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PE3FOME. OuineHo aedextu Ty Haapizy 0e3 BUKOPUCTAHHS KJIACHYHUX MiIXOIIB
MeXaHIKU pyiHYyBaHHA (MEXaHIKH TPIMIKH). 3aCTOCOBAHO MOHATTSA KOeQillieHTa iHTEHCHUB-
HOCTI HampyXeHb abo Jp-iHTerpana [Uid BHPI3y 31 3aaHUM pajaiycoM 3aokpyrieHHs. [Ipu
[bOMY JIOKaJIbHE HANPYXKEHHS 0171 HaApi3y po3paxoBaHO 00’€MHUM METOJOM, KU BCTa-
HOBJIIOE TIeBHE e()eKTHBHE HANPYXEHHS 13 ypaxyBaHHSIM IeoMeTpii Haapizy Ta edekry 00-
MEKESHHS Halpy>XeHb Oiisl Horo BepnHM. L[ YMHHUKY B3TO JI0 yBaru mij yac BU3HAUYCH-
Hs B’S13KOCTI pyiHYBaHHs Ta 00y10BH MOAN(IKOBAHUX AiarpaM OLHIOBaHHS pPyWHYBaHHS
01t HAZTPI3iB.

PE3IOME. Ouenensl aedekTsl THIA HAJIpe3a 0e3 MCIOJIb30BaHUS KIIACCHYECKUX TO/1-
XO/I0B MEXaHWKH pa3pymeHus (MexaHuku TpemuH). [Ipumeneno nonstue xosdpduimenta
WHTEHCUBHOCTH HANPSIKEHUH WIN Jp-MHTerpaja JUid BbIpe3a C 3aJaHHBIM PagHyCcoOM 3a-
kpyraenust. [Ipu 3ToMm JToKambHOE HaNpsDKEHHE BO3JIE Ha/lpe3a pacCUnTaHO OOBEMHBIM Me-
TOJIOM, KOTOPBI YCTaHaBIMBAET ornpezereHHoe 3P (eKTHBHOE HANPSIKEHHE C YIETOM Teo-
MeTpuu Hazape3a W 3(¢PeKTa OrpaHWYEHHs HaNpsDKEHUH y ero BepIIMHBL. OTH (aKToOphI
NPUHATH BO BHUMaHUE NPU ONPEEIICHNH BSA3KOCTH pa3pyLICHUs! U MOCTPOSHUH MOAU(U-
IIMPOBAHHBIX JJarpaMM OLIEHKHU pa3pyLICHHUs BO3JIC HAAPE30B.

SUMMARY. Notch-like defect assessment is not done using classical fracture mecha-
nics (mechanics of cracks). In order to prevent over-conservatism, notch fracture mechanics
concepts such as notch stress intensity factor or notch energy integral J,, are generally used
for that. A local stress criterion, named volumetric method, defines effective stress. It is
used for more advanced assessment when introducing geometry and constraint effects.
These effects are taken into account for notch fracture toughness and constraint modified
notch failure assessment diagram.

Kravets V. S. Stress state of a plane with periodic system of closely located
curvilinear holes With edge Cracks ..ot 17

PE3IOME. MeToJIoM CHHTYJISIPHHUX 1HTETpaJbHUX PIBHSHb PO3B’S3aHO IUIOCKY Iepio-
JMYHY 3a7a4y Teopil Mpy>KHOCTI JJIs 130TPOITHOT IUIOIIMHHN 3 HECKIHYEHHUM PAZIOM OJIM3BKO
PO3MIIIEHUX KPUBOJIIHIHUX OTBOpPIB 3 KpaloBuMH TpimmHamu. OOuncieHo koeilieHTH
inTeHcuBHOCTI Harpyxenb (KIH) y BepmmHax kpalioBUX TPIIIUH, sIKI BUXOISATH 31 CHMET-
PUYHUX OTBOPIB Pi3HUX QOpPM (EINTHUHUX, POMOIYHUX 13 3aKPYIJIEHUMH BepIIMHaMH, ]i-
3UYHUX IIUTHH), JIUIs JOBUTBHOT BiJAasi MiXK OTBOpaMHM 3a PO3TATY TUIOIIWHU HA HECKiHYCH-



HocTi (I Tvn nedopmyBanHs). ['paHUYHUM TEPEX0J0M, KOJIU BiAadb MK OTBOpaMH Mpsi-
Mmye 10 Hyuis, 3HaiaeHo KIH ni1s kpalioBuX TpIilKMH y 3aKpYTJICHUX BEPIIMHAX BiIOBIIHUX
JIBOOIYHMX BUPI3IB y IPYXKHIN IIOIIUHI.

PE3FOME. MeToioM CHUHTYJSPHBIX HHTEIPAJIbHBIX YpaBHEHHH pellleHa MiocKas Ie-
pronuUecKas 3ajada TCOPUH YIPYTOCTH AJISI H30TPOIHON IUIOCKOCTH ¢ OECKOHEUHBIM Psi-
JIOM OJIM3KO pa3MEIIEHHBIX KPUBOJIMHEHHBIX OTBEPCTHH C KPaeBbIMHU TpeIMHAMU. Berauc-
JeHbl KO3 (UIIEHTH HHTCHCUBHOCTH HANPSDKCHUI B BEPIIMHAX KPAeBbIX TPEIINH, BBIXO-
JSIIUX U3 CHMMETPHIHBIX OTBEPCTUH pa3inudHBIX GOpM (IIUNTHIECKUX, POMOOBUAHBIX C
3aKpPYTIICHHBIMH BEPIINHAMHY, (PU3NUECKUX IIeneil), 171 MPOU3BOIBHOTO PACCTOSHUS MEX-
Iy OTBEPCTHSAMH TPH PACTSDKEHUH IDIOCKOCTH Ha Oeckoneunoctu (I tum medopmarmm).
IIpenenbHBIM MEpPeXoaOM, KOTJa PacCTOSHUE MEXIY OTBEPCTUSIMH CTPEMHUICA K HYIIIO,
HaleHbl KOA(QQUIMEHTH WHTEHCUBHOCTH HANPSDKEHUH /IS KPaeBBIX TPELIMH B 3aKpYyT-
JICHHBIX BEpIIMHAX COOTBETCTBYIOLINX JBYCTOPOHHUX BBIPE30B B YIPYroi MIOCKOCTH.

SUMMARY. A plane periodic problem of elasticity theory for an isotropic plane with
an infinite row of closely located curvilinear holes with edge cracks is solved by the sin-
gular integral equation method. The stress intensity factors (mode 1) at the tips of the edge
cracks, emanating from symmetrical holes of various shapes (elliptical, diamond-shaped
with rounded vertices, narrow slots) for an arbitrary distance between the holes when
extending the plane at infinity, are calculated. The stress intensity factors for the edge
cracks in the rounded vertices of the corresponding bilateral notches in the elastic plane are
found by the limit transition, when the distance between the holes approaches zero.

Sylovaniuk V. P. and lvantyshyn N. A. Cracks hilling in anisotropic bodies............cc.c........ 26

PE3IOME: Otpumano po3B’sI30K IUIOCKOT 3aja4i Teopil Mpy>KHOCTI MpO “3aJiKOBY-
BaHHs” TPIIIMHYU B aHI30TPOIHOMY TiJi, SIKYy 3 JOIIOMOT'OI0 MOJEINI BIHKJIEPIBCHKOT OCHOBU
3BEJICHO JI0 CHHTYJSIPHOTO IHTErpo-IuQepeHiaJbHOr0 PiBHSAHHS IS IEPEMIllieHb TOYOK
MOBepXHI TPiuHKU. [ [eeKTy y BUIIAAI CIUTFOIICHOTO EIIIca OJepKaHO HOTr0 TOUYHUH
AQHATITUYHUH PO3B’SI30K. 3a SHEPreTUYHHM KPHUTEPIEM OLIHEHO TPaHHUYHO-PiBHOBKHHN
CTaH TUTACTHHH 31 3alIOBHEHOIO TPIIIUHOI0. BCTaHOBICHO ONTHUMANBHY MIIHICTB 1H €KITIH-
HOTO MaTepiaiy Hicis TBEepIHCHHS.

PE3IOME: Tlony4eHo penieHue mIoCKoM 3ajaun TEOPUH YIIPYTOCTH O “3aleYuBaHUN’
TPEIIMHBI B aHU30TPOITHOM Telle, KOTOPYIO € ITOMOIIBIO MOJIENTH BHHKJIEPOBCKOH OCHOBBI
CBEJICHO K CHHTYJIIPHOMY MHTETpO-An(PepeHIINaIbHOMY YPaBHEHHIO OTHOCHTENBHO TIepe-
MEIIeHIH TOueK MOBEpXHOCTH TPEUIMHbL. [y nedexTa B BUAE CIUTIONICHHOTO 3JUIMIICA T10-
Jy4eHO ero TOYHOE aHaINTHYecKoe pemieHHe. C MOMOIIBIO0 YHEPTETHUECKOTO KPUTEPHS
OLIEHEHO IPEAEIbHO PABHOBECHOE COCTOSIHUE TAKOW IUIACTUHBI. Y CTAHOBJIEHO ONTHUMAllb-
HYIO ITPOYHOCTh HHBEKIIMOHHOTO MaTepHaja 1ocje TBepICHHS.

SUMMARY. The solution of the plane problem of elasticity theory of “healing” the
crack in the anisotropic body is obtained. Using the Winkler basis model, the problem is
reduced to a singular integro-differential equation with respect to displacements of points of
the crack surface. In the case of a flattened ellipse defect, the exact analytical solution of the
corresponding equation is obtained. The limit equilibrium state of the plate with the crack is
estimated using the energy criterion. The optimum strength of the injection material after
hardening is set to maximize the strength of the plate.

Knysh V. V., Solovei S. O., Nyrkova L. 1., and Osadchuk S. O. The influence
of marine environment on fatigue life of butt welded joints of 15XCH/I steel,
strengthened by high-frequency mechanical impact...........ccccoeoviiriinensineeeen, 32

PE3IOME. JlocnimxkeHo eheKTUBHICTh 3aCTOCYBAaHHS TEXHOJIOTii BHCOKOYACTOTHOTO
MexaHigHOro yaapy (BMY) s migBHIeHHS XapaKTEPUCTHK OMOPY BTOMi CTUKOBHX 3Bap-
HUX 3’€aHaHb (33) Ha cTadii BUTOTOBJIEHHS METAJOKOHCTPYKIIH Ta MiCisl iX TpUBAJIOI eKc-
IuTyartarii B yMoBax MopchKoro kiimary. KoposiiiHi mommko/pkeHHS y 33 MOJIENIOBAIH 3a
BUIPOO y Kamepi HeWTpabHOTO cosstHoro TymMany KCT-1 3a temnepatypu (35+2)°C, pos-



MOPOLIYIOYH PO3UUH XJIOPUIY HATpito 15 min yepe3 koxHi 45 MiN 1ocmikeHb BIPOIOBK
1200 h. KoHueHTpalist XJOpHIy HaTpio B po3uuHi craHoBmiaa 50+5 g/dm?®, pH 6,5...7,2.
Ha Bromy BunpoOyBaHo doTHpH cepii 3pa3kiB ctukoBux 33 crani 15XCH/I: y BuxinHomy i
3MiiiHeHOMy BMY cranax micist ButpuMyBanHs y kamepi KCT-1; micisi HanpamoBaHHS
2-10° cycles 3min manpyxenb Ta BuTpuMKH y kamepi KCT-1; micis HampauroBaHHS
2-106 cycles, Butpumysanns y kamepi KCT-1 Ta noganeuioro sminuenns BMY. Excrepu-
MEHTaJIbHO BCTAHOBJICHO, L0 3aCTOCYBaHHsI TexHouorii BMY cyTTeBO minBuIye IUKIIYHY
JIOBTOBIYHICTD CTUKOBHX 33 METAIOKOHCTPYKIHf B yMOBaxX 3MIiHHHX HAaBaHTaXEHb 1 MOp-
CBKOTO KITiMary.

PE3FOME. ViccnenoBana 3((eKTHBHOCTh NPUMEHEHHS] TEXHOJOTHH BBICOKOYACTOT-
HOTO MeXaHH4eckoro yzaapa (BMY) amis moBBIIICHUS! XapaKTEPUCTHK COIIPOTUBIICHHS yC-
TaJIOCTH CTHIKOBBIX CBAPHBIX COEAMHEHHUH Ha CTaJUH M3TOTOBICHUS METAJUIOKOHCTPYKIMH
U TI0CJIE UX AJMTENBHOM AKCIITyaTalliy B yCIOBHSIX aTMocdepsl Mopckoro knmumara. Kop-
PO3HOHHBIE TIOBPEXKACHUS B CBAPHBIX COCANHEHHUAX MOJCINPOBAIN B KaMepe HelTpaibHO-
ro comsaoro Tymana KCT-1 B teuenue 1200 h mpu temmeparype 35+2°C, pacmsuisis pac-
TBOp XJIOpuAa HaTpus 15 min uepes kaxmasie 45 min. KoHieHTpanus Xjaopuaa HaTpHs B
pactBope cocTasiana 50+5 g/dm?®, pH 6,5...7,2. YcranocTHble HCIIBITAHHUS IPOBOAMIM HA
YeThIpeXx cepHusax o0pas3loB CTHIKOBBIX CBapHBIX coequHeHuit ctanu 15SXCH/I: B ucxonHom
u ynpouneHHoM BMY cocrosiHusx nocine Beiaepxku B kamepe KCT-1; nocie HapaboTku
2-105 cycles mepemeHn HampskeHuil M Bhlaepskku B kamepe KCT-1; mocne HapaGoTKu
2-106 cycles, Boiiepxku B kamepe KCT-1 u nocnenyrommero ynpoudenus BMY. Dkcrnepu-
MEHTAJIbHO YCTaHOBJICHO, YTO 00pabOTKa JIMHUY CIUIaBlieHUs1 TexHoorue BMY cymect-
BEHHO YBEIMYHMBAET IIMKJINYECKYIO OJITOBEYHOCTh CTHIKOBBIX CBApHBIX COCIUHEHHUI Me-
TAJUTOKOHCTPYKIMH B YCIOBHUSIX MOPCKOTO KJIMMaTa U NMEPEMEHHbIX HArpy KEHHH.

SUMMARY. The effectiveness of high-frequency mechanical impact (HFMI) techno-
logy to increase the resistance of fatigue butt welded joints at the stage of production of steel
structures or after their long-term exploitation in marine climate conditions was established.
Corrosion damages in the welded joints, which could be formed during operation in the
marine climate conditions, were simulated in a neutral salt fog chamber KCT-1 for 1200 h
at a temperature of 35+2°C with dispersion of a sodium chloride solution for 15 min after
every 45 min of testing. The concentration of sodium chloride in the solution was 50+5 g/dm?,
pH 6.5...7.2. Fatigue tests were carried out on four series of butt welded joints of 15XCH/]
steel: as-welded and treated by the HFMI method after holding in the KCT-1 chamber; after
cycling 2-10° cycles and holding in the KCT-1 chamber; after cycling 2-10° cycles, holding
in the KCT-1 chamber and subsequent strengthening by the HFMI. It was experimentally
established that the use of the HFMI technology significantly increased the fatigue life of
welded joints of steel structures in the conditions of marine climate and alternating loading.

Kryzhanivskyi Ye. I, Nykyforchyn H. M., Student O. Z., Krechkovska H. V.,
and Chudyk I. I. The role of non-metal inclusions in premature corrosion-
mechanical failure of drill PIPES .....c.ccviiiiiie e 41

PE3FOME. TlpoaHani30BaHO MPUYMHHU €KCIDTyaTallifHOiI BTPATH LUTICHOCTI OYpHIIb-
HUX TpyO 31 cram G105, moB’s3aHi 3 IX JOYaCHUM KOpPO3ifHO-MEXaHIYHUM PYyHHYBAHHSM.
IIpr npoMy MexaHIUHI XapaKTePUCTHKHU CTali OyiIH 3aJ0BUIbHI, OKPIM JEII0 3aHMKEHOTO
BiTHOCHOTO BHAOBXEHHA. BomHouac y ii cTpykTypi i Ha 37amax 3pa3kiB Ha yaap BUSIBICHO
3HAYHY KUTBKICTh KOPO3ifHO-aKTUBHUX HEMETAJICBUX BKIIOYCHD THUITY aJIFOMIHATY KaJIBIIIO,
SKI MOTJIM Ha TOPSIOK iHTEHCU(IKyBaTH MBUIKICTH JIOKAJIBHOI KOPO3ii, CipuaTu Gopmy-
BaHHIO ITMOOKHMX BHPA30K HA BHYTPIIIHIN MOBEpXHI TPyOHM Ta CTaTH OCEpelKaMH 3apo-
JUKEHHSI KOPO3iHHO-BTOMHUX TpilliiH. TOMy BBa)kally, IO CTaJIil0 3apOKEHHS TPILlMH, SKa
B OCHOBHOMY 1 BH3Hauajla 3arajbHy JOBIOBIYHICTH JIOYaCHO 3pYyHHOBAaHMX OYpHIBHUX
TpyO, KOHTPOJIIOIOTh KOPO3iHHO-aKTHBHI HEMEeTaJIeBl BKIFOUEHHS Ta IUIBHICTD IX po3Tally-
BaHHS Y CTPYKTYpIi CTaIi.



PE3FOME. TlpoaHanu3upoBaHbl NPHUUHBI SKCILTYyaTALlMUOHHOW MOTEpPU LENOCTHOCTU
OypwibHBIX TpYO 13 ctamu G105, cBsi3aHHBIE ¢ UX NPEXKAEBPEMEHHBIM KOPPO3HOHHO-MeXa-
HUYECKUM paspymenueM. [Ipu sToM MexaHW4ecKkue CBOWMCTBa cTajy ObLIM yIOBIETBOPH-
TeJIbHBIMU, KPOME HECKOJIBKO 3aHM)KEHHOT'O OTHOCUTENIBHOTO yJUIMHEHU. B TO e Bpems B
ee CTPYKTYpe W Ha M3JIoMax 0Opa3loB Ha yZap OOHAPY)KEHO 3HAYNTEIHHOE KOJIHIECTBO
KOPPO3HOHHO-aKTUBHBIX HEMETAJUIMYECKUX BKIIOYEHUI THIA allOMUHATA KaldbLHUsA, KOTO-
pBIE MOTJIM Ha TOPSAAO0K HHTCHCHU(DUIIPOBATE CKOPOCTH JIOKAJIBHOW KOPPO3UH, CIIOCOOCTBO-
BaTh (DOPMHPOBAHMIO TITyOOKHX A3B HAa BHYTPEHHEW MOBEPXHOCTH TPYO M CTaTh MecTaMu
3apOXKACHUS KOPPO3HOHHO-YCTAIOCTHBIX TPEeMMH. [103TOMy CUMTaNM, YTO CTaTUIO 3apOK-
JIEHHs TPEIIMH KOHTPOJIUPYIOT KOPPO3HMOHHO-AaKTHBHBIE HEMETAINIMYECKUE BKIIOYEHHS U
IUIOTHOCTh MX PACIHOIOXKEHUS B CTPYKTYpe CTadH. DTa CTaaus B OCHOBHOM M OIpeJeNnia
001110 I0JITOBEYHOCTH MPEXIEBPEMEHHO pa3pyLIeHHBIX OypPHIbHBIX TPYO.

SUMMARY. The causes of operational loss of the integrity of drill pipes made of
G105 steel, associated with their premature corrosion-mechanical failure, are analyzed. At
the same time, the mechanical properties of this steel are satisfactory, except for a some-
what lower relative elongation. However, a significant amount of corrosion-active non-
metallic inclusions of the type of calcium aluminate is found in its structure and on the
fracture surfaces of impact specimens. They can intensify the rate of local corrosion by an
order of magnitude, contribute to the formation of deep ulcers on the inner surface of pipes
and become the places for corrosion-fatigue crack initiation. Therefore, it is considered that
the crack initiation stage is controlled by corrosion-active non-metallic inclusions and their
density in the steel structure. This stage mainly determinates the overall durability of the
prematurely destroyed drill pipes.

Bilousova N. A., Gerasimenko Yu. S., Redko R. M., Vasyliev G. S.,
and Vorobyova V. I. Inhibitor protection of steel against corrosion
and scaling under the ultrasound INFIUENCE...........cooiiiiiiiiiiie e, 49

PE3FOME. lociimkeHo KOMOIHOBaHY Jif0 pEarcHTIiB Ta YJIbTPa3BYKY Ha KOPO3il0 Ta
HaKHUIIOYTBOPEHHSI B YMOBaX poOOTH BOJOIpiiHOro obnaxHaHHs 3a Temrneparypu 95+2°C
Ta atMoc()epHOTO THCKY. Bu3HaueHO €(DeKTHUBHICTH BiJIOMOTO pearcHTy (OKCHETHIIIICHIH-
(hocthoHOBa KHCTOTA) Ta “3€TMEHOTO” 1HTIOITOpa HA OCHOBI €KCTPAKTy IIPOTY PilaKy y BOI
BHCOKOI TBEPJOCTI SIK OKPEMO, TaK i 3a YJIbTPa3ByKOBOTO OIPOMIHEHHS CEepeloBHIIa y JI0-
KaBiTaIlIfHOMY pekuMi. BCTaHOBIICHO MIBUAKICTH HAKUITIOYTBOPEHHA (32 3MIHOIO MAacH) Ta
KOpo3ii (METOZOM MOJPU3AIIHOTO OTIOPY) HA OMHUX 1 THX XKe 3pa3kax. OrpuMani QyHK-
IIOHATBHI 32JIEKHOCT] MUTOMOI MIBHIKOCTI HAKUIIOYTBOPEHHSI Ta KOPO3ii B 4aci 3a peareHT-
HOI, yJIbTPa3ByKOBOI Ta KOMOiHOBaHOT 00poOKK BoaM. BUsiBIeHO, 1110 yIbTpa3ByK Ma€ Hera-
TUBHMH BIUIMB Ha NMPOTHUHAKUIIHI BJIACTHBOCTI JIOCII/DKEHHX PEareHTIB BHACIIJIOK 3MEH-
nIeHHsT e(h)eKTUBHOCTI il aHTUCKAIAHTY. 3aXMCHA MPOTUKOPO3iiiHa MUTiBKa POPMYETHCS Ha
MOBEPXHI CTalli 3 4acoM, PO LIO CBiJUaTh MOKa3HMKM IIBUAKOCTI KOPO3ii, sIKi PI3KO 3HH-
KYIOTBCS B TIOYATKOBHII TIepio[ BUMpoOyBaHb i craGimizyroThest Ha piBHi 0,02 mm/year.
[TokazaHo, 1110 KOMIUIEKCHHI BIUIMB aHTUCKAJIAHTIB Ta YJIBTPa3BYKy 3a IEBHHUX PEXHUMIB
00pOoOKH cepefioBUIIa JO3BOJIMTH ONTHMI3YBaTH yTBOPEHHS Ta MiATpUMaHHS (Ha30BOTO
MiKpomapy 3 IpPOTHKOPO3i{HUMH BIIACTUBOCTSIMH, SIKMH NMPAKTUYHO HE 3HWKYBAaTHME TeTl-
J00OMIH Mi>K TIOBEPXHEIO METAITy i TEIJIOHOCIEM.

PE3IOME. VlccnenoBaHo KOMOMHUPOBAaHHOE JEHCTBHE PEareHTOB M yJIbTPa3ByKa Ha
KOpPpPO3MI0 M HaKHIEeoOpa3oBaHHS B YCIOBHSIX PabOTHI BOAOTPEHHOTr0 000OpYyNOBaHMS NpHU
temrieparype 95+2°C u armocdeprom nasiennu. Onpenenena 3¢pGeKTHBHOCTh U3BECTHO-
ro peareHra (OKCHAITWIHAECHAN(POCHOHOBAS KHCIOTA) U “3€JIeHOr0” HHruOnTOpa Ha OCHOBE
HKCTpaKTa MIPOTa parca B BOJIE BEICOKOW JKECTKOCTH KaK OTAEIBHO, TaK U MPH yIbTPa3By-
KOBOM OOJIy4eHHH CpENIbl B TOKABUTAIIHOHHOM pexknMe. OTpeiene bl CKOPOCTh HaKUIeo0-
paszoBaHus (M0 U3MEHEHHUIO MAacChl) U KOPPO3UH (METOIOM TOJSPU3AIMOHHOTO COTIPOTHUB-
JICHWs) Ha OJHUX M TeX ke oOpasnax. IlomydeHsl QyHKIIMOHATBHBIE 3aBUCHMOCTH y/IEITb-
HOW CKOPOCTH HaKMIIEOOpa30BaHUS M KOPPO3MU BO BPEMEHH IPU pEareHTHOH, yIbTpa3By-
KOBOW M KOMOWHHpOBaHHOII 00paboTke Bompl. IlokazaHo, YTO yIBTPa3BYK HEraTHBHO



BJIMSICT Ha QaHTMHAKWIIHBIE CBOMCTBA MCCIICIOBAHHBIX PEareHTOB BCIEICTBHE YMEHBIICHHS
3G PEeKTUBHOCTH NEHCTBHS AaHTHCKANAHTA. 3allMTHas IUIEHKa (OPMHUPYETCS Ha HOBEpX-
HOCTH CTaJIN CO BPEMEHEM, MOKa3aTeJl CKOPOCTH KOPPO3UHU PE3KO CHIKAIOTCS B HAa4allb-
HBII TEPUOJ MCTBITAHUI U cTabmian3upyroTcs Ha ypore 0,02 mm/year. ITokasano, 4to
KOMIUIEKCHOE BO3JCHCTBUE aHTHUCKAJAHTa M yJbTPa3sByKa IIPH ONPENENCHHBIX pPEeKHMax
00paboTKN Cpebl MO3BOUT ONTHMHU3UPOBATH MPOIEcC 00pa3oBaHMA M MOAACPKAHUSA (a-
30BOTO MHKPOCJIOSI C IPOTHBOKOPPO3HOHHBIMH CBOMCTBAMH, IIPAKTHISCKH HE CHIIKAIOIIETO
TEII00OMEH MEKIy TIOBEPXHOCTBIO METAJlIA M TeIFIOHOCUTEIICM.

SUMMARY. The combined action of reagent and ultrasound treatment on corrosion
and scaling processes in conditions of water heating equipment operation at a temperature
of 95+2°C and atmospheric pressure was investigated. The efficiency of well-known reagent
(etidronic acid) and a green inhibitor — rape grist extract were tested in the hard water both
individually and in combination with ultrasonic irradiation in the pre-cavitation mode. The
experimental technique allowed us to determine both scaling (by scale weight gain) and
corrosion rates (using polarization resistance method) on the same samples. The functional
dependences of the scaling and corrosion rates in conditions of reagent, ultrasound and
combined water treatment were obtained. It was confirmed that ultrasound irradiation
negatively affected the effectiveness of the anti-scalant, since the specific rate of formation
of calcification could increase. Protective film was formed with time, corrosion rate of steel
was sharply reduced in the initial test period and stabilized at 0.02 mm/year. Combined water
treatment with ultrasound and reagents in certain modes would optimize the formation and
maintenance of a phase microscale layer with anti-corrosion properties that would not
reduce the heat transfer between the metal and heat carrier.

Demchenko V. L. Formation of silver-containing polymer composites
by reduction of Ag* ions in polyelecrolyte-metallic complexes
under electric field ACtION ......coccviiiiiieee e 57

PE3IOME. Metonamu IIMPOKOKYTOBOI PEHTTeHIBCHKOI AudpaKiii Ta MaJIOKyTOBOTO
PO3CIIOBaHHS PEHTI€HIBCHKHUX MPOMEHIB JOCIIHKEHO OCOOIMBOCTI CTPYKTYPHOI OpraHisa-
1ii HaHOKOMMO3KTiB eKTHH—AQ'—T14BI1, OTPUMAHUX TIiJI TI€I0 MOCTIHHOTO ENEKTPUIHOTO
nosist. BeraHoBIIEHO, 11O 1Mi/] Yac XiMiYHOTO BiJIHOBJICHHS HOHIB Ag” y MOIieNeKTposTiT-MeTa-
JYHAX KOMIUIEKCAX M €0 eNEKTPUIHOTO TOJS YTBOPIOIOTHCS HAHOKOMIIO3HTH 3 O1Ib-
MM BMICTOM METATIYHOTO Cpibiia, HiXk 3a HOro BiACyTHOCTI. MeTOJOM TepMOMEXaHIYHOTO
aHaJi3y BUSBJICHO, IO TaKi MaTepialii, MAlYM 3HAYHO BHIIY TEMIIEPATYPY CKIyBaHHS i
HIDKYY TEMIIEpPaTypy MEpexoy y B’S3KOTEKyUHii CTaH, a TAKOX 3/IaTHICTh 10 BIJHOCHOI Jie-
hopmarrii.

PE3FOME. Metonamu MHAPOKOYTTIOBOM PEHTI€HOBCKOH TU(PAKINU U MAJIOYTIIOBOTO
paccesHUsI PeHTTEHOBCKUX JIy4el HCCieJ0BaHBl OCOOCHHOCTH CTPYKTYPHOW OpraHM3aIlUH
HaHOKOMMO3KMTOB NeKTUH—AQ’-TI4BII, monydeHHBIX TOJ BO3JEHCTBHEM IMOCTOSHHOTO
AIEKTPHUYECKOTO TIOJIs. Y CTAHOBJIEHO, YTO MPH XMMHUYECKOM BOCCTAHOBJIEHHH HOHOB Ag* B
MOJIM3IEKTPOIUT-METAJUINYECKUX KOMIUIEKCAX I0J{ BIMSHUEM 3JEKTPHUECKOTO IMOJs 00-
pa3yloTcsi HAHOKOMITO3HUTBI C OOJIBIINM COZEpP’KaHWEeM METAJIMIECKOro cepedpa, 4eM Ipu
€ro OTCYTCTBUU. MeTOI0M TEPMOMEXaHUYECKOTO aHaIHM3a BBISBIEHO, YTO TAaKUE MaTepUa-
JBI IMEIOT OoJiee BBHICOKHME 3HAYEHHs TeMIIepaTyphl CTEKIOBaHUS M HU3KHE TeMIICpaTyphl
Hepexoia B BSI3BKOTEKY4ee COCTOSIHHUE, a TAK)Ke CIIOCOOHBI K OTHOCHUTEIBHOM iehopMauy.

SUMMARY. Peculiarities of the structural organization of pectin-Ag°~P4VP nano-
composites obtained under the action of a constant electric field were investigated by the
methods of wide-angle X-ray scattering and small-angle X-rays scattering. It was estab-
lished that by the chemical reduction of Ag* ions in polyelectrolyte-metal complexes,
nanocomposites with a higher content of metallic silver are formed under the action of an
electric field than in the field absence. The method of thermomechanical analysis showed
that such materials had significantly higher values of the glass transition temperature and



lower values of the temperature of transition to the viscous flow state, as well as the greater
ability to relative deformation.

Gladkii Ya. M., Bys S. S., and Milko V. V. Hydrogen-diffusion mechanical
treatment of structural MaterialS ..........ccoveiiiiiiii 62

PE3FOME. Po3rnsHyTO HOBHH TiAXiA IS MiABHUIICHHA 3HOCOTPHUBKOCTI Pi3aIbHOTO
IHCTpyMEHTa Ta TIONIMIICHHS 0OpOOIIOBAaHOCTI KOHCTPYKIIMHMUX MaTepianmiB, SKui 0azy-
€THhCS HA BUKOPUCTaHHI e(eKTiB (i3NKO-MEXaHITHOTO Ta (i3UKO-XiMIYHOTO BIUTUBY BOIHIO
Ha 30HY pi3aHHS. 3alpONOHOBAHO TiMOTe3y BogHEBOAM(DY3iliHOI MexaHiuHOI 0OpOOKH Ta
KOHIICTIIIII0 IHCTPYMEHTa-aKyMyJIsITOpa BOIHIO. PO3risHyTO pi3HI IkKeperna ra30noaioHoro
BomHIO. JlocmimkeHO pi3aHHA 3a MPHUCYTHOCTI BOJHIO Ta IIPOAHATI30BAHO OTPUMAHI
pe3yJIbTaTH.

PE3FOME. PaccMOTpeH HOBBIM MOAXO K MOBBIIIEHUIO U3HOCOCTOMKOCTH PEIKYIIEro
HHCTPYMCHTA U YIy4IICHUS 00padaThiBAEMOCTH KOHCTPYKIIMOHHBIX MaTEPHUAIOB, KOTOPBIi
0a3upyeTcs Ha MCMOJIL30BaHUU dPHEKTOB (PU3MKO-MEXaHHUECKOTO Ta (HU3UKO-XUMHUICCKO-
ro BO3JEHCTBHA BOAOpOJa Ha 30HY pe3anus. [Ipemioxena runoresa Bomoponoauddysu-
OHHOW 00pabOTKM W KOHIENIHS HHCTPYMEHTa-aKKyMyJISTOpa BOAOpojAa. PaccMOTpeHEI
pa3HBle UCTOYHUKH ra3000pa3HOro Bopopona. MccimemoBaHo pe3aHdsi B IPUCYTCTBHH BO-
JI0OpO/ia U pOoaHaIM3UPOBaHbl OJyYEHHBIE PE3YIbTATHL.

SUMMARY. A new approach to solving the problem of increasing the wear resistance
of the cutting tool and improving the workability of structural materials is considered, which
is based on the use of the effects of physicomechanical and physicochemical influence of
hydrogen on the cutting zone. The hypothesis of hydrodynamic mechanical treatment and
the concept of the tool-accumulator of hydrogen are proposed. Different sources of gaseous
hydrogen are considered. The process of cutting in the presence of hydrogen is investigated
and the obtained results are analyzed.

Pryadko T. V., Dekhtyarenko V. A., Khranovska K. M., and Mogylnyy G. S.
The influence of manganese on structure and hydrogen-sorption
properties of eutectic Tia7.5Zr30MNa25 @HOY ...ocvviivieciiciiccc e 70

PE3FOME. JlociikeHO BIUIMB JISTYBaHHS XPOMOM Ha CTPYKTYpY, (pa3oBuil ckianx Ta
copO1ito-1ecopOIi0 BOAHIO eBTCKTHYHUM CIUTaBOM Ti475Z2r30Mngos. TlokasaHo, mo BBe-
JICHHSA B CIUIaB XpOMY 3MIHIOE€ THIT KpUCTalidHOi IpaTku (asu JlaBeca 3 rexcaroHanbHOT
C14 na xy6iuny C15. BusBneno, mo g 3MiHa Ha cOpOIlil0 BOIHIO HE BIUTHBAa€E. BCTaHOB-
JICHO, 10 TiIpuau, oTpuMaHi Ha ocHOBI (a3 JlaBeca C14 Ta C15, MaioTh pi3Hy TepMiuHy
CTa0lIbHICTE.

PE3IOME. VccnenoBaHo BIMSIHHE JIETMPOBAHUS XpPOMOM Ha CTPYKTYpY, (a3oBblii
COCTaB M COPOIHMIO-AeCOPOIHIO0 BOAOPOAa IBTEKTHUECKUM CIUTaBOM Tia75Zr30Mnys 5. TToka-
3aHO, 4TO BBEJICHHE B CIUIAB XpOMa M3MEHsET THI KPUCTAIMYeCcKoil penieTku ¢a3bl Jlase-
ca ¢ rekcaronanbHoi C14 Ha kyOuueckyio C15. BeIsiBIeHO, 4TO 3TO M3MEHEHHE Ha COpO-
M0 BOJIOPOZA HE BIMSACT. Y CTAaHOBJICHO, YTO THJPUIBI, IOIydeHHBIE Ha ocHOBE (a3 JlaBe-
ca Cl14 u C15, IMEIOT pa3nuIHy0 TEPMHUYCCKYIO CTaOMITEHOCTS.

SUMMARY. The influence of chromium doping on structure, phase composition and
the process of sorption-desorption of hydrogen by eutectic Tisz5ZroMny.s alloy is investi-
gated. It is shown that the chromium addition in the alloy changes the type of crystal lattice
of the Laves phase with hexagonal C14 to the cubic C15. Change of the type of crystal
lattice does not affect the process of hydrogen sorption. It is found that hydrides obtained
on the basis of the Laves phases C14 and C15 have different thermal stability.



Kostin V. 4., (Grigorenko G. M), Poznjakov V. D., and Zuber T. 4. Structure
transformation of the heat effected zone metal of welded joints
Of high-strength armor SEEEIS ........ooiiiiiiice s 78

PE3IOME. T1oOynoBaHO TEpMOKIHETHYHI AiarpaMu po3maly ayCTEeHITY Ta BCTAHOBIIE-
HO BIUTMB LIBHJKOCTI OXOJIO/KEHHS 3pa3KiB-IMITATOPIB METaly 30HHM TEPMIYHOTO BILIUBY
(3TB) Ha CTPYKTYypy i TPHBKICTh BHCOKOMIIIHUX CTajci. BCTaHOBICHO 3aKOHOMIPHOCTI
BILUTMBY BYTJICIIO HA CTPYKTYpoyTBopeHHs B MeTani 3TB crameit Quardian 500 i Armstal
500. Bussieno, mo B crani Quardian 500 3 0,26% Byrnemto B 30HI neperpiBy GopMyeTsest
MepeBaKHO MapTEHCHTHA CTPYKTypa 3 TBepzicTio 4850...4890 MPa 3a mBHIKOCTI 0XO0JIO0-
mxenHs Bix 20 go 30°C/s, a B cram Armstal 500 3 0,29% Byrmerio nepeTBOpeHHs IEPEOX0-
nomxeHoro aycreHiTy B 3TB 3paskiB-iMiTaTopiB BiIOYBa€eThCS BXKe 3a MIBHIKOCTEH 0XOJIO-
okerHs 7...30°C/s 3 popMyBaHHSIM MapTeHCHTHOI CTPYKTYpH 3 TBepaicTio 5160...5390 MPa,
II0 TIOJIIIIIY€E CTATUYHY MILHICTh BUPOOIB.

PE3FOME. TlocTpoeHbI TEPMOKHHETHUECKUE TUAarpaMMbl pacrajia ayCTeHUTa U ycTa-
HOBJICHO BJIMSIHHE CKOPOCTH OXJIaXKAEHHs 00pa3lOB-UMHUTATOPOB METaIlIa 30HbI TEpMHUUEC-
koro BinusHUA (3TB) Ha CTPyKTYpy M IPOYHOCTHBIE CBOWMCTBA BBICOKOIPOYHBIX CTalseil.
BbIsiBI€HBI 3aKOHOMEPHOCTH BIIMSHHS COAEPKAaHHsS yIriieposa Ha CTPYKTYpooOpa3oBaHUE B
metaiie 3TB craneit Quardian 500 u Armstal 500. O6Hapysxeno, uro B cranu Quardian 500
¢ 0,26% yriepona B 30He meperpeBa (HOPMHUPYETCS NPESUMYIISCTBCHHO MapTCHCUTHAS
CTpyKTypa ¢ TBepaocthio 485... 4890 MPa npu ckopoctsix oxnaxaenus ot 20 go 30°C/s, a
B ctamu Armstal 500 ¢ 0,29% yriieposa npeoOpa3oBaHUe MEPEOXJIAKICHHOIO ayCTCHHUTA B
3TB 00pa31uoB-MMUTATOPOB MIPOUCXOAUT YIKE MPU CKOPOCTIX oxyaxaeHus 7...30°C/s ¢ 06-
pa3oBaHHEM MapTEHCHUTHOH CTPYKTYpHI ¢ Ooliee BEICOKOH TBepmocThio (5160...5390 MPa),
YTO 00ECTICUYNBACT MOBBIIICHUE CTATHYECKON TPOYHOCTH.

SUMMARY. The thermokinetic diagrams of austenite decomposition are built and the
influence of the cooling rate of samples of the HAZ metal imitators on the structure and
strength of high-strength Quardian 500 and Armstal 500 steels is established. For Quardian
500 and Armstal 500 steels, the regularities of the influence of carbon content on the
structure formation in the HAZ metal of the steels are established and the tendency to brittle
failure is estimated. It is found that in the Quardian 500 steel with carbon content of 0.26%,
a predominantly martensitic structure with hardness of 4850...4890 MPa, is formed in the
over-heating zone at cooling rates from 20 to 30°C/s, while in the Armstal 500 steel with
carbon content of 0.29% transformation of austenitic in the HAZ of samples-imitators occurs at
cooling rates from 7...30°C/s with formation of martensitic structure with a higher hardness
(5160...5390 MPa), providing increase in static strength.

Manko O. V. and Stetsko A. Ye. Kinetics of diffusion chromium plating
Of steels With Ni—CO—P COALINGS ........ccuriiiiiriiiciirieere s 84

PE3FOME. [locnimkeHo KiHETHKY (hopMyBaHHS Ou(y31HHOTO mMapy Micis XpOMYyBaH-
HS 3 HiKeJIbKOOATETPOCHOpHUM MTOKpHBOM. [Ioka3aHo, 0 HA 30BHIIIHIO KOMIIO3UTHY 30HY,
SKa CKJIAJIA€ThCS 3 CTOBIUACTUX KapOiliB XpoMy Ta MaTpHIi TBEPAOTO PO3YMHY XpOMY B
o-3aii3i, BrumBae Qocdop y ximiuHOMY mokpuBi. BoxHouac atomapHHMit XpoM BHTICHSIE
BIUIMO HIiKeNb i KOOANBT, MPOTE HE BIUIMBAE Ha po3moAil ¢ochopy. [loscHeHO yTBOpEHHS
mix yac nudysii crpsMOBaHHMX 30H IMiJBHINEHOI 1e(EKTHOCTI, Yepe3 sIKi MOCHIEHO TpaHC-
MOPTYETHCS ATOMAPHUH XpOM, IO HPHU3BOAMTH 10 (OPMYBAaHHS PETYISAPHOI CTPYKTYpH
30BHIIIHBO{ KOMIIO3UTHOI 30HH.

PE3FOME. WccnenoBaHo KWHETHKY (opMupoBanus AU(QGY3HOHHOTO CJIOS TOCTe
XPOMHPOBaHUS ¢ HUKENbKOOambT(GochopHEIM moKpeITHeM. [loka3zaHo, uTo Ha (GopMHpO-
BaHHUE BHEIIHEH KOMITO3UTHOM 30HBI, KOTOPasi COCTOMUT M3 CTONITYACTHIX KapOHUIOB XpoMa H
MaTpHIBl TBEPJIOIO pacTBOpa XpoMa B oO-)kenese, BIuseT Gocdop B XUMUYECKOM HOKpHI-
THU. B TO ke BpeMs aTOMapHBIN XpOM BBITECHSET HA IIIyOMHY HUKENIb W KOOANbT, OJHAKO
He BJMsgeT Ha pacupenenenue dpocdopa. [lokazano Gpopmuposanue B mporecce nubdys3nn



HaIpaBJeHHBIX 30H MOBBILIEHHOW AE(EKTHOCTH, Yepe3 KOTOpBIE YCHIEHHO TPaHCIIOPTH-
pyeTcsi aToMapHBIM XpOM, YTO B JajbHEHIIEM NpHUBENET K (OPMHUPOBAHHIO PETryJISIPHOU
CTPYKTYPbI BHEIIHEH KOMIO3UTHOU 30HBI.

SUMMARY. The kinetics of diffusion layer formation after chromium plating with the
Ni—Co-P coating is investigated. It is shown that the presence of phosphorus in the chemi-
cal coating has an influence on the formation of an outer composite zone, consisting of
column chromium carbides and a matrix of solid solution of chromium in a-iron. At the
same time, atomic chromium at the early stages displaces nickel and cobalt to depth, but
does not affect the distribution of phosphorus. The formation of directional zones of high
defectiveness in the process of diffusion is explained. Through them the atomic chromium
is intensively transported, leading subsequently to the formation of an outer composite zone.

Glotka A. A. and Haiduk S. V. Prediction of thermodynamic processes
of phase separation in single-crystal nickel-based superalloys............ccocevireiennnnene 91

PE3FOME. CMopenupoBaHbl TEPMOIMHAMHYCCKUE MPOIECCh BhIIeeHUsS (a3, cyiie-
CTBEHHO BJIMSIIOIIMX Ha TEMIIEpaTypHbIE XapaKTEPUCTHKA MOHOKPHCTALUIMYECKHX JKapo-
npouHblx HHUKeneBbIX ciaBoB (KHC). C momompo 3MIUPUYECKOr0 MOAX0/a MOTYUYEHBI
HOBBIE COOTHOIICHHMS 371eMeHTOB Ky 1 Ky, KOTOpbIE yYHTBHIBAIOT COBMECTHOE BIIMSIHUE Jie-
THPYIOIIHX 3JIEMEHTOB Ha TeMIIEpaTypy MHOTOKOMIIOHEHTHBIX KOMIIO3UIIMH MOHOKPHCTAI-
JMYECKUX CIUIABOB. YCTaHOBJIEHO, YTO C YBEJIMYCHHUEM COOTHOLICHUS Ky MOBBINIAIOTCS
KPUTHYECKHE TEMIIEpaTyphl, a CJEJOBATE]bHO, TEIUIOBAs CTAOMJIBHOCTh BCEH CHCTEMBI.
PacuerHpie 3HaUeHUS KpuTHIecKuX TeMmepatyp mist craBa CMSX-10K coBmagarot ¢ ikc-
neprUMeHTaNbHBIMU. [10CTpOEHBI 3aBUCMMOCTH COOTHOIIEHHsI Ky OT CHCTEMBI JIETUpOBaHUS
JKHC, uccnenoBaHo BIMSHKE JIETHPOBAHUS Ha TEMIIEpaTypy JMKBHAYyca ciuiaBoB. [Ipuse-
JICHbI COOTHOILICHUS COJCPIKAHUS JICTUPYIOUINX 3JIEMEHTOB W PETPECCHOHHBIE MOZEIH, C
MIOMOIIBI0 KOTOPBIX MOXKHO IIPOTHO3MPOBATH IMUPUHY TEMIEPATypHOTO MHTEpBajla KpHC-
TaJUTM3AIMN ¥ ONTHMAIIBHYIO TEMIIEPaTypy TOMOT€HHU3ALNH ISl KOHKPETHOTO CIIIaBa.

PE3FOME. 3Monens0oBaHO TEpMOIWHAMIYHI MPOIECH BHUIUICHHS (pa3, 1o CyTTEBO
BILUIMBAIOTh HA TEMIIEPATYPHI XapaKTEPUCTHUKH MOHOKPHCTAIIUYHHUX JKApPOMII[HUX HIKEIEeBUX
crumaiB (QKHC). 3a eMmipygHAM MiAX0IOM OTPUMAHO HOBI CITIBBITHOIICHHS €lIeMEHTIB Ky
1 Ky, sIKi BpaxOBYIOTh KOMIUICKCHUH BIUTHB JICTYBAJIFHUX €IIEMCHTIB HA TEMIIEpaTypHi Xa-
pPaKTEepUCTUKN OaraTOKOMIIOHEHTHHX KOMIIO3UIINH IMX cIulaBiB. BcraHoBineHo, mo 3i
30UTBIICHHSIM CHIiBBITHOIIECHHS Ky MIABHINYEThCS KPUTHYHA TEMIIEpaTypa, a OTXKe, 1 Tell-
JIOBa CTPYKTYpHa CTaOUIbHICTh BCi€l ccTeMU. PO3paxyHKOBI 3HaU€HHS KPUTUYHUX TeMIle-
paryp mis ciiaBy CMSX-10K 30iratoThcsi 3 eKCIEPUMEHTAIbHUMH, TTOXHOKA HE MMEpeBU-
mrye 1%. BeranoBieHo 3anesxHOCTI criBBigHOIIEHHS Ky Bin cucremu neryBanas JKHC, Bu-
SIBJICHO BIUIMB 3MiHH JIETYBaHHs Ha TEMIIEpaTypy JiikBuayca cruiaBiB. HaBezeHo criBBigHO-
IICHHS JIETYBAJIbHUX €JIEMEHTIB 1 perpecuBHI MOJIENI, 32 JOIIOMOTOIO SIKHX MOKHA ITPOTHO-
3yBaTW HIMPHUHY TEMIIEPATYPHOTrO IHTEpBaly KpHCTaji3alii i ONTHMalbHy TeMIeparypy
roMOreHi3aii JUiss KOHKPETHOTO CILIABY.

SUMMARY. Thermodynamic processes of phase separation, which have a significant
effect on the temperature characteristics of single-crystal nickel-based superalloys, are si-
mulated. Based on the empirical approach, new K, and K ratios are obtained, which consi-
der the complex effect of alloying elements on temperature characteristics for multicompo-
nent compositions of single-crystal alloys. It is established that with an increase in the Ky
ratio, the critical temperature increases, and, consequently, the thermal structural stability of
the entire system. The calculated values of critical temperatures for the CMSX-10K alloy
have high convergence with experimental values, the error does not exceed 1%. The
dependences of the ratio K, on the generation of the superalloys (doping system) are
established, the effect of the change in doping on the liquidus temperature of the alloys is
revealed. The ratios of alloying elements and regression models are given, with which it is
possible to predict the width of the crystallization temperature range and the optimal
homogenization temperature for the specific alloy.



Skoblo T. S., Sidashenko A. I., Romaniuk S. P., Honcharenko O. O.,
Omelchenko L. V., and Bantkovskiy V. A. Peculiarities of structure
formation during modification of coatings for tools made
of dispersion-strengthened StEelS ..o 96

PE3FOME. ViccnenoBaHa TEXHOJIOTHS YIPOYHEHHMS M BOCCTAHOBICHHS IeTaleil U3
JHCIIEPCHOHHO-YIPOYHEHHBIX CTATEH MU COIEPKAMNUX OOIBIIOE KOTHIECTBO HEMETAIIIH-
YeCKHX BKJIFOUEHUH. JIst GOpPMUpPOBAHHS MOKPBITHS HCHOIb30BAHO BTOPHYHOE CHIPHE OT
YTWIN3AIMN ONPEIETICHHOTO Habopa OOempHIIacoB, BKJIIOYAIOIIEE HAHO- M JHCIICPCHBIC
anMasbl. V3ydeHo BIUSIHHE MapaMeTpoOB TEXHOJIOTMH MOAMU(HUIMUPOBAHHS JETOHAIIMOHHON
LIIMXTOW MpHU HaIUIaBKE HA CTPYKTYPY MeTasla BOCCTaHABJIMBAaeMOM Aeranu. Jlydmume pe-
3yNbTaThl JOCTUTHYTO Npu BBeneHHH 5,0...7,0% MMXTHI OTHOCUTENBHO MACChl 2JIEKTPOJIA.
310 obecneunno GOopMHPOBAHUE OJHOPOTHOM CTPYKTYpPbI M OJM3KHUX IO pa3Mepy 3epeH B
MOKPBITUH, MOBBICUIIO H3HOCOCTOMKOCTH AeTanu Ha 25%, a conpsraemon — 10 37%.

PE3FOME. JlocnipkeHO TEXHOJIOTI0 3MIIHEHHS 1 BITHOBJICHHS JCTalICH 3 TUCTIEPCHO
3MILHEHUX a00 31 3HAYHOIO KUIBKICTIO HEMETAJIEBUX BKIIOYEHb cTajed. /s popmyBanHs
MOKPUBY BUKOPUCTAHO BTOPHHHY CHPOBUHY BiJI yTHIi3amii IeBHOTO HAbopy Ooempumacis,
sKa MICTUTh HaHO- Ta JUCIIEPCHI adMa3u. BHBUCHO BIUIMB mMapaMeTpiB TEXHOJOTil Mommdi-
KyBaHHsI JETOHAIIMHOIO IIMXTOIO IMiJl Yac BiJHOBJICHHS HAIUIABICHHSM Ha CTPYKTYpY Me-
Taly BigHOBIIOBaHOI gerami. Kpami pe3ynpraté mocsarHyTo micis BBeneHHA 5,0...7,0%
MIUXTH BITHOCHO MAacCH €JEKTPOAa. 3alpoIOHOBAaHA TEXHOJIOTIS MoanGiKyBaHHs 3a0e3re-
ynna (popMyBaHHS OJHOPIMHOI CTPYKTYPH 1 ONM3BKHUX 32 PO3MIpOM 3epeH Y MOKPHUBI, ITiJI-
BUIL[WJIAa 3HOCOTPHUBKICTh BiJJTHOBIIIOBAJILHOT feTaii Ha 25%, a cnpsbkeHol — 1o 37%.

SUMMARY. The technology of hardening and restoration of tools made of dispersion-
strengthened steels and steels, having significant amount of non-metallic inclusions was
considered. Secondary raw materials, obtained from the disposal of a specific set of
ammunition, including nano- and dispersed diamonds were used as coating material. The
influence of the parameters of detonation charge modification technology during surfacing
on the metal structure of the restored part was studied. The best results were achieved with
the introduction of 5.0... 7.0% of the charge relative to the electrode share. This ensured
the formation of homogeneous structure with similar in size grains, increased the wear
resistance of the restored part by 25% and the mating — up to 37%.

Stechyshyn M. S., Skyba M. Ye., Stechyshyna N. M., Martynyuk A. V.,
and Mardarevych R. S. Physicochemical properties of surface layers
of 40X steel after hydrogen-free nitration in glow discharge ...........cccccoevviniiien. 104

PE3IOME. Ha ocHOBI MeTOJIB MareMaTHYHOI CTaTUCTHUKH OTPUMAaHO PIBHSHHS, IO
BCTaHOBJIIOIOTh B32€MO3B’SI30K MiXK TEXHOJIOTTYHMMH IapaMeTpamu Oe3BOJAHEBOTO a30Ty-
BaHHs B TJIIOYOMY po3psii (Temieparypa, CKiiaJ ra3oBoi cymilri, I TUCK) Ta (i3UKO-XiMiy-
HHMH BJIACTUBOCTSMH a30TOBaHHUX IMOBEPXHEBUX IIApiB KOHCTPYyKLiKHHOT cTaii 40X.

PE3IOME. Ha ocHOBE METOJIOB MaTEMaTHUYECKON CTaTUCTUKH IOJIYYE€Hbl YPABHEHHUS,
KOTOpBIC YCTAHABIMBAIOT B3AUMOCBSI3b MEX/Iy TEXHOJIOTHUYECKIMH ITapaMeTpaMu 6e3B0/10-
POIHOTO a30THPOBAHUS B TIECIOIIEM paspse (Temreparypa, COCTaB ra30BOH CMECH M ee
JIaBJIeHNE) U (PU3NKO-XMMHYECKHMH CBOMCTBAaMU a30THPOBAHHBIX ITOBEPXHOCTHBIX IIAPOB
KOHCTPYKLUMOHHOM cTanu 40X.

SUMMARY. Based on the methods of mathematical statistics, equations are obtained
that establish the relationship between the technological parameters of the hydrogen-free
nitriding in the glow discharge process (temperature, composition of the gas mixture and its
pressure) and the physicochemical properties of nitrided surface balls of structural 40X steel.



Haidachuk O. V., Wang Bo, Bychkov S. A., and Andreiev A. V. The development
of an integrated criterion for the rational selection of polymeric
COMPOSILE MALETTAIS .....veeeiiieiecect e 110

PE3FOME. TlpennoxxeH NBYXYPOBHEBBIN KOMIUICKCHBIN KPUTEPUH JUIS palliOHAIBHO-
ro BBIOOpa MONMMEPHBIX KOMIO3HINOHHBIX MaTepuanoB (IIKM) koHCTpyKuunii rpaskaaHc-
Kux camoiseToB. OOOCHOBaHBI €r0 COCTABIIIOIIME JUIS BCEX STAllOB XXM3HEHHOTO IHKJIA
CYIIECTBOBAHUS CaMOJIETa C TAKMUMH KOHCTPYKIMAMH. OIucaH KOMIUIEKC MH(OPMAIOH-
HBIX JTaHHBIX, HEOOXOAUMBIN 115 BBIOOpa Buma [TIKM.

PE3FOME. ChopmynpoBaHa cXxeMa ABOPIBHEBOTO BiTHOCHOTO KOMILIEKCHOTO KpHTE-
pito parioHaNIbHOTO BHOOPY HOJIMEPHHX KoMmo3umiiHux MmatepianiB (IIKM) mns xoHc-
TPYKLIH IUBUIBHHX JIiTakiB. OOIPYHTOBAHO YaCTKOBI CKJIQJIHUKH KOMIUIEKCHOTO KPUTEPilO
JUISL BCIX €TAIliB JKUTTEBOTO IIUKITY ICHYBaHHS JiTaka 3 KOHCTpYKisaMu 3 [TKM, HeoOXiqHuX
Juist GOpMYBaHHS caMOTo KpuTepito. HaBeneHo koMImieke iHQOpMAIifHAX TaHUX, HEOOXi -
HUX JUISl CHHTE3Y BiJJHOCHOT'O KOMIUIEKCHOTO KpuTepito 1uist BuOopy tumy [TKM.

SUMMARY. A scheme of a two-level relative complex criterion for the rational choice
of polymer composite materials (PCM) for the construction of civil aircraft is formulated.
The fractional components of the complex criterion for all stages of the aircraft life cycle
with PCM structures necessary for the formation of the criterion are justified. The whole
complex of information data necessary for the synthesis of a relative complex criterion for
choosing the type of PCM of civil aircraft designs is described.

Pavlenko D. V., Bielokon Yu .0O., and Tkach D. V. Rource-saving technology
of the semifinished intermetallic y-TiAl alloys production
for aviation NGINEEIING ........coviiricire s 118

PE3FOME. Po3po06iieHO KOMIUIEKCHY pecypco30epiraibHy TEXHOJOTIH0 BUTOTOBICHHS
HariBdaOpukaTiB iHTepMeTaniiHuxX y-TiAl criaBiB ass aBialiiHOT TEXHIKH, 30KpeMa Jioma-
TOK Komrpecopa. OnucaHo CTPYKTYpy IMPUHLUIIOBO HOBOI POTH iICHYIOYHX TEXHOJIOTI BH-
poOHUITBa HAaniBQaOpUKATIB 31 CIUIAaBIB Ha OCHOBI QJIIOMIHIIB TUTaHY 3 HU3BKOIO COOiBap-
TICTIO Ta HOJINIICHUMH MEXaHIYHUMH BIIACTHBOCTSIMHU. J[JIsl IOTO 3aCTOCOBAHO 1 MOETHAHO
METOJM CaMOPO3NOBCIOKYBAJIBHOTO BUCOKOTeMITepaTypHoro cuntesy (CBC) Ta iHTeHCHB-
Hoi mmactuyHoi nedopmanii (IIT/]) BuxigHuUX 3aroToBOK. BHsBIeHO, M0 po3poOIieHi ckia-
1 CBC-cyminieli i TEXHOJIOTIYHI PEKUMHE JAI0Th MOKIIHBICTh CTBOPIOBATH 1HTEPMETAIITHI
v-TiAl cruraBu, XiMivyHUHA Ta (Ha30BUIA CKIIAJA SIKMX TaKWUH CaMWi, SK 1 HAHKpammx 3aKop-
JIOHHUX aHAJIOTIB, 3a CYTTEBO HIXKYOI BIIHOCHOT cO0iBapTOCTI OTpuManHs. Ha HacTymHOMY
erari 3aroToBku miamaHo IT1/] 3a KOMIUIEKCHOIO TEXHOJIOTIYHOK CXEMOTO, 110 a0 MOXKIIHU-
BICTb yCYHYTH X TOJIOBHI Hepoutiku, nputamanHi CBC, 30kpema, CTpyKTypHI HEOJqHOpIA-
HOCTI, 3QJIUIIKOBY MOPHUCTICTh, HU3bKY IJIACTHYHICTb.

PE3IOME. PazpaboTaHa KOMIUIEKCHAs pecypcocOeperaroniasi TeXHOJIOTHSI H3TOTOBJIe-
HUS 101y()abpuKaToB MHTEPMETAIUTUIHBIX Y-TiAl crulaBoB /il aBUAIlMOHHON TEXHUKH, B
YaCTHOCTH JIOMATOK KoMmpeccopa. Onrcana cTpyKTypa MpHHIUIIHAIBHO HOBOH, B CpaBHE-
HUH C CYIIECTBYIOIIUMH, TEXHOJIOTHH U3TOTOBJICHUS MOy (HaOpHUKATOB W3 CIUIABOB Ha OC-
HOBE aJIOMHHHUJIOB THTaHA C HU3KOW CEOSCTOMMOCTBIO M YIYYIICHHBIMH MEXaHUICCKUMHU
cBoiicTBamMu. [IJIsT 3TOrO MPUMEHEHBI ¥ MHTETPHPOBAHBI METOMBI CAMOPACIIPOCTPAHSIOIIEC-
rocsi BEIcCOKoTeMIepaTypHoro curre3a (CBC) i MHTEHCHBHOH IUIACTHYSCKON JedopMaIuu
(UITT) ucxomHBIX 3arOTOBOK. BeIsABICHO, 4TO ¢ moMotbio coctaBoB CBC-cMmeceld 1 TeXHO-
JIOTHYECKUX PEKUMOB MOXKHO CO3/[aBaTh HHTEpMETaUTMAHbIE Y-TiAl crimaBsl, XUMHU9eCKH
1 (a30BbI COCTaB KOTOPBIX TAKOW e, KaK M HAWIYYLINX WHOCTPAHHBIX aHAJIOTOB INPHU
3HAYUTEIHHO MEHBIIEH OTHOCHTENIFHON cebecTonmocTH nomydeHus. Ha ciexyromem starme
3arotoBku noxasepranu MIIJ[ no KOMIUIEKCHOM TEXHOJIOIMYECKOM CXEME, YTO II03BOJIMIIO
YCTPaHHUTh X OCHOBHBIE HemocTaTkd, nmpucymme CBC, a MMEHHO: CTpYKTypHBIE HEOIHO-
POTHOCTH, OCTATOYHYIO MOPUCTOCTH M HU3KYIO TUIACTHYHOCTb.



SUMMARY. The integrated resource-saving technology for the production of semi-
finished product from intermetallic y-TiAl alloys for aeronautical engineering, in particular
compressor blades, is developed. The structure of a fundamentally new, in comparison with
existing, technology for manufacturing semi-finished products from titanium aluminide-
based alloys with a low cost and high level of mechanical properties is described. This is
achieved through the use and integration of the methods of self-propagating high-tempera-
ture synthesis (SHS) and severe plastic deformation (SPD) of the initial blanks. It is shown
that the developed compositions of the SHS-mixtures and the technological regimes of
SHS-process make it possible to create intermetallic y-TiAl alloys. Their chemical and
phase compositions correspond to the level of the best world analogues at a much lower
relative cost of production. At the next stage of the technological process, the blanks are
processed by the complex SDP. This stage of the technological process allows to eliminate
the main shortcomings of blanks, the production by SHS — structural heterogeneity, residual
porosity and low plasticity. These shortcomings of the blanks are eliminated by the main
effects of the SPD-specific methods — mass transfer and mixing of the material. These
methods lead to homogenization of the alloy, as well as grinding of the grains and the
formation of the submicrocrystalline structure of the material.

Balitskii O. 1., Kolesnikov V. O., and Havryliuk M. P. The influence of modification
of 38XH3M®A steel on structural and phase state and cutting products
under the change of technological conditions.............ccccoevieevieeie e 125

PE3FOME. JlocmimKkeHO BIUIMB MOTU(IKYBaHHSA Ha CTPYKTYypHO-(a30BHHA CTaH CTali
38XH3M®A Ta MopdoIorito CTpYXKH, YTBOPEHOI Mij Yac TOYIHHS 3arOTOBOK 3a IIBH[-
KocTi obepranHs 315 RPM B yMoBax Hacyxo, 3 BOJOK Ta 3MAaIlyBabHO-0XOJO[KYBaIb-
Hoto pinusHoro (30P). BusiBneno, mo 3a Bukopuctanus 30P po3mipu CTpyXKH 3MEHIIY-
I0ThCs, X opMa cTae KOMIAKTHOIO 1 3rOPHYTOI0, a TakoXkK y 10 pa3iB 3HUKYETHCS MIOPCT-
KIiCTh 00pO0JICHOT MOBEPXHI MOPIBHSHO 13 TOYIHHAM HACyXo.

PE3FOME. ViccnenoBaHo BIUsSHHE MOIUGUIIMPOBAHUS HAa CTPYKTYPHO-(Pa30Boe coc-
tostare cTanmi 38XH3M®DA u Mophosoruro CTpy»KKH, 00pa30BaBIIeiics BO BpeMs TOUCHUS
3aroToBOK Npu cKopocTH BpamieHus 315 RPM, B yciioBusix Hacyxo, ¢ BOJOW U CMa304HO-
oxmaxnatomier xunkocteo (COX). Briseieno, uto mpu ucnoip3oBanun COX pazmepst
CTPY’KKH YMEHBIIAIOTCS, UX (POpMa CTAHOBUTCS KOMIIAKTHOW M CBEPHYTOH, a Tarke B 10
pa3 CHIKAeTcsl MIEepPOXOBATOCTh 00pPadOTaHHOH MOBEPXHOCTH IO CPABHEHMIO C TOUEHHEM
Hacyxo.

SUMMARY. The influence of modification on the 38 XH3M®A steel structural-phase
state and morphology of the chips formed during turning of the billet at a rotation speed of
315 RPM in dry conditions, with water and lubricating and cooling liquid (LCL) is studied.
It is found that when using LCL the sizes of chip decrease and their shape is compact and
folded-type and also the surface roughness of the treated surface in 10 times lower
compared with dry turning.
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PE3FOME. OuiHeHO TepMidHY CTaOUIBHICTh 1 KiHSTHYHI mapaMeTpl KpHCTaiarii
amopdHux MetaneBux cmuiaBiB FegsNb2B14aP3M» (P3M =Y, Gd, Tb, Dy) metonom aude-
peHIianbHOl cKaHyBanbHOI Kajopumerpii. [lokaszaHo, Mo crulaBu Ha OCHOBI 3aii3a KpHC-
TaJi3yloThCsl BOMa crajgismMu. 3a mozensmu Kiccinmkepa, O3aBu Ta ABrica—beHHeTTa
po3paxoBaHO eHeprii akTuBamii 000X eTariB KpucTamizamii amoppHuX cruaBiB. JleryBanus
pinkicHozemensuumu Metanamu (P3M) cmmaBy FegsNbyBis mpusBomuts mo 36imbuieHus
TEeMIepaTypH, eHeprii akTUBalii KpUCTaNi3alil Ta YaCTOTHOTO (aKTopy. 3MEHIICHHS KOHC-
TaHTH MBUIKOCTI KpUCTaJIi3allil CIIaBiB BHACTIIOK JieryBaHHA P3M BKkasye Ha IX TPUBKICTh
JI0 TEMITEpaTypHOi 00pOOKH.



PE3IOME. OueHeHO TepMHYECKYIO CTaOMIIBHOCTh M KHHETHYECKUE MapaMeTphl KpUc-
TauTH3aluy aMopdHbIX Metamtndeckux cruaBoB FegoNbB1aP3M» (P3M =Y, Gd, Tb, Dy)
MeTosoM updepeHInaIbHON CKaHUPYIOIIEH KaJIOpUMETPHH. YKa3aHO, YTO CIUIABbI Ha
OCHOBE JKelle3a KpUCTAJUIM3YIoTCsl B JBe cTaguu. [lo monensm Kuccunmxepa, O3aBbl n
ABruca-beHHeTTa paccUMTaHbl SHEPIHU AaKTHBAllMd OOOWX 3TaloB KPUCTAJUIU3ALUH
amMop(dHBIX cruaBoB. JlerupoBanue peakozeMenbHpIMA MeTatamu (P3M) crutasa FegsNbyB1s
NPHBOINUT K YBEIMUYCHUIO TEMIIEPATYPHl, SHEPTHH aKTUBALMK KPUCTAJUTU3ALMH U 4acTOT-
HOTO (hakTOpa. YMEHbIICHHE KOHCTAHTHI CKOPOCTH KPUCTAJUIM3ALIH CIUIABOB B pE3yIbTaTe
nerupoBanug P3M, ykazbIBaeT Ha X YCTOHYUBOCTE K TEMIIEPAaTyPHOIT 00pabOTKH.

SUMMARY. Thermal stability and kinetic crystallization parameters of amorphous
metallic alloys Fes;:Nb:B14sRE> (RE = Y, Gd, Th, Dy) were evaluated by differential
scanning calorimetry method. It is shown that alloys based on iron crystallize in two stages.
The activation energies of both crystallization stages of amorphous alloys are calculated by
the Kissinger, Ozawa and Augis—Bennett models. Rare earth metals (RE) alloying of the
FessNbyB14 alloy increases the temperature, crystallization activation energy, and a
frequency factor. The decrease of the rate crystallization constant of the alloys due to the
RE alloying, indicates their resistance to temperature treatment.

Oliinyk Z. M., Korolyshyn A. V., and Mudry S. I. Short range ordering structure
of Cuzln intermetallide in the precrystallization temperature range ..........ccccoeeveenene 139

PE3FOME. Metonmom nudpaxiii X-IpoMeHiB TOCTIIKEHO CTPYKTYpy posmiaBy Cuqln
y TeMIepaTypHOMY iHTepBalli MOONM3y TeMIepaTypHu NoYatKy Kpucramizamii. [Ipoanai-
30BaHO CTPYKTYpHi (hakTopu 1 po3paxoBani MeronoM Dyp’e-nepeTBopeHHs QYHKIIT paji-
JIBHOTO PO3IOLTY aTOMiB. Pe3ynbTaTu CTpyKTYpHUX AOCIIIKEHb 3iCTaBJIeH] 3 JiTepaTyp-
HUMHU pe3yJibTaTaMK €HTaNbIIT 3MIlIyBaHHS 1 TepMoJuHaMivHO1 akTuBHOCTI. [TokasaHo, 1o
CTPYKTYpa OJIFDKHBOTO TOPSIIKY € MIKPOHEOJHOPIAHOI 3 TeTePOKOOPAUHOBAHUM PO3IIO-
ZI1JIOM aTOMIiB.

PE3FOME. MetonoM nudpakiiui peHTTCHOBCKOIO H3JIYYCHHS HM3Y4YCHA CTPYKTypa
xkuakoro cmraBa CugerlNoss B TemrmepaTypHOM HHTEpBaje BONH3H TeMIIEpaTyphl Hadala
KpucTtamm3anud. [IpoaHamTU3UpOBaHO CTPYKTYPHBIE (aKTOPBHl U pacCYMTAaHHBIE Ha WX
OCHOBE METOI0M IipeoOpa3oBanus Oypbe PYHKINU PagualbHOTO paclpeeIeHUs] aTOMOB.
Pe3ynbpTaThl CTPYKTYpHBIX HCCIIEIOBaHUI CpPaBHUBAJIM C JUTEPATypHBIMU JAHHBIMH I10
SHTAJIBIIMKA CMELIEHUS U TepMOJMHAMUYECKOM akTuBHOCTU. [loka3aHO, YTO CTpPYyKTypa
OJIIKHETO TOPSIKAa MUKPOHEOTHOPOIHASL C TeTEPOKOOPIUHUPOBAHHBIM aTOMHBIM pacrpe-
JICIICHUEM.

SUMMARY. The structure of Cuoe7Ino.ss molten alloy is studied within the temperature
range close to the start of crystallization temperature by means of X-ray diffraction method.
Structural factors and functions on their basis, calculated using the Fourier-transformation
functions of radial distribution of atoms, are analyzed. The results of structural studies are
compared with published data on enthalpy of mixing and thermodynamic activity. It is
shown that short range order structure is microinhomogeneous and reveals the heteroco-
ordinated atomic distribution.
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