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PE3IOME. MeTtonoM CHUHTYJISIDHHX IHTErpalbHUX PIBHSHb OTPUMAaHO PO3B’SI30K aH-
THUILIOCKOI 3a/1a4i MEXaHiKM PyHHYBaHHS JJIsi OPTOTPOITHOI IUIOMIMHK 3 JJBOJIAHKOBOIO Jia-
MaHOIO TPIMIMHOIO 3 YpaxyBaHHSIM OCOOJIMBOCTI HANPY>KEHBb Y KYTOBIH BEepIIHHI TPIIIUHU.
Jn1s boro 3aCTOCOBAHO paHilie po3po0IeHNH €JMHUH MIAXIN A0 po3B’A3yBaHHS 3a1ad PO
KOHIICHTPAIIIIO HANPYKEHb B 130TPOIHHUX TiJIaX 3 TOCTPHMU Ta 3aKPYyTJICHUMH BUPI3aMH.

PE3IOME. MeToaOM CHUHTYJISIPHBIX MHTErPalbHBIX YPABHEHHM MOIY4YEHO pELIeHUE
AQHTHUIUIOCKOHN 331a4/ MEXaHWKH Pa3pyLIeHUs I OPTOTPOITHOM MIIOCKOCTH C JIByX3BCHHOU
JIOMaHOHU TPEIIMHON C YIeTOM 0COOCHHOCTH HANPsDKCHUH B YIIIOBOH ee BepmuHe. J{is 3To-
TO UCIIOJIb30BaH pa3pabOTaHHBIM paHee eAWHBIN MOAXO0J K PEILISHHIO 33134 O KOHIIEHTpa-
I[UH HAIPSDKEHUH B U30TPOIHBIX TENaX C OCTPHIMU U 3aKPYTIICHHBIMU BBIPE3aMH.

SUMMARY. Solution of the antiplane problem of fracture mechanics for orthotropic
plane with a two-sectional kinked crack with account of the stress peculiarities at the
angular crack tip was obtained by the singular integral equation method. The previously
developed unified approach to solving the problems about stress concentration in isotropic
bodies with sharp or rounded V-shaped notches was used for this purpose.

Esemywenko O., Kyyeii M., Tonuescka K. BuzHaueHHs1 MaKCUMaJIbHOL
TeMIepaTypH TPUOOCHCTEMH HAKJIAIKa—/IUCK 1T 9aC OJJHOPAa30BOTO
TAITBMYBAHHI .. ... veuveteesteesteesseesseassesseesbeesteesbeesessseas s e ab e e abeesbeesbeaseeabeenbeenbeeneenneennennee e 14

PE3IOME. 3anponoHOBaHO PO3PaxyHKOBY CXeMY BH3HAUCHHSI MaKCUMaJbHOI TeMIIe-
patypu TpUOOCHCTEMH HAaKJIAJKa—IHCK ITiJ] 9ac OJHOPAa30BOTO TaJIbMYBAaHHS i3 BpaxXyBaH-
HSIM Yacy JOCSITHEHHS THCKOM HOMIHAJIBHOTO 3HAYCHHS, TEMIIEPATypPHOI 3aJIe)KHOCTI MaTe-
piaJliB Ta MIOPCTKOCTI MOBEPXOHb TepTs. OOYNCIICHHS BUKOHAHO JJISI TPHIUCKOBOTO Tallb-
Ma, BUTOTOBJICHOTO 3 BYyTJelleBoro kommo3uTy Termar-ADF. [Ins ekcroHeHIIHHOTO Ta
JMHIHHOTO 30UTBIICHHS KOHTAKTHOTO THCKY ITiJ] Yac TaJbMYBaHHs JOCIHKEHO BIUIHB TEp-
MOYYTJIIMBOCTI MaTepiajly Ha E€BOJIOLII0 CEPeAHbOI TeMIepaTypH HOMIHAJIbHOI AISTHKA
KOHTaKTy, TEMIIEPATypH CIAIaXy Ta MAaKCHMAJIbHOI TEMITEPATyPH TOBEPXHI TEPTSL.

PE3IOME. TlpennoskeHa pacueTHasi cXeMa OIpeAeTICHNs MaKCHMalbHOM TeMIepary-
pbl TPHOOCHCTEMBI HAKIIAAKa—/INUCK TIPH OJHOPA30BOM TOPMOXEHHH C y4ETOM BPEMEHH JI0-
CTHXKEHUsI JIaBJICHUEM HOMMHAIIBHOTO 3HAY€HHs, TEPMUUYECKON YYBCTBUTEIHHOCTH MaTe-



pHAJIOB M HIEPCTKOCTH MOBEPXHOCTEH TpeHHs. PacueTsl BBIONHEHB! IS TPEXIUCKOBOIO
TOpPMO3a, U3TOTOBJICHHOTO U3 yriaepoaHoro kommnosurta Termar-ADF. /Iy skcrioHeHInab-
HOTO U JINHEHHOTO YyBeNWYEHUS KOHTAKTHOTO IABJICHHS MPHU TOPMOXKEHUHU HCCIIEIOBAHO
BIIMSIHUE TEPMOUYYBCTBUTEIBLHOCTH MaTepHaja Ha 3BOMIOLUU CpeJHEH TeMnepaTypbl HOMHU-
HaJIbHOM 00/aCTH KOHTAKTa, TEMIIEPATYPhl BCHBIIIKA U MAaKCHMaIbHON TEMIIEPATyphl 110-
BEPXHOCTH TPCHHUS.

SUMMARY. A calculation scheme for determining the maximum temperature of the
pad—disc tribosystem under single braking is proposed, with account of the time of pressure
increase to the nominal value, the thermal sensitivity of materials and the roughness of the
friction surfaces. Calculations are performed for a three-disc brake made of the carbon
composite material Termar-ADF. For exponential and linear increase of contact pressure
during braking, the influence of the thermal sensitivity of the material on the evolution of
mean temperature on the nominal contact area, flash temperature and maximum tempera-
ture on the friction surfaces is investigated.

Hluwroscovruti P. O. BuzHaueHHs TUTOMOT €HEprii pyHHyBaHHS MaTepiary 3a
16072235 (010 (<101 10] 0110 24 1 TP PR PR PRTROR 21

PE3IOME. HaBeneHo METONMKY BU3HAUYEHHS eHeprii ne)opMyBaHHS Ta pyiHYBaHHS
MaTepiany 3a 3cyBHOI aedopmariii 31 3aCTOCYBaHHAM MeToay IH(pPoBoi Kopesiii 300pa-
JKeHb. 3HaAM/IEHI XapaKTepPUCTUKU BUKOPHCTOBYIOTH IIiJi Yac PO3PaxyHKy HarpyKeHO-je-
(hopMOBaHOTO CTaHy Ta pecypcy poOOTH OypOBHX KOJIOH, BaJiB TiApOTYpOiH 3a 3THHY Ta
KPY4YECHHS.

PE3FOME. PazpaboTaHa METOIMKA OIIPECIICHISI SHEPTHH Je(OPMHPOBAHUS U pa3py-
IIEHWs MaTepuaja IpH CABHIE C MCIOJIB30BAHUEM METoa IM(POBOH KOpENAINH H300pa-
JKCHUH. Y CTaHOBIICHHBIC XapaKTEPUCTHKH HCIIONB3YIOT NPH pacdeTe HamnpspKeHHO-Aedop-
MHPOBAaHHOTO COCTOSIHUS M pecypca paboTsl OypOBBIX KOJIOHH, BAJIOB IHAPOTYPOMH MPH UX
Harpy>KeHUH N3rHOOM U KPyUCHUEM.

SUMMARY. A technique for determining the energy of deformation and fracture of
material under shear using the digital image correlation method is developed. The estab-
ished characteristics are used for calculation of the stress-strain state and service life of drill
columns and hydraulic turbine shafts under bending and torsion loading.

Anopeiixie O. €., babiu A. B., /[onincvka I. . Binup excrutyatariiiaux
Cepe/IOBHIIL | MAHEBPOBOI'O PEXKUMY HABAHTAXKEHHS Ha PECYPC LITaHT
TTOITBOBUX OOTIPHCKYBAUIB ... c.veeuvestesteesteesteesseaseasseassesseesseessesssesssesseesseesseansesnsessnesseenns 26

PE3IOME. Po3po0ieHo MeToJ JJisi BU3HAUEHHS 3aJMIIKOBOTO PECypCy LIUPOKO3a-
XOITHOI IITaHTH TOJHOBOTO OONPHCKYBaya 3 ypaxyBaHHAIM MaHEBPOBOI'O pEXUMY ii HaBaH-
Ta)KeHHs 1 J1iT KOPO3UBHO-arPECUBHOTO cepeoBHIa. B ocHOBI MeToy — paHilie po3pooie-
HUH €HePreTUYHUI MiJXi/ 1 pO3paxyHKOBI MOJIEl MOIIMPEHHS KOPO3iHHKUX TPILIUH 3a CTa-
THUYHOTO 1 UKJIIYHMX HABaHTAXKEHb, 4 TAKOXK CXEMa MAaHEBPOBOI'O PEXKHUMY HaBaHTAXKEHHSI.
Juist peanizamii MoJieni BUKOpUCTaHO mTaHry 3i cram Cr.3.

PE3FOME. PazpaboTtan MeTOH IJIs OINpeIesicHHsI OCTaTOYHOTO pecypca MIMPOKO3aX-
BaTHOH ILTaHTH MOJIEBOTO ONPBICKUBATENS C Y4€TOM MAaHEBPEHHOI'O PEXKHUMA €€ HAarpy3KH U
BO3JICHCTBHSI KOPPO3HMOHHO-arpecCHBHOM cpeabl. B ocHOBe MeTona — paHee pa3zpaboTaH-
HBII DHEPreTHUYECKUH MOAXO ¥ pacueTHbIE MOJAEIH PACIPOCTPAHEHUSI KOPPO3UOHHBIX Tpe-
HIMH NIPY CTaTUYECKON M IUKINYECKON Harpy3Kax, a TakXKe cXeMa MaHEBPEHHOIO PexHuMa
Harpy3ku. [ peanusanuu MoJIeNu NCIIONIb30BaHa mraHra u3 cranu Cr.3.

SUMMARY. A method for determining the residual life of the field sprayer boom,
taking into account the maneuvering mode of its load and exposure to corrosive environ-
ment is developed. The method is based on the energy approach developed previously by
the authors and calculation models of corrosion cracks propagation under static and cyclic



loads, as well as the scheme of the maneuvering load mode. The implementation of the
model is demonstrated by the example of a St.3 steel rod.

Pyoascoxuii /1. B., Ulegpep M. C., Kanrox FO. I. TlommpeHHs BTOMHOT TPIiIUHU
Ha MOBEPXHi OOKOBUHM paMH Bi3Ka BAaHTa)KHOT'O BaroHa 3a HEPEryJspHOTO
EKCIUTYATAI[ITHOTO HABAHTAMKEHHST ..ve.vvevresreneesreesreesreesnessnessnssnesssessseesseansessnssnessneenns 33

PE3IOME. JlociimpKeHO KiHETUKY TOIIMPEHHST BTOMHOI TPIIMHN Ha OBEPXHI OOKOBOI
paMH 3aJi3HUYHOI'O BaroHa i3 ypaxyBaHHSIM CTOXAaCTHYHOI NMPUPOJM EKCILTyaTaliifHOro
HABaHTa)XCHHs. BUsBIICHO 11 3a1€KHICTh BiJ] IOYaTKOBOI TEOMETPIi TPIIMHU Ta 3HANHICHO JIJIs
3aJJaHuX YMOB HaBaHTa)XEHHsS (opMy MIBETINTHYHOTO KOHTYPY BTOMHOI TpILIMHM i3 Haii-
O1JIBIIOI0 MIBUIKICTIO MTOIIMPEHHS Y THONHY cTiHku pamMu. ChopMynpoBaHa MaTeMaTH4HA
MOJIeNTb IPUAATHA UL OI[IHIOBAHHS 3aJIMIIKOBOI JOBrOBIYHOCTI OOKOBOi paMu i3 OBEpXHE-
BUM TPIIIUHOMOAIOHNM 1e(heKTOM 33aJaHO1 IT09aTKOBOI ILTOII].

PE3IOME. ViccnenoBaHa KUHETHKA PAaCHpPOCTPAHEHUS YCTAJIOCTHOM TPEILMHBI Ha MO~
BEPXHOCTH OOKOBOM paMbl JKEJIE3HOMOPOKHOTO BaroHa ¢ Y4eTOM CTOXAaCTHYECKOW IPHPO-
Jbl €€ SKCITyaTallHOHHOTO Harpy»keHus. BBIABIEHO ee 3aBUCHMOCTb OT HAa4albHOH Ireo-
METPHUH TaKOW TPEIIUHBI M HANICHO IS 3aJaHHBIX YCIOBUI HArpy)eHUs (GOPMY MOTYdI-
JIMIITHYECKOTO KOHTYPa YCTAJIOCTHOM TPEIIMHBI, KOTOpas ¢ HauOOJbLIeH CKOPOCTBIO pac-
NpocTpaHseTcs B IIIyOuHy cTeHKH pambl. COpPMYIHPOBAaHHYIO MaTeMaTHYECKYI0 MOJIENb
MO>KHO HCIIOJIB30BAaTh IIPU IIOCTPOCHUM METOJUKUA OLIEHKM OCTATOYHOM JIOJIFOBEUYHOCTH
OOKOBOI paMbl C MOBEPXHOCTHBIM TPELIMHOMOJOOHBIM Ne(eKTOM 3aJaHHOI HavaJbHOW
IUIOUIAIH.

SUMMARY. The kinetics of fatigue crack propagation at the surface of the railway car
side frame is studied taking into account the stochastic nature of its operational loading is
investigated. Significant dependence of the surface crack kinetics on its initial geometry is
found and for the given loading conditions the shape of the semi-elliptic profile of the
fatigue crack with the highest growth rate into the frame wall depth is found. The mathe-
matical model formulated in the paper can be used for estimating the residual life of the side
frame with a surface crack-like defect of a given initial area.

Cemenog I1. O., Ilycmoguii B. M. KoMIieKCHe 1iarHOCTYBaHHS CTaHy
€KCIIJTyaTOBaHUX €JIEMEHTIB ITPEU(PEPHOTO MEPEBAHTAIKYBAUA +..vv.vveveeerereenrenrensesreneeans 39

PE3FOME. BukoHaHO KOMIUIEKCHE JiarHOCTYBAaHHS TEXHIYHOTO CTaHY CTaJIeBOi KOH-
CTPYKILII eKcIuTyatoBaHOTO MoHaa 40 pokiB IepeBaHTaXyBada 3 BUKOPHUCTAHHIM METOJIB
pYIHIBHOTO Ta HEpyHHIBHOTO KOHTpouto. Ha BanbiiboBaHOMY (pacOHHOMY NPOKATI BHSIBIIE-
HO BTOMHI TpIlIMHK Ta MEXaHI4HI IOIIKO/DKEHHS THITy 3HOIIyBaHHs. [IpoaHaiizoBaHo 3a
JIOTIOMOT'OI0 MarHETHOTO METOJly 3 BU3HAYEHHSIM KOEPIMTUBHOI CHIIM HampyKeHo-aedop-
MOBaHHMI CTaH HU3KHU €JIEMEHTIB METaJIOKOHCTPYKIIii, HA OCHOBI YOr0 BCTAHOBJICHO IIOTEH-
1iiiHo HeOe3meuHi AUIAHKU. JJIs HUX JOCHIHKEHI MEXaHIYHI XapaKTePHUCTHUKH MIIHOCTI,
IUIACTUYHOCTI Ta yAapHOI B’SI3KOCTI, B T. 4. (pakrorpadiuHuM aHai3oM, i MOKa3aHO, L0
CTYMiHb EKCIUTyaTallilHOI Aerpanamii MeTamy KOpENIO€ 3 OIIHKaMH HOTo HaIpy>KeHO-Jie-
(hopMoOBaHOTO CTaHy.

PE3IOME. TlpoBeneHO KOMIUIEKCHOE JUArHOCTHMPOBAHHME TEXHUYECKOI'O COCTOSIHUSA
CTAJIbHOM KOHCTPYKIMH SKCITyaTUpyeMoro cabiuie 40 JeT neperpyxarteisi ¢ HCIOoJb30Ba-
HHEM METOJIOB Pa3pyIIAOIIEro U Hepa3pylarnero KoHTpois. Ha ¢hacoHHOM mpokate BEI-
SIBIIEHBI YCTAJIOCTHBIE TPELUIMHBI U MEXaHUYECKUE MOBPEXACHUs ThIa u3Hoca. [Ipoananu-
3UPOBAHO C MOMOIIBI0 MAarHUTHOTO METO/A C OMpeAeNiCHUEM KOIPIUTHBHON CHIIBI HAIPSI-
XKEHHO-1e(QOPMHUPOBAHHOE COCTOSIHUE Psilia DIEMEHTOB METAIUIOKOHCTPYKIIMH, HA OCHOBA-
HUU Y€T0 YCTaHOBJICHBI MMOTEHIIMAJILHO OMACHBIE YIacTKH. J{JIs1 HUX MCClieZIOBaHbI MEXaHH-
YeCKHe CBOWCTBA MPOYHOCTH, TNIACTUIHOCTH U YIAAPHOW BSA3KOCTH, B T. 4. (ppakrorpadu-
YEeCKMM aHaJM30M, M TOKAa3aHO, YTO CTEMEHb JIKCIUTYaTAIlMOHHOW Jerpajaluyd MeTalljia
KOPPEJHMPYET C OIIEHKaMH HaIPSHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUSI.



SUMMARY. The complex diagnostics of the technical state of the steel structure of the
40-year operated grab reloader was carried out using the destructive and non-destructive
test methods. Fatigue cracks and mechanical damages of wear type were revealed on the
profile rolling. The stress-strain state of some elements of metal structure was estimated by
the magnetic method with an evaluation of coercive force. The potentially unsafe parts
were determined on this base. The mechanical properties of strength, plasticity and impact
toughnes including fractography analysis were studied for them and it was shown that the
level of in-service degradation correlates with an assessment of its stress-strain state.

Hcniu I1. B., [lusoux O. B., Acnit B. Il. MoeaoBaHHS X0JI0IHOTO
IJIACTHIHOTO Je(hOpMyBaHHS OTBOPIB y 3pa3Kax 3i CIDIaBY 3 IMaM’ SITTIO

PE3IOME. Metonom ckindeHHux enemeHTiB (MCE) 3MonensoBaHe XOJIOAHE ILIac-
THYHE Ne(opMyBaHHS OTBOPY B IUIACTHHI 3 BUKOPUCTAHHSM CIUIABY i3 MaM’SITTIO (GOPMH.
Ji 11b0T0 BUKOPUCTAHO MEXaHIUHI XapaKTePHCTUKU Ta TEMIIepaTypd CcTapTy  ¢iHinry
NpsIMUX 1 3BOPOTHHX (ha30BHX MEPETBOPEHB. 3a pe3yibratamMu MoaeoBanHs MCE y cepe-
nosumi ANSYS Workbench orpumano po3monin 3aiMIIKOBUX HamnpyXeHb y IJIACTHHI B
oKoJi (PYHKI[IOHAJILHOTO OTBOPY ITiCJISl BHJIYYEHHs IHCTPYMEHTY i3 muacTuHu. HaiOimbii
HOpMaJIbHI CTHCKYBaJbHI HAIPY)KEHHS BHHHKAIOTh BCEPEIMHI IUIACTUHH, a Ha BijcTaHi 2...
4 mm Bijx OTBOPY — HANIPYXKEHHSI PO3TATY.

PE3FOME. MetonoM KoHEUHBIX drteMeHToB (MK3J) cMomenupoBaHO XOJIOIHOE TUIACTH-
yeckoe JeopMIpoBaHe OTBEPCTHS B INIACTHHE C HCIIOIB30BAHNEM WHCTPYMEHTA U3 CIIaBa
¢ mamaThio hopmbl. [[iist MOJETMPOBAHKS HCMOIb30BAIA MEXaHUYCCKHE XapPAKTCPUCTUKU U
TEMIIEPaTyphl CTApTa U (YUHHMIIIA TIPSAMBIX U 00paTHBIX (ha30BbIX MPEBpaIlcHuil. B pe3yibrare
mozenupoBanus MKD B cpene ANSYS Workbench nonydeHo pacnpezneneHne ocTaTOYHBIX
HANpPSDKCHUH B IJIACTHHE OKOJIO (D)YHKI[HOHATIBHOTO OTBEPCTHUS TIOCIC YAAICHHS U3 HETO UHC-
TpymenTa. Hanbonblime HOpMabHBIC OCTATOYHBIC CKAMAIOIIHE HAPSDKEHHST 00pa3yroTCcs B
Cpe/IHeH 10 TOJIIUHE YacTH IuiacTuHbl. Ha paccrosauu 2...4 mm OT Kpasi OTBEPCTHS OCTa-
TOYHBIC CKUMAIOIIHE HATIPSHKECHUSI IEPEXOST B PACTATUBAFOIIIC.

SUMMARY. Cold expansion of a hole in a plate using a shape memory alloy working
tool was simulated by the finite element method (FEM). The tool expands and plastically
deforms the material near the hole during heating. The mechanical properties and start and
finish temperatures of the forward and reverse phase transformations were used for
modelling. According to the obtained results using FEM in the ANSYS Workbench, the
residual stress distribution in the plate in the vicinity of functional hole was calculated. The
largest residual normal compressive stresses were observed in the middle part of the plate.
The residual tensile stress occured at a distance of 2 to 4 mm from the hole edge.

|1"pueopeHKO I. MI, Maprawosa JI. 1., I'onosko B. B., Beponixosa O. M.,
Anexceenro T. O., )Kykoe B. B. BIIMB TUTAHOBMICHHX 1HOKYJISIHTIB Ha
CTPYKTYPY METaJly 3BapPHUX IIIBIB HU3bKOJIETOBAHOI BUCOKOMIITHOT CTAMI .....veevenneee 52

PE3FOME. JlocnijkeHO BIUIMB THTAHOBMICHHX TYTOIUIABKUX 1HOKYJISIHTIB (HITPHIIB,
KapOimiB, iIHTEpMETANiAiB) HA CTPYKTYPY METaly 3BapHHUX IIIBiB BHCOKOMIITHIX HH3BKOJIE-
TOBaHMX CTajei. 3 JI0MOMOTOI0 TPOCBITIIOBAIBHOI ENEKTPOHHOT MIKPOCKOMIi BUBUEHO Xa-
paKTep CTPyKTypHO-()a30BHX 3MiH, OCOOIMBOCTI TOHKOI CTPYKTYPH 3 ypaxyBaHHSIM pO3IIO-
JTy TycTHHM auciiokanii. [IpoaHasni3oBaHO BIIMB CTPYKTYPHHUX IapaMeTpiB ITicis J1oja-
BaHHS IHOKYJISTHTIB Ha (hi3MKO-MEXaHI4HI BJIaCTHBOCTI 3BapHUX 3’€/HaHb. BU3HaueHO poIb
TOHKOI CTPYKTYpH (CyOCTPYKTYpH, TYCTHHH Ta PO3NOALTY JHUCIOKaNii) y 3MiHi JIOKJIbHUX
BHYTPIIIHIX HAIPYXKeHb — KOHIIEHTPATOPIB 3apOKEHHS TPIIMH. BcTaHOBIEHO ONTHMANIB-
HUH CKJIaJ iHOKYJISHTIB IIiJ 9ac 3BapIOBaHHS BUCOKOMIIIHUX HM3BbKOJIETOBAHUX CTaJeH, SKi
3a0e3MeuyroTh BUCOKI MEXaHIqHI XapaKTePUCTUKH Ta TPIIIMHOCTIMKICTh 3BapHUX 3 €THAHB.

PE3IOME. VccnenoBaHo BIUSHHE TUTAHOCOAEPXKAIIMX TYTOIUIABKUX HHOKYJISTHTOB
(anTpuna, xapbupa, MHTEpMETAINIa) Ha CTPYKTYPY MeETaJla CBAapHBIX IIIBOB BBICOKO-



MPOYHBIX HU3KOJIEIHPOBaHHBIX cTajieid. C MOMOIIBIO TPOCBEYMBAIONIEH AIEKTPOHHON MHK-
POCKOITMH M3y4YEHBI XapakTep CTPYKTYpHO-(a30BBIX M3MEHEHHH M OCOOEHHOCTH TOHKOM
CTPYKTYpPBI C y4ETOM pacHpenesieHHs] INIOTHOCTH AUCIIoKanuid. [IpoaHanu3upoBaHo BIIHsi-
HHE CTPYKTYPHBIX COCTABISIOLIIMX, (DOPMHUPYIOIIMXCS HpPU NPHUMEHEHHH WHOKYJISHTOB
pa3sIMYHOTO THIIA, HA MEXaHWYECKHE CBOWCTBA CBAapHBIX coenuHeHWH. OmpenencHa poib
CTPYKTYPHBIX (akTopoB ((pa30BoOTO cocTaBa, Cy03epeHHOM 1 JUCTOKAIIMOHHONW CTPYKTYp) B
M3MEHEHNH JIOKAIBHBIX BHYTPEHHHUX HAIIPSKCHUH, KOHIEHTPATOPOB NPH TPELINHOOOpa3o-
BaHWHU. YCTAaHOBJICHBI ONTUMAJbHBIE COCTaBbl MCIOIB30BAHHBIX WHOKYJSTHTOB IIPH CBapKe
BBICOKOTIPOYHBIX HU3KOJITUPOBAHHBIX CTANCH I MOTYYEHHs KaUeCTBEHHBIX U HAJECKHBIX
CBapHBIX COCAMHEHMH, 00ECTICUNBAIOIINX MX BBICOKHE MEXAHWYECKHE XaPAKTEPUCTHKU U
TPEILUHOCTOMUKOCTD.

SUMMARY. The influence of titanium refractory inoculators (nitride; carbide, inter-
metallic materials) on the high-strength low-alloy weld metal structure is investigated. The
character of structural-phases changes and peculiarities of fine structure with the use of
translucent electronic microscopy with account of dislocations distributions is studied. The
influence of the structural parameters after application of titanium inoculants on the physi-
comechanical properties of the weld metal is analyzed. The role of fine structure (substruc-
tures, density and distributions of dislocations) in the change of local internal stresses —
concentrators of crack initiation is established. The optimal composition of the used ino-
culants under welding of high-strength low-alloy steels, that provide the high mechanical
properties and crack growth resistance of the weld metals, are set.

I[3106ux A. P. Y napHa B’s13KicTh 3BapHUX 3’ €IHaHb 31 ctam 34XH2MA,
BUKOHAHHX EJIEKTPOJAMH PIZHOTO (PAZOBOTO CKITAIY ...vovververrerenrinieaneeseeresnesresresseaneas 60

PE3FOME. OuiHeHO oIlip KPUXKOMY pYWHYBAaHHIO METAIy Pi3HHUX 30H 3BapHUX 3 €]I-
HaHb 31 crami Tumy 34XH2MA, oTprMaHUX 3 BUKOPUCTAHHSM €JIEKTPOMIIB Pi3HOTO (ha30BO-
ro ckyazy abo 3a ix moegHaHHs. BCTaHOBIIEHO, 110 HE3aJIEKHO BiJl 30HM 3BApHOTO 3’€/IHAH-
Hs, B SIKifl BUKOHYBaJIN HaApi3 Ha 3pa3Ky, HAWBHUILOIO yJapHOIO B’S3KICTIO BOJIOZIE€ MeTall
1IBa, OJIEP)KaHUH ayCTEHITHUM €JIEKTPOAOM, a HAWHIKYOK — 32 TO€JHAHHS ayCTEHITHOTO
(xopiHb mIBa) 1 epUTHO-TIePITITHOTO. He3ane:kHo Bij BIKUTHX €JICKTPOIIB yaapHa B SI3KICTh
MeTally 30HH TEPMIYHOTO BIUIUBY 3aBKAM OyJia HAlfHM)KYa i TOMy camMe BOHA BH3Haualia po-
00TO3MaTHICTh 3BApPHUX 3 €IHAHb 32 TUHAMIYHHUX HaBaHTaXeHb. DpakTorpadiuHo miarep-
JIAITH, IO ayCTEHITHI €JIeKTPOIH € ONTHMAIBHAMU IS 3BAPIOBAHHS JIUCTIB 13 BUCOKOMIII-
HOI cTali, OCKUTEKH 3a0e3MeuyoTh HAWBUIY SHEPTOEMHICTh X PYWHYBAaHHS 3a TUHAMIY-
HHUX HaBaHTaKCHb.

PE3IOME. OnpeneneHo CONPOTHUBIEHUE XPYNKOMY pa3pylIEHUIO MeTajla pas3jind-
HBIX 30H CBapHBIX COeAMHEHUU u3 ctanu tuna 34XH2MA, noiaydeHHbIX ¢ UCIOJIb30BaHU-
€M 3JIEKTPO/IOB pa3HOro (a3oBOr0 COCTaBa WM MPU UX COYETAHHWHU. Y CTAHOBJICHO, YTO HE-
3aBUCHMO OT 30HBI CBAPHOTO COEAMHEHUs, B KOTOPOH BBIMOJIHEH Hajape3, HanOoJiee BBICO-
Kas yJapHas BSI3KOCTb CBOWCTBEHHa METaJUly IIBa, CBAPEHHOMY ayCTEHHTHBIM JJIEKTPO-
JIOM, a HauboJiee HU3Kasl — MPHU COUETAaHUH ayCTEHUTHOTO (KOPEHb 1IBa) U (peppUTHO-TIED-
JIMTHOTO 3JIEKTPOoaoB. HezaBucumMo oT nmprMeHeHHbIX 3ekTponoB 3HadeHus KCV merasa
30HBI TEPMUYECKOTO BIIFSIHUS OBUIH BCeTaa Hanbonee HU3KUMHU. [1oaToMy MMEHHO 3Ta 30Ha
ompenenseT paboTOCIOCOOHOCTh CBAapHBIX COCAWHEHWH NpPH AWHAMHYECKHX Harpy3kKax.
Opakrorpadpuvecky MOATBEP)KACHA ONTHMAIBHOCTh NPHUMEHEHHS ayCTCHUTHBIX 3JIEKTPO-
JIOB JUIS CBApPKH JINCTOB BBICOKONPOYHOM CTaJIH, MOCKOJIbKY OHM 00ECHEYMBAIOT BBHICOKYIO
SHEProeMKOCTh pa3pyLICHUs MpH yaape.

SUMMARY. Brittle fracture resistance of the metal of various zones of welded joints
on 34XH2MA steel, obtained using electrodes of different phase composition or a combi-
nation of them, was determined. It was established that, regardless of the weld zone in
which the notch was made on the specimen, the highest impact toughness was inherent to
the weld metal obtained by welding with an austenitic electrode, and the lowest — by the
combination of the austenitic (weld root) and ferrite-pearlitic electrodes. Regardless of the



used electrodes, the KCV values of the heat affected zone of the metal were always the
lowest. Therefore, just that zone determined the performance of the welded joints under
dynamic loads. The optimum variant of the use of austenitic electrodes for welding sheets
of high-strength steel was fractographically confirmed, since these ensured a higher energy
intensity of fracture upon impact.

Ghazvinloo H. R. and Honarbakhsh-Raouf A. B’s3kicTs 3BapHuX 3’€IHAHE
BYTHETEBOT CTAITL CKAS ..o 67

PE3IOME. OctaHHIM 9acoM OCOOJMBY yBary MPUIIISIOTH €ICKTPOIYTOBOMY 3Bapio-
BanHo Gas Metal Arc Welding (GMAW), sike yCIIIIHO 3aCTOCOBYIOTH Y IPOMMCIIOBOCTI.
Hampyra i cTpyM, a Tako)X IIBUAKICTh 3BaprOBaHHS € HE3aJC)KHUMH ITapaMeTpaMu, sKi
BIUIMBAIOTh HA MEXaHIUHI BIACTHBOCTI MeTally 3BapHOTO 3’€aHaHHsA. OJTHUMU 3 HalBaXJIH-
BIlIMX MEXaHIYHUX XapaKTEPUCTHK € HOro rpaHMIl MIIHOCTI Ta miMHHOCTI. [IpoaHnanizo-
BaHO MIIHICTh METally 3BapHOTro IBa ByrieneBoi craini CK45, BukoHaHOro poO0TH30BaHO
MetogoM GMAW 3a pisHux ymMoB. Pe3ynpTatu AOCIIIKEHD TEMOHCTPYIOTh, 10 MIIHICTh
MeTally I1Ba MOHOTOHHO 3aJIE)KUTh BiJl 3SMiHHHX [TapaMeTpiB 3BapIOBaHHSI.

PE3FOME. B nocnennee BpeMsi 0co00e BHUMAaHHE YACISIOT SJIEKTPOLYTOBOU CBapKe
Gas Metal Arc Welding (GMAW), koTOpyIO yCHEUIHO MPUMEHSIOT B MPOMBIIUICHHOCTH.
HanpsokeHne n TOK, a TakKe CKOPOCTh CBapKH SIBISTIOTCS HE3aBUCHMBIMHU IapaMeTpaMu,
KOTOpBIE BIMSAIOT HA MEXaHMYECKHE CBOWCTBA METaJIa CBAPHOTO coenuHeHMs. OMHIMU U3
Hanbosee BaXKHBIX MEXaHWYECKHX XapaKTEPHUCTHK SIBISIOTCS €T0 TPAHUIBI NPOYHOCTH U
TeKy4ecTH. [IpoaHalM3MpOBaHO NMPOYHOCTh METalla CBAPHOTO INBA YIVICPOIMCTON CTAIH
CK45, BeimonHenHoro poborusupoBanHo meronom GMAW mpu passbix ycioBusx. Pe-
3yJIbTaThl UCCIEIOBAHUI IOKA3bIBAIOT, YTO MPOYHOCTh METAJlJa 1IBA MOHOTOHHO 3aBHCUT
OT EPEMEHHBIX ITapaMeTPOB CBapKU.

SUMMARY. Gas Metal Arc Welding (GMAW) has received much attention over the
recent years and has many beneficial applications in industry. Arc voltage, welding current
and welding speed are three independent variables for this process that can affect the
mechanical properties of the weld metal. One of the most important mechanical properties
of the weld metal is its yield strength and ultimate tensile strength. Therefore, this study is
focused on the strength of the weld metal in CK45 carbon steel welded by robotic GMAW
process in different conditions. The results clearly illustrate that the strength of the weld
metal has a monotonic relationship to welding variables.

Ackepos X. A., Baxynenxo 1. O. OiHIOBaHHS BIUIUBY TUCIIEPCHOCTI IEPIIITy HA
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PE3IOME. Tloka3aHo, 110 32 KyTOBUM KO€(IIL[IEHTOM JOTHYHOI JI0 KPUBOi BTOMH
MOJKHA BH3HAYUTH XapakKTep BIUIUBY JUCIIEPCHOCTI MEPJITY HA BUTPUBAIICTH BYTJICIEBOT
cTayi. 3a He3MIHHOT TOBIIMHU (DEPUTHOTO MPOIIAPKY MEPJIITY BCTAHOBJICHO 00CPHEHO MPO-
MOPUIHHMHI 3B’ 130K MK UM KOE(DIilliEHTOM 1 TYCTHHOIO HAKOITMUEHUX JHciIoKalii. OuiHe-
HO MEXaHI3M BIUTUBY IUCIIEPCHOCTI IMEPIITY Ha MepeXil BiJ Mallo- 0 0araTonUKIOBOT
BTOMH BYTJIEIIEBOT CTAJi.

PE3FOME. Tloka3aHo, 9TO ¢ TIOMOIIBIO YTIIOBOTO K03 dritnenTa kacaTeabHOM K KpH-
BOM yCTaJIOCTU MOXKHO OINPENENUTh XapaKTep BIMAHUS JUCIEPCHOCTU MEpJIUTa Ha BBIHOC-
JMBOCTH YTJIEPOJIUCTON cTaiu. [JIs1 HEeM3MEHHOW TOJIIMHEI (EPPUTHOTO CJI0S EepiIuTa yc-
TaHOBJICHa OOpaTHO NPONOPIMOHAIbHAS CB3b MEXIY 3TUM KO3()(UIHMEHTOM M ILIOT-
HOCTBIO HaKOIJICHHBIX AHCIOKaruil. OeHeH MEeXaHW3M BIMSHHS JHUCIEPCHOCTH IEpInTa
Ha Mepexo] OT Maj0- K MHOTOLIMKIIOBOH yCTalIOCTH yIJIEPOJUCTOMN CTallH.

SUMMARY. It is shown that the angular coefficient of the tangential fatigue curve is
used to analyze the effect of pearlite dispersion colony on the cyclic endurance of carbon
steel. Under conditions of constant thickness of the pearlite ferrite layer, an inversely
proportional relationship between the angular coefficient of the tangential fatigue curve and



the density of accumulated dislocations is found. The mechanism of the effect of pearlite
dispersion on the transition from low- to multi-cycle fatigue of carbon steel is assessed.

Kye X., Xanugha I1l. C. M. Bruus TepMoMexaHiqYHOT 00pOOKH Ha BIACTHBOCTI
CIIaBiB CUCTEMH ME—AI-ZN—MN ... 75

PE3IOME. CninaBy Ha OCHOBI Mariro Micis JIMTTS IiJ HU3LKUM TUCKOM IiAAaHO ra-
pSUOMY BaJBILIIOBAHHIO Ta eKCTPY3ii. BusiBieHo, M0 iX CTPYKTYpHHH CTaH 3a pi3HOI IIBHA-
KOCTI IIMX TpoueciB 0OyMOBICHUI CyMICHMM PO3BHTKOM JAWHAMIYHOI peKpHCTaiizaii,
BUHHMKHEHHSIM JBIHHHKIB, 3MiHOIO ()a30BOTO CKiaay. BecraHoBieHo, 110 pO3YMHEHHS MeTa-
cTablmbHUX (DA30BHUX CKJIAJHMKIB Ta BIINOBIJHE 3HMKCHHS ONOpPY YacTHHOK Jpyroi dasu
MEepPEMIIIEHHIO MEX 3€peH 3 BEIMKUMH KyTaMH PO30pI€HTAIll MiJ 4ac pekpucraizamii —
OIlHa 3 IPUYXH 3POCTAHHS PO3MIpY 3€pHA MATPHIIi CIUIaBiB. MeXaHiuHI BIaCTHBOCTI, OKpiM
po3mipy 3epHa Ta (a30BOTO CKIAy, BH3HAYAE aHI30TPOMIS CTPYKTYpPH, siKa (HOPMYETHCS
i1 9ac TepMOMEXaHIYHOT 0OpOOKH.

PE3IOME. CrutaBbl Ha OCHOBE MarHusi 1ocCJie JINThS IPU HU3KOM JIaBJIEHUU MOJIBEPT-
HYTBHI TOpSYEH MPOKATKE W AKCTPY3WH. BBIABICHO, YTO MX CTPYKTYPHOE COCTOSHHUE IIPH
Pa3IUYHON CKOPOCTU ITHX MPOIECCOB 0OYCIOBICHO COBMECTHBIM Pa3BUTHEM JMHAMUYEC-
KO pekpucTaum3anuy, (popMuUpoBaHHEM IBOMHHKOB, M3MCHEHHEM (Pa30BOTO COCTaBa.
YCTaHOBJICHO, YTO PACTBOPEHHE METACTaOWIBHBIX (Da30BBIX COCTABJISIONINX M CHHIKCHHC
COMPOTHBIICHHS YaCTHUI[ BTOPOH (ha3bl MEPEMEIICHHUIO TPAHUIl 3ePCH ¢ OOJBIIUMH yTIaMU
pa30pHUEHTAIlUH TPU PEKPUCTAIUIM3AlUKM — OJIHA U3 MPHUYMH YBEJIWYEHHs pa3Mepa 3epHa
MaTpHIIBI CIIaBOB. MeXxaHWYECKHE CBOWCTBA, KpOME pa3Mepa 3epHa U (Ha30BOro COCTaRBa,
oTIpeneNsIeT aHU30TPOIHUSI CTPYKTYPHI, (OpMHUpYIOMAsCs MPH TepPMOMEXaHIHIECKOW oOpa-
OOTKE.

SUMMARY. Magnesium-based alloys after low-pressure casting are subjected to hot-
rolling and extrusion. It is found that their structural state at different rate of these processes
is caused by the common development of dynamic recrystallization, formation of twins,
change of phase composition. It is found that dissolution of metastable phase components
and corresponding decrease of the resistance of second phase particles to grain boundaries
displacement with large disorientation angles during recrystallization, is one of the causes
of grain size increase of the alloy matrix. The mechanical properties, in addition to grain
size and phase composition, are determined by structure anisotropy formed under thermo-
mechanical treatment.

Mucnusuenxo O. M., Bonoap A. A., I'opbans B. @., Jlyeoscvkuii 1O. .,
Cobones B. b., Tixonosa I. B. Ctpyktypa Ta (pi3uKo-MexaHiuHi
BJIACTHBOCTI JIUTUX THTAHOBUX CIuiaBiB cucteMu Ti—-NB-—MO........ccoeiiiiiiis 81

PE3IOME. Totpiiini criaBu cuctemMd Ti—-Nb—Mo oTpumaHo METO0M IyroBoro Ie-
peruiaBy 3 MOJAJBIIOK KPHCTATI3ALI€I0 HA MiJHOMY BOJOOXOJIO/DKYBAaHOMY momi. B or-
PUMaHUX CIUIaBaX 32 BMICTY JICTYBaJbHHX €JICMEHTIB, KU BiJIOBigae MOJIOICHOBOMY
ekBiBaJeHTy (Moeqv) Bix 3,2 mo 4,0, yTBOPIOIOTECS TeKcaroHambHuA (o) Ta poMOiYHMIT
(a'") maprercutn. 3a 6inbmIOr0 Moeqy (4,6) BuHHKae (a3a Ha OCHOBI [-THTaHy 3aMiCTh
POMOIYHOro MapTeHCUTY. Y BCIX OTPHMAHHX CIUIaBaX XapaKTEPHOI JUIl MAPTECHCHUTY roJiyac-
TOI MIKPOCTPYKTYpH He BusiBIeHO. Y HuX (a3a ($-Ti) mae Bumi TBepicTs Ta Moayab FOHTa
nopiBusHO 13 o Ta o', Jluti cmwiaBu TigaNbsMoy ta TigosNDsMoys BOOAIOTE HHU3BKHM
Moyaem npyxuocti (~70 GPa).

PE3FOME. Tpoiinsle cmiasl cucteMbl Ti—-Nb—Mo mosiydeHo MeToIoM AyroBoro re-
pemaBa ¢ NocleAyIoeld KpUCTauIn3alell Ha MEIHOM BOZOOXIJIaXIaeMOM noje. B nomy-
YEHHBIX CIUIaBaX MPH COJACPKAHWH JIETHPYIOLINX 3JIEMEHTOB, COOTBETCTBYIONINI MO0 1e-
HOBOMY 3KBUBaJCHTY (Moeqv) 0T 3,2 110 4,0, 00pasyroTcst rekcaroHaibHbli (o) 1 pomOuyec-
kuid (a'") maprercutsl. [lpu GompiieM Moegv (4,6) BMECTO POMOHYECKOTO MapTEHCHTA 00-
pasytotcst (ha3sl Ha OCHOBE [3-THTaHA. Y BCEX MOJYYCHHBIX CIUIABOB XapaKTepHas Ul Maap-



TEHCHTA UTOJIbUaTas MUKPOCTPYKTypa He Habmonaerca. B stux crmaBax dasa (B-Ti) nmeer
Oonpmryto TBepmocTs W Monmyins IOHra mo cpaBHeHmio ¢ o' u o''. JluTele cCIUTaBBI
TigaNbsMo; 1 Tigz sNbsMoz 5 06aaroT Hu3kuM MoayieM yrnpyroctd (~70 GPa).

SUMMARY. Ternary Ti—-Nb—Mo alloys were obtained by arc melting with subsequent
solidification on a copper water-cooled hearth. In the obtained alloys, with the content of
alloying elements corresponding to the Mo equivalent (Moeq) from 3.2 to 4.0, hexagonal
(o) and orthorhombic (o’") martensite phases are formed. At greater Moeqy (4.6), the phase
based on B-titanium is formed instead of the orthorhombic martensite. The characteristic
martensitic needle microstructure is not observed on the microstructure of all alloys. In
these alloys, the phase (B-Ti) has higher hardness and higher Young’s modulus in the
comparison with o' and o'’. The alloys TigsNbsMo, and TigzsNbsMozs possess low
Young’s modulus (~70 GPa).

Cuszonenxo O. M., IIpoxopenxo C. B., Jlunau €. B., 3auuenxo A. /1., Ilpucmaw M. C.,
Topnaxkos A. C., Ilawun M. O., Boiinaposcvka-Hoeax P., Illepeciti €.
Po3psiqHoiMITyIbCHA TTArOTOBKA MoandikaTopa cuctemu Ti—TiC
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PE3FOME. Tloka3zaHo, mo Beeaenus 0,01 mass% momudikaropa Ti—TiC, cunTe30Ba-
HOTO BHCOKOBOJIBTHOIO €JIEKTPOPO3PAIHOI0 00poOKkoro moporuky Ti y raci Ta OpukeroBa-
HOTO 32 TOMIOMOTOI0 ICKPOBOTO IIA3MOBOTO CITIKAHHS, A0 3MOTY 3MEHIIUTH PO3MIp 3ep-
Ha 3 1...2 710 0,2...0,6 mm B ycix MoaudikoBaHUX 3pa3kax xapominHoro crapy CM88Y.
[Tpu 1boMy rpaHuUL MIITHOCTI Ha po3puB 3a Temneparypu 900°C cranoBuna 65...69 MPa,
a JIOBrOTpHBaJia MIIHICTh 3pocia y cepeaapomy Ha 20%.

PE3IOME. Tloka3ano, uro BBeaeHue 0,01 mass% momudukaropa Ti-TiC, cunTesnpo-
BAaHHOTO BBICOKOBOJIBTHOM 371€KTpopa3psiaHoi 00padoTkoii mopomka Ti B kepocune u Opu-
KETHPOBAaHHOTO TP MOMOIIN MCKPOBOTO IUIA3MEHHOTO CIIEKaHMs, TI03BOJIHMIO YMEHBIIUTD
pa3mep 3epra ¢ 1...2 mo 0,2...0,6 mm Bo BceX MOTUPHUIMPOBAHHBIX 00pa3max >Kapompod-
Horo criaBa CMS88Y. Ilpu 3ToM npenen npoyHoCcTH Ha pa3pbiB npu temneparype 900°C
coctaBui 65...69 MPa, a nnutensHas MPOYHOCTH BBIpOCia B cpeareM Ha 20%.

SUMMARY. It is shown, that addition of 0.01 mass% of Ti—TiC modifier, synthesized
by high voltage electric discharge treatment of Ti powder in kerosene and briquetted by
spark plasma sintering, allowed reducing grain size from 1...2 mm to 0.2...0.6 mm in all
modified samples of SM88U heat resistant alloy. Moreover, tensile strength of modified
specimens at the temperature of 900°C was 65...69 MPa, and long-term strength have
averagely increased by 20%.

Hiooybnui C. B., Tamapuenxo I'. O., Coxonenxo B. M. TlpuckopeHuiit MeTon
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PE3IOME. TlpoananizoBaHo icHy04i 6a30Bi 1 IPUCKOPEHI METOAN BU3HAYEHHS MOPO-
30CTilKOCTI Oy/iBeJIbHUX MarepiaiB Ta MOKa3aHo 1X MepeBaru i HeI0JIiKU. 3apOIOHOBAaHO
NPUCKOPEHUH METOM, SKUH Ja€ 3MOr'y BU3HAYaTH JOBrOBIYHICTH KaMEHIO 3 HailMEHIIO
TPYAOMICTKICTIO i BUCOKOIO ONIEpATHBHICTIO. BiH 6a3yeThCcs Ha BBEICHHI KPUTEPIF0 MOPO-
30CTIHKOCTI, SIKWIT OOYHMCITIOIOTH 32 BOJONOTTIMHAHHAM (Mass%) 1 MILHICTIO Ha CTUCK Y BO-
JoHacuueHoMy cTaHi. OTpuMaHi pe3ynbTaTé A0Ope KOPETIoITh 3 BIJOMHUMHU 0a30BUMH i
MPUCKOPEHUMH METOIaMH.

PE3FOME. TIpoaHanyu3upoBaHbl CYIIECTBYIONIE 0a30BbIe U YCKOPEHHBIE METOIBI OTI-
peneneHuss MOpO30CTORKOCTH CTPOUTEIHHBIX MAaTEPUAIOB U MTOKA3aHO UX MPEUMYIIECTBA U
HepocTtaTKu. [IpeasoxkeH yCKOpEeHHbIH METOMA, KOTOPBIA MO3BOJISET OMpPENessTh 10JrOBeY-
HOCTb KaMHsI C HAUMEHbBILIEH TPYJAOEMKOCTBIO U BBICOKOM OnepaTuBHOCTHI0. OH OCHOBAH Ha
BBEJICHUU KPHUTEPUSI MOPO30CTOMKOCTH, KOTOPBIM pacCUMTHIBAIOT MO BOJOMOIJIOLIEHHUIO
(mass%) ¥ MPOYHOCTH Ha C)KATHUC B BOJOHACHIIICHHOM COCTOSHUH. [lomydeHHBIE pe3yib-
TaTBI XOPOIIO KOPPETUPYIOT C H3BECTHBIMU 0a30BBIMU H YCKOPEHHBIMU METOIAMH.



SUMMARY. The available basic and accelerated experimental methods of determining
the frost resistance of silicate building materials and ceramic products are analyzed. The
technique of accelerated determination of the frost resistance of silicate building materials
without direct freezing and thawing of samples is developed. This technique allows us to
determine the durability of stone with minimum labor consumption and high efficiency.
The method is based on the determination of the criterion of frost resistance Cr, which is
calculated by the value of water absorption (mass%) and compression strength in the water-
saturated state. The obtained results correlate well with the basic and accelerated methods.

Isanuyvruti A. JI., botiko B. M., Cmankesuu B. 3., I'anyniu 5. K. Metonuka
BU3HAYCHHS HAIPYXEHO-1e(OPMOBAHOTO CTaHy B MeTalli 3a JIii ra3onoioHoro
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PE3FOME. 3anpomnoHOBaHO METOAWKY OOYHCICHHS HAmpyXeHO-Ie(hOPMOBAHOTO
CTaHy eKCILTyaTOBaHHUX METaJiB y ra30lo/Ai0HOMY BOJHI 3a 3MIHHOI B Yaci TeMIIepaTypHu.
[Tpu 11bOMY BUKOPHCTAaHO NMPHHIMII BipTyaibHOI pOoOOTH, aJalTOBAHUM Ul KBa3iCTaTH4-
HUX PIBHSHb PIBHOBAarW 3a IOKPOKOBOTO (GoOpMyNOBaHHs 3a 4yacoM. llpupocTu mnepemi-
IIeHb, KOHICHTpAIii BOJHIO, TEMIEpaTypH, AehopMaliiil Ta HaNpyXeHb 3a TIEBHUH Maui
MPOMIKOK Yacy 3HaWJCHO 3a JOIOMOTOI0 METONy CKiHYCHHHX eleMeHTiB. J[is ampobarii
po3po0IeHOI METOMUKH JOCHIHKEHO HAMpyKeHO-IeGOpMOBaHHK CTaH CYIUIBHOTO CKiH-
YEHHOTO IIHpA, KU nepedyBae y BOAHEBOMY CEPEIOBHII 32 3MiHHOI TeMIIepaTypH B
yaci. Po3missHyTO BHIagKy, KOJMM IWIIHAP HE3alIEMJICHHH Ta 3aIleMJICHHH Ha OJHOMY 3
TOPIIIB.

PE3FOME. TlpennoXeHo METOIUKY BBIYHCICHHS HAMPSKEHHO-ISPOPMHUPOBAHHOTO
COCTOSIHHUSI DKCIUTYaTUPOBAHHBIX METAJIOB B 'a3000pa3HOM BOAOPO/IE MPH MIEPEMEHHOMN BO
BpeMeHH TemmepaType. [Ipu 3ToM UCHOIp30BaH MPUHIIMIT BUPTYadbHOW pabOThI, aJanTH-
POBaHHBIH JJIs1 KBa3UCTATUYCCKUX YPABHEHUI PaBHOBECHS MPHU MOIIATOBOM (hOPMYITHPOBa-
HUU 10 BpeMmeHU. [Ipupanienus nepemenieHuil, KOHIEHTpAMU BOJOPOJa, TeMIEpaTyphl,
neopManuii ¥ HAMPsDKCHUH B MalbIX MPOMEKYTKAX BPEMEHH IMOJIyYCHBI MPHU MOMOIIU
MeTOAa KOHEYHBIX 3JeMeHTOB. J[ns ampobammu pa3paOoTaHHONH METOAMKH HCCICAOBAHO
HaINpsHKEHHO-Ae(pOpMUPOBAaHHOE COCTOSTHHE KOHEYHOTO IHJIMHIPA, KOTOPBIA HAXOTUTCS B
cpelzie BOJIOpo/a Npu NEepeMEHHON BO BpeMEHU TeMIieparype. PaccMoTpeHo citydau, korga
UMJIMHIP HE3aIEeMJICHHbBIN U 3allleMJICHHbIA Ha OJHOM U3 TOPLOB.

SUMMARY. A method for calculating the stress-strain state of metals exploited in
gaseous hydrogen at time variable temperature is proposed. The principle of virtual work,
adapted for quasi-static equations of equilibrium by stepwise formulation over time is used.
Displacement increments, hydrogen concentration, temperature, deformation, and stress
over a small period of time are found using the finite element method. To test the developed
methodology, the stress-strain state of a continuous finite cylinder, which is in a hydrogen
medium at a variable temperature over time, is investigated. Cases where the cylinder is
unsupported and supported at one end are considered.

Hoxmypcwkuii B. 1., Bacunie X. b., Bondapenko B. I1., Bunap B. A., Payvka H. b.,
bapanoscokuii O. M. B neryBaHHs KapOigaMu XpoMy 1 BaHAIi0
Ha KOPO3iifHi Ta TpUOOKOPO3iiiHI XapaKTepPUCTHKH TBEPIUX CIUIABIB
CHCTEMH WC—NI ...t 109

PE3FOME. JlocnipkeHo KOpO3iiiHy 1 TprOOKOpO3iiHy MOBEIIHKY TBEPIMX CIUIABIB CHC-
tem BH20+CrsC; i BH20+VC y po3unnax Ha ocHOBI 3%-ro NaCl 3 pisaum pH. ¥V mysxHOMY
CEepEeIOBHIIII CTPYMH KOpO3ii 1 Koe(illieHTH TepTs HHXKUi, HDK y HEHTpaIbHOMY Ta KUCIIOMY,
1110 TI0B’s13aHO 3 IHEPTHICTIO Hikemo. HaliBuii kopo3iiHi 1 TpHOOKOPO3iiiHI XapaKTepucTH-
ku Mae craB BH20+1 mass% CrsCo.

PE3FOME. VicciienoBaHO KOPPO3HOHHOE M TPUOOKOOPO3HOHHOE MOBEICHHE TBEPIOTO
crmaBa BH20 + CrsC,; u BH20 + VC B pactBopax Ha ocHoBe 3%-ro NaCl ¢ pazaudaHbiM
pH. B menounoii cpene TOK KOppo3nu B KOAPGHUIMEHTH TPEHHUS HIDKE, 9eM B HEHTpalb-



HOM U KHCJIOM, YTO CBSI3aHO C MHEPTHOCTBIO HUKeNs. bojiee BBICOKHE KOPPO3UOHHBIE U
TPUOOKOPPO3NOHHBIE XapakTepucTUKH umeet cruiaB BH20+1 mass% CrsCo.

SUMMARY. The corrosive and tribocorrosive behaviour of hard BH20+CrsC, and
BH20+ VC alloys in the solutions based on 3% NaCl with different pH are analyzed. In
alkaline environment corrosion currents and friction coefficients of alloys are lower than in
neutral and acidic environments due to the inertia of nickel. The best corrosive and
tribocorrosive characteristics possess the BH20+1 mass% Cr3C; alloy.

Paoyes C. I, [lonoucoxuil B. A., Cyxosa O. B. CTpyKTypa Ta KOpo3is
KBa31KPHUCTANIYHAUX JTUTHX CIUIABIB i TUTIBKOBUX MOKPUTTIB Al-Cu—Fe.................... 115

PE3IOME. JlocnijkeHO KBa31KpUCTANIYHUI JINTHI CIUIaB Ta IUIIBKOBE MOKPHTTS, OT-
pHMaHe MOJEPHI30BaHHM METOIOM TPHEIEKTPOIHOTO HOHHO-IIIIa3MOBOTO PO3MUICHHS Ha-
OipHEX MimeHei, HomiHambHOTO CKIamy AlsoCuzsFers. CTpykTypy 3pas3kiB BUBUAIH METO-
JaMH KiTBbKICHOT MeTtanorpadil, peHTTeHOCTPYKTYPHOTO aHali3y, PeHTICHOCIEKTPAIbHOTO
MiKpOaHali3y, TPaHCMICIHHOT Ta pacTpoBOi eNeKTPOHHOI Mikpockorii. TepMmiuHy cTa0iib-
HiCTh HAIMJICHOI IUTIBKU OL[IHIOBAJIM, BPaXOBYIOUH PE3yJIbTaTH BUMIPIOBaHHS EICKTPHYHO-
ro onopy B iHTepBaii temmeparyp 293...1000 K. Koposiiini BaactuBocti B 5%-My BOIHO-
my pozuuHi NaCl (pH 6,9...7,1) nociimpkyBany MoTeHIIOMHAMIYHEM MeTo0M. BeTaHoB-
JICHO, IO B CTPYKTYPI JIMTOTO CIUIAaBY KBa3iKpUCTaliyHa iKocaeqpuuHa i-(a3a CIiBiCHYE 3
kpuctamiuaumu (azamu A-AlizFes, B-AlFe(Cu), t-AlCu(Fe), n-AlCu ta 6-AlxCu i 3aiimae
~56% 006’emy. [L1iBKOBE OKPUTTS MICTHTH AUCIIEPCHY KBAa3IKPHUCTANIYHY i-pa3y po3Mipom
~3 nm, crabimpHy mo temmepatypu 723 K. IlomspusamiiiHi BUMipIOBaHHS CBiT4aTh IO
OUITBIITY KOPO3iliHY TPUBKICTH MUTiBKOBOTO MOKPUTTS Al-CuU—Fe B CONbOBOMY pO34MHI HAT-
piif XJIOpUAY MOPIBHSHO 3 TUTUM cIuiaBoM. Kopo3ist BinOyBaeThCs 32 €EKTPOXIMIYHIM Me-
XaHI3MOM 13 KHCHEBOIO JICTIONIIPH3AIII€I0 1 Ma€ MITUHTOBUI XapakTep.

PE3FOME. VccnenoBaHbl KBa3UKPUCTAIIMYECKUH JTUTOH CIUIaB U IUNIEHOYHOE TTOKPHI-
THE, MMOJYYEHHOE MOJCPHU3UPOBAHHBIM METOJIOM TPEXIJIEKTPOIHOTO MOHHO-TIA3MEHHOTO
pacmbuieHHsS HaOOpHBIX MUIIEHEH, HOMHHAIBHOTO cocTaBa AlsgCuzsFerr. CTpykTypy 00-
Pa3loB N3y4all METOJaMH KOJIMYECTBEHHON MeTayuorpadun, peHTTeHOCTPYKTYPHOTO aHa-
JM3a, PEHTTCHOCTIEKTPAIbHOTO MUKPOAHAIN3a, TPAHCMHUCCHOHHOM M PacTpOBOM 3JIEKTPOH-
HOM MUKpOCKONHHU. TepMHYEeCKyl0 CTaOMIbHOCTh HANIBUICHHOW IUICHKH OLICHWBAJM C yde-
TOM pe3yJbTaTOB M3MEPEHHsS 3JIEKTPUUYECKOTO CONPOTHBIICHUS B MHTEPBAJIC TEMIIEPATYp
293...1000 K. KopposuonHsie cBoiictBa B 5%-m Boguom pactBope NaCl (pH 6,9...7,1)
MCCJIEI0BANIU MOTEHIIMOJUHAMHYECKUM METOJO0M. YCTaHOBJIEHO, YTO B CTPYKTYpE JIUTOTO
crnaBa Al-Cu-Fe kBasukpucrammueckas nkocadapuueckast i-asa CoCymecTByeT ¢ Kpuc-
tamaeckumu azamu A-AlisFes, B-AlFe(Cu), t-AlCu(Fe), n-AlCu, 6-Al,Cu u 3anumaer
~56% obbema. [TneHounoe nokpeitue Al-Cu—Fe comepkut aucnepcHyo KBa3UKpHUCTAILTHU-
4ecKyro a3y pasMepoM ~3 nm, ctabmibHy0 10 Temuepatypsl 723 K. [onspusamnuoHHbe
U3MEPEHUs] CBHJCTEIBCTBYIOT O OOJBIICH KOPPO3MOHHON CTOMKOCTH IJIEHOYHOTO TOKPHI-
tust Al-Cu-Fe B cosieBOM pacTBope HaTpHil XJIOpUAA IO CPABHEHMIO C JIMTBIM CILIABOM.
Koppo3us mpoTekaer mo 3JeKTpOXUMHYECKOMY MEXaHH3MY C KHUCIOPOJHOHW Aenojspu3a-
HeH.

SUMMARY. The AlgCuzsFe1, quasicrystalline as-cast alloy and film coating obtained
by three-electrode ion-plasma sputtering of assembled targets were investigated. The spe-
cimen structure was studied by the methods of quantitative metallography, X-ray analysis,
energy-dispersive X-ray spectrometry, transmission and scanning electron microscopy.
Thermal stability of the as-sputtered film was estimated with account of the results of elect-
rical resistance measurements within the temperature range of 293...1000 K. Corrosion
properties in 5% aqueous NaCl solution (pH 6.9...7.1) were determined by the potentiody-
namic method. In the structure of the as-cast Al-Cu—Fe alloy, the quasicrystalline icosahedral
i-phase was established to co-exist with A-AlisFes, B-AlFe(Cu), t-AlCu(Fe), n-AlCu, 6-AixCu
crystalline phases and occupy ~56% of the volume. The Al-Cu-Fe film contains dispersive



quasicrystalline phase ~3 nm in size stable up to 723 K. Polarization experiments showed a
considerable increase of corrosion resistance of the Al-Cu—Fe film in the saline solution of
sodium chloride as compared with that of the as-cast alloy. Pitting corrosion proceeds by the
electrochemical mechanism with oxygen depolarization.

Huprkosa JI. 1. Kopo3iiine po3TpickyBaHHs TpyOHOI ctani X70 B ymoBax
KATOJTHOTO BAXITICTY :r..uveuureseeseesreensenssensnessesssessseesseanssasssanssssessseensesssessnesnsssessnesssesnnes 124

PE3IOME. JlocnimkeHO MeXaHi3M KOpPO3IHHOTro po3TpickyBaHHs crtami X70 y Heii-
TpaJbHOMY I'PYHTOBOMY CEPEAOBHIII B YMOBaX KaTOIHOIO 3aXUcTy. BusiBneno tpu obnacti
MOTEHIIAJIB, y SKUX KOPO3iiHE PO3TPICKYBaHHS CTalli BiIOYBA€ThCS 3a PI3HUMU MEXaHi3-
Mamu. JlokasbHEe aHOJHE PO3YMHEHHS € JOMIHYIOUMM MEXaHi3MOM 3a MOTEHIaliB, MO3H-
TuBHIMUX, Hix —0,75 V, BoIHEBe OKPUXUYCHHSI — 32 TIOTCHITIANIB, HeraTUBHIIUX, Hix —1,05V, a
B oOmacti norenmiams Big —0,75 go —1,05 V — 111 MexaHIi3MH Jif0OTh OJHOYACHO.

PE3IOME. VccnenoBaHo MEXaHU3M KOPPO3HOHHOI'O pacTpeckuBaHus ctand X70 B
HEWTPAJIFHOM TPYHTOBOM 3JIEKTPOJHMTE B YCJIOBUSX KAaTOJHOM 3aIIUTHL. BbIABICHO Tpu
o0J1acTH TOTEHNNANOB, B KOTOPHIX KOPPO3HOHHOE PACTPECKUBAHHE CTAlld NPOTEKAET IO
pa3HBIM MexaHu3MaM. JIoKaJbHOE aHOIHOE pPACTBOPEHHE SBISIETCS JOMHHHUPYIOIIUM
MEXaHN3MOM IIpU HOTEHIHaNax, mnojoxutensaee —0,75 V, BogopogHoe OXpyHmUUBaHUE —
NpU MoTeHNuanax, orpuuarensuee —1,05 V, a B oonactu norenuunanos ot —0,75 no —1,05 V
— 9TH MEXaHU3MBI JICHCTBYIOT OJTHOBPEMEHHO.

SUMMARY. The mechanism of corrosion cracking of X70 steel in a neutral soil elect-
rolyte under cathodic protection is investigated. Three areas of potentials were revealed in
which corrosion cracking of steel proceeds according to different mechanisms. Local ano-
dic dissolution is the dominant mechanism at potentials more positive than —0.75 V, hyd-
rogen embrittlement — at potentials that are more negative than —1.05 V, and in the potential
range from —0.75 to —1.05 V, these mechanisms act simultaneously.

Kpem H. B., Csipcoka JI. M., Benepuniok T. I1. Kopo3iifHO-BTOMHHH picT
TPIIIMHA B EKCIUTYaTOBAHUX HACOCHUX ITaHrax 3i ctami 20H2M ..., 130

PE3FOME. TlpoaHani30BaHO BIUIMB MOJENBHOI IUIACTOBOI BOJIM MOHM)KEHOI KHCIIOT-
HOCTI Ha NUKJIYHY TPIIUHOCTIHKICTE cTani 20H2M HacoCHOT mITaHTH, eKCILTYaToBaHOI 5,5
POKH. YMOBHO CTaH METaly TOJIOBKU IITaHT'M MPUHHATO 3a BUXIIHUH 1 BUSBICHO HE3HAYHI
BiIMIHHOCTI 0a30BHX MEXaHIYHHUX BIACTHBOCTEU Ta MUKIIYHOI TPIIIMHOCTIHKOCTI ¥ TTOBITPi
CTali y pi3HUX CTaHaxX, OJHaK, KOPO3WBHE CEPEJOBUIIE ITiBHUIIY€E IBUAKICTH POCTY BTOM-
HOI TPIIIMHY B €KCIUTyaTOBaHIH CTaji CyTTeBimle, HXK y BuximHWi. Lle Bka3ye Ha Te, m0
eKCIUTyaTaliifHa Jerpasialis CTalli IITaHTH NPOSBISIEThCS Y MEPITy Yepry B UyTJIHBOCTI 0
KOPO3HMBHOT'O CEPEeIOBHIIIA.

PE3IOME. TlpoaHanu3upoBaHO BJIMSIHHE MOJIEIBHOMN TIACTOBOW BOJIbI MOHMKEHHON
KHCIIOTHOCTH Ha LUKIMYECKYIO TPEemUHOCTOHKOCTh cTanu 20H2M HacocHOW mITaHTH,
sKkcIuTyatupyemoit 5,5 ner. CocTrossHMe MeTalljia TOJIOBKH IITaHTH YCIOBHO MPUHATO 3a
WCXOJHOE ¥ BBISBIEHBI HE3HAYUTENbHBIC PA3IU4Usi 0a30BBIX MEXaHUYECKUX CBOHCTB H
UKINYECKOH TPEUTMHOCTONKOCTH Ha BO3AYyXE CTAJIM B Pa3lUYHBIX COCTOSHHUAX. ONHAKO B
KOPPO3MOHHOM Cpelleé CKOPOCTh POCTa YCTAIOCTHOM TPELIMHBI B 3KCIUTyaTUPYEMOH CTalu
CYILECTBEHHO BBIIIE, YEM B MCXOJHON. DTO yKa3bIBaeT HA TO, YTO SKCILTyaTallMOHHAS Jie-
rpajaiys CTalM IITAaHTH NPOSBISIETCS B MEPBYIO OUepeab B YyBCTBUTEIBLHOCTU K KOPPO3U-
OHHOW cpefe.

SUMMARY. The influence of model acid reservoir water on the cyclic fracture
toughness of 20H2M steel of the sucker rod being operated for 5.5 years was analyzed. The
metal state of the sucker rod head was considered as the initial one, and slight differences in
the basic mechanical properties and cyclic fracture toughness in air for steel in different
states were showed, however, acceleration of fatigue crack growth rate under corrosion
environment action in the operated steel was significantly higher than that in the steel in the



initial state. This indicates that operational degradation of the rod steel is manifested
primarily in the sensitivity to the action of corrosion environment.

3iny 1. M., Kopwniti C. A., Kuya A. P., binuii JI. M., [lanunsx M.-O. M.,
JIromuii I1. /1. 3aXUCHI BIIaCTUBOCTI JIKITHOTO OKPUTTS,
iHT100BaHOTO KOMIIEKCHUM IEOTITHOCHATHIM ITITMEHTOM ....vvievieeereereeneenneninens 135

PE3IOME. ]JlocnimpkeHO KOMILIEKCHHH NMPOTUKOPO3iMHMI MIrMEHT Ha OCHOBI Kajlb-
LIMBMICHOTO LIEOJITY 3 OC3/DKEHUM LMHK (ocdaroM Ha HOro HaHONOPHUCTIH MOBEPXHI.
BcranoBneHo, o BiH €()eKTHBHO CHOBLIBHIOE KOPO3iI0 aJIOMIHIEBOTO CIUIABY y PO3YHHI
CHHTETHYHOTO KHCIJIOTHOTO jomry. ITirMeHT mpurHiuye mifIuliBKOBY KOpPO3il0 MeTally Io-
omu3y nedexTiB 1akohapOOBOTo allKiTHOTO MOKPUTTS. BiH MOXke OYTH MEepPCIEKTUBHUM iH-
ridyBaJIbHUM KOMITOHEHTOM J1aK0(apOOBHX MOKPHUTTIB IS 3aXUCTY KOHCTPYKIIN 3 aoMi-
HI€BHX CIIaBiB Y IPOMHUCIIOBiH aTMocdepi.

PE3IOME. ViccnenoBaHo KOMILJIEKCHBIM MPOTUBOKOPPO3UOHHBIN MUIMEHT Ha OCHOBE
KaJIBIIUHCOIEPIKAIETO EOINTA C OCAXKICHHBIM CIIOEM IIMHKA (ocdaTa Ha €ero HaHOIIOPHC-
TOW TIOBEPXHOCTH. Y CTAHOBIICHO, YTO OH 3()()EKTUBHO 3aMeUIICT KOPPO3UIO aIFOMUHHEBO-
ro CIJIaBa B PacTBOpPE CHHTETHYECKOI'O KHCIOTHOTO AOXKISA. IIurMeHT yrHeraeT moarie-
HOYHYIO KOPPO3HIO MeTajlIa BOIU3U Ae(EKTOB JIAKOKPACOUHOTO AJIKUIHOTO HOKpHITHA. OH
MOXET OBITh IEPCHEKTUBHBIM HMHIMOMPYIOIIMM KOMIIOHEHTOM JIAKOKPACOYHBIX MOKPBITHN
JUIS 3aLUTHl KOHCTPYKLMH M3 aJJFOMUHHUEBBIX CIUIABOB B IPOMBIIUICHHOW aTMocdepe.

SUMMARY. A complex anticorrosive pigment based on calcium-containing zeolite
with precipitated zinc phosphate on its nanoporous surface was investigated. It is found that
it effectively slows down the corrosion of aluminum alloy in a solution of synthetic acid
rain. The pigment inhibits the underfilm corrosion of the metal near defects of alkyd paint.
It can be a promising inhibitory component of paint coatings for the protection of aluminum
alloy structures in industrial atmosphere.
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