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MOIIBI0 MaTeMaTHYEeCKOH MOJENN TOHKOTo NehOpMHUPYEMOrO TEILIOM30JIMPOBAHHOIO BKIIIO-
YEHUsI HAa OCHOBE MOJIyYEHHBIX MHTErPAIbHBIX COOTHOLICHHH pelleHa 3aJada JUlsi KOHEYHOTO
TEPMOYIIPYroro aHM30TPOITHOTO OMMATEpPUAIBHOrO Tela C Y4eTOM TEePMOCOIPOTHBICHHUS Ha
KOHTAKTE COCTABJIAIONINX M TOHKUM BKIIFOYEHHEM BHYTPH OJHOM U3 HUX.

SUMMARY. Using the extended Stroh formalism and the theory of complex variable
the Somigliana type integral equations and the corresponding equations for an anisotropic
thermoelastic bimaterial with thermally imperfect rectilinear interface are obtained.
Applying the mathematical model of a thin deformable thermally insulated inclusion and
the obtained integral relations the problem for a finite anisotropic thermoelastic bimaterial
solid containing a thin elastic inclusion is solved with the account of the thermal resistance
at the interface.



Diveiev B. M., [Kohut I. S.|, Butyter I. B., and Cherchyk H. T. Determination
of the energy of dissipation in layered beams under vibration loading ............c.c........ 41

PE3IOME. Po3risiHyTO TEOpil0 3TMHY IIApyBaTOTo Makera. TeopeTHdHa MOJeNb Bpa-
XOBYE 3CYBHI, HOpMabHi AedopMariii i HarpykeHHs. J[eTambHO pO3rIITHYTO PO3MOILT HAIl-
PYXCHb y TPUIIAPOBiii AN 3a pi3HUX YacTOT KoiauBaHb. OIiHEHO AeMI(pYyBaTbHI BIACTH-
BOCTI B 4acTOTHIiN oOmacTi. [TomaHi excriepuMeHTalbHI pe3yapTaTh IS CTaJeBOi OaJKu 3
M’SKHMH JHILOBUMH IIAPaMH.

PE3IOME. TlpencraBneHa Teopusi U3ruda CIOMCTOro makeTa. TeopeTnueckas MOJENb
YUUTBIBACT CIBUTOBBIC, HOPMaJIbHbIC Ie(OPMAIIUH M HANIPsDKeHHs. J[eTalbHO pacCMOTPEHO
pacrpee/icHue HamnpsDKeHUH B TPEXCIIOMHON Oaike MpH Pa3sHBIX 4YacTOTaX KoyieOaHui.
IIpoBeneHa oleHKa JAeMI(HUPYIONUX CBOWCTB B 4acTOTHOW oOjactu. [IpencTaBieHbl dKC-
MEPUMEHTAIBHBIC PE3YJIBTATHI JJIS CTATBHON OAlTKU ¢ MATKUMH JIMIIEBBIMHU CIIOSIMU.

SUMMARY. The theory of the layered package bending is presented. A theoretical
model takes into account the shear and normal strains and stresses. Distribution in a three-
layer beam at different vibration frequencies is discussed in details. Damping properties in
the frequency region are evaluated. The experimental results for a steel beam with the soft
face sheets are presented.

Drobenko B. D., Kalynyak B. M., Kost Ya. P., and Mytsyk B. H. Calculation
of stresses in thin plates joined rigidly with a cylinder..........c.ccooevviieiiicicvccenne, 49

PE3FOME. MeTtomoM KOMII IOTEPHOTO MOJCTIOBAaHHS 3 BHKOPHCTAHHIM i30MapaMer-
PUYHUX CKIHYCHHUX EJIEMEHTIB IOCTI/KEHO PO3MOJUT HANpPYXEeHb Yy TOHKIH >KOPCTKii
MJIACTHHI, 3 €HAHIA 3 TOBCTOCTIHHMM IMJIiHAPOM. BU3HaUue€HO MakCUMasIbHI HAIIPY)KEHHS B
KOHIIEHTpaTopi (B OKOJIi 3’€JHaHHsI TuiacTHHa—1niHAp). [loOynoBaHo 1yt pi3HUX MartepiaiiB
3aJIEKHOCTI [IUX HAINpYXeHb BiJ AII0YOr0 Ha IJIACTUHY IMHEBMATHYHOrO (TiJPOCTATHYHOTO)
THUCKY, SIKi MAalOTh Ba)KJIMBE IIPUKJIAJHE 3HAUCHHSI.

PE3FOME. MeTo10M KOMIIBIOTEPHOTO MOJENHUPOBAHUS C HCIIOJIb30BaHUEM H30Mapa-
METPUUECKUX KOHEUYHBIX AJIEMEHTOB HCCJEOBAHO pacIpeiesieHue MEXaHUYECKUX Harpsi-
JKEHUH B TOHKOH >KECTKOM IJIacTHHE, COEAUHEHHON C TOJCTOCTEHHBIM HMIMHIpoM. Onpe-
JISIICHBI MAaKCUMAITbHBIC HATIPSDKCHUS B KOHIIEHTpaTope (B OKPECTHOCTH COCTUHCHHUS IIIac-
THHA-ITAHAP). [ToCTpOEHBI IS pa3HBIX MAaTepPHAaIOB 3aBUCHMOCTH STHUX HAIPSDKEHUH OT
JICHCTBYIOIIETO Ha IUIACTHHY MTHEBMATHYECKOTO (THAPOCTATHYECKOTO) NABJICHHUS, KOTOPHIE
UMEIOT BYKHOE MPAKTHIECKOE 3HAUCHHE.

SUMMARY. A method of computer simulation with application of isoparametric
finite elements was used for studying distribution of mechanical stresses in the thin rigid
plate connected to a thick-walled cylinder. Maximum stresses were determined in the
concentrator (near the plate-cylinder joint). Dependences of these stresses versus pneumatic
(hydrostatic) pressure (acting on the plate), which are of great practical importance, were
built for different materials.

Stashchuk M. H. Evaluation of redistribution of hydrogen near a crack-like defect............ 56

PE3IOME. Tlonano piBHsHHS nudysii mig yac nedopmariii Tia 3 ypaxyBaHHIM Bij-
MOBIZTHOT'O TIOTOKY BOJHIO, CIIPHYMHEHOTO SIK 30BHIIIHIM HaBaHTa)KCHHSIM, TaK 1 HaIlpy>KeH-
HSMH BiJl HABOJHIOBAHHS METaNy, IMOCIA0JICHOTO IITagKuM ab0 TPIIMHOMOAIOHUM nedeK-
TOM. Y KBa3iCTaliOHApHOMY BHIAJKy IJIsi MaJO3MIHHUX HANpyXeHb 3HailIeHO 3aMKHYTI
aHANIITHYHI PO3B’A3KU. BCTaHOBIIEHO TIEpepO3MOIiN BOAHIO, 1HIMIHOBAaHUN €TIITHYHAM OT-
BOPOM Ta TPIIIUHOMOAIOHNM Ie(heKTOM 31 30HAMH TepepyHHYBaHHS.

PE3FOME. TlpuBeneno ypaBHeHHE MU(GY3UH 1 COOTBETCTBYIOMIETO OTOKA BOIOPO-
Jia, BEI3BAHHOT'O BHELTHUMH MEXaHMYECKHUMH Harpy3kamu, A1 YIPYroro MeTaINdecKoro
Tela, 0CNabICHHOTO TIAJKUM MM TPEIIMHOMOJOOHBIM eekToM. B KBazucralmoHapHOM
cJydac i1t MaJIOU3MEHATOINIUXCA Hal'[pf{)KeHI/Iﬁ Haﬁ}leHBl 3aMKHYTBIC aHAJTMTHYCCKUEC PEUIC-



HUS. Y CTAHOBJICHO IIepepacipeiesieHne BOAOPOAa, HHUITMHPYEMOE SJUTUITHYECKIM H Tpe-
IIMHONIOAOOHBIM JiepeKTaMy C 30HaMH IIPeApa3pyIICHHS.

SUMMARY. Equation of diffusion and corresponding hydrogen flow, caused by the
external mechanical loading for an elastic metal body, weakened by smooth or crack-like
defects is proposed. In the quasi-stationary case the analytical solutions for low-variable
stresses are found The redistribution of hydrogen, initiated by the elliptic and crack-like
defects with the proves zones, is established.

Revenko V. P. and Revenko A. V. Evaluation of the stress-strain state of plates
on the basis of the 3D theory of elastiCity.........ccoceoriiiiiiiii e 63

PE3IOME. T1oGynoBaHO TEOpilO IJIACTHH, HABAaHTAKEHUX TIIBKK Ha CTOpPOHAaX mapa-
JIETIbHO 1 CUMETPUYHO CEepeAMHHIM MOoBepXHi. BukopucTaHo 3arajibHe NOAAaHHS TPUBUMIp-
HOTO HaIpyXeHO-1e()OPMOBAHOTO CTaHy 1 TOYHO 33J0BOJIEHO HYJBOBI KpaioBi yMOBH Ha
TUTOCKHX MOBEPXHAX IUTACTHHU. Po3paxyHOK ii TPUBUMIPHOTO HAIIPY>KEHOTO CTaHy 3BEACHO
JI0 BU3HAUYCHHS ABOBMMIPHOTO 3 IPHITYIIEHHSM, IO NMEPHEHIMKYJSpHI CepequHHii 1mo-
BEpXHI HOPMaJbHI HANpy)KeHHS He3HadHi. [lepeMimieHHs i Hanmpy>KEHHS BHPaXEHO UYepes
JIBI IBOBUMIpHI TapMOHiUHI (yHKIIi. 3amicaHi OqHOPIAHI PO3B’SI3KH 1 po3pobIeHo aHaTi-
TUYHO-YUCIIOBUU allTOPUTM PO3B’SI3aHHS KPaloBOi 3a1adi ISl MPSIMOKYTHO ITACTHHH.

PE3FOME. TlocTpoeHa Teopus IJIACTHH, HaTPYXEHHBIX TOJIHKO HA CTOPOHAX Mapai-
JIETbHO M CUMMETPHYHO CPEJMHHON MOBEPXHOCTH. Mcroap30BaHO 0o0Iiee MpeCcTaBlIcHUE
TPEXMEPHOTO HAIPSKEHHO-AE(POPMUPOBAHHOTO COCTOSHHS M TOYHO YHOBIIETBOPEHbI HyJIe-
BBIC KPAa€BbIC YCJIOBHA HA MJIOCKUX IMOBEPXHOCTAX IJIACTUHBI. OnpeneneHHe €€ TPEXMECPHO-
ro HAIMPSAXKCHHOTO COCTOSAHUA CBCACHO K HAXOXACHUIO JBYMCPHOr'o C AONMYHICHHUEM, YTO
NEPHNCHAUKYIIAPHBIC Cpe)lHHHOﬁ MOBEPXHOCTU HOPMAJIbHBIC HAIPSX)KECHUSA HE3HAYUTCIIbHBI.
[Tepemeriennst 1 HanpsDKEHUS] BBIPKEHBI 4epe3 JBE JBYMEpHbIE rapMOHHYecKue (yHK-
1un. [TocTpoeHbI OHOPOAHBIE peuIeHUs] M pa3paboTaH aHAIWTHKO-YUCIOBOH alTOpUTM
peleHys KpaeBoM 3aAa4y Il IPSMOYTOJIbHON TIIACTUHEL.

SUMMARY. A theory of plates loaded only on the sides parallel and symmetrical to
the median surface was constructed. A general representation of the three-dimensional state
was used. A three-dimensional stress state of the plate was reduced to a two-dimensional
state, using only the assumption that the normal stresses perpendicular to the medium surface
were negligible. Movements and stresses were expressed in terms of two harmonic
functions. Homogeneous solutions were constructed and the analytical and numerical
algorithm for solving the boundary value problem for a rectangular plate was developed.

Malanchuk N. 1., Slobodian B. S., and Martyniak R. M. Friction slipping
of elastic bodies in the presence of sub-surface inclusion ...........cc.ccoevvevveviercrcrcnnne, 69

PE3IOME. Jlocii)keHO KOHTaKT JIBOX HPYXKHUX MiBOE3MEKHUX T 3 OJHAKOBHX Ma-
TepialliB 32 HAsIBHOCTI MiAMOBEPXHEBOTO BKIIIOUEHHSI, 1[0 BIJIPI3HAETHCS Bl MaTPHIL JIHIIIE
Koe(ilieHTOM JIIHIHHOTO TEIIOBOro po3mupeHHs. Tina nepedyBatoTh Ml AI€I0 CTHCKAIb-
HUX 3yCHJIb Ta HArpiBy. IX HampyskeHo-1e(hOpPMOBaHMIA CTaH MOJAHO YEPE3 BUCOTY 3a30py
Ta BiJTHOCHUH 3CYB MOBEPXOHb Ha JUISHKaX MPOKOB3yBaHHS. OTPHMaHO CUCTEMY JIBOX CHH-
TYJSIPHHUX {HTErpajbHUX PiBHSHb, OJHE 3 SKUX PO3B’SI3aHO aHANITHYHO, & iHIIE — YHCIOBO.
[IpoananizoBaHO 3aJICKHOCTI IIUPUHU 3a30py 1 IIISHKH IPOKOB3YBaHHS, & TAKOXK KOHTAKT-
HUX HalpyXXeHb BiJl IPHKIIaJICHOT0 HaBaHTAKCHHSI.

PE3FOME. ViccnemoBaH KOHTaKT ABYX YIPYTHX HOJIYIPOCTPAHCTB M3 OIJMHAKOBBIX
MaTEepHAJIOB IIPU HAIMYUH MOINOBEPXHOCTHOIO BKIIOUEHHS, KOTOPOE OTIMYAETCS OT MaT-
PHIIBI TOIBKO KOA(PPHUITHEHTOM JTHHEHHOT0 TEIJIOBOIO paciIupeHus. Tela moaBepruyThl BO3-
JICHCTBHIO CHKUMAIOIIUX YCHJIMA M HarpeBa. HampsokeHHO-Ie(pOpMHUPOBAHHOE HX COCTOSI-
HUE BBIPAXKCHO 4Y€PE3 BLICOTY 3a3opa U OTHOCHUTEIbLHBIIN CABUT I'paHUI] TCJI Ha y4YaCTKax
MPOCKaNIB3bIBaHUA. [ UX ompeseneHus MolydeHa CUCTEMa CHHTYJISIPHBIX MHTErPaIbHBIX
YpaBHEHUH, OJJHO U3 KOTOPBIX PEIIEHO aHAJMTUYECKH, a Ipyroe — uucieHHo. Ilpoanamusu-



POBaHBI 3aBUCHMOCTH IIMPHUHBI 3a30pa U y4acTKa MPOCKAIb3BIBAHMUS, a TAKXKE KOHTAKTHBIX
HAaIpsDKeHUH OT IPHIIOKEHHOH Harpys3KH.

SUMMARY. The contact of two elastic half-spaces made of identical materials, one of
which has a subsurface inclusion, under simultaneous heating and loading by normal forces
is investigated. The coefficients of linear thermal expansion of the inclusion and the matrix
are different. The stress-strain state of the bodies is represented through a gap height and a
relative shift of the boundaries in the slip zones. A system of singular integral equations is
obtained to determine these functions. One of these equations is solved analytically, and the
other is solved numerically. The dependences of the widths of the gap and the slip zone and
the contact stresses on the applied load are analyzed.

Kharchenko Ye. V., Klysh S., Paliukh V. M., Kunta O. Ye., and Lenkovskyi T. M.
The influence of gas pipeline long-term operation on fatigue crack growth
resistance Of L7TTLC SLEEI ......oviveiieiiieee e 75

PE3IOME. BcTaHOBIEHO 3aKOHOMIPHOCTI MOUIMPEHHS TPIIIMHM 32 HU3BKO-, CEpea-
HBO- Ta BUCOKOAMIUTITYIHHUX IUKIIYHUX HaBaHTaXeHb po3raroM ctani 17T'1C Tpybu ma-
rictpanpHOTO Ta3omnpoBoay “‘/lamaBa—MiHcek” micng 40 pokiB eKcIUTyarallii Ta MaTepiary
HeeKCIuTyaToBaHOI (BuxigHoi) TpyOu. [loOymoBaHO KiHETHYHI AiarpaMd BTOMHOTO PYHHY-
BaHHS 32 PI3HUX aCHMETPiil KTy HABaHTAKEHHS B JTiala30Hi MBUAKOCTEH POCTY BTOMHOL
TpimuHu 10 6 mopsAAKiB. JlOCHipKeHO IPUITOPOTOBI IMITHKY KIHETHYHUX JiarpaM s Ma-
Tepialy pi3HUX IIJISHOK CTIHKH BUXIJHOI Ta eKcIuryaToBaHoi TpyO. Ha ocHoBi moOymoBa-
HUX TpadiyHuX 3aJIeKHOCTEH BH3HAYEHO XapaKTEPUCTUKU LHMKIIYHOI TPILIMHOCTIMKOCTI
crani 17'1C Ta BCTaHOBJICHO CYTTEBE 3MEHIIECHHS IOPOrOBUX 3Ha4YeHb KoedillieHTa iHTeH-
CHBHOCTI Hallpy>KeHb €KCIUTyaTOBAaHOIO MaTepiajy IOpIBHSHO 3 BUXIJHUM BHACIHIZOK Jie-
rpajanii Horo cTpyKTypH i 3HIKEHHS OIIPHOCTI BTOMHOMY PYHHYBaHHIO.

PE3FOME. Y cTaHOBJIEHBI KHUHETUYECKUE 3aKOHOMEPHOCTH PACIPOCTPAHEHUS TPELIU-
HBI NIPH HU3KO-, CPEIHE- U BBHICOKOAMIUIMTYIHBIX LUKINYECKUX Harpy3kax pacTsDKEHHEM
cramu 17T'1C TpyOBI MarucTpaiabpHOro razonposoza ““/lamasa—Munck” nocne 40 net skc-
TUTyaTallii ¥ HEIKCIUTyaTHPOBAHHOW (MCXOIHOM) TpyOu. IlocTpoeHbl KHHETHYECKNE AHar-
paMMBI YCTaIOCTHOTO Pa3pyLIeHUs] IPU Pa3HBIX aCUMMETPUSAX LKA HATPYXKEHHS B JHa-
Ma30HE CKOPOCTEH pOCTa YCTAIOCTHON TPeUIMHEI A0 6 mopsAakoB. VccienqoBaHsl IpUIIOPO-
TOBBIE YYaCTKM KMHETHYECKHX JHATPaMM YCTaJOCTHOTO Pa3spyLICHHs MaTepHana pa3sHbIX
30H CTEHKH HCXOJTHOW M JKCITyaTUPOBaHHOHM TpyObl. Ha ocHOBE mocTpoeHHBIX rpadudec-
KHMX 3aBUCUMOCTEH OIIPENIEICHBl XapaKTEPUCTUKU LIMKINYECKON TPEIUHOCTOMKOCTH U BbI-
SIBJICHO CYIIECTBEHHOE CHIDKEHHE MOPOTOBBIX 3HAUCHUH KOI(PQHIMEHTa WHTEHCHBHOCTU
HAaIpsDKEHU DKCIUTYaTHPOBaHHOTO Marepuajia B CPAaBHEHUH C MCXOAHBIM, YTO OOBSICHSET-
Cs1 ieTpajialiieit ero CTPyKTYphl M CHHXKEHUEM COMPOTHUBIIAEMOCTH XPYIKOMY Pa3pyIICHHIO.

SUMMARY. Kinetic regularities of crack propagation at low, medium and high-
amplitude cyclic tension loading of 17T°1C steel taken from the pipeline “Dashava—Minsk”
after 40 years of operation and non-operated (original) pipes were established. Kinetic
curves of fatigue fracture at various stress ratios of a loading cycle in the range of fatigue
crack growth rates, in the range of up to 6 orders of magnitude were constructed. The near-
threshold regions of fatigue fracture curves of the material of different zones of the original
and operated pipe wall were investigated. On the base of the obtained dependences the
fatigue crack growth resistance characteristics were evaluated and a significant reduction in
the threshold stress intensity factor of operated material in comparison with the original was
found due to the degradation of its structure and decrease of brittle fracture resistance.



Pashechko M., Juzvik J., Dzedzic K., Karolus M., and Usidus I. Surface
hardening of fast-cutting HS6-5-2 steel under chemical heat treatment...................... 81

PE3FOME. locnmimkeHo ¢i3uKo-MeXaHigHi BiIacTHBOCTI cram HS6-5-2 micns azory-
BaHHs, KapOOHITPYBaHHA 1 KapOOHITpYBaHHS 3 OKCHIyBaHHSIM. {1 MOBEPXHEBOTO 3MiIl-
HEHHsI BUKOPHCTaHO CydacHUi exojoriunuii meron Zero Flow. 3actocoBaHo oIHOKOMIO-
HEHTHY aTMocdepy ans azoTyBaHHS NHj. Temmeparypa peanizoBaHHUX MPOIECiB 3HAXOAU-
nacsi B aianasoni go 570°C. 3ailicHeHo ¢a3zoBuii aHaii3 cTaii Mmicis pi3HUX XiMIKO-TepMiy-
HUX 00pPOOOK, TOCIIIHKEHO TIOBEPXHEBY TBEPAICTh, PO3MOALI TBEPAOCTI y MOMEPEUHOMY Iie-
pepi3i MOBEpXHEBUX 3MIITHEHUX LIapiB. TOBIIMHA 3MIIIHEHHUX MIApIiB Micisl KapOOHITpYBaH-
Hs 3 OKcuayBaHHsAM craHoBmwia 0,142 mm, micns asoryBanHs — 0,325 mm. Orpumani pe-
3yJIBTaTH JOCIIIPKEHb BKa3ylOTh HA CYyTTEBE ITIIBUILEHHS TBEPJOCTI HOBEPXHEBOT'O LIapY.

PE3FOME. ViccnenmoBaHbl (pH3MKO-MEXaHWUYECKUE cBoiicTBa cramum HS6-5-2 mocie
a30THPOBaHUS, KapOOHUTPUPOBAHUS W KapOOHUTPHUPOBAHUS C OKCHAMpOBaHWEM. s 1mo-
BEPXHOCTHOTO YIIPOYHEHUS MCIIOIF30BaH COBPEMEHHBIH 3KojIorumdeckuii Meton Zero Flow.
[IprMeHeHO OTHOKOMIOHEHTHYIO atMocepy mns azotupoBaHust NHjz. Temneparypa pea-
JM30BAHHBIX TPOIIECCOB Haxommmack B auanazone a0 570°C. [Iposenen ¢a3oBwIi aHamm3
CTaJ! TOCTIe PA3TUIHBIX XHMUKO-TEPMHUYECKIX 00pabOTOK, NCCIIETOBAHO TOBEPXHOCTHYIO
TBEPIIOCTH, pacIipeesieHIe TBEPAOCTH TI0 CEYCHHUIO MOBEPXHOCTHBIX YIIPOYHEHHBIX CIIOEB.
TonmuHa yIpOYHEHHBIX CIIOEB MOCIEe KapOOHUTPUPOBAHKS C OKCHANPOBAHHEM COCTAaBHIIA
0,142 mm, mocne asorupoBanusi — 0,325 mm. IlomydeHHble pe3yibTAaTBl MCCICIOBAHUI
YKa3bIBAIOT Ha 3HAYUTEIHHOE MOBBIIICHUE TBEPAOCTH TIOBEPXHOCTHOI'O CJIOS.

SUMMARY. The paper presents the results of physical and mechanical properties of
steel HS6-5-2 after nitriding, carbonitriding and carbonitriding with oxidation process.
Modern and ecological method Zero Flow was used. Applied mono-nitriding atmosphere of
ammonia NHs. The temperature of the processes up to 570°C. After nitriding surface of the
phase, surface hardness, hardness distribution in depth and the microstructure were tested.
As a result of nitriding, carbonitriding and carbonitriding with oxidation process achieved
diffusion layers on steel HS6-5-2. A thickness ranged from 0.147 mm for carbonitriding with
oxidation layer to 0.325 mm for nitriding layer. The results of surface hardness show
hardening of the surface layer. The main phases detected in the studied materials are FezN,
FesN and Fes04. Nitriding and carbonitriding processes lead almost to the same results in
contrast to the carbonitriding with oxidation process which causes presence of greater
amount of the Fe;O,4 phase.

Pohrelyuk I. M., Fedirko V. M., Lavrys S. M., and Kravchyshyn T. M. Regularities
of thermal diffusion saturation with nitrogen, combined with standard heat
treatment Of BT22 @llOYS.......cviiiriiriicc s 87

PE3IOME. BcraHoBIEHO 3aKOHOMIPHOCTI TepMOIU(Y3iHOTO HAcHYEHHS a30TOM
JBo(azHOro TUTaHOBOTO ciutaBy BT22, cymilieHoro 3 HOro mTaTHOK TEPMI4HOIO 00po0-
K0t0. BusiiieHo kineTnuHi ocobmuBocTi azoryBanHs (o+f3)-crmapy BT22, koTpi 3yMoBIeHi
TEMIIEpaTypHO-4aCOBHMH IapameTpamMu oO0poOku. OIiHEHO BIUIMB LIUX MapaMeTpiB Ha ¢a-
30BO-CTPYKTYPHHH CTaH Marepialy Ta HOro B3a€MO3B’S30K 3 PIBHEM IIPHIIOBEPXHEBOTO
3MIiLHEHHS Ta MIMOWHOIO a30TOBAHOTO ILIapYy.

PE3IOME. YcraHoBjieHa 3aKOHOMEPHOCTh TepMOIu((y3HOHHOrO HACBIIEHHS a30-
TOM JBYX()a3HOTO THTAaHOBOTO ciutaBa BT22, coBMenieHHOro ¢ ero mTaTHOH TepMHYECKOH
00paboTkoit. OOHapyKeHO KHHETHYECKHE OCOOCHHOCTH a30THpoBaHHs (o+[3)-cruiaBa
BT22, obycroBiieHHBIE TeMIepaTypHO-BPEMEHHBIMI HapameTpaMu 00paboTku. OuneHeHo
BIIMSHUE 3TUX MapaMeTpoB Ha (a30BO-CTPYKTYPHOE COCTOSHHE MaTephala U €ro B3ahMOo-
CBSI3b C YPOBHEM IPUIIOBEPXHOCTHOTO YIIPOUEHHS U INIyOMHON a30THPOBAHHOTO CIIOS.

SUMMARY. The regularity of thermal diffusion saturation with nitrogen of two-phase
titanium BT22 alloy, combined with its standard heat treatment was established. The
kinetic features of BT22 (a+f)-alloy nitriding, caused by the temperature and time



treatment parameters were found. The effect of these parameters on the phase-structural
condition of the material and its relationship with the level of the near-surface hardening
and depth of the nitrided layer were estimated.

Kyryliv V. 1., Chaikovsky B. P., Maksymiv O. V., Shalko A. V., and Sydor P. Ya.
Serviceability of roller 60X2M steel with surface nanostructure ..........c.ccccceevveevennene. 93

PE3FOME. BuB4eHO KOHTAKTHY BTOMY Ta 3HOCOTPUBKICTH BasKoBOi ctanmi 60X2M 3
MOBEPXHEBOI0 HaHOKpHcTaniuHo crpykrypoto (HKC), cdopmoBanoio MexaHOIMITYIbC-
HOW 00poOkoro. [TokazaHo MiABHMIIEHHS KOHTAKTHOI JIOBrOBIYHOCTI Ta 3HOCOTPHBKOCTI
craii 3 noBepxHeBoro HKC Ta BCTaHOBIICHO 3aJICKHICTh IIi€T TOBIOBIYHOCTI BiJl BUXIJIHOTO
CTPYKTYPHOTO CTaHy, a TAKOK €()eKTHBHICTb MPOTEKTOPHOTO 3aXHUCTY.

PE3FOME. V3y4eHO KOHTaKTHYIO YCTaJOCTh U HM3HOCOCTOMKOCTh BaJIKOBOM CTaslu
60X2M ¢ moBepxHOCTHOW HaHOKpuctaumdeckoil crpykrypoi (HKC), chopmupoBanHoi
MEXaHOMMITYJIbCHOI 00paboTkoi. [loka3aHo MOBBINIEHHE KOHTAKTHOM JIOJITOBEYHOCTH U
H3HOCOCTOMKOCTH cTaiu ¢ noBepxHocTHOM HKC u ycraHoBieHa 3aBUCUMOCTb 3TOH J0JI-
TOBEYHOCTH OT HCXOJHOTO CTPYKTYPHOTO COCTOSIHUS, a Takke 3()(heKTUBHOCTH MPOTEKTOP-
HOM 3aIIUTEHI.

SUMMARY. Contact fatigue and wear resistance of the roller steel 60X2M with
surface nanocrystalline structure (NKS) formed by mechanical-pulse treatment (MPT) were
studied. The increase of fatigue durability and wear resistance of steel with the surface NKS
was show. The dependence of fatigue durability of steel with surface NKS on its initial
structural state was established. The efficiency of protector proofing on improvement of the
fatigue durability of steel in the working medium was given.

Boichyshyn L. M., Kulyk Yu. O., Hertsyk O. M., Kotur B. Ya., Rudenko O. Yu.,
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AllOYS DASEA ON TFON......eiiiii e e 98

PE3FOME. JlocniKeHO CTPYKTYpHI Ta KOPO3iliHI 0COOIHMBOCTI 00’ €MHHUX i CTPIYKO-
BUX CKJIaJHOJIETOBaHUX CIUIABiB Ha ocHOBI 3aiiza mapok HBPC-2 ta NHRP-1. 3a pe3yis-
TaTaMd HEProJUCIepCiiiHOr0 PEHTIeHIBCHKOTO aHai3y YTOUYHEHO iX CKJIAJ Ta BCTaHOBIIE-
Ho, mo cruiaB HBPC-2 neroanwmii ¢pochopom. JudpakroMeTpuyHIM METOIOM BHUSBJICHO,
II0 3pa3KH CTPIYKOBHX CILIABIB MAIOTh aMOP(HY CTPYKTYpY, a 00’ eMHI — aMmop(HO-KpHuCTa-
JYHY 3 po3MipaMy HAaHOKPHCTANiB y aMmopdHiid MaTpurii 50 NM i BOJIOAIIOTH BUIIOK KOPO-
3iiiHO0 TpHBKicTIO y 3% po3umni NaCl.

PE3FOME. ViccnenoBaHbl CTPYKTYpHBIE U KOPPO3NOHHBIE OCOOEHHOCTH OOBEMHBIX U
JICHTOUHBIX CJIO)KHOJISTHPOBAaHHBIX CIJIABOB HAa OCHOBaHUM Xkeje3a Mapok HBPC-2 u
NHRP-1. ITo pe3ynpTaTam 3HEProJUCIEPCHOHHOTO PEHTTEHOBCKOTO aHAIM3a YTOYHEH HX
coCTaB M yCcTaHOBJICHO, uTO ciuiaB HBPC-2 nerupoBan docdopom. dudpakromerpudec-
KM METO/IOM BBISIBJICHO, YTO 00pa3I[bl ICHTOYHBIX CIUIABOB UMEIOT aMOPQHYIO CTPYKTYPY,
a o0beMHbIE — aMOP(HO-KPUCTALNIMYECKYIO C pa3MepOM HAHOKPUCTAIUIOB B aMoOp(HON
marpuue 50 nm ¥ BIaJeroT BhICIIEH KOPPO3UIHHOM pouHocThIo B 3% pacTtBope NaCl.

SUMMARY. The structural and corrosion characteristics of bulk and ribbon HBPC-2
and NHRP-1 complex doped with iron-based alloys were studied. The composition of
alloys was refined on the basis of the results of X-ray energy dispersive analysis. It was
determined that HBPC-2 alloy was doped with phosphorus. Results of diffraction analysis
showed that the ribbon samples of alloys had an amorphous structure, while bulk samples —
amorphous-crystalline matrix with the size of nanocrystals of 50 nm. Bulk samples have
higher corrosion resistance in 3% NaCl solution.
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PE3FOME. [locmimkeHo KOpPO3iHHO-eIeKTPOXIMIUHY ITOBEMIHKY Y BOJHUX PO3UMHAX
0,3% NaCl Ta 8,55 mM NaHCO; manoByrieneBoi craii TpUBalO €KCITyaTOBAaHOTO THHY
ra30MpoBOAY 3 OOIIMPHUM BOJHEM iHIIIHOBaHNM po3IIapyBaHHIM. BHABIEHO Nerpaaario
KOpO3i1iiHOI TPUBKOCTI CTaJli THHY TPyOH B 000X TOCIHIIYKEHUX KOPO3UBHHX CEpPEIOBUINAX.
Cranp TUHY TpYOU (K CTHCHYTOI, TaK 1 pO3TATHYTOI JUISTHOK) XapaKTepU3yBalnach HUKIUM
OIIOpPOM KOpo3ii, HiXk MeTain npsiMoi AuISHKK TpyOu. [TokaszaHo, o xerpazaris KOpo3iiHoi
TPUBKOCTI CTajli THHY TpYOM KOpEIIOE 3 Jerpajaui€ro ii MexaHiuHUX BiacTuBocTed. Bera-
HOBJIEHO, 1110 XapaKTEPUCTUKU KOPO3iifHOI TPUBKOCTI JIerpajioBaHOro Marepiany (TycTHHA
CTpyMy KOpo3ii Ta moispu3aliiiHuil omip) MOXyTh OyTH iH(OPMaTHBHUMHU NapaMeTpamu
3MiH HOro cTaHy, CIpHYMHEHHX TPHUBAIOIO €KCILTyaTalifo, i iX MO)KHa BUKOPHCTOBYBATH
JUISL TIarHOCTYBAHHS JIerpajallii MeXaHIYHHX BJIACTHBOCTEN CTaJIEH, ITOMKOHKEHUX BOIHEM.

PE3FOME. VccrnenoBaHo KOPPO3HOHHO-IJIEKTPOXHUMUYECKOE IMOBEICHUE B BOIHBIX
pactBopax 0,3% NaCl u 8,55 mM NaHCOj; manoyrnepoaucTol cTaim JUIMTEIbHO IKCIUTya-
THPYEMOT'0 KOJIEHA Ta30MPOBOJa C OOMIMPHBIM BOJOPOAOM MHHUIMHPOBAHHBIM PacCIOCHH-
eM. BrIsBiIeHO merpamanuio KOppO3WOHHOW CTOWKOCTH CTalld KOJIeHa TPYOBI B 00€MX wmc-
CJIEZIOBAHHBIX KOPPO3HOHHBIX cpenax. Craib KojeHa TPyOB!I (Kak CKaToro, Tak U pacTsHY-
TOrO Y4acTKOB) XapaKTEepU30BaJIach 0oJiee HU3KHM CONPOTUBIEHHEM KOPPO3HH, YEM Me-
TaJI MpsIMOTO y4yacTka TpyOsl. [loka3zaHo, 4TO nerpaganus KOPpO3UOHHOW CTOMKOCTH CTa-
JIM KOJIEHA TPYOBbI KOppelupyeT ¢ Aerpajanueil ee MeXaHHUECKUX CBONCTB. Y CTaHOBIICHO,
YTO XapaKTEPUCTHKH KOPPO3UOHHON CTOMKOCTH JIerpafupOBaHHOr0 MaTepHuaa (II0THOCTb
TOKa KOPPO3HMHU U IOJISIPH3ALMOHHOE COIPOTHUBIIEHHE) MOTYT OBITh MH(OPMATHBHBIMH Ia-
paMeTpaMu HM3MEHEHHH €ro COCTOSHUS, BBI3BAHHBIX AJIMTENBHOM AKCIUTyaTallMeH, U HX
MOJKHO UCIOJb30BaTh Al JUATHOCTUKU AETPAJallud MEXaHMUYECKUX CBONCTB CTaleH, 1o-
BPEXICHHBIX BOJIOPOIOM.

SUMMARY. The electrochemical corrosion behaviour of the low-carbon steel of the
long-term operated gas pipeline elbow with extensive hydrogen-induced delamination was
investigated in 0.3% (wt.) NaCl and 8.55 mM NaHCOj3; aqueous solutions. The degradation of
the corrosion resistance of the pipe elbow steel in both investigated corrosive environments
was revealed. The pipe elbow steel (both the compressed and the tensioned sections) was
characterized by lower corrosion resistance than the metal of the straight pipe section. It was
shown that the corrosion resistance degradation of the pipe elbow steel correlated with the
degradation of its mechanical properties. It was established that the corrosion resistance
characteristics of the degraded material (corrosion current density and polarization resistance)
could be informative of its state changes caused by long-term operation and could be used for
diagnostics of mechanical properties degradation of the hydrogen-affected steels.
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PE3FOME. MeronaMu BEeKTOPHUX TEPIOJUYIHO KOPEIHOBAHMX BUIIAIKOBUX IPOIIECIB
MIPOaHATI30BaHO BiOpaIlii IMiIMIUITHIKA KOYEHHS, CHMYJIbOBaHI 332 Or0 CTOXaCTUYHOIO JTH-
HAMIYHOI0 MOJEJUTIO Y BUTJISAL CHCTEeMH HENHIMHUX TU(epeHiaTbHuX PiBHAHD JPYToro
MOPSAKY 3 MEePiOINYHO 3MIHHUMH KoedinieHTamu. BusBieHo, mo JiHiAHI 1 KBagpaTHIHI
iHBapiaHTH KOpEIAIiiHOI TeH30p-(PyHKIIT FOT0 KJIaCy BHIAIKOBHX IPOLECIB MiBUIILY-
10Th €(PEKTUBHICTh BHUSBICHHS Ae(EKTIB, Jal0OTh 3MOTY PO3ALIMTH Ae(EKTH HA 30BHILIHBO-
MY Ta BHYTPIIIHBOMY KiJIbLISIX, JOCIIIUTH X MPOCTOPOBI BIACTHUBOCTI, BU3HAYUTH MicCIe-
3HaXO0JUKEHHsI. BCTaHOBIIEHO XapaKTepHi 3MiHH Y IPOCTOPOBO-4acOBiil CTPYKTYpi iHBapiaH-
TiB 3 PO3BUTKOM JIe(EKTY.

PE3FOME. MeronamMu BEKTOPHBIX INEPUOANYECKH KOPPETHUPOBAHHBIX CIy4alHBIX
MPOLIECCOB NPOAHAIM3UPOBAHbI BUOpALMKM TOALIMITHUKA Ka4yeHWs, CUMYJIMPOBaHHBIC Ha



OCHOBE €0 CTOXaCTHYCCKOW TMHAMHUYCCKOW MOJICIIM B BUIC CHCTEMBI HETUHCHHBIX nudde-
PEHIMATIBHBIX YPaBHEHUH BTOPOTO IOPSAKA C MEPUOANIECKH H3MEHSIOMUMUCS KO3 PHIH-
eHTaMH. BBISBIEHO, 4TO NMHEWHBIE W KBaJpaTHIHbIC MHBAPUAHTHI KOPPEIALMOHHON TEH-
30p-(DYHKIIMH 3TOTO KJIacca CIIy9alfHBIX IPOIIECCOB MOBHIMAIOT 3 (eKTHBHOCTH OOHApYKE-
HUSI 1e(heKTOB, MO3BOJISIOT Pa3AEiNUTh NX HAa BHEIIHEM M BHYTPEHHEM KOJbLAX, HCCIEI0-
BaTh IPOCTPAHCTBEHHBIE OCOOCHHOCTH, OMPEACINUTh MECTO HAXOXKICHUs. Y CTaHOBIICHBI
XapaKTCPHBIC U3MCHCHUA HpOCTpaHCTBeHHO-BpeMeHHOﬁ CTPYKTYPhI BCICACTBUC pa3BUTUA
nedexTa.

SUMMARY. The analysis of rolling bearing vibrations obtained using computer
simulation of its stochastic dynamic model in the form of the system of nonlinear
differential equations of the second order with periodically varying coefficients by the
methods for vectorial periodically correlated random processes is provided. It is shown that
linear and quadratic invariants of correlation tensor-function of this class of random signals
enhance the effectiveness of faults detection, allows dividing them on the internal and
external races, investigate their spatial properties and determine their location. The features
of the spatial-time structure changes due to the defect growth are investigated.

Ilvanytskyi Ya. L., Mokryi O. M., and Shtayura S. T. Acoustic investigations
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PE3FOME. JlocaimXeHo aKyCTHYHI BIACTUBOCTI B HEOJHOPIAHUX IUIACTHYHO Aedop-
MoBaHUX 3pazkax ctaii 0912C. 3pa3ku i3 3aTUIIKOBOIO 1e(hOpMaIli€ro TTOCTiIOBHO TepMid-
HO 00pOoOJISLIIM 1 HABOJHIOBAIX 3 Ta30BO1 (a3u. [licis KOKHOro erany BUMIpIOBaIIM IIPOCTO-
POBHI PO3MOJLT IIBHIKOCTI aKyCTHYHOT XBWII. [IpoaHani3oBaHO MeXaHi3MHU 3MIiHH IIBH]I-
KOCTI IiJ] Yac HABOJHCHHS Ha JUISHII 3pa3Ka i3 3aJIHIIKOBOO Je(QOpMAIIETO.

PE3FOME. VccnenoBaHbl aKyCTUYECKHE CBOMCTBAa B HEOAHOPOJHBIX, MJIACTUYECKU
nedopmupoBaHHBIX o0pas3mnax cramu 09I2C. Ilocie macTuyeckoil aedopMariim 0OpasIfbl
MIOCJIE/IOBATENILHO TEPMUUYECKH 00pabaThIBalIM 1 HABOJOPOXKUBAIIM M3 Ta30Boil ¢asbl. [Toc-
Jie Ka)XJI0T0 3Tala M3MEpsIu MPOCTPAHCTBEHHOE PacIpe/ielIeHue CKOPOCTH aKyCTHYECKOM
BOJHBI. [IpoaHann3npoBaHbsl MEXaHU3MBI H3MEHEHHUSI CKOPOCTH B o0iacT oOpasna ¢ ocra-
TOYHOHU AedopMaliielt Ipu HaBOJAOPOKUBAHHH.

SUMMARY. The acoustical properties of inhomogeneous, plastically deformed 0912C
steel specimens were studied. After plastic deformation, specimens were successively heat
treated and hydrogenated from the gas phase. Spatial distribution of the longitudinal
acoustic wave velocity was measured after each procedure. The process of velocity change
in the sample region with residual deformation under hydrogenation was analyzed.
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