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PE3FOME. TlogaHo OCHOBHI €Tamy Ta METOIU OOpOOJIeHHS y BOIHI epoMarHeTHIX
MarepiaiiB Ha OCHOBI CIONYK piAKiCHO3eMelnbHUX Ta mepexigHux metanis — NdoFepsB,
SmCos i SmyC017 — A7 OTpUMaHHSI HAHOCTPYKTYPOBAHUX aHI30TPOITHUX CIICUCHIX MarHe-
TiB. [lokazaHo, MO 3i 3aCTOCYBaHHAM KOMOIHOBaHOTO BOJHEBOTO OOpoOIeHHS, sike 0a3y-
€TbCA Ha MOIU(IKOBAaHOMY CIIOCO0I TiApyBaHHA—AUCHPOIIOPLIIOHYBaHHI—IECOPOYBaHHI—
pexomOinyBanns (I'JIP), MikpocTpykTypa (epoMarHeTHHX CIIJIaBiB 3JpiOHIOETHCS 10
HaHOpiBHA. EKClepHMEHTalbHO JOBEJICHO MeXaHi3M OTPHUMaHHS MarHeTOaHI30TPOIHUX
marepianiB uuiixom ['JIJIP: martepianu aHi3oTpOIHI, SIKIIO MIiCIs JUCHPONOPIIIOHYBaHHS
MICTSITh 3aJUIIKKA BUXiAHOT (pa3u. JJ0OBeCHO MOKIIUBICTh 3aCTOCYBAaHHS BOJIHEBOTO 00p00-
nenHst cnocodom I'JIJIP st criikaHHs pepoMarHeTHUX HAHOCTPYKTYPOBAaHUX MaTepiaiB.

PE3FOME. V3n0xeHbl OCHOBHBIC 3Talbl U METOJBI 00pabOTKH B BOJOpOie (Geppo-
MarHMTHBIX MaTepHajioB HA OCHOBE COEIMHEHHH PEAKO3EMENbHBIX U IEPEXOIHBIX MeTal-
noB — NdyFewsB, SmCos u SmpCo017 — [uist mOSyYeHHsT HAHOCTPYKTYPHUPOBAHHBIX aHH30-
TPOIIHBIX CIICUYCHHBIX MarHWTOB. Iloka3zaHO, YTO NMpUMEHEHHWe KOMOWHHPOBAHHOW BOJO-
poaHoil 00paboTKH, Ha OCHOBE MOAM(MUIIMPOBAHHOTO Cr1oco0a TUIPHPOBAHUSI—TUCIIPOIIOP-
nroHupoBanusi—aecopour—pexomounamuu (I'IJIP), Muxkpoctpykrypa (eppomMarHuTHBIX
CIUIAaBOB M3MEJIbYAETCS 10 HAHOYPOBHA. DCHEPUMEHTANbHO J0Ka3aHO MEXaHW3M MoJyde-
HUSl MArHUTHO aHU30TPONHBIX Marepuanos mmyreM I'JI/IP: MaTepuansl aHU30TPOIHBIE, ECIIH
MOCJIe JUCTIPOIIOPIIOHMPOBAHUSA COJEPKAT OCTATKU MCXOTHOH (ha3pl. JlokazaHa BO3MOXK-
HOCTb IPUMEHEHMSI BOJIOpOAHON 00paboTku mytem ['JIJIP st cnekanus peppoMarHUTHBIX
HaHOCTPYKTYPUPOBaHHBIX MaTepHajOB.

SUMMARY. The main stages and methods of hydrogen treatment of ferromagnetic
materials based on rare-earth and transition metal compounds — Nd;FeisB, SmCos and
SmyCoi7 — are presented for obtaining the nanosized anisotropic sintered magnets. It is
shown that the use of the combined hydrogen treatment based on the modified hydroge-
nation—disproportionation—desorption—-recombination (HDDR) results in a refinement of the
ferromagnetic alloy microstructures up to nanograins. The mechanism of obtaining the
anisotropy memory in materials proceeded by HDDR is prooved by an experiment: mate-
rials are anisotropic if the initial phase remains remins after disproportionation. The



possibility to use hydrogen treatment by HDDR for sintering of ferromagnetic nanograin
materials is proved.

Ostash O. P., Kulyk V. V., Pozniakov V. D., Haivoronskyi O. A., and Vira V. V.
The influence of thermal treatment conditions on strength and fatigue crack
growth resistance 0f 65T STEEI ......iiviieiecce e 24

PE3IOME. JIns nomyKy HUISXIB MiJBUIIEHHS ONOPY KPUXKOMY PYyHHYBAaHHIO METaIy
B 30HI TEPMIYHOTO BILIMBY, 1110 BUHUKAE MIiCIIsI PEMOHTHOTO HAIUIABJICHHS IIOBEPXHI KOYEH-
HSl 3aJTI3HIYHHX KOJIIC, TOCIIPKEHO BIUTUB PI3HUX TEPMOOOPOOOK, Y TOMY YHCIIi TPaJWIIii-
HOi Ta Moau¢ikoBaHOi aBTOpaMu Q-N-P-00poOku, Ha MeXaHi4HiI BIacTHBOCTI cTaii 651 sk
MOJIeTIbHOT KoicHOI. BeraHoBneHo, 1o micnst MoaudikoBanoi Q-N-P-o6poOku mexanivHi
XapaKTepUCTHKH CTaJi 3pOCTal0OTh OiNbIIe, HiX micis TpaaumiitHoi. [IpoTte 3a mapamerpom
KOHCTPYKIiHHOT MitiHOCTI P = [AU-AKih-AKc], e AU — rpanwuis miraocti; AKy — mopir BTO-
mu; AKye — IUKIIIYHA B SI3KICTh pyHHYBaHHS MaTepiany, eekTHBHIlIa 3arpoloHOBaHa paHi-
mre, sika 3a0e3medye 3HIKEeHHS HarpykeHsb 11 poxy B 00’eMi peliOKk MapTEHCHUTY 1 OCHHITY.

PE3IOME. C uenplo noucKa MyTel MOBBIILIEHUS CONPOTHUBIICHUSI XPYIIKOMY pa3pylie-
HHUIO METaJla B 30HE TEPMHUYECKOTO BIIMSHUS, KOTOpAas BO3HUKAET IOCJIE PEMOHTHOH Ha-
TUTaBKU TTOBEPXHOCTH KaTaHUsI YKEJIE3HOJOPOXKHBIX KOJIEC, NCCIECJOBAHO BIUSHNC Pa3jiny-
HBIX TepMOOOPaOOTOK, B TOM YHCIIE TPAAUIIMOHHON M MOAMGHUINPOBaHHON aBTOpamu Q-n-
P-00paboTku, Ha MeXaHHUYECKUE CBOMCTBA cTanu 651" kak MOMIEIBbHOM KOJIECHOU. Y CTaHOB-
JICHO, YTO MMOCe MOTUPHUIMPOBAHHONH Q-N-P-00pabOTKH MOBBIIICHHE MEXaHUYECKHUX Xa-
paKTepuCTUK cTanu Oojiee OUIYTHMO, YeM MOcie TpaauUUOHHOK. OJHAKO MO 3HAYEHHIO
napameTpa KOHCTpyKioHHo# npounocT P = [AU-AKn-AKc], rme AU — npenen mpoyHoc-
tH; AKth — mopor ycranoctr; AKy — IUKIHYEcKas BA3KOCTh pa3pylIeHUs MaTepuana, Ooiee
a¢deKTHBHA MPEIOKEHHAs paHee 00paboTKa, KOTOpas 00eCIeUnBacT CHUKCHUE HArmpsi-
xenuii Il pona B o0beMe peex MapTeHCUTa 1 OelHHTA.

SUMMARY. In order to find the ways to increase the brittle fracture resistance of the
metals in the heat-affected zone, which occurs after repair surfacing of the railway wheels
tread surface, the influence of various heat treatments (including traditional and modified
Q-n-P-treatments) on the mechanical properties of 65I" steel as a model wheel steel has
been investigated. It is established that the mechanical characteristics of steel after modified
Q-n-P-treatments increase more intensive than after traditional ones. However, according to
the structural strength parameter P = [AU-AKn-AKr] of materials, where AU — ultimate
strength; AKy — fatigue threshold; AKs — cyclic fracture toughness of the material, the pre-
viously proposed treatment which reduces the second kind stresses in the bulk of martensite
and bainite is more effective.

Firstov S. O., Kulak L. D., Kuzmenko M. M., and Shevchenko O. M.
The Ti—Al-Zr-Si alloys for the exploitation at high temperatures ............c.ccoceeeennen. 30

PE3IOME. locnijkeHo nBa cruiaBu cucreMu 1i—6,6Al1 3 Bmictom 2,4 i 4,2% nupko-
Hiro ta 1,3 1 1,05% xpemHito 3a temmeparyp 20...700°C. CruiaBu BHILIABICHO 3 BUKOPHUC-
TaHHSAM €JIEeKTPOHHO-TIPOMEHEBOI yCTAHOBKH 32 €JISKTPOMAarHeTHOTO MEepeMillyBaHHS pO3-
nnasy B Turii. Ix nedopmosano (y o+B-o61acti) 3a 0MOMOro0 POTAIiiftHOro KyBaHHs 3a
OJIMH TIPOXij, a TaKOX BAJBIFOBAHHS TUIOCKUMH BallkaMU 3 TIOYaTKOM Y [3-00JsacTi i mpo-
MDKHAMHM TigirpiBamMu. BuseieHo, mo y craBax cuctemu Ti—Al-Zr—-Si tBepaopo3unnue
3MIIHCHHS JIOTTOBHIOETHCS JUCHEPCIHHUM crutinuaaMu. L{upkoHill 3MIITHIOE TBEpAUH po3-
YMH, a TaKOX BIUIMBAE Ha TUH 1 MOPQOJIOTII0 3MIIHIOBAILHOI (a3H, BHACIIZOK YOTO IMpPU
KIMHATHIH TeMIlepaTypi BAAETHCS OAEpKaTH IUIACTHYHICTh JUTOrO craBy 1o 2%. CruiaB
Ti-6,6Al-4,2Zr—1,05Si micnst BaJbIFOBaHHS Ma€ Kpamli CTPYKTYPY Ta MEXaHiuHi BIacTH-
BOCTI 3a cTaTHyHOTro po3Tsry npu 700°C.

PE3FOME. UccnenoBaHbl 1Ba cruiaBa cuctemsl Ti—6,6Al ¢ conepxxanuem 2,4 u 4,2%
nupkoHus, a takxke 1,3 u 1,05% xpemuus mpu temnepatypax ucnsitanus 20...700°C.



CruiaBbl BBIIIJIABIICHBI C MCHOJIB30BAaHUEM JIEKTPOHHO-TY4YEBOW IIJIABKU C 3JIEKTPOMAarHuT-
HBIM TIepeMeIIMBaHUeM paciuiaBa B Turie. Mx medopmuposano (B o+f-obmacti) ¢ mo-
MOIIBIO POTAIIMOHHOW KOBKH 33 OJJMH TPOXOJ, a TaKKe IPOKATKON Ha IUIOCKUX BaJIKaX C
HayauoM B [3-00JaCTH U NPOMEKYTOYHBIMH ITOJOTPEBaMH. BBIABIEHO, YTO B CIUIaBaX CHC-
teMbl Ti—Al-Zr-Si TBepmopacTBOpHOE YIPOYHECHHE MOMOJHACTCS AUCTICPCHOHHBIM YII-
pouHeHHeM cuuMnuaaMu. LIUpKOHMIA yripodHsieT TBEpIbIi pacTBOP, a TAKXKE BIUSIET HA THIT
1 MOpP(OJIOTHIO yIIpouHsfouien (as3bl, BCISACTBUE YEro MPU KOMHATHOW TeMIleparype yaa-
€TCsl MOYYHUTh TUIACTHYIHOCTE JINTOTO ciutaa 10 2%. Cras Ti—6,6Al-4,2Zr—1,05Si mocie
NPOKATKU Ha IUIOCKHX BaJKaxX MMEEeT JIy4IIHe CTPYKTYpY M MEXaHHYECKUEe CBOWCTBA B yc-
JIOBUSAX CTaTH4ecKoro pactsbkenus mpu 700°C.

SUMMARY. Two alloys of the Ti—6.6Al system with the content of zirconium 2.4 and
4.2%, silicon 1.3 and 1.05% were investigated at test temperatures in the range of 20...
700°C. The alloys were melted using electron-beam melting with electromagnetic mixing
of the melt in a crucible. The alloys were deformed (in a+p-area) by rotary forging in one
pass and by rolling on flat rolls starting in B-area with intermediate heating. It was shown
that in the alloys of Ti—Al-Zr-Si system the solid solution hardening was complemented by
the dispersion strengthening with silicides. Zirconium strengthens the solid solution and
also has an influence on the type and morphology of the strengthening phase as a result of
which at a room temperature it is possible to obtain the plasticity of cast alloy to about 2%.
The Ti—6.6Al-4.2Zr-1.05Si alloy after rolling on the flat rolls appeared to have the better
structure and mechanical properties under the static tensile test at 700°C.

Pohrelyuk I. M., Proskurnyak R. V., Tkachuk O. V., and Goral A. Effect of
parameters of plasma electrolytic oxidation on formation of calcium-
phosphate coatings 0N tItANIUM...........cociiiiiii e 36

PE3FOME. JlocmimkeHo 3aJeXHIicTh (opMyBaHHS KanbllifipochaTHUX MOKPHBIB Ha
TeXHIYHO yncToMy TuTaHi BT1-0 Big mapaMeTpiB I1a3Mo-eJIeKTPOIITHYHOTO OKCHIYBAaHHS:
Hanpyr (140...220 V) ta tpusanocti (3...9 min) ocamkeHHs. 3a Hanpyru ocamkentus 200 V
YTBOPIOETHCS TIOKPUB, SIKUH MICTHTB TiJIPOKCHANATHT 3i c(hepoinaibHOI CTPYKTYpOIO, a 3a
220 V — 3 mnactunvactoro. @opmyBanHs a3y rigpokcuanatuty 3a 000X Hampyr 3abesre-
Yye HaWBUIIY KOPO3iiHY TPUBKICTh Y po3unHi Pinrepa 3a 37°C.

PE3IOME. ViccnenoBaHa 3aBUCUMOCTb (hOpMHUPOBaHMS Kaiblui(ochaTHBIX HOKPbI-
TUI Ha TeXHUYeckH yucToM TuTaHe BT1-0 oT mapameTpoB ma3MeHHO-3JIEKTPOIUTHYECKO-
ro okcuaupoBanus: Hanpspkenus (140...220 V) u npoxomkurensHocTH (3...9 min) ocax-
nerns. [lpu HampspkeHnn ocaxueHuss 200 V o0OpasyeTcs MOKpHITHE, KOTOPOE COAEPIKUT
THIPOKCHAIIATUT CO CepOHIaNBHON CTPYKTYpoii, a ipu 220 V — ¢ mnactuHYatoit. ®opmu-
poBanue (a3bl THAPOKCHANIATHTA ITPU 000X HANPSDKEHUAX 00ECIIEUMBAET CaMylO BHICOKYIO
KOPPO3UOHHYIO CTOMKOCTB B pacTBope Punrepa npu 37°C.

SUMMARY. The dependence of calcium phosphate coatings formation on c.p.
titanium BT1-0 on the parameters of plasma-electrolytic oxidation: voltage (140... 220 V)
and exposure (3...9 min) were investigated. The coating containing hydroxyapatite with a
spheroidal structure was formed at a voltage of 200 V, and with a lamellar one — at 220 V.
The formation of the hydroxyapatite phase at both voltages provided the highest corrosion
resistance in the Ringer’s solution at 37°C.

Kaplun P. V. and Gonchar V. A. The influence of ion nitriding modes
on fretting-fatigue 0f 40X SEEEL........oovviiiie s 42

PE3IOME. TlogaHo pe3ynbTaTH €KCIIEPUMEHTAIBHIX JOCHIHKEHb Ha (PETHHT-BTOMY
31 3ruHOM ctaii 40X micis 10HHOTO a30TyBaHHS y OE€3BOJHEBHX Ta BOJHEBHX CEPEIOBHU-
max. BusHadueHO ONTUMAaNbHUNA PEXUM 10HHOTO a30TyBaHHS y 0€3BOHEBOMY CEpEAOBHIII
3a KPUTEPiEM MaKCHUMaIbHOI T0BroBiuHOCTI cTaii 40X 3a (hpeTHHr-BTOMH Ta BIUIUB BOJIHIO
Ha Hel TicJIA a30TyBaHHS Y BOJHEBOMY CEpPEIOBHIII.



PE3FOME. TlpuBeneHs! pe3yibTaThl CPABHUTENIBHBIX IKCIEPUMEHTAIBHBIX HCCIEN0-
BaHMH Ha (peTTHHr-ycTanocts cranu 40X Ha BO3ayXe MOCie HOHHOTO a30THPOBAHMUS B BO-
JIOPOJIHBIX M 0€3BOJIOPOAHBIX cpepax. OmnpeneneHbl ONTUMAIBHBIA PEXUM HOHHOTO a30-
TUPOBaHUs B OE3BOJIOPOJHBIX CPEAax 10 KPUTEPUIO MaKCHMAIILHOM JOJTOBEYHOCTH CTalN
40X mpu GpeTTHHr-yCTaIOCTH W BIMSHHUE BOAOPOJA Ha HEE IOCIE a30THPOBAHMSA B BOJO-
POIHBIX Cpenax.

SUMMARY. The results of comparative experimental studies on the fretting-fatigue of
40X steel in air after ion nitriding in hydrogen and hydrogen-free media under various
conditions are presented. The optimal mode of ion nitriding in hydrogen-free environments
is determined by the criterion of maximum durability of 40X steel under fretting-fatigue
and the effect of hydrogen on it after nitriding in hydrogen media.

Hlotka O. A. and Moroz O. M. The influence of alloying on eutectic
carbides nature in high-speed Steels............ccviiiiiiiiinii s 49

PE3IOME. BuBueHo npupony popMyBaHHsS €BTEKTHYHHX KapOiJiB B €eKOHOMHOJIETO-
BaHUX INBUIKOPI3aATbHUX CTASIX IICISA JTOJATKOBOIO BBEICHHS HioOit0 1 ThtaHy. [IpoaHa-
J30BaHO 3MIHU XIMIYHOTO CKJIa[ly MaTPHIIi Ta KapOigiB 3aJIeKHO BiJ eTamiB TepMIiYHOI 00-
poOku. BcraHoBIIEHO iX 3a0BUTBHI eKCIUTyaTalliiiHi BIACTHBOCTi. PeKOMEeH0BaHO eKcIie-
PUMEHTAIIBHY CTaJb K 3aMiHHUK KJIacuaHol POMS.

PE3IOME. V3y4yena npupona (GpopMHpOBaHHS SBTEKTUYECKHX KapOHIOB B SKOHOM-
HOJIETHPOBAHHBIX OBICTPOPEKYIMX CTAISX IIOCJE JONOJIHUTEIBHOIO BBEICHHUS HUOOHS U
tutaHa. [IpoaHanmM3upoBaHO M3MEHEHHWE XUMHYECKOTO COCTaBa MAaTpHLbl U KapOWIOB B
3aBUCHMOCTH OT 3TallOB TEPMHUUECKOI 00paOOTKH. Y CTAaHOBIICHBI X YAOBICTBOPUTEIbHBIC
9KCIUTyaTal[IOHHBIE CBOIcTBa. PEKOMEHIOBAaHO 3KCICPHUMEHTANBHYIO CTalb KakK 3aMEHH-
TeNb Knaccuyeckoit POMS.

SUMMARY. The nature of the formation of eutectic carbides in economically alloyed
high-speed steels with additional introduction of niobium and titanium is considered.
Changes in the chemical composition of the matrix and carbides are discussed, depending
on the stages of heat treatment. It is established that the operating properties are at a satis-
factory level. The experimental steel is recommended as a substitute for the classic P6M5.

Voyt A. P., Elets D. I, Denisov E. A., and Gabis I. E. Hydrogen release
from magnesium hydride under uniaxial PreSSing........ccoevvererinienensieneree e 55

PE3FOME. TIpoaHasi3oBaHO BUAUICHHS BOJIHIO 3 TIAPUAY MarHito IiJ 4ac OJHOOCHO-
BOIO IIPECYBAHHS Y BaKyyMi 3a KIMHATHOI TeMmeparypu 10 THCKY 2,4 tons/cm?. BcraHos-
JIEHO, 10 3a NPHUKIAJEHOr0 HABAHTAXCHHS BOJECHB 1ecopOyeThest. MOro KimbKicTh mpak-
TUYHO IIHIHHO 3aJIeXKWTh BN JOJAHOTO THCKY. BuMipsHUII Koe]ilieHT CTaHOBHUTH
5-10-% mass%-cm?/ tons.

PE3IOME. V3ydeHo BBIJENCHNE BOIOPOIa U3 TUPUJIAa MarHus MPH OJHOOCHOM TIpec-
COBAHMM B BaKyyMe TP KOMHATHOH TeMIlepaType Jo jJaBieHui 2,4 tons/cm?, YcraHosne-
HO, 4TO NPH NPHIOKEHUH Harpy3KH BOAOPoA aecopoupyercs. OOHapy>KeHO, YTO €ro KOJIu-
YEeCTBO MPAKTHUECKH JIMHEITHO 3aBHCHT OT IIpHUJIaraeMoro AasiieHHsA. V3MepeHHBIH Ko3(-
¢uuent coctapiser 5-10~ mass%-cm?/tons.

SUMMARY. The hydrogen release from magnesium hydride during uniaxial pressing
up to 2.4 tons/cm? in vacuum at room temperature was studied. It was found that when
applying the load, hydrogen desorption was observed. The amount of hydrogen linearly
depended on the applied pressure. The measured coefficient was 5-10-2 mass%-cm?/tons.



Kuciej M. and Topczewska K. Maximum temperature of the friction pad
in the SiNGIe-diSC CIULCN .......ciiviieic e 62

PE3FOME. OtpuMaHO TOYHUH PO3B’S30K TEIUIOBOI 3a/1a4i TEPTs IS OJTHOIUCKOBOTO
3YCIUICHHS 3 YpaxyBaHHSM CTEIICHEBOI 3MiHHM MOMEHTY TepTsi 3 4acoM. JlocmimkeHo eBo-
JIFOLII0 KYTOBO IIBUJIKOCTI, TUTOMOI TIOTY>KHOCTI TE€pTs Ta TeMIlEpaTypH. 3alpOIOHOBAHO
iHKeHepHi GopMynu Ui po3paxyHKy MakCHMaJIbHOT TeMIepaTypH, 4acy il JOCSATHEHHS Ta
TPUBAJIOCTI HArpiBaHHs 3YEIJICHHS 3aJ€KHO BiJ Iapamerpa, IO XapaKTepU3ye YacOoBHH
npodine MoMeHTy TepTs. [IpointocTpoBano 100py 301KHICTH pEe3yNbTaTiB, OTPUMAHHUX 32
JIOTIOMOT'010 aHAJIITUYHOTO Ta BiJIOMOT'0 YHCIIOBOT'O PO3B’S3KIB.

PE3FOME. Ilony4eHo TOYHOE pelleH’e TEeIUIOBON 3ajau TPEHHs sl OJJTHO JHCKOBO-
TO CLEIUIEHHs C yY4ETOM CTENEHHOTO M3MEHEHH MOMEHTA TPeHUs co BpemeHeM. Mccneno-
BaHa 3BOJIIOLIMS YIJIOBOM CKOPOCTH, YIEJIbHON MOILIHOCTU TpEeHUs U Temneparypsl. Ilpen-
JI0KEHBI MHXKCHEPHBIC (OPMYIIBI ISl pacueTa MaKCHUMaJIbHOM TeMIIepaTypbl, BpEMEHH €¢
JOCTH>KEHUSI M IPOJIOJKUTEIEHOCTH HarpeBaHUsl CUETIEHHS B 3aBUCUMOCTH OT IapaMeTpa,
XapaKTepU3yIOLIero BpeMeHHOI npoduie MOMeHTa TpeHus. BrIsiBieHa xoporas coriaco-
BAaHHOCTb PE3YyJIbTATOB, MOJYYEHHBIX C MIOMOILBIO aHAJTUTHUYECKOTO U U3BECTHOIO YUCIICH-
HOI'O PEUICHUMN.

SUMMARY. The exact solution to the thermal problem of friction for a single-disc
clutch with account of the power-law variation of the friction torque with time has been
obtained. The evolutions of the angular velocity, specific friction power and temperature
have been investigated. The engineering formulas have been proposed to calculate the
maximum temperature, the time of its achievement and duration of clutch heating, depen-
ding on the parameter, which describes the temporal profile of friction torque. The good
coincidence of the results obtained by analytical and known numerical solutions has been
shown.

Sylovaniuk V. P., lvantyshyn N. A., and Rybak T. I. Healing of an internal plane
crack in a transversely iSOtropiC DOAY.........ccovvviiieii e 68

PE3FOME. TloOynoBaHO MaTeMaTHYHY MOJETh ‘‘3aiIKOBYBaHHS TPILIMHM, IO 3HA-
XOJHUTHCS B TUIOMIMHI 130TPOTii TPaHCBEPCATBHO-130TPOITHOTO Tijia 32 TOBUIFHUX 30BHIMITHIX
HaBaHTAXEHb, CKJICIOBaHHAM ii OeperiB. Po3B’s3aHO cucTeMy iHTErpalbHUX PIBHAHB IS
nepeMimieHs OeperiB TpimuHH. 1 KiTbKOX BHMAAKIB OJHOOCHOBOTO PO3TATY TiNa i3 3a-
MTOBHEHOIO TPIIIMHOI OTPUMAaHO aHANITHYHI BHPa3H 1 MOoOYIOBaHO 3aEKHOCTI KoedimieH-
Ta iHTeHcHBHOCTI HanpykeHb (KIH) Bix mapamerpiB MaTtepiainy 3amoBHIOBauYa Ta MPYXHUX
MOJIyJIiB Tina. BuseieHo, 1o aist BUIbHOT TpilMHM Ha BiaMiHy Bix 3anoBHeHoi KIH He 3a-
JIOKHUTH BiJl IPY)KHUX CTAIUX MaTepiaiy.

PE3FOME. TlocTpoeHa MaTeMaTH4YeCKast MOJENb ‘“3aJ€UYUBAHUS TPEUIUHBI, YTO HAXO-
JTUTCA B TUIOCKOCTH HM30TPONHHU TPAaHCBEPCAIBHO-H30TPOIHOTO TeJa NPH MPOU3BOIBHBIX
BHEIIHUX HarpysKax, CKJIeMBaHHEM ee OeperoB. PerieHa cuctemMa HHTErpajJbHBIX YPaBHEHUIT
OTHOCHTEJIFHO TIepeMeNIeHni OeperoB TpemuHbl. sl HECKOJIIBKUX CIIy4aeB OJHOOCHOTO
pacTsDKeHHs Tella C 3aI0JIHEHHON TPEIIMHOM IMOJTyYeHbl aHATUTHYECKUE BBIPAXKEHHS H T10-
CTPOEHBI 3aBHCUMOCTH Ko3(¢uunenTa naTeHcuBHocTH HanpsbkeHnid (KMH) ot mapamer-
POB MaTepHasia 3aloJHUTENIS M YIPYIHX MoAaylneil Tena. BrisiBieHo, 4To A1 CBOOOAHON
TpeIuHbI B oTIM4Ke oT 3anonHeHHoi KMH He 3aBUCHT OT ynpyrux NOCTOSIHHBIX MaTepuana.

SUMMARY. A mathematical model for healing the crack by gluing its surfaces its
constructed for the plane internal defect in the isotropy plane of a transversely isotropic body
and arbitrary external loads. A system of integral equations with respect to the displacements
of the crack faces is solved mathematically. For several cases of uniaxial tension of a body
with a filled crack the relations are obtained and graphical dependences for the stress
intensity factors (SIF) are constructed depending on the parameters of the filling material
and the elastic moduli of the body. It is found that for an unfilled crack, contrary to the
filled one, the SIF does not depend on the elastic constants of the material.



Moravskyi V. S., Levytskyi V. Ye., Masiuk A. S., Bilyi L. M., and Humenetskyi T. V.
The influence of modified sealed polysterene on the morphology
and properties of POlYCAPrOlACTAM ............ccuviriiiiiiiiie e 75

PE3IOME. Ha mincraBi peHTTEHOCTPYKTYPHOTO aHaii3y Ta audepeHLiiHoi ckaHy-
BaJIBHOI KaJIOPAMETPii BCTAHOBIIEHO, III0 MaTepiajii Ha OCHOBI mouikamnpoaminy (ITA-6) ta
MoudikoBanoro nomisininmiponaigoHom (IIBIT) minomomictupomny (ITTIC) maroTe 30imbMIe-
HUH cTyniHb kpuctanigHocTi Ha 10...15%, a Takox MeHIIMI ycepeaHeHnI po3Mip KpHCTa-
niTiB opiBHSAHO 3 [TA-6 Wepes miABHIICHY CyMiCHICTh KOMIIOHEHTIB Ta JOJATKOBI EHTPH
Kpucramizanii. BussneHo, mo gogaBanas moxudikosanoro [1BIT IIIC cmpuse 3pocTaHHIO
TPaHUIN TEKy4OCTi Ta MIITHOCTI mif gyac po3puBaHHsi [IA-6. BcTaHOBIEHO 3pOCTaHHS Tell-
JIOTPUBKOCTI 3a Bika Ta moBepXHEBOT TBEPIOCTI, 1110 MOB’SA3aHO 3 MEPEPO3IOALIOM MIXKMO-
JIEKYJIIPHUX 3B’SI3KIB MIXK KOMITOHEHTaMH CyMIIlli TiJ BILIABOM PiIBHOMIPHO PO3IOIJIEHOTO
B [IIIC IIBII, mo crnpusie miIBUIIEHHIO CYMICHOCTI MK KOMIIOHEHTaMH{ Ta YIIIJIbHEHHIO
CTPYKTYpH Marepiaiy.

PE3FOME. Ha ocHOBaHHMU CTPYKTYpPHOT'O aHanu3a U AuddepeHInaibHON CKaHUPYIO-
el KaJoOpUMETPUH yCTAHOBIICHO, YTO MaTepHalbl Ha OCHOBE moiukanpoamuna (ITA-6) u
MomudurpoBaHHOro nomuBrHUIHppouaoHoM (I1BIT) meHomomuctupona (ITI1C) nmerot
YBEJIIMYEHHYIO CTeNeHb KpucTtammuaHocTy Ha 10...15%, a Taxke MeHbIIUN yCpeqHEHHBIN
pa3Mep KpHCTAIUINTOB B cpaBHeHHH c [IA-6 BciencTBHe MOBBIIEHHOH COBMECTHMOCTH
KOMITOHCHTOB ¥ JOTIOJHHUTEIBHBIX LIEHTPOB KPUCTAJUIM3ANNH. BhIABIEHO, 9T0 moOaBieHNE
momudumuposanHoro [IBII IIIC cmocobeTByeT pocTy mpenena TeKydecTH W MPOYHOCTH
npu paspsiBe I1A-6. YcTaHOBIIEH POCT TEIJIOCTOMKOCTH IO Buka M MOBEPXHOCTHOH TBEp-
JIOCTH, YTO CBSI3aHO C IepepaclpesieieHHeM MEXMOJEKYISIPHBIX CBA3CH MEXIy KOMIIO-
HEHTaMH CMeCH IoJ Bo3jeiicTBueM paBHOMepHO pacmpeaeneHHoro B IIIIC IIBII, uro
CIOCOOCTBYET MOBBIIICHUIO COBMECTUMOCTH MEXAy KOMIIOHEHTAMU U YIUIOTHEHHIO CTPYK-
TypHI MaTepHaa.

SUMMARY. On the basis of X-ray and diffraction scanning calorimetry analyzes, it
was determined that materials based on polycaprolactam (PL-6) and modified by polyvinyl-
pyrrolidone (PVP) expandable polysterene (EPS) had an increased degree of crystallinity of
10...15% and reduced average size of crystallites due to the increased compatibility of the
components and the presence of additional crystallization centers. It was found that the
addition of PVP modified expandable EPS contributed to the increase of the yield strength
and tensile strength of PL-6. The increase of the Vicat softening point and surface hardness
was established, because of redistribution of intermolecular bonds between the components
of the mixture under the influence of a uniformly distributed PVVP in expandable EPS. As a
result the compatibility between the components and the condensed structure of the
material increased.

Kindrachuk M. V., Volchenko O. 1., Volchenko D. O., Skrypnyk V. S., and
Voznyi A. V. Energy levels of different types of contacts of friction
COUPIES MICTOPIOTUSIONS . .vevvevie e sie ettt ettt sre e sae e e e e neeeneesree e 81

PE3FOME. 3 mormoMoror IOoJaTKOBHX Map TEePTS METal—HAIiBIPOBITHHUK i HOTIMep—
HAITiBIIPOBITHUK, OTPUMAaHUX BBEICHHSIM y METAJIEBY apy TepTs (0011 mIKiBa) MHIIHAPUYI-
HHMX BCTaBOK 3 HAIIBIIPOBIIHUKOBOTO Marepiany 0opy, SKMH 3MIHIOE THII HPOBIJHOCTI 3 N
Ha P ripu 550°C, 3HMKEHO €HEeprOHABAHTAKEHICTh TPHOOCIPSHKEHD CTPIYKOBO-KOJIOJKOBO-
ro raJyibMa 0ypoBOi JIe0iIKH.

PE3FOME. Tloka3zaHo, KaKk C MOMOILBIO JAONOJHUTENBHBIX Map TPEHHUsS METAJUI-TIONy-
MPOBOJIHUK M MOJMMEP—TIOJyITPOBOJAHHUK, TIOJIy4EHHBIX BBEJICHHEM B 000/ MIKMBA IMIIHH/I-
PHUYECKUX BCTaBOK M3 IOJYNPOBOAHHUKOBOTO MaTepHana — Oopa, KOTOPBI MU3MEHSET THII
MPOBOIUMOCTH C N Ha p mpu 550°C, MOKHO CHHU3HUTH SHEPTOHATPYKEHHOCTh TPHOOCOMPSI-
JKEHUH JIEHTOYHO-KOJI0I0YHOTO TOPMO3a OypoBoii 1e0e1Ku.



SUMMARY. Using the additional friction pairs metal-semiconductor and polymer—
semiconductor, obtained due to the introduction into the metal friction pair (brake pulley)
cylindrical inserts made of semiconducting material boron, which changes the type of
conductivity from n to p at a temperature of 550°C, it is possible to reduce the energy-
loading of the triboconjugation of the band-block brake of the draw work.

Dziubyk A. R., Dziubyk L. V., Pokhmurska H. V., and Prokopyshyn I. A.
Residual strength of the above-ground section of the main pipeline
With circumferential CraCks...........covv e 93

PE3IOME. 3anponoHOBaHO METOJHMKY OIIHKHM IOKa3HHKIB KPHXKOI'O Ta B’SI3KOTO
pyiiHyBaHHs 111 0araTOONOPHUX HaJI3€MHUX IUITHOK TPYyOOIPOBOAIB 3 KUIBIEBUMH IiB-
SNINTHYHUMHE TPIIIMHAMH, SKa BPaXxOBye MeMOpaHHi, I7T0OaNbHI MOMEHTHI Ta 3aJIUIIKOBI
3BapIOBaJIbHI HaNpyXeHHs. [ onmucy 3ruHy TPpyOOIPOBOAY BUKOPHUCTAHO MOJENb OAKU
KyCKOBO-3MIHHOT JKOPCTKOCTI 3 ypaxyBaHHSAM IpPYXKHOCTi, MOXJIMBHX 3MillleHb ONOp Ta
I'PYHTOBHX MaCHBIB.

PE3IOME. TlpemioxxeHa METOAMKA OLIEHKU MOKA3aTeel XpyIKoro U BsI3KOrO pa3py-
IICHHS JUIS MHOTOOINOPHBIX HAJ3€MHBIX YYacTKOB TPYOOIPOBOZOB C KOJBLEBBIMU IOJTY-
UIMITHYECKUMH TPEIIMHAMM, yYUTHIBAaIOIlas MeMOpaHHBIE, IJI00aJbHBIE MOMEHTHBIE U
OCTaTOYHbIE CBApOYHBIC HanpspKeHus. s onucanus u3rnda TpyoonpoBoia HCIOIb30BaHa
MOJIeJIb OaJIKK KyCOYHO-TIOCTOSIHHOM JKECTKOCTH € Y4€TOM YIPYTOCTH U BO3MOXKHOTO Tepe-
MEILEHHsI OTIOP U IPYHTOBBIX MAaCCHBOB.

SUMMARY. The method of the brittle and ductile fracture indicators evaluation is
proposed for the aboveground multi-support sections of the pipelines with circumferential
semi-elliptical cracks, which takes into account the membrane, global moment and residual
welding stresses. To describe the pipeline bending, the model of the beam with piecewise
rigidity is used, taking into account the elasticity and possible displacements of the supports
and soil massif.

Kravets V. S. and Savruk M. P. Plane periodic problem of elasticity theory
for an isotropic plane with curvilinear holes and edge cracks ...........cccocevcvrirvnennnnn 102

PE3FOME. MeToioM CHHTYJSIDHUX IHTETpaJbHHUX PIBHSHB PO3B’S3aHO IDIOCKY Tepio-
JMYHY 33/1a4y Teopil Npy>KHOCTI JUIS i30TPOIHOI TJIOMMHY 3 HECKIHUEHHUM PSZIOM KPHBO-
JMHIHHAX OTBOPIB, 3 KOHTYPIB SIKMX BUXOAATH KpaiOBiI KPUBOMIHIMHI TpimuHH. MeTtomom
KBaJpaTyp IHTErpalbHi PIBHAHHS 3BEICHO IO KOMIUICKCHOI CHCTEMH JiHIHHUX anreOpud-
HUX piBHsIHB. OOuncieHo kKoedimienTn inTeHcuBHOCTI HanpykeHb (KIH) y BepmnHax kpa-
HOBUX TPILIMH, KOJM IUIONIMHA PIBHOMIPDHO HaBaHTa)XCHA HA HECKIHUEHHOCTI (po3Tar abo
nonepeunuit 3cyB). docnimkeno BB Ha KIH ¢opm Ta BimHOCHHMX po3MipiB OTBOpIB i
TPILIMH 32 Pi3HUX 30BHIIIHIX HABAHTAKEHb.

PE3FOME. MeTonoM CHHTYJISpHBIX MHTETrpaibHBIX ypaBHeHui (CHUP) pemena mioc-
Kasi MepHoANYEecKasl 3a/la4ua TEOPUH YHNPYTOCTU JUISi M30TPOIHON IIOCKOCTU ¢ OEeCKOHed-
HBIM PSZIOM KPHUBOJMHEHHBIX OTBEPCTUH, M3 KOHTYPOB KOTOPBIX BBIXOJST KPAeBbIe KPHUBO-
nuHeiHble TpemuHbl. [lonydennas cuctema CHUP meTonom kBaapaTyp cBeleHa K KOMII-
JIEKCHOW CHCTEMBI JIMHEWHBIX anreOpandecknx ypaBHEHHMH. BbramcneHsl k03¢ (UINEHTHI
uHTeHcuBHOCTH HampspkeHuid (KWMH) B BepimmHax IByX KpaeBBIX TpELIMH, KoOrja Iioc-
KOCTh PaBHOMEPHO HarpyeHa Ha OECKOHEYHOCTH (pacTshKEHHE WIIM TIOTIEPEYHBIH CIIBHT).
HUccnenosano Biustane Ha KMMH GopM 1 OTHOCHTENBHBIX Pa3MEpOB OTBEPCTHH M TPEUIMH
MIPY Pa3IMYHBIX BHEITHUX Harpy3Kax.

SUMMARY. The plane periodic problem of the theory of elasticity for an isotropic
plane with an infinite number of curvilinear holes and cracks propagating from their
boundaries is solved by means of the singular integral equation (SIE) method. The obtained
SIE system by quadrature method is reduced to a complex system of linear algebraic
equations. The stress intensity factors (SIF) at the vertices of two boundary cracks are



calculated when the plane is evenly loaded at infinity (tension or transverse shear). The
influence of shapes and relative sizes of holes and cracks on the SIF for various external
loads is investigated.

Diveyev B. M., Horbay O. Z., Butyter I. B., and Cherchyk H. T. Determination
of dynamic characteristics of beams with magneto-rheological layers...................... 110

PE3FOME. TlpoaHanizoBaHO MUHAMIYHI XapaKTEPUCTUKU INAPYBATHX IUIACTHH, IO
CKJIaJaloThes 3 JKOPCTKUX 30BHIIIHIX IMIapiB i BHYTPIMHIX 3 MarHetopeosyoriuaumu (MP)
BIacTUBOCTAMH. OI[iHEHO BIUIMB MAarHeTHOTO IIOJI HAa YACTOTYy 1 Koe]imieHT BTpar s
pizanx MP mrapiB i 30BHIIIHIX )KOPCTKUX IIapiB MaTepiaiiB. 3acTOCOBaHA yTOYHEHA TEOpe-
TUYHA MOJEJH BPaxoBye aedopmarii KOKHOTO Iapy, B TOMy 4Hcli Aedopmartii moneped-
HOT'O 3CYBY Ta IOIEPEYHy HOPMaJIbHY, a TAKOX HEJIiHIMHI 3MiHU HepeMillieHb 0 TOBLIMHI
TUIACTUHU.

PE3FOME. TlpoaHanu3upoBaHO AMHAMHYECKHE XapaKTEPUCTHKH IUIACTHH, COCTOS-
IIMX U3 JKECTKUX BHEIIHUX CIOEB U BHYTPEHHHUX C MarHUTOpeoorudeckumu (MP) coiict-
BamMH. OLICHEHO BJIMSIHHE MAarHUTHOTO TIOJISI HA YacTOTy U KOA(QUIMEHT MoTeph AJs pas-
HbIX MP Cll0€B M BHEIIHMX >KECTKUX CJIOEB MaTepuanoB. IIpeanokeHHas yTOYHEHHas! Teope-
THYECKasi MOJIENb BKITIOYAET Ae(hOpMAIMIO KasKAOTO CJI0sl, B TOM 4uciie aeopMaliy more-
PEYHOrO CABHra M MOMNEPEUYHYI0 HOPMAIbHYIO, a TaK)KE HEIMHEIHbIE N3MEHEHUs IepeMe-
LICHUH 110 TOJIIIMHE MJIACTUHBL

SUMMARY. The dynamic characteristics of the layered plates consisting of rigid outer
layers and inner layers with magneto-rheological (MR) properties are analyzed. The mag-
netic field influence on the frequency and the loss factor for various MR layers and outer
layers is evaluated. The proposed refined theoretical model includes the deformation of
each layer and takes into account the effects of deformation of the transverse shear, trans-
verse normal deformation, and nonlinear displacement changes with respect to the plate
thickness.

Drobenko B. D., Budz S. F., Budz I. S., and Kuz I. S. The stress state
of nozzles with local extraction of defeCtS.......ccvvivvviieiiiii e, 116

PE3FOME. JlocmimKeHO CKJIAJHHN HampyXeHO-IepOpPMOBaHUHA CTaH y MITyIepax 3
BHOipKaMU Ie(eKTiB Ha BHYTPIIIHIA TOBEpXHI 3a YMOB eKkciuryaramii. Ha 1miii ocHOBI
o0y 0BaHO (DYHKIIOHATBHI 3aJIEKHOCTI MK TITHOMHOIO, TOBXXUHOIO 1 IIMPUHOIO BHOIPKH
JUISl BU3HAUEHHS TAKHX il TCOMETPUIHNX MapaMeTPiB, 3a SIKMX eKCIUTyaTalliiiHI HaIlpy>KeHHS
B LITYLEp] HE NePEeBUIATh JOMycTUMUX. OTpUMaHi 3aJIe)KHOCTI BUKOpHCTaHi Ha Bypiurun-
cokiit TEC 11 po3poOKu TEXHOJIOTIT BAKOHAHHS PEMOHTHUX POOIT Ha EHEPreTHYHOMY 00-
JaJJHaHHI MIJSIXOM BHJIYYEHHSI MaTepially B OKOJIi Je(eKTHUX JiIISTHOK.

PE3IOME. VccrnenoBaHO CIOXHO€ HaIpsDKEHHO-Ie()OPMHUPOBAHHOE COCTOSTHHUE B
mTynepax ¢ BblOOpkamu Ae(eKTOB Ha BHYTPEHHEH MOBEPXHOCTH B YCIOBHSX JKCIUTyaTa-
uuu. Ha 3Toii 0CHOBE MOCTPOEHB! (PYHKIIMOHAIBHBIE 3aBUCUMOCTH MEXIY INTyOHHOM, JJIH-
HOHM M INUPUHON BBIOOPKHM JUISL ONIPEIEICHUs TAKHX €€ TeOMETPUYECKUX I1apaMeTpoB, MpU
KOTOPBIX 9KCIUTyaTalOHHBIE HANpPsDKEHUS B IITyLEpe HE NMPEBBICAT pomycThMble. [loiry-
YeHHBIe (DYHKIIMOHATBHBIE 3aBUCHMOCTH MCIOJB30BaHbl Ha bypmteiackoit TOC mpu pas-
pabOTKe TEXHOJIOTMH MPOBEICHUSI PEMOHTHBIX pabOT Ha 3HEPreTHYECKOM 000pYyI0BaHMU
MyTeM yAaJeHUsl MaTepralla B OKpECTHOCTH JIe(EKTHBIX yIaCTKOB.

SUMMARY. The complex stress-strain state in the nozzles with extractions of defects
on the internal surface under service conditions is investigated. On this basis the functional
dependences between the depth, length and width of the extraction are obtained to determine
such geometric parameters of technological extractions at which the stresses in the nozzle
will not exceed the permissible ones. The obtained functional dependences were used at the
Burshtyn Power Plant when developing the technology of repair work on the power
equipment by extracting its defective areas.



Yaskovets Z. S. and Orynyak I. V. Application of the shooting method
for the rapid calculation of the stress state of the underground sections
of the pipelines in the areas of MINE rOAAWAYS ..........ccoreiiiriiiiiice e 121

PE3FOME. Cran TpyOOmpoBO#dYy, IO 3HAXOAWUTHCS B 30HI 3CYBIB 3€MHOi IOBEPXHI,
CIPUYHMHCHHUX HIAXTHUMH BUPOOITKAMH, BH3HaYeHO MeTonoM cTpinebou (MC). Tpy6ormpo-
BiZl p030HMTO Ha eJIEMEHTAPHI JUISTHKH, IS SIKKX Ha OCHOBI PO3B’SI3Ky MU(EpeHIIHHUX PiB-
HSIHb BHBE/ICHO aHAJITUYHI PIBHSIHHS 3B 513Ky MDXK Je(OpMallisiMU 1 HaNpy>KeHHSAMH Ha I10-
YaTKy 1 B KiHIlI JUISHKA. 332 3HAYCHHSAMH MEPEMIllIeHb 1 CHIT Y TIEPIii TOYIl 3HAWTH TaKi kK
3HA4YeHHS B KOXHI{ 1HIIIH. [Ipy IbOMY BUKOPHCTaHO aHATITUYHY YMOBY 3B’SI3KY MiXK HUMH
B IepiIiid Touli. ItepaniiHO yTOUHEHO MOYATKOBI 3HAYEHHS IIEpPEMIllleHHs, JOIIOKU He 3a-
JTIOBOJIBHATHCS TPAHUYIHI YMOBH Ha KiHI TPyOOIpoBOAY. AJNTOPUTM YTOYHEHHS mMoOymoBa-
HO Ha METOJi AUICHHS BiJpi3Ka Ha IBa i BHOOPI HACTYIMHOTO Bifpi3Ka 3alie)KHO BiJ 3HAKa
(yHKIi{ Ha TPOTHIISKHOMY KiHII. 3a AEKITPKOMA THIIOBHMH IEPEMIICHHAMH 3eMJIi (Mati
— TIpYXKHA B3a€MOJIis IPYHTY 1 TpyOH, cepe/iHi — 3MilllaHa MpPYKHA 1 TUTACTUYHA B3a€MOIIS
Ta BEJHKI — IJIAaCTUYHA B3a€EMOJIS) OIIHEHO MBUAKICTH 1 TOUHiCTE MC MOPIBHSAHO 3 1HIIHN-
MH YUCIICHHHMH IPOLEAYPaMH I KOMEPIIHHIUMHU nporpamMaMu. BussieHo i#oro edexTus-
HICTB JUIS IPYXKHUX 33/1a4.

PE3IOME. CocrosiHue TpyOONnpoOBOJa, HAXOJSIIETOCs B 30HE 37BHXKOK 36MHOMW I10-
BEPXHOCTH, BBI3BAHHBIX IIAXTHBIMHU BBIPa0OTKaMU, onpeesieHo MeToioM cTpenbobr (MC).
TpyOonpoBo pa3oUT Ha AIEMEHTapHbIE Y4aCTKH, /Uil KOTOPBIX Ha OCHOBE pelieHus aud-
(epeHIMaNbHBIX ypaBHEHUH NPHUBEACHBI aHAJUTUYECKHE YPAaBHEHUs CBSI3M MEXIy Mapa-
METpaMH B Ha4aje U B KOHIIE Y9acTKa. DTO MO3BOJIIET IO 3HAUCHUAM IEPEMELICHUI U CHIT
B MIEPBOM TOYKE OIIPEAEINUTH 3HAYCHUS B KaXk1oi Apyroil. [Ipn 3ToM ncrmons30BaHO aHAH-
THYECKOE YCIIOBHUE CBSI3M MEXAY HUMHU B MEPBOH Touke. MTepaliioHHO yTOYHEHBI NTEepBhIC
3HAYEHMs MEPEeMENICHUs, 1ToKa He OyIyT yJOBJIETBOPEHBI MPAaHWYHBIC YCIOBHUS Ha KOHIIE
TpyOoOIpoBoa. AJNTrOPUTM YTOYHEHHS TOCTPOCH Ha METOJAE JACNEHHsA OTpe3Ka Ha JBa H
BBIOOpPE CIIEAYIOMIETO OTpPE3Ka B 3aBUCHMOCTH OT 3HaKa (DYHKUHH HA IIPOTHUBOIOIOXHOM
koHIe. Ha mpuMmepe HECKONBKHMX THIUYHBIX IMEPEMELICHUH 3eMJIM (Majible — YIpyroe
B3aUMOJICHICTBUE TPyHTa M TPyOBI, CpelHHE — CMEIIAaHHOE YNPYroe W IUIaCTUYEeCKOoe, U
GopIIre — IUTACTHYECKOE) OIEHEHA CKOPOCTh U TOYHOCTh MC 10 CpaBHEHHUIO C APYTUMHU
MpoLeaypaMu ¥ KOMMepUYECKUMH Mporpammamu. OTMeueHo, 4To MeTo 1 3 HEKTUBHBIN 115
YIpYrux 3azad, a Gpu3uueckas HeIMHEWHOCTh He BJIMSET Ha CKOPOCTh M TOYHOCTH pacuera
MC no cpaBHEHUIO ¢ IMHEHHOM 3a1a4eil.

SUMMARY. The method of shooting (MS) is used for determining the state of a pipe-
line located in the area of the earth surface shifts caused by mine roadways. The pipeline is
divided into elementary areas for which the analytical equations of relationships between
the parameters at the beginning of the area and at the end of it are given on the basis of the
differential equations solution. This allows, by using the values of displacements and forces
at the first point, to determine such values at each second point. In this case the analytical
condition of the relation between them at the first point is used. These first values of the
movement are iteratively refined until the boundary conditions at the end of the pipeline are
satisfied. The algorithm for such a refinement is based on the division of the segment into
two and the choice of the next segment, depending on the sign of the function on the oppo-
site end. On the example of several typical earth displacements (small — elastic interaction
of soil and pipes, medium — mixed elastic and plastic interaction, and large — plastic nature
of interaction), the speed and accuracy of MS are considered in comparison with other
numerical procedures and commercial programs. It is noted that the method is effective for
elastic problems, and the presence of physical nonlinearity does not affect the speed and
accuracy of the MS calculation compared to the linear problem.



Student M. M., Ivasenko I. B., Posuvailo V. M., Veselivska H. H., Pokhnurskyi A. Yu.,
Sirak Ya. Ya., and Yuskiv V. M. The influence of porosity of plasma-
electrolytic coating on corrosion resistance of JI16 alloy .........cccccooveeviieiiieinnnnnn 130

PE3FOME. BuB4eHO BIUIMB TOBIIMHU IIOKPHBY Ha KOpPO3ilHY TPHBKICTh Ta ITOPHUC-
TICTh OKCHAOKEpaMiyHHMX TMOKpHBIB Ha cruiaBi JI16. [IokpuBH CHHTE3yBaJM B JIy>KHOMY
pozuuni Bnponosxk 10, 60 i 120 min 3a mwineHocTi cTpymy 10 A/dm?. Ha nosepxHi cruiaBy
YTBOPEHO TOKpUBH TOBHIMHOIO ~ §...12, 50..70 i 80...120 pum Bigmosigao. Kopo3iitay
TPUBKICTh MOKPHUBIB JIOCII/PKYBAIM B YMOBax CJIa00KHCIIOro 101ty Ta 3%-ro BOJHOTO pO34H-
Hy NaCl. BcTaHOoBI€HO KOpEISLilo MK MOPUCTICTIO 1 KOPO3iHHOIO TPUBKICTIO MOKPHBIB.
OxcujokepaMiuHi TTOKpUBY, cuHTe30BaHI Ha crutasi /{16 Buponomx 60 min, MaroTh Haid-
MEHIIY TOPHUCTICTh 1 HAMBUIILY KOPO31HHY TPUBKICTb.

PE3FOME. ViccnenoBaHO BIMSTHHE TONIIMHEI TOKPHITHS HA KOPPO3HOHHYIO CTOHKOCTh
Y TIOPHCTOCTh OKCHAOKEPAMHUIECKUX MOKPHITHH Ha crutaBe [116. IIOKpBITHS CHHTE3NPOBAIN
B IIEJI0OYHOM pacTBope B TedyeHue 10, 60 u 120 min npu nnotHocTu Toka 10 A/dm? Ha
MOBEPXHOCTH CIUIaBa ChOPMHUPOBAHBI ITOKPHITUS TOMIIUHOMN ~ 8...12, 50...70 u §80...120 um
COOTBETCTBEHHO. KOpPpO3HOHHYIO MPOYHOCTH MOKPBHITHH HCCIEAOBAIN B YCIOBHUIX clIabo-
Kucioro noxas U 3%-ro BogHoro pactBopa NaCl. YcraHoBneHa KOppessius MEXAy I10-
PHCTOCTBIO M KOPPO3HOHHOM NMPOYHOCTHIO MOKPBHITHH. OKHCHIOKEPaMHUYECKHE TTOKPBITHS,
CHHTE3HpOBaHHbIC Ha ciuiaBe /(16 B Teuenre 60 min, IMEIOT MUHUMAJIBHYIO IOPUCTOCTh U
MaKCUMAaJIbHYIO KOPPO3HOHHYIO CTOHKOCTB.

SUMMARY. The effect of coating thickness on corrosion resistance and porosity of
oxide-ceramic coatings on the JI16 alloy was investigated. The coatings were synthesized
in an alkaline solution for 10, 60 and 120 min at a current density of 10 A/dm2. On the
surface of the alloy the coatings with a thickness of ~ 8...12, 50...70 and 80...120 pum
respectively were formed. The corrosive durability of the coatings was investigated in the
environment of weak acid rain and in 3% aqueous NaCl solution. Correlation between the
porosity and corrosion durability of the coatings was established. The oxide ceramic
coatings synthesized on the J[16 alloy for 60 min had the least porosity and the highest
corrosion resistance.

Yar-Mukhamedova G. Sh., Darisheva A. M., and Yar-Mukhamedov E. Sh.
Adsorption of chromium plating electrolyte components on disperse
COPUNAUM PANLICIES. ...ttt 138

PE3FOME. Tlix yac 0CcapKeHHsI KOMITO3HIIHHUX EJIEKTPOTITHYHUX MOKPUBIB BHSIBITIO-
HO JIBa B aJCcOpOIIii, sIKi CYTTEBO BILUIMBAIOTH Ha 1X (OPMYBaHHS: aacopOIlis AUCIepC-
HHMX YaCTHMHOK Ha KaToJi 1 afcopOllis Ha iX MOBEpXHIi MiJ yac BBEIEHHs B enekTpoiiT. Ha
OCHOBI pe3ynbTariB [U-CrieKTpOMETPUYHHX 1 PEHTTeHIBCHKUX JOCIIIKEHb EKCIIepUMEH-
TaJILHO TiATBEP/PKEHA TII0Te3a PO BILUIUB NPUPOAH TUCTepCHOT (a3u Ha (HOpMyBaHHS 3a-
XHCHUX TOKpHBiB. BcTaHOBIEHO, IO TOBIIMHA aacopOIiifHOTO mapy iOHIB KOMIIOHEHTIB
XpPOMOBOTO €IIEKTPOIIITY Ha MOBEPXHI YACTHHKU KOPYHIY 3aJICKUTh BiJl KOe(illi€HTa TOTITH-
HaHHS, a TOH, — BiJI HOMepa eJIeMeHTa AUCIepcHOl (a3u B Tabnuii MeHaeneeBa i aTOMHOL
Macu. OTxe, o OUThIIa aATOMHA Maca eJIeMEHTa PEYOBHHH TUCIIEPCHOI (ha3u, TO MEHIIA
TOBIIUHA afcopOuiiHoro mapy. Komm gucniepcHa ¢a3a Mae MOJNEKYISIPHY CTPYKTYPY, TOB-
NIMHY MIapy BU3HA4Ya€ KOe(ili€HT MOTIWHAHHSA, SKHHA aIUTHBHO CKIAJAETHCS 3 aTOMHUX
Koe(illi€HTIB €JIEMEHTIB, 10 BXOATH JI0 CKJIaly MOJIEKYJIH.

PE3IOME. TIpu ocakxJeHUN KOMITO3UIIHOHHBIX YIEKTPOIUTHIECKUX MTOKPHITHHA BEISB-
JIeHBI 1Ba BHJA aACOPOINH, KOTOPbIE CYIIECTBEHHO BIMAIOT Ha UX (popMHUpOBaHHKE: afcopo-
Ul TUCTIEPCHBIX YaCTHI[ Ha KaTOJe W aJcopOLus Ha MX IOBEPXHOCTH IPU BBEACHUH B
anekTposut. Ha ocHoBe aHanu3a pe3ynbTatoB MK-CcieKTpoMEeTpUUYECKUX U PEHTTEHOBCKUX
UCCIIEIOBAaHUN 3KCIEPUMEHTAILHO MOATBEPKCHA THIIOTe3a O CTENEHU BO3JECTBUS MpU-
POABI qucnepcHOr (as3bl Ha 00pa3oBaHUE 3aIUTHBIX MOKPHITHH. Y CTAHOBJIEHO, YTO TOJIIIH-
Ha a/ICOPOIIIOHHOTO CJIOS HOHOB KOMIIOHEHTOB XPOMOBOTO JICKTPOJIMTA Ha MOBEPXHOCTH



YaCTHLBI KOPYH/IA 3aBHCUT OT KOA((HUIMEHTA MOTJIONIEHNUS, KOTOPBIH B CBOIO OuYepesib, —
OT HOMepa dJIeMeHTa JucnepcHoi ¢asbl B Tabnuie Menaeneesa u aromHoro Beca. Crento-
BaTEJIbHO, YeM OOJIbIIIE aTOMHBIN BEC 3JIEMEHTa BEIleCTBA AUCIEPCHON (ha3bl, TEM MEHBIIIE
TOJIIIMHA asicopOironHoro ciost. Korna nucnepcHas dasza uMeeT MOJIEKYIISIPHYIO CTPYKTY-
Py, TONIIMHY CJ0s ONpeAessieT Ko3((GUIUEHT MOTIOMEHNS, KOTOPBIH aJANTHBHO COCTOUT
U3 aTOMHBIX KO3((HUIHUEHTOB 3JIEMEHTOB, BXOSIINX B COCTAB MOJIEKYJIBI.

SUMMARY. Two kinds of the adsorption in the process of composite electrolytic
coatings sedimentation, playing an essential role in their formation, are found. These are:
adsorption of disperse particles on the cathode and adsorption on their surface under
introduction into electrolyte. The hypothesis about the disperse phase nature influence on the
formation of protecting coatings is experimentally confirmed by the results of IR-spectro-
meter and X-ray analysis. It is found that the thickness of ion components of chromium
electrolyte on the corundum particle surface depends on the coefficient of absorption. The
last depends on the disperse phase element number in the Mendeleyev’s table and atom
weight. So, the greater the atom weight of the element of disperse phase substance, the less
is the adsorption layer thickness. If the disperse phase has a molecular structure the
thickness of the layer is determined by the coefficient of absorption which additively consists
of the atom coefficients of the elements, being a part of the molecule.

Vasyliev G. S., Novosad A. A., Pidburtniy M. O., and Chihrin O. M. The influence
of ultrasonic vibration on corrosion resistance of heat exchanger plates made
OF AIST 3LB STEEL ... bbb 144

PE3FOME. [TocnimkeHo KOpO3iiiHY TPUBKICTh IUIACTHH i3 HepkaBHOI ctam AISI 316
ToBIuHOO 0,4 mm i 9ac HaKJIAZaHHS yIbTPa3BYKOBOI BiOparii gactoTtoro 28 kHz ta mo-
TyxHicTI0 50 W 110 TOpIieBoi 4acTHHM 3pa3ka. BunpoOoByBanyn MeTomaMu MOTEHIIOANHA-
MIYHOI Ta TaJlbBaHOCTATHYHOI mojsipu3alii B po3uurax 10 Ta 35 g/l NaCl 3a cranmaptHOi
TeMIepaTypy. BiAmoBiAHO 10 pe3ynbTaTiB eNEKTPOXIMIYHUX AOCHIHKEHb IBUAKICTD PO3-
YHUHEHHS CTaJli 32 yIbTPa3ByKOBOI BiOparii 3HWKyeTbes 1o 30 pasiB MOPiBHAHO 3 HEBIOPY-
04yrM 3paskoM. Lle miaTBepmKeHo aHaiizoM Mop¢oJIoril MOBEPXHI 3pa3ka Mmicis BUIPOOy-
BaHHS MiJl PACTPOBUM EJIEKTPOHHHM MIiKPOCKOIIOM. 3alpOIIOHOBAHO MEXaHi3M BIUIUBY YJIb-
TPa3ByKy Ha IPHUTHIYEHHS IMITHHTY, 1110 NOJSra€ y BUAAJICHHI HIapy MPOIYKTIB KOpO3ii Ha
crazii popMyBaHHSI MeTacTabiIbHUX MITHHTIB 3 TX MOJaJbIIOK PEeNacuBali€cio. YIbTpas3By-
KOBa BIOpallisi € MEePCIeKTUBHIUM METOJIOM 30UIbIIEHHS KOPO3iHHOT TPUBKOCTI HEPKaBHUX
CTaieH, sIKuii MOKHA BUKOPUCTATH VISl 3aXUCTY IUIACTHH TETNIOOOMIHHHX anapaTiB CHCTEM
TETIOBOJONIOCTAYAHHS.

PE3IOME. UccnenoBana KOppO3MOHHAsA CTOMKOCTb IUIACTUH U3 HEP)KABEIOIIEH CTalu
AISI 316 TommuHo# 0,4 mm IpH HATOXKEHUH YIIFTPa3BYKOBOW BUOpanuy dactoToi 28 kHz
1 MomrHOCThIO 50 W Kk ToplieBoii yacTu oOpasia. McneIThBaIN METOAAMH ITOTECHIINOIHHA-
MHUYECKOW ¥ TabBaHOCTATHUYECKON morsipu3anuu B pactBopax 10 u 35 g/l NaCl npu cran-
JapTHO# Temnepatype. CoryacHO pe3ysbTaTaM JJIEKTPOXUMHUYECKUX HCCIEIOBAHUN CKO-
POCTb PACTBOPEHMS CTAIX NPH yJIbTPAa3BYKOBOW BUOpanuu cHrkaeTcs 1o 30 pa3 mo cpas-
HEHHMIO C HEBHOPUPYIOIIMM 00pa3ioM. DTO MOATBEPXKICHO aHAINU30M MOP(OIOTHH TO-
BEPXHOCTH 0Opa3la IOcCie HCIBITAaHUM O]l PacTPOBBIM 3JIEKTPOHHBIM MHKPOCKOIIOM.
[IpemnoskeH MexaHU3M BO3IACHCTBHS YJIBTPa3ByKa Ha MOJABICHUE MUTTHHTA, KOTOPBIA 3a-
KIIFOYAeTCsl B yJAJEHUH CJIOS MPOLYKTOB KOPPO3WM Ha CTaauu (pOpMHUpOBaHHS MeTacTa-
OMJIBHBIX MUTTHHTOB C WX IMOCIEYIOIIEH peraccuBannei. YIbTpa3ByKoBas BUOpanus sB-
JSIETCSl MEePCIEKTUBHBIM METOJOM YBEJIUYEHUS KOPPO3MOHHON CTOMKOCTH HEPKaBEIOIIHX
CTajiel, KOTOPBIA MOXKHO HCIIOJIB30BATh IS 3alUTHI IUIACTHH TEIJIOOOMEHHBIX alnapaToB
CHCTEM TEIUIOBOOCHAOKEHUS.

SUMMARY. The investigation of the corrosion resistance of of AISI 316 stainless
steel 0.4 mm thick plates were carried out in the conditions of ultrasonic vibration at a
frequency of 28 kHz and a power of 50 W applied to the end of the sample. The tests were
performed using potentiodynamic polarization and potentiostatic polarization techniques in



the 10 and 35 g/l NaCl solutions at standard temperature. From the results of electrochemi-
cal studies, it was found that under the influence of ultrasonic vibration anodic dissolution
current was reduced in 30 times comparing to non-vibrated conditions. According to the
results of electrochemical studies the steel dissolution rate with applied ultrasonic vibration
was reduced in 30 times comparing to the non-vibrated sample. The results of electroche-
mical studies were confirmed by the surface morphology analysis after testing with the
scanning electron microscope. The mechanism of ultrasound influence on pitting suppres-
sion is proposed, which consists in removing of the corrosion products layer at the stage of
metastable pitting formation with their subsequent repassivation. Ultrasound vibration is a
promising method of increasing the corrosion resistance of stainless steels, which can be
used to protect the plates of heat exchangers for heat and water supply systems.
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