapa O. B., Canyocax A. 1. MatemaTHIHEe MOJICITIOBaHHS
BIUIMBY BOJHIO HA KOPO3iIHHY aKTUBHICTh METAMIOKOHCTPYKIIIH ...vvveveeveenieeireeieeneeen 68

PE3IOME. Ha 0a3i BiJOMHX TEOPETHYHUX KOHLEMIIN 1 NEeSIKMX eKCIIePUMEHTaJIbHO
OOIpyHTOBaHHUX TiNoTe3 MoOyJOBaHO MaTeMaTH4Hy MOAENb IJIs ONMHUCY Aii Andy3iiHO-py-
XOMOTO BOJIHIO Ha KOPO3il0 MarepialiB TpyO BiINOBIJAIBHUX METaJOKOHCTPYKIii. Kinb-
KICHO OI[IHCHO BIUIMB HABOJHIOBAHHS METaly Ha MIBUAKICTH KOPO3ii TEIIO0OMiIHHOTO
o0nasiHaHHS.

KawuoBi ciioBa: Hagoonosants, weuokicms Koposii, KOHYeHmpayis 600HI0.

PE3FOME. Ha 0a3e W3BECTHBIX TCOPETUYECKUX KOHIEHIMA W HEKOTOPBIX IKCIEpH-
MEHTaJbHO OOOCHOBAHHBIX THIIOTE3 MOCTPOEHA MaTeMaTH4yeckas MOZEb JAJS ONHCAHMS
BiustHUS A y3HOHHO-TTOIBMYKHOTO BOJOPOAa HA KOPPO3UIO MAaTEpPHAIOB TPYO OTBETCT-
BEHHBIX METAJIOKOHCTPYKIUH. KOIMYEeCTBEHHO OLIEHEHO BIMSIHHE HABOJOPOKUBAHUSA
MeTajula Ha CKOPOCTh KOPPO3UH TEINIOOOMEHHOTO 000PYIOBaHUS.

KuiioueBble cl10Ba: Haso0opodicusanue, CKOpocms KOppo3ul, KOHYEHMpayus 6000pooa.

SUMMARY. Based on well-known theoretical concepts and some experimentally sub-
stantiated hypotheses, a mathematical model was constructed to describe the effect of dif-
fusive-mobile hydrogen on the corrosion of pipe materials of responsible metal structures.
The influence of the hydrogenation of metal on the corrosion rate of heat exchange
equipment was quantified.

Keywords: hydrogenation, corrosion rate, hydrogen concentration.



Ilpsoko T. B., Jlexmapenxo B. A., [llkona A. A. BuiiB 0Touy1040T0
CepeloBHINIA ITi]] Yac JIa3epHOi 0OpOOKH Ha TPUBKICTb THTAHY
JIO BOJTHEBOTO OKPIIXUCHHST «...vveiuveesurieasteesstesateessseeanseesssesasseessseessseesnnseassnesssseessnesnsneans 76

PE3IOME. JlocnipkeHO KiHETHUHI mapamerpH (i3uKo-XiMi4HOT B3aeMoii 3 BOJHEM
BiJIIIAJICHOTO THTaHy Ta THTaHy 3 MOIU(DIKOBAaHUMH Ja3epHOI0 OOPOOKOIO IMOBEPXHEBHMHU
IrapamM, SIKi BiJpi3HAIOTHCS (Pa30BUM Ta XiMIYHHM CKJIaIOM Bix 00’emy martepiany. BuzHa-
YEHO MOJKJIMBICTh JOCSTHEHHS MaKCHMAJIBHOIO 3aXHCTy Marepialy Bil IPOHHKHCHHS BOIHIO
JUIS 3aro0iraHHs TOTIPIIeHHS HOro eKCINTyaTallifHIX XapaKTepUCTHK depe3 MOSBY BOTHEBOI
KPHUXKOCTI.

KawouoBi ciaoBa: muman, nazepna oOpobka, noeepxnesi wiapu, KamauiimuyHa 304mMHICMb,
NPOHUKHICMb 800HI0, 600HE8A KPUXKICTb .

PE3FOME. ViccnenoBaHO KHHETHYECKHE MapamMeTphl (PH3MKO-XHMHUYECKOTO B3aHMO-
JICHCTBHUS C BOJOPOJIOM OTOXKCHHOTO TUTaHA U THTaHA ¢ MOAUDUIIMPOBAHHBIMY JIa3ePHOM
00pabOTKO¥M MOBEPXHOCTHBIMHU CJIOSMH, OTIIHYArONecs (Ha30BbIM M XUMHUCCKHUM COCTa-
BOM OT 00beMa MaTepuana. OnpezeneHa BO3MOXKHOCTh JOCTHKEHHA MaKCHMaIbHOU 3ally-
Thl MaT€puraja OT MPOHUKHOBCHHUA BOAOpOAA HJId NPEAOTBpALICHUA YXYAUICHUSA €TI0 3KC-
IIyaTalMOHHBIX XapaKTECPUCTHUK, CBA3aHHBIX C MMOABJICHUCM BOI[OpOI[HOI‘/’I XPYIIKOCTH.

Kniouesvie cnosa: muman, nazepras 06pabomka, NOGEPXHOCMHbLE COU, KAMALUMUYLECKAsl CNO-
COOHOCMb, NPOHUYAEMOCTL 8000P00d, 6000POOHAS XPYHKOCHb.

SUMMARY. The kinetic parameters of physicochemical interaction with hydrogen of
annealed titanium and titanium with modified laser treated surface layers, differing in phase
and chemical composition from the material volume is investigated. The possibilities of
achieving the maximum material protection against hydrogen penetration is determined to
prevent deterioration of its operational characteristics, caused by the appearance of
hydrogen brittleness.

Keywords: titanium, laser treatment, surface layers, catalytic activity, hydrogen permeability,
hydrogen brittleness.

Cropoouncwexuii I. C., Maxcumyk O. B. HanipyxeHuit cTaH B’I3KOMPYKHOTO MIapy
Ha JKOPCTKIiil OCHOBI il TI€F0 30CEPEIKEHOTO IUKITIYHOTO HABAHTAXKEHHS -.............. 82

PE3FOME. YV Mexax y3arajibHEHOI JBOMApaMETPUYHOI MOJAEI JOCIIIKESHO OCHOBHI
3aKOHOMIPHOCTI Jie)OpMYyBaHHs HECKIHYEHHOT'O B’SI3KOIPYIKHOT'O 1Iapy Ha KOPCTKiil OCHO-
Bi 3a [ 30CepeHKEHOr0 IMKIIYHOr0 HaBaHTa)XXEHHS. 3MOJIENIbOBAaHO HACTAHHS YCTAJEHOTIO
pexuMy aeGOopMyBaHHS 3a MEPIOJMYHOTO HETApMOHIYHOTO HaBaHTaKEHHs. BusBICHO
B)XJIMBICTh BpaxyBaHHs 3JIMIIKOBUX JedopMaliiil (mepeMillieHb) y mapi, BATOTOBICHOMY
3 Matepiany KenpBiHa—®DoiirTa, Ta IXHIO pOJIB IIiJT Yac OI[iHKHU IIBUAKOCTI HACTAHHS yCTalle-
HOTO PEXHMY.

KuiouoBi cioBa: 6’azkonpysicnuii wiap, y3azanvbHeHa 080NAPAMEMPUNHA MOOelb, YUKIIYHe
HABAHMAIICEHHSL, GEPIMUKATbHE NEPEMILYeHHsl, YCMATEHUT PENCUM, 3aTUKO8I 0edhopmayii.

PE3FOME. B pamkax 0000IICHHOW IByXIapaMeTPHISCKON MOJIEIH HCCIIEAOBAaHbI OC-
HOBHBIE 3aKOHOMEPHOCTH J1e(OPMHUPOBAHUS OECKOHEYHOTO BSI3KOYIPYTOTO CJIOS Ha JKECT-
KOM OCHOBaHHUH IPHU JEUCTBUU COCPENOTOYECHHON LUKIMYECKON Harpys3ku. CMozeanpoBa-
HO HACTYIUICHHE YCTAHOBHBIICTOCS PEeXuMa Je(OPMHUPOBAHUS TPU HEPUOJHMUSCKOM He-
TapMOHUYECKOM Harpy)XeHHU. BBISBIEHa BAXKHOCTH ydeTa OCTAaTOYHBIX aedopmarmii (1e-
peMenieHnii) B cioe, M3rOTOBJICHHOM n3 Mmatepuana KemsBunHa—®@olirta, m uX poyib Opu
OIICHKE CKOPOCTH HACTYIIICHUS YCTAHOBHBIIETOCS PEKHAMA.

KaroueBsble ciioBa: saskoynpyzuii ciotl, 0600uenHas 08yXnapamempuyeckas Mooens, YuKiu-
yeckas HAzpy3Kd, GePMUKAIbHOE nepemeljeHue, YCMaHOBUBWUIICS PelCUM, OCMAamouHvie oe-

Gopmayuu.



SUMMARY. The basic regularities of deformation of an infinite viscoelastic layer on
the rigid foundation subjected to concentrated cyclic load are investigated in the frames of
generalized two-parameter model. The reaching of the steady-state regime of deformation
under periodic, non-harmonic loading has been modeled. The importance of accounting of
residual strains (displacements) in the layer made of the Kelvin—Voigt material and their
role in the estimate of the rate of reaching of the steady-state regime is revealed.

Keywords: viscoelastic layer, generalized two-parameter model, cyclic load, vertical displace-
ment, steady-state regime, residual strains.

Kpusens B. A., bouixo A. P., Barawex B. B., umbaniok JI. I. Ilnactinane
BiJIIaPOBYBAHHS MEPIOJNIHOI CHCTEMH TOHKUX MPUMEKOBHUX BKITFOUCHD ........eenreee. 89

PE3FOME. OTpuMaHO YHCIOBO-aHAMITHYHUH PO3B’SI30K aHTHILIOCKOI 3a7adi IMpo Ha-
py>XKeHO-Ie(hOpPMOBAHNH CTaH MPYXHO-TIACTUYHOTO MIBIPOCTOPY i3 MEPiOANIHOIO CHC-
TEMOIO TOHKUX YKOPCTKHX TYHENBHHUX MapajeibHUX MEXI IMBIIPOCTOPY BKIIOYEHB, SKi O
HaBaHTAXXCHHsI IepeOyBalii B 0IHOOIYHOMY MEXaHIYHOMY 3B’sI3Ky 3 cepeoBuileM. BusHa-
YEHO HalpyXeHO-Ie(OPMOBaHHH CTaH 1 JOCIIIKEHO IUIACTHYHE BiJIIAPOBYBAaHHS BKIIIO-
4yeHb. [loOynoBaHO miarpaMM KPUTHYHOTO HABaHTAKEHHS B KOOPAMHATAX T€OMETPHYHUX
napamMeTpiB CUCTEMH BKJIIOYEHb 32 YMOBU CTaJIOCTI KPUTHUYHOI JOBXHMHHU MixdasHUX
TUIACTUYHUX CMYT.

KaouoBi cioBa: 00HO6iuHO gidwiapoeane GKIIOYEHHA, MidcasHi niacmuyHi  cmyeu,
anmuniocka depopmayis, nepioOUtHa CuUCmema 6KIOeHb.

PE3IOME. Tlomy4yeHO YHMCIIEHHO-aHAJIUTHYECKOE pEIICHWE AHTUILUIOCKOW 3aJadd o
HaIpsKEHHO-1e(OPMUPOBAHHOM COCTOSIHMH YIPYTo-TUIACTHYECKOTO IOJIYIPOCTPAaHCTBa,
COJICPIKAIeTO TIEPUOJMYECKYI0 CHCTEMY TOHKHX JXECTKHX TYHHEIBHBIX BKJIIOYCHHI B
IUIOCKOCTH, MTapauIeIbHON IPaHHIE TOYIIPOCTpaHCTBa. [IpenmnonaraeTcs, YTo H3HAYAIbHO
BKJIFOUCHHUS HAXOAWINCH B OHOCTOPOHHEM MEXaHHYECKOM KOHTaKTe co cpenoi. Mccneno-
BaHO KBa3HMCTAaTHUYECKOE IUIACTHUECKOE OTCIanBaHKE BKIIOYEeHUH. [locTpoeHs! quarpaMmsl
KPUTHUUECKHUX Harpy30K B IPOCTPAHCTBE TCOMETPUIECKUX ITAPAMETPOB CUCTEMBI BKIIIOUCHUII.

KuaroueBrbie cjioBa: oanocmopormee omciaousuieecs 6KJIdeHue, /‘I/le'?fC(ﬁCISHble niacmudeckKue
noJloCbl, AaHMUNJ10CKas ()e¢0pMaL;wz, nepuoduqeacaﬂ cucmema 8KIHOYeHUU.

SUMMARY. The numerical-analytic solution of the anti-plane problem on the stress-
strain state of an elastic-plastic semi-space with a periodic system of thin rigid tunnel
inclusions in a plane parallel to the semi-space is obtained. It is assumed that the inclusions
were in unilateral mechanical contact with an environment before the load was put on.
Quasi-static plastic delomination of inclusions is investigated. The critical diagrams of
loads in a space of geometric parameters of the inclusions system are built.

Keywords: unilateral exfoliated inclusion, interphase plastic strips, anti-plane deformation,
system of periodic inclusions.

Ocmpux B. I. YacTKkoBe pO3KPUTTS MIBHECKIHYCHHOT TPIIIUHA HA MEXKI1
TIPYIKHOT CMYTH 1 IOPCTKOT CTIHKH +..vvvvesteesteeseeauresseesteesseesseessesssessessseesseensesnnessnesseenes 94

PE3FOME. TIpoaHai30BaHO CTUCK i 3CYB IPY>KHOi CMYTH 3 MIBHECKIHUCHHOIO TPilllH-
HOIO Ha MEXI CMYTH 1 XOpPCTKOi CTiHKH. TpilIuHa pO3KpUTa BCEpeIWHI Ta 3aKpUTa Ha
Kpasix, e 1 Oeperu 3HaXosThCsl B yMOBax (PpPUKILINHHOTO MpOKOB3yBaHHS. I3 3acTocyBaH-
HAIM Metony Binepa—lomda cucremy iHTerpaidbHHX PIBHSHB 3aJadi 3BEICHO 10 HECKiH-
YEHHOI CHCTeMH aireOpHYHUX PiBHSIHB. 3HAWACHO Koe(ilieHT iHTEHCHBHOCTI HamNpy>KeHb
Ta PO3KPHUTTS TPIIIUHH.

KmouoBi caoBa: wmigicghasna mpiwuna, npysjcna cmyea, mepms, KOB3HUN KOHMAKM, Memoo
Binepa—Tonga.

PE3FOME. TIpoaHamu3upOBaHbl C)KaTHE W CABUT YIPYTOH MOJOCH C TIOMYyOeCKOHE -
HOM TpEUIMHOMN Ha rpaHUIlEe MOJIOCHl U )KECTKOM CTeHKHU. TpeluHa packpbiTa BHYTPH U 3a-



KpbITa Ha Kpasx, Iie ee Oepera HAXOAATCS B YCJIOBUIX (DPUKLMOHHOTO MPOCKAIB3bIBAHUSL.
C npumenenneM Metosna Bunepa—Xorga cucteMa HHTErpalibHBIX ypaBHEHUH 3a1adyl CBe-
JieHa K OECKOHEYHOH cucteMe aireOpanyueckux ypaBHeHHH. HaiineHsl koadduuueHT uH-
TEHCUBHOCTH HAINpPSDKEHUH U pacKpBITHE TPEILHHBL.

KitioueBble clIoBa: meowchasnas mpewuna, ynpyeas noioca, mpeHue, CKOIb3Auul KOHMAaKm,
Memoo Bunepa—Xonga.

SUMMARY. The compression and shear of an elastic strip containing a semi-infinite
crack at the edge of the strip and rigid wall are analyzed. The crack is open in the middle
while it is closed at the edges, where its surfaces are in the state of friction sliding. Applying
the Wiener—Hopf method, the system of integral equations is reduced to the infinite system
of algebraic equations. The stress intensity factor is found as well as the crack opening.

Keywords: interface crack, elastic strip, friction, sliding contact, Wiener—Hopf method.

Cmawyx M. I'., Ip3a €. M. Ontumizanisi pe>KUMiB TEPMOOOPOOKH €JIEMEHTIB
KOHCTPYKIIN 3 GYHKIIOHATHHO-TPATIEHTHUX MATCPIATIIB ...vvevveerveenieniienieesieesiee e 101

PE3FOME. 3aniponoHOBaHO METOJNKY KepYBaHHS IMIBUAKOMIEIO TEIUIOBHX PEKUMIB 32
TEIUTOBOTO HAaBaHTAXCHHS TN 00epTaHHS 3 (PYHKIIOHAIEHO-TPAIi€HTHUX MarepialiB, sKa
TPYHTYETHCSI Ha YHUCIOBHUX MeTonax. [l po3B’si3yBaHHS MPSAMHUX 3a/ad BUKOPHUCTAHO Me-
TOJI 3BKCHUX 3aJIHIIKIB y TIOETHAHHI 3 METOAOM CKiHYCHHUX elIeMeHTiB. Po3B’s130K cdop-
MYJIbOBAHOI EKCTpEeMalbHOI 3aJadi 3aCHOBAaHMH HAa NMPHHIWII ITOETAITHOI MapaMeTpHIHOl
onTUMi3alii.

KuarwuoBi cioBa: mepmonpysichuii cmawn, mino obepmanus, QyHKYIOHATbHO-2PAOIEHMHULL
mamepiai, Memoo CKIHYEHHUX eNeMeHMIE, NOPOHCHUCIULL YUTTHOP, ONMUMI3AYISL PeHCUMIE.

PE3IOME. TlpennoskeHa METOJIMKa YIPABICHUS OBICTPOACHCTBHEM TEIJIOBBIX PEXU-
MOB IIPH TEIJIOBOW Harpy3ke Tell BpaiieHHs U3 (YHKIHOHAIbHO-TPAJUEHTHBIX MaTepua-
JIOB, KOTOpasi 6a3upyeTcsl Ha YUCIOBBIX MeTojAax. [ pemenns NpsaMbeIX 3a7ayd UCHOJIb30-
BaH METOJ B3BELICHHBIX OCTAaTKOB B COUETAHHU C METOJIOM KOHEUHBIX 3JEeMEHTOB. Pere-
HUE C(HOPMYTUPOBAHHON 3KCTPEeMalbHOW 3a1aud MMOCTPOCHO HA IMPHUHIUIE MOJTAIHON
napaMmeTpUuecKOM ONTUMU3ALINY.

KiioueBble c10Ba: mepmonanpsjiceHHoe cocmosmue, meio paujeHus, GYHKYuoHaIbHO-2paou-
EHMHBLIL MAMeEPUA, MeMoO KOHEUHbIX DJIeMEHMO8, NONbI YUIUHOD, ONMUMUZAYUSL PEHCUMOS.

SUMMARY. A technique is proposed to control the speed of thermal conditions under
thermal load of bodies of revolution of functionally gradient materials. The construction of
solutions of the class of problems under consideration is based on numerical methods. To
solve direct problems, the method of weighted residuals in combination with the finite
element method is used. The solution of the formulated extremal problem is based on the
principle of step-by-step parametric optimization.

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

Anopeiixie O. €., babiii A. B., /loninceka I. A., Mamsiis FO. A. Bu3sHaueHHs
3aJIMIIKOBOTO PeCypCy LITAHTH MOJIbOBOI'0 OOMPHUCKYBaya
32 MAHEBPOBOTO PEXKUMY HABAHTAMKECHHS. ... vvereerreenreaseesseesneesreesneenessnessnessessnesnneenes 106

PE3IOME. ChopMynb0BaHO PO3paxyHKOBY MOJIENb JISi BU3HAYEHHS 3AUIIKOBOTO
pecypcy LITaHTH HOJIBOBOTO OOMPUCKYBaya 32 MaHEBPOBOTO PEKMMY HaBaHTaKeHHs (yc-
TaJICHI KOJIMBaHHS CEeKIiH MITAaHTH pa3oM 3 MOOAMHOKHUMH IOLITOBXaMH Yepe3 HEpiBHY I10-
BEPXHIO 10J1s1). B 0cHOBY Moj1es1i MOKJIajeHo po3po0IIeHNH paHille eHepreTHYHUN Miaxif i
3aIPOIIOHOBAHO CXEMY MAaHEBPOBOI'O HaBaHTAXEHHsS. PO3paxyHKOBY MOJENb pealli3oBaHO
i yac BU3HAYEHHS 3aJIMIIKOBOTO PECYpPCy IUTAHTH OONPUCKYBada IIMPOKOI PO3TOPTKH 3i
ctani Cr.3 32 MaHEBPOBOTO PEXHUMY HABAHTAXKEHHS KOHKPETHHUX MapaMeTpiB.



KiiouoBi cioBa: manesposuil pedcum HABAHMAdICEHHA, WMAH2d NOALOBO2O OONPUCKYBAUA
WUPOKOI pO320PMKU, 3ANUWKOSUIL pecypc, KiHemuuHa oiazpama pocmy 6MOMHOI mpiuuHu,
nepiod OOKPUMUUHO20 POCHY MOMHOL MPIWUHU.

PE3FOME. ChopmynupoBaHa pacdeTHass MOIEIb UL OMpPENeNIeHHsT OCTaTOYHOTO pe-
cypca LITaHTH TOJIEBOTO ONPBICKUBATENS MPU MAaHEBPEHHOM PEXHMME Harpys3ku (ycCTOsB-
muecs KoaeOaHMsl CEKNUil MITaHTH BMECTE ¢ OAWHOKMMH TOTYKAMH Y€pe3 HEPOBHYIO IIO-
BEPXHOCTh MOJs). B OCHOBY MOJIenu MOJOXKEH pa3paboTaHHBIA paHee SHEPreTHYCCKHMA
MOAXOA U TPEUIOKEHA CXeMa MaHEBPEHHOW Harpy3ku. PacueTHas MoJenb peaan3oBaHa
JUISL OTIPE/IENIEHHs OCTaTOYHOI'O pecypca LITAaHTH ONPBICKUBATEIS IIUPOKOI pa3sBepTKH U3
cranu CT.3 npu MaHEBPEHHOM PEXUME HAarpy3KH KOHKPETHBIX I1apaMeTpoB.

KioueBble ciioBa: manespennulii pescum Haspy3Ku, Wmanaa noa1eso20 OnpblCKUEAMensi Wupo-
KOl pazgepmKu, oCmMamounblii pecypc, KUHemuieckas ouazpamma pocma yCmanoCmHou mpe-
WuHbL, NEPUOO OOKPUMUYECKO20 POCMA YCTNATOCMHOU MPEUUHbL.

SUMMARY. A calculation model is formulated to determine the residual life of the
field sprayer boom under the maneuverable loading mode steady oscillations of the rod
sections together with single shocks caused by field surface irregularities. This model is
based on the energy approach developed earlier by the authors and a scheme of mane-
uverable load is proposed. This calculation model is used determining the residual life of a
wide sweep St.3 steel sprayer during maneuvering loading of specific parameters.

Keyword: maneuvering loading mode, wide sweep field sprayer boom, residual life, kinetic
diagram of fatigue crack growth, period to subcritical growth of fatigue crack.

Borowun B. A. lluxniyHa KOpo3iiiHa TPILMHOCTIMKICTh €KCIUTyaTOBAaHOTO
3BapHOTO 3’ €AHAHHS TPYOHOT CTATL 17T 1C oot 112

PE3IOME. TlpoaHanizoBaHO BIUIMB HU3KW YMHHUKIB Ha LUKIIYHY TPIIMHOCTIHKICT
OCHOBHOTO METally 1 MeTally CTUKOBOTO KilblieBoro mBa Tpyonoi crami 171'1C y BuxinHo-
My ctaHi Ta micist 30 pokiB eKCIuTyaTtarlii Ha MariCTpalbHOMY Ta30MpOBOJi: MOIEIHHOTO
IpyHTOBOTO cepenoBuma NS4, acumerpii mukiny HaBarTtaxeHHs R = 0,1 1 0,9, a Takox mo-
TEeHIIiany KaTogHoro 3axucty —0,98 V. BcTaHOBIEHO, IO TpUBaIa eKCIUTyaTallis cTali Mak-
CHMAJIBHO ITOCWIIIOE HETaTHBHMI BIUIMB IPYHTOBOTO CEPEIOBHINA Ha il UKIIYHY KOPO3iHHY
TPIMIMHOCTIHKICTh 32 BUCOKOI acUMETpii MKy HaBaHTKEHHs Ta MOTEHIIAy KaTOXHOTO
3aXUCTY.

KawuoBi cioBa: mpyba 2cazonposody, meman wiéa, weuoKicms pocmy mpiwjuHu, IPYHMose
cepedosuiye, KamooHa NOAPU3AYis.

PE3FOME. TIpoaHau3upOBaHO BIHSHUE psija (HAKTOPOB HA MUKIHYECKYIO TPEIIMHO-
CTOMKOCTh OCHOBHOTO MeETaJljla U METaJllla CTHIKOBOTO KOJIBIIEBOTO IIBAa TPYOHOW CTanu
17T'1C B ucxomaHoM cocTossHUM H Tiocie 30 JieT SKCITyatalid Ha MarucTpallbHOM Ta3o-
MPOBOJIE: MOJIETBHON MOUBEHHOH cpenbl NS4, acumMmerpun nukia Harpy3ku R = 0,1 u 0,9,
a Takke MOTeHIHana KaToaHoi 3amuTel —0,98 V. YcTaHOBIEHO, UTO JIUTENbHAS DKCIUTya-
Tagusa CTajlkd MaKCUMaJIbHO YCUJIMBA€T HETaTUBHOC BJIUAHUEC MOYBEHHOM Cp€abl Ha €€ KOp-
PO3HOHHO-IUKIMYECKYIO TPEIIHHOCTOHKOCT TIPU COYETAHUH BHICOKOH aCHMMETPHUH IHAKIIA
Harpy3KH U MOTCHIIHANIA KaTOIHOM 3alUThI.

KiioueBble ci10Ba: mpyba eazonposooa, Memanl wed, CKOpoCmy pocma mpeujutbvl, NOYGeHHAs
cpeoa, KamooHas NOJAPUZAYUSL.

SUMMARY. The influence of a number of factors on fatigue crack growth of the base
metal and the butt weld metal of 17T'1C pipe steel in the as-received state and after 30 years
of operation on the main gas transit pipeline: model soil environment NS4, loading ratio
R =0.1and 0.9, as well as cathode protection potential —0.98 V. It has been established that
long-term operation of steel maximizes the negative influence of the soil environment on its
corrosion fatigue crack growth under combined action of high loading ratio and cathodic
protection potential.



Keywords: gas pipeline, weld metal, crack growth rate, soil environment, cathodic polari-
zation.

Koneii b. B., 3sipro O. 1., Benepuniok T. I1., Cno6oosin 3. B., LlImoiixo I. I1.
[igBuIeHHS BTOMHOI MIITHOCTI HACOCHUX IITAHT 00POOKOIO
CHICTIIATTBHAM CEPEIOBHIIICM ......veeuviesresseesseestessuessseanseassesssesssesseessesssesssessssssesssesssesses 118

PE3IOME. TlpoaHanizoBaHO NPUYMHH €KCIUTyaTalliiHOI BTpaTH LUTICHOCTI CTAIBHUX
HACOCHUX IITAHI BHACIIZOK BTOMHOTIO PYHHYBaHHS X OCHOBHOI YaCTHHH, 3yMOBJIICHOTO
PO3BHUTKOM MOBEPXHEBUX TPIlIUH. /)1 mMiIBUIIEHHS JOBrOBIYHOCTI IITAHT 3alIPOIIOHOBAHO
BUKOPUCTOBYBATH CIEIiajbHE piKEe TEXHOJIOTIYHE CEePEIOBHIIE, SIKE TalbMy€e PICT BTOM-
HUX TPIIIMH, IITYYHO CTBOPIOIOYN e(eKT IX 3aKpUTTA. BUKOHAHO HAIIBHATYpPHI E€KCIIEpHU-
MEHTH TPHUBAJIO EKCIUTyaTOBaHWX MITaHT 3i craieid 35XM ta 20H2M Ha GaraTOIMKIOBY
BTOMY. BusiBiieHo, 3 0jHOrO OOKY, CYTTEBHIl HETaTHBHHUH BIUIMB Ha BTOMHY BHTPHBAJICTh
3% po3uuny NaCl, a 3 iHIIOro — 3Ha4YHUI MO3UTUBHUN €(PEeKT TEXHOJIOTIYHOIO CEPEaOBH-
114, IKAH TMPOSIBUBCS Y IiIBUIICHHI BTOMHOI MIITHOCTI IITAHT HE TUIbKU B KOPO3ifiHOMY ce-
penoBuiLi, ane i y nosiTpi. [y mpakTHYHOI peaiizauii METoqy B MOJbOBUX YMOBaxX po3-
POOJICHO KOHCTPYKIIIFO KaMEpH, sIKa KPIMUTHCS Ha IITAaH31 Ta OXOIUIIOE ii YaCTHHY.

KaiouoBi cioBa: nacocni wmaneu, momna mMiyHicmo, wmyyHutl eQexm 3aKpumms eMmomMHux
MpiuH, 3yNUHKQ MPILuH.

PE3FOME. TlpoaHanu3upOBaHbl MPUYUHBI HKCIUTyaTAI[MOHHON MOTEpH IENTOCTHOCTH
CTaJIBHBIX HACOCHBIX LITAHI BCIEACTBHE YCTaJIOCTHOIO Pa3pylICHUs MX OCHOBHOM 4acTH,
00YCIJIOBJICHHOTO Pa3BUTHEM IMOBEPXHOCTHBIX TPEUIWH. [|JI MOBBIIEHHUS JOJTOBEYHOCTH
HITAHT IIPEUI0KEHO UCIIONB30BaTh CIIENUANBHYIO KHUIKYI0 TEXHOJIOTHIECKYIO Cpedy, KOTO-
past TOPMO3HT POCT YCTAJOCTHBIX TPEIINH, CO3/[aBasi HCKyCCTBEHHBIN 3((EKT UX 3aKPBITHSL.
IIpoBeneHbl MONMyHATYpHBIE SKCHEPUMEHTHI IIUTENBHO 3KCILTyaTUPYEMBIX HITAHT M3 CTa-
neit 35XM u 20H2M Ha MHOTOLMKJIOBYIO YCTaJIOCTh. BBISIBIEHO, C OJHON CTOPOHBI, CYIIE-
CTBEHHOE OTPHLATEIFHOE BIMSHNC Ha YCTAIOCTHYIO BEIHOCIHBOCTE 3% pactBopa NaCl, a ¢
JPYTroi — 3HAYUTEIBHBIH MOJOKHUTEIBbHBIN AP (EKT TEXHOIOTNUECKOW Cpe/ibl, MPOSBUBIINHCS
B CYLIECTBEHHOM IOBBILIIEHUH YCTAJIOCTHONW IPOYHOCTH IUTAHT B CPABHEHUHU C UCIIBITAHUS -
MU HE TOJbKO B KOPPO3HMOHHOH Cpejie, HO U Ha Bo3ayxe. Ui MpakTUYECKOU peanu3alnuu
METOZa B TOJIEBBIX YCIIOBHSAX pa3paboTaHa KOHCTPYKIHS KaMepbl, KOTOpas KpemuTcs Ha
LITAHIE U OXBATHIBAET €€ YaCTh.

KiioueBble cjI0Ba: HacocHbie wimaney, YCMAaioCmuas NPo4YHOCMb, UCKYCCMBEHHbI dhderm
3aKpbIMUA YCMATOCMHbIX MPEWUH, OCIMAHOEKA MPEUJUH.

SUMMARY. The causes of operating loss of steel sucker rods integrity due to fatigue
fracture of their main part associated with surface crack propagation are analysed. To
increase the lifetime of rods it is proposed to use a special liquid technological medium,
which retards fatigue cracks growth creating artificial crack closure effect. Scaled-down
experiments on high cycle fatigue of long-term operated rods made of 35XM and 20H2M
steels were carried out. It was revealed, on the one hand, the considerable negative
influence on fatigue durability of 3% NaCl solution, and on the other — the significant
positive effect of technological environment. The substantial increase of fatigue durability
of rods in comparing to the tests carried out not only in corrosion environment but also in
air was observed. For practical realization of the method in field conditions the construction
of chamber fixed on a rod and covering its part was developed.

Keywords: sucker rods, fatigue durability, artificial effect of fatigue cracks closing, arrest of
cracks.

Ulona T. B. TlonepeyHi KOJIMBAaHHSA OPTOTPOITHOI IUTACTHHM 3 OTBOPAMHU
TA BKITFOUCHHSIMU ....vvveentveesseeesteeessreesteeesseeestneesssesstseessseestseesssesssseesasesssneesssesssneessnesssns 124

PE3IOME. Y mexax yTOYHEHOI MOjelNi, sika BPaxoBye ae(dOpMalliio MONepedHOro
3CYBY Ta IHEpILiiHI KOMIIOHEHTH, PO3IISIHYTO 331a4y PO yCTajleHi KOJIMBAHHS OpPTOTPOII-
HOI TUIACTHHH, SIKa MICTHTh OJJHOYaCHO OTBOPH Ta abCOJIOTHO KOPCTKI BKIIIOYEHHs. Bkitro-



YCHHS MAKOTh Pi3HI THIU 3’€THAHb 3 IIACTUHOI. J[OCHIIKEHO MOCTYNMANIBHUI PyX BKJIIO-
YCHb Y HOPMAJIBHOMY HANPSMKY JIO CEpEIMHHOI MOBEPXHI mactuHu. [IpoaHanizoBaHo pi3-
Hi TapMOHIYHI B Yaci KpailOBi YMOBH SIK Ha 30BHIIIHIN MeXi IUIACTUHH, TaK 1 HA KOHTypax
0TBOpiB. Ha OCHOBI HEMPSIMOT0 METOAY MPAHUYHUX E€JICMEHTIB Ta CEKBEHIIAIBHOTO MMiJX0-
Iy a0 300paxenHs ¢yHkuid ['piHa kpailoBy 3agady 3BEIEHO IO CHCTEMH IHTETPaIbHHUX
PIBHSHP Ta CIIBBiIHOIICHB, SKY PO3B’S3aHO METOIOM KoJjokamid. HaBemeHo umcioBi pe-
3yJIBTATH IS IPSIMOKYTHOT IUTACTHHH 3 KPYTJIMMH OTBOPOM Ta BKITIOUCHHSIM.

Kumrouosi cioBa: KOJuearnts, opmomponHa niacmuHa, Oomeopu, 6KIIO4YEHHA, Henp}wuﬁ Memoo
CPArHUYHUX ellemMenHmis.

PE3FOME. B paMKax yTOYHEHHOH MOZEIH, YIUTHIBAIOIMIEH Ae(opMaIiio monepeqHo-
TO C/IBUTA, a TAK)KE MHEPIIHOHHBIE KOMIIOHEHTHI, PACCMOTpPEHA 33Ja4a 00 yCTaHOBHBIINXCS
KOJIEOAHMSIX OPTOTPOIHOI IUIACTHHBI C OTBEPCTHAMH M AOCONIOTHO KECTKUMH BKITFOUCHUSI-
MH. BxiroueHus uMeroT pasHble TUIBI COGAMHEHUH ¢ mutacTuHOM. MccnenoBaHo mocTtymna-
TEJNBbHOE JIBI)KEHHE BKJIIOUEHHH B HOPMalbHOM K CpedHEH MOBEPXHOCTH IUIACTHHBI Ha-
IpaBJIeHUU. PaccMOTpeHbI pa3Hble TapMOHIUECKHE BO BPEMEHHU KpaeBble YCIOBHS KaK Ha
BHEUIHEH IpaHulle IIACTUHBI, TaK U Ha KOHTYpax oTeepcruil. Ha ocHOBE HenpsMoro Merona
TPaHUYHBIX DJIEMEHTOB M CEKBEHIMAIBLHOTO MOAX0Ja K HM300paxeHuro ¢yHkuuid ['puna
KpaeByIo 3aJauy CBEJICHO K CUCTEeME MHTETPaIbHBIX YPaBHEHHH U COOTHOIIEHUI, KOTOPYIO
peleHo MeToA0M KoJulokaluid. IIpuBeneHbl YKMCIeHHBIE pe3yabTaThl IS NPSMOYTONBHON
IUIACTUHBI C KPYTJIBIMUA OTBEPCTUEM M BKIFOUEHHUEM.

KiroueBble cioBa: KO]I@6(1Hﬂ, opmomponHas niacmuHnd, omeepcmusl, 6KIIOYEeHUA, Henp}woﬁ
Memoo CPARUYHBLX D]IEMEHMOE.

SUMMARY. In the framework of the refined theory, which takes into account trans-
verse shear deformation and inertial components, the problem on the steady state vibrations
of the orthotropic plate with holes and rigid inclusions is considered. Inclusions have differ-
rent types of connections with the plate. The case of the translational motion of the inclu-
sions along the normal direction to the middle surface of the plate is investigated. Different
harmonic in time boundary conditions are considered both on the external boundary of the
plate and on the contours of the cutouts. On the basis of the indirect boundary elements
method and the sequential approach to representation of Green’s functions the boundary
value problem is reduced to the system of integral equations and integral relations and is
solved by the collocation method. Numerical results for the rectangular plate with circular
hole and circular inclusion are presented.

Kewwords: vibrations, orthotropic plate, holes, inclusions, indirect boundary elements method.
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