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PE3FOME. VccnenoBaHO BIHSHHE ITapaMeTPOB KOMOMHHPOBAHHOTO IPEIBAPUTEIIBLHOIO TEp-
Momexanmdeckoro Harpyxenus (IITH) npu BHEIEHTpeHHOM pacTsHKEHHH KOMITAKTHBIX 00pasIoB ¢
TpemuHaMH (TeMIlepaTypbl, MaKCHMaJIbHOrO Koddduimenta naTeHcuBHOCTH HampspxeHui (KMH)
K u ero pazmaxa AK) Ha KpUTHIECKHH J-UHTETpal Jy, KPHTUIECKOE PACKPHITHE BEPIIMHBI TPEIIUHEI
n kpurmdecknii KMH cramu 15X2M®A npu 293 K. Cymuocts kombuauposanHoro IITH cocrout B
TOM, YTO Ha yJacTKe Ieperpy3Kku oopasia ¢ TPeIHHOI B mporecce ae(opMHUPOBaHHS PACTDKCHUEM
HaKJIaJ(BIBAIOT UKIMYECKOe HArpyKeHHe Masod amiumryasl. [Ipu TemmepaTtype mpeaBapHUTeIbHON
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LIVHBI 89;’ o cpasraenuio ¢ [ITH. He3zaBucumo ot temmepatypst (77 = 423 u 623 K) u cxemsr [ITH

(KOMOMHHMpPOBAaHHOE, CTaTHYECKOE) BCE HKCIEpPHUMEHTaIbHbIe 3HadeHmst kpurmdeckoro KMH K B

3aBUCUMOCTU OT 8";’ COCPEIOTOYEHBI B 00mIeH momoce pa3dpoca M MOryT OBITH YHOBIETBOPUTEIHHO

ONFCAHBI OTHOM 3aBUCHMOCTEIO.

SUMMARY. The influence of warm-prestress (WPS) parameters (temperature, maximal K;
and stress intensity factor range AK;) on the critical J-integral, J; critical crack tip opening



displacement and critical stress intensity factor of 15X2M®A steel at 293 K was studied. The
combined WPS differs from WPS, by the fact that at the stage of overstressing there the additional
low amplitude cyclic loading is applied. The combained WPS at 7 = 623 K which is much higher
than at the critical brittle temperature for the given steel (7 = 393 K), increases the critical J-
integral Jrup to 30% and the critical crack tip opening displacement of 15X2M®A steel up to 14%
as compared to WPS. All dependences of the critical SIF Ky on the critical crack tip opening
displacement, irrespective of temperature (77 = 423 and 623 K) and type of WPS schemes
(combined, static) can be described by the same curve.

Hachekevych O. R. and Drobenko B. D. Rational regimes of high-temperature
induction treatment of magnetic hard ferromagnetic bodies...........ccccceocveeniiiniiniienicinncnnee. 74

PE3FOME. Ha ocHOBe M3BECTHOIH MAaTE€MaTHUECKOH MO ONHMCAHUS (PU3NKO-MEXaHHIECKHUX
MIPOLIECCOB B T€PMOYYBCTBUTENBHBIX TENAaX C PA3IMIHBIMHU CIIOCOOHOCTSIMH K HAMArHWYUBAHUIO U
MOJIIPU3ANUH TIPY BO3JEHCTBUM KBAa3MYCTAHOBUBIIHMXCS HJIEKTPOMArHUTHBIX ITOJIEH pacCMOTpPEH IMOA-
XOJl K KOMITBIOTEPHOMY MOJEIMPOBAHUIO IPOIiecca MHAYKIMOHHOW 00pabOTKH TepPMOTyBCTBUTEIb-
HBIX MAarHUTOTBEPABIX ()eppOMArHUTHBIX Tesl. OnpeneneHs! paloHaIbHbIE TAPAMETPHI BEICOKOTEM-
nepaTypHoil 00pabOTKH MIIHHAPA (9acToTa U KO3(G(GUIUEHT TEIUIOOTIad HMPH OXJIAXKICHHH), T03-
BOJIIOIINE KaK MOXKHO OBICTpee HarpeTh LIUIMHAP A0 HEOOXOMMMOH TeMIepaTyphl U BIOCIEACTBHI
OXJIAJIUTh €r0 TaK, YTOOBI MaKCHMAaJbHbIE HANPSHKEHUS B IWINHAPE B Ipouecce 00paboTKu He mpe-
BBIIIATH JOMYCTUMBIE.

SUMMARY. An approach to computer simulation of high-temperature induction heating of
hard ferromagnetic solids is considered on the basis of the proposed earlier mathematical model of
physico-mechanical processes in magnetizable and polarizable electrically conductive solids
subjected to quasi-steady electromagnetic fields. High temperature induction treatment of a cylinder
is considered. The rational parameters (frequency and heat exchange coefficient under cooling) of
the heat treatment process are determined, which allow to shorten time of the cylinder heating to the
necessary temperature and afterwards quickly cool it such that maximum stresses in the cylinder
during heating do not exceed the admissible ones.

Paustovskyi O. V., Rud’ B. M., Shelud’ko V. Ye., Telnykov Ye. Ya., Kremenytskyi V. V.,
Smertenko P. S., Zakharchenko 1. V., Rohozynska A. O., and Tkach V. M. Structure
and properties of resistive thick films after laser treatment ...............ccoceeviiniiiniiiiinicennen. 79

PE3FOME. Jlocik€HO BIUIHB JIa3€PHOTO MPOMIHHS Ha CTPYKTYpY Ta eIeKTPOQi3HdHi BIACTH-
BOCTI PE3UCTHBHUX TOBCTHX ILTIBOK Ha OCHOBI TBepaoro po3unHy BaBe—LaBs. [lokazano, mo mig gac
na3epHoi 00poOKH y MisliceKyHIHOMY Aiana3oHi Ba ta La nudyHmyoTs y miakimanaky, a Mikpo- Ta Ha-
HOCEKYH/IHE JIa3epHE BUIIPOMIHIOBAHHS 3yMOBIIIOE MOAPIOHEHHS CTPYMONPOBIIHMX JIAHIIOXKKIB Ta
YTBOPEHHSI 00JIacTed 3 JUCKPETHOIO CTPYKTYpolo. BukoHaHo andepeHmiiiHmii aHami3 BOJIbT-aMIep-
HUX XapaKTePHUCTHK Ta BH3HAYEHO TEMIIEpaTypHi 3ajekHocTi enexrpoonopy R Ta TKC. Jlazepna 00-
pobka B MiKpO- Ta HAHOCEKYHIHOMY Jialla30HaxX HE3HAYHO MiJBHIIYE elxeKkTpoormrip. Lle MojkHa BuKO-
pHCTATH [UIS NPEHH3iHHOI 00POOKH TOBCTHX ILTiBOK.

SUMMARY. The influence of laser irradiation on the structure and electrophysical properties
of BaBs—LaBg¢-based thick film resistors have been investigated. Ba and La are shown to diffuse into
substrate, when laser processing in millisecond range and the action of laser irradiation of micro-
and nanosecond duration leads to splitting of conducting chains and forming the areas with discrete
structure. Current-voltage curves differential analysis has been carried out and temperature
dependences of electrical resistance R and TCR have been determined. Laser processing in micro-
and nanosecond ranges results in a slight temperature increase. This may be used for thick films to
process them precisely.

Bazeleva N. A. and Herasymenko Yu. S. Corrosion-electrochemical behaviour
of alunimium alloys in aqueous ethylene glycol environments.............ccceeveevuereeneenieneeneenn 86

PE3FOME. MeTonoM MaTeMaTHYeCKOro INTAHUPOBAHMS SKCIIEPUMEHTA YCTAaHOBJIICHO BIIMSIHUE
Ha KOPPO3MIO ATIOMHHHEBOTO ciulaBa AMr3 KOHIIEHTpalWHM STHICHTIHMKOIS M TEMIIepaTypsl B
MIPOKOM JHala30He WX BAapbUPOBAHHA. YCTAaHOBIEHO, YTO HE3aBHCUMO OT KOHICHTpPAIUN
STHUJICHITINKONSA MaKCUMalbHbIE KOPPO3MOHHBIE IMOTepH HAOMIOHaloTcs mpu Temmeparypax 60...
70°C. Hurunbupyrommee AeHCTBHE STWICHINIMKONSA NpH KOHIEHTpamusx Oomee 40% oOycioBieHO
YBEIMYEHHEM BS3KOCTH DPACTBOPOB M 00pa30BaHHEM CIa0OpacTBOPMMBIX IOBEPXHOCTHBIX KOMII-
JIEKCOB AJTIOMUHHMS C STWIICHIVIUKOJIEM U TIPOLYKTaMH €r0 OKHUCIECHHS.

SUMMARY. Using the method of mathematical design of experiment the influence of ethylene
glycol concentration and temperature on corrosion of aluminum alloy in the wide range of their
variations has been established. It has been found that maximal corrosion losses are observed at
temperatures 60...70°C regardless of the ethylene glycol concentration. The inhibiting action of
ethylene glycol at concentrations higher than 40% is conditioned by the growth of solutions viscosity
and formation of slightly soluble surface complex of aluminium with ethylene glycol and its
oxidation products.

Asaturian A. Sh., Olshanetskyi V. Yu., and Tkach D. V. Calculation experimental



method of construction of metal S-N curve...................... 94

PE3FOME. TlpemioxeH pacueTHO-IKCIICPUMEHTAIBHBIN METOA IIOCTPOCHUSI KPUBOH YCTAIOCTH
METAIMIECKIX MAaTEepHaIOB, OCHOBAHHEII HA MCHOIB30BAHUH TONBKO ABYX 3HAUCHUI Mpeserna ycTa-
noctr o, mpu N = 10° i 10°, a Taxoke HEKOTOPEIX (H3MUECKIX AHATIOrOB. DTOT METOX 00ECIeIHBACT
Oormee dYeM YHOBIETBOPUTEIBHOE COBMNAACHHE pPACUYETHBIX OIECHOK C 3KCIEPHMEHTAIbHBIMU
JTAaHHBIMH.

SUMMARY. The computation-experimental method of construction of the curve of metallic
materials fatigue, based on the use of only two values of fatigue limit o, at N=10° and N=10°, and
also of some physical analogies Has been proposed. This method provides a good correlations’
between calculation data and experimental results.

FROM THE HISTORY OF FRACTURE MECHANICS DEVELOPMENT
Yarema S. Ya. Formation of the science about metal fatigue. 1870—-1940...........ccccccoeeiniiieniennnene 101

PE3FOME. B meprozme ot 1825 mo 1940 r. CTaHOBICHUS M pa3BUTUS HayKd 00 yCTaIOCTH
METaJJIOB MOKHO BBIJICTTUTH TaKUE HTAIIbI.

1. Hagansnsrit (1825-1860), korna ¢ MOSBICHHEM XKETE3HOZOPOXKHOTO TPAHCIOPTa M BHEIpE-
HHEM MalliH B IPOMBIIUICHHOCTh CTaJM YaCTHIMU MX HMOJIOMKH, BHI3BAHHBIC SIBICHHEM, HABAaHHBIM
YCTaIoCThi0 MeTaioB. CHenaHbl TONBITKA OOBSICHATH 3TO SBIEHHE M HAWTH METOABI €ro
IIPeOTBPAILECHHSI.

2. 1860-1900. Pa3zpaboTka MeTONOB M 0OOPYAOBAHUS ISl MCIBITAHMI NPH IUKINIECKOM Ha-
TPYKSHUH, a TaKkxke crocoda oOpaboTKM M MpeACTaBIeHHs HX pe3ynbTaTroB. ONpeneneHsl npeeis
BBIHOCIIMBOCTH CTaJIell B 3aBHCHMOCTH OT MapaMeTpoB IUKIA HArPYKeHUs M KOHIICHTpAaIUU
HanpspkeHuH. JlaHo ()eHOMEHOJIOTHYECKOe OMMCAHIE YCTAIOCTH C ITO3HINN MEXaHUKN MAaTepPHAIOB.

3. 1900-1920. ITocrenenHoe ¢popMUpOBaHNE Ha CTHIKAX MEXAHUKH MaTepHAJIOB, METAIJIOBEIe-
HUA U (pr3udecKol XUMHUN HayIHOH AMCHUILIMHBI — YCTAIOCTh MeTauioB. Ilepseie MoHOTrpadmu, Ko-
TOpBIE CHCTEMaTH3HPYIOT M CHHTE3UPYIOT Pe3ylbTaThl HCCIeAoBaHUN ycranoctu. Habmronenus us-
MEHEHHH MHKPOCTPYKTYPHI MaTepuaja Mpu MUKINIECKOM HArpyKeHHH W MHUKpopeiabeda M3I0MOB.
3anokeHsl (pyHAAMEHTH TEOPHU TPEUIMH (MEXaHWKHU paspymenus). IlepBbie ncciemoBaHus KOPPO-
3MOHHOH YCTaJIOCTH M Pa3paboTKa METOHOB 3alUTHl OT Koppo3uw. CyIIEeCTBEHHOE YBEINYEHHE
YHClIa UCCIIEAYyeMBbIX CTaled M CIUIAaBOB I[BETHBIX METAJUIOB, OCOOCHHO ATIOMUHHEBBIX, a TaKXke
2JIEMEHTOB KOHCTPYKLUI.

4. 1920-1940. ITocrenennoe (hopMUpPOBaHUE YISHUSI 00 KOHCTPYKIIHOHHOW IIPOYHOCTH — IIPUK-
JaJHOTO pasjena HayKd 00 YCTaJOCTH, HCHBITHIBAIONIETO IETald MAllMH M MOJEIH C IIENbI0
ONTHMH3HUPOBATH CYMIECTBYIOIINE M pa3pabOTaTh HOBBIE Marepuanbl, (OPMBI M CIOCOOBI HX
00pabOTKH B JAHHBIX YCJIOBUSX JKCILTyaTalld, OCOOCHHO IPH HEPETryIIPHOM HATPYKEHHH, HU3KUX
U BBICOKHX TEMIIEpaTypax B arpecCUBHON cpefe.

B CCCP uccnenoBanus ycTaaocTd MeTauioB HaunHatoTca B 1900-x romax B MHCTHTYTE CTpOH-
TEJIBHOM MEXAaHUKH YKPAaWHCKON akaJeMHH HayK. 3/1€Ch HCIBITHIBAIOT HAa BEIHOCINBOCTH KOTEIILHOE
JKeJIe30 ¥ BEICOKOIIPOYHBIE JIETHPOBAHHEIE CTAJM B 3aBUCHMOCTH OT MEXaHUYECKUX M TeXHOJIOTHIeC-
kux (pakTopoB. Pa3paboran merox pacuera merasieil MallMH HA YCTaJIOCTHYIO IIPOYHOCTH, KOTOPBIN
ObLT 0000IIEH Ha IJIOCKOE M 00bEMHOE HANpPsHKEHHOE COcTOsHMS. [Ipeanoxkena craTHCTHIeCKas TEO-
pHSL YCTaJIOCTHOM MPOYHOCTH, ITOCTPOCHHAS HA (hYM3MUIECKH 0OOCHOBAHHBIX HpeanonoxeHusx. OmHo-
BPEMEHHO pa3padaThIBAIOTCS, TNIABHBIM 00pa3oM B Poccuu, pa3nmmdHble MEXaHHYECKHE M TEPMOXH-
MHYECKHE METO/BI IIOBBIIIEHIS IPOYHOCTH M TOITOBEYHOCTH JeTajeH MaIlIHH.

INoutn Bce mpoGiieMbl HAyKH 00 YCTAIOCTH, KOTOpBIE pa3padaThIBAINCh BO BTOPOI MOJIOBHHE
20 cr., chopmupoBamuck 10 1940 r. OmgHako HEKOTOpBIE M3 HUX OBUIM PAacCMOTPEHBI BEChbMa
MOBEPXHOCTHO, KaK, HalpuMep, KMHETHKAa M MEXaHHW3MBI 3apOXKICHHS W Pa3BUTHS YCTATOCTHBIX
TPEIIVH, MaJIOIUKIIOBAsl, KOPPO3NOHHAS ¥ TEPMUYECKAs YCTAIOCTh.

SUMMARY. In the period from 1825 to 1940 of the formation and development of science of
metal fatigue such stages can be distinguished.

1. Initial (1825-1860), when owing to introduction of railway transport and machines in
industry, the frequent breakdowns of their parts caused by the phenomenon named fatigue occurred.
The attempts to explain this phenomenon were undertaken and the ways of it prevention were
sought.

2. 1860-1900. Methods and equipment for testing under cyclic loading and ways of the results
processing and representation were worked out. Endurance limit of steels was determined and the
influence of loading cycle parameters and stress concentration on it were investigated.
Phenomenological description of fatigue process in terms of materials mechanics was developed.

3. 1900-1920. Beginning of the formation of the interdisciplinary field of science — fatigue of
metals — at the interfaces between materials mechanics, physical metallurgy, and physical chemistry.
The fatigue-induced microstructure evolution and fracture surfaces microrelief were observed. The
number of tested steels and nonferrous metals, particularly of aluminum alloys, and also of specific
machine elements increased considerably. First monographs on fatigue systematized and synthesized
the results of investigations. The basic ideas of the theory of cracks (fracture mechanics) were
fomulated. Investigation of corrosion fatigue and elaboration of corrosion protection methods began.

4.1920-1940. Development of structural strength — an applied branch of fatigue science that
investigates structural elements and models to optimize the choice of their material, shape,



manufacture in given operating conditions started. Much attention was paid to the improvement of
the fatigue resistance of metals and products.

In the USSR the fatigue researches began iat the beginning of 1930 in Kyiv Institute of
structural mechanics of the Ukrainian Academy of Sciences. Fatigue resistance of boiler iron and
high-strength alloyed steels was studied depending on the mechanical and technological factors.
The calculation methods of machine parts especially under 2- and 3-D stress states and also a
statistical theory of fatigue fracture based on physical assumptions were worked out. Methods of
improvement of the endurance of structural elements by mechanical and chemical heat treatment
were obtained maily by Russian researchers.

Almost all problems developed in the second half of the 20th century have their roots prior to
1940. But some of them were considered cursory, as for instance kinetics and mechanisms of crack
initiation and growth, low-cycle, thermal and corrosion fatigue.
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