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1. TlinBrIeHHsI KOHCTPYKTUBHOI MiLIHOCTi CTalIeBUX BUPOOGIB MIJIIXOM ITIOBEPXHEBOTO HAHOCTPYKTYPYBaHHS iOHHAM

6oMbapIyBaHHIM

2. Increase of items structural strength by surface nanostructuring with the help of ion bombardment

Pedepar:

1. 1. O6'eKTOM JOCIIiIKEHHSI € [IPOLEeCU TIOBEPXHEBOIO HAHOCTPYKTYPYBAHHS Ta 3MiHM €HEPreTUYHOIO CTaHy
MIOBEPXHI MiJ] BIVIMBOM Pi3HHUX Aiil. MeTo0 aucepTauiitHoi po60TH € po3pobKa Hail6iibll €(PeKTUBHOTO I HAlIMEHII
BUTPATHOTO CIIOCOOY IiJBUIIEHHS KOHCTPYKTHUBHOI MilIHOCTi CTajleBUX JeTajleil MallyH Ha OCHOBI aHali3y BILJIUBY
Pi3HMX METO/IB [IOBEPXHEBOI [Iii, B TOMY YMCJIi [IOBEPXHEBOrO HAHOCTPYKTYPYBAHHS, HA BJIACTUBOCTI HE TiJIbKA
[IOBEPXHi, ajie i1 yCbOro BUPOOY B LiiloMy. MeToau nociIXeHHs Ta anapaTypa. B po6ori Bukopucrasi
peHTreHocTpykrypHuii (IPOH-3) i penTreHocnekrpanbHuii aHanis (PEM-106), ontuuna (MVMIM-7) Ta enekTpoHHa
Mikpockorlist (PEM-106), Bu3HaueHHsI MeXaHIYHUX XapaKTePUCTUK IIPU CTaTUYHUX (Ha po3TAr - P5) i uukimivyHux (Ha
BTOMY - MYI-6000) BUnpo6yBaHHsIX, BUBUEHHS IPOQiio MoBepxHi i napameTpis mopcTkocTi (TR-200),
BUMIpPIOBaHHS MaKpo-, Mikpo- i HaHoTBephocTi (TII-7p-1, [IMT-3, Nano Indenter II BinnosigHo). Pe3ynbraTi

€KCIIEpMMEHTIB 00pOOJIIOBAIMCS METOJAMU MaTeMaTUYHOI CTaTUCTUKY Y rporpami Microsoft Office Excel.



TeopuTuuHi i NpakTU4HI pe3ybTaTh. 3alIPOIIOHOBAHO TEOPETUYHE OOIPYHTYBAHHS OTPUMAHHSI BUCOKO]
KOHCTPYKTUBHOI MiIJHOCTi BUpO6iB IIpU IOBEPXHEBOMY HaHOCTPYKTypyBaHHi. [TokazaHo, 1m0 ioHHe 60MbapayBaHHS
(IB) H13PKOEHEPreTUYHUMY i0OHaMU NIpY [IEBHUX PE>KUMax NPUBOJUTH 10 3a/1ikOBYBaHHSI IOBEPXHEBUX Je(EKTIB i
(dhopMyBaHHS Ha MOBEPXHi BUPO6iB HAHOKPUCTAJIIYHOTO 1apy TOBUIUHOIO 6111 30-50 HM. B Takomy mapi nyiacTuyHa
nedopmaliis BifoyBaeTbCs 3a HEIUCIOKALIIHUM MEXaHi3MOM 3 36pHOTPaHMYMM IIPOKOB3yBAaHHSM HaHO3€epeH. Lle
[IEPEIIKOIKAa€ YTBOPEHHIO KOHIIEHTPATOPIB HAIIPY>KEHb Ta OKPUXYEHHIO METaJly, PE3YyJIbTaTOM 4OTO € MiJBULEHHS
MILIHOCTi B 00'eMi Marepiasny 6e3 3HIXeHHS Iy1acTUYHOoCTi. HoBu3Ha: 1. Briepie npoBeieHO CUCTEMHE JOCiIKEHHS
i aHaJIi3 BIUIMBY Pi3HUX CIIOCOOIB TOBEPXHEBOI 06p06KNU (XTO, MEXaHIYHOrO Ta €JIEKTPOJIITUYHOTO MOJIPYBaHHS,
[I17, ITTO) Ha 06'eMHi MeXaHi4Hi BJIaCTUBOCTI BUPOOY. EKCcliepuMeHTaNbHO I0BEIeHO, 10 YCi IIpoaHai3oBaHi Aii
3MiHIOIOTb TOHKY CTPYKTYPY i 06'eMHi XapaKTepUCTUKY MIILJHOCTI Ta IacTM4HOCTI. O1jiHeHa poJib KO>KHOro dakropa
y NMiJBUILEHHI KOHCTPYKTUBHOI MilJHOCTI. [ToKa3aHo, 110 He BUABJISIETLCSH OJHO3HAYHUI 3B'I30K MIXK
MaKpOHaIpyKeHHsIMU ?], IOKa3HUKaMU TOHKOI CTPyKTypH (?, po3amipamu OKP, ?II) i MexaHiYHUMHU BJIAaCTUBOCTSIMU.
2. Briepuie 6e3rnocepeHbO Ha peajibHUX BUpOOax BCTAHOBJIEHO, 1110 1B NpuBOAUTD [0 YHIKaJIbHOTO O€IHAHHS
XapaKTEPUCTUK MILJHOCTI i IJIaCTUYHOCTI, SIKE IO LIbOTO Yacy He 0yJI0 AOCSITHYTO Hi OAHUM 3 BilOMUX KOMOIHOBaHMX
croco6iB 3miliHeHHsI. [Ticiis IB TuMyacoBuil onip [71s 3pa3KiB 6€3 KOHLEHTPATOPiB HANpyKeHb MigBUILyeThCS Ha 17
%, TpaHuLs TeKy4ocTi Ha 34 % npu 306epeskeHHi i HaBiTh AesSKOMY 3pOCTaHHI IIJIACTUYHOCTI (BiZHOCHE 3BYKEHHS
3poctae Ha 3 %). [l BUpOOiB 3 KOHIIEHTPATOPaMU HalPY>KeHb Lieil eeKT e 6inbmuii: 7B MigBUILyeThCs HAa ~ 69 %,
20,2 Ha ~ 84 %. HacTynHe HaHeCEHHs [IOKPUTTS NiABUILy€e TOKa3HUKYU MIITHOCTI He 6ibIll HiX Ha 3-7 %. 3. Bnepiue
[I0Ka3aHo, mo b HU3bKOEHepreTHYHUMH i0HaMu (~ 1 KeB) Ipu eBHUX pekumax IPUBOAUTD 10 (POopMyBaHHS Ha
[IOBEPXHi BUPO6iB HAHOKPUCTAJIIYHOTO apy TOBUMHOIO 6is1s1 30-50 HM. TBepicTh 11bOTO APy Y IOPiBHSIHHI 3
BUXifHOIO (1o IB) Ha camiii noBepxHi (< 20 HM) nigBuiyeTbes 3 7,8 1o 12,4 I'Tla, ane pisko 3HWKY€ETbCS i Ha IIMOUHI ~
30-50 HM BOHa IPaKTUYHO CIIiBIIaJa€ 3 BUXiTHOIO y HaKylennaHoOMY miapi. [Ticist HaHeCceHHS TIOKPUTTSI TBEPiCTh
30ibLIyeThCS Maike y Tpudi (mo 21 I'Tla) i 3MeHIyeThCs 3HAYHO MOBiJIBHIIIE, TOOTO IIMOMHA 3MILIHEHOTO Lapy
noMiTHO 6inbina. CriBcTaBI€HHS 3MiHM TBEPAOCTI i IIIMOUHY 3MilJHEHOrO APy 3 MEXaHIYHMMHU XapaKTepPUCTUKAMU
BCbOT0O BUPOOY CBiIYMTb, IO TAaKUI 3HAYHUI iX picT came micis I He Moke 6yTH OSICHEHU NiIBULEHHIM
TBEPAOCTI, OCKIJIbKU HE BUKOHYETHCS IIPABUJIO aAUTHMBHOCTI. 4. Briepiie 3arporoHoBaHa rinoTesa, ka MosiCHIOE
OTPUMAaHHS BUCOKOI KOHCTPYKTMBHOI MiLlHOCTi BUPOGiB TP [IOBEPXHEBOMY HaHOCTPYKTypyBaHHi. B niponeci Ib
3[1ifICHIOETBCSI 3aJ1iKOBYBaHHSI [IOBEPXHEBUX Ne(PEKTiB i yTBOPEHHSI HAHOKPUCTAJIIYHOTrO mapy. B TakoMy mapi
nyacTu4Ha fedopmaliis BifOyBaeThCs 3a HEAUCTIOKALITHUM MEXaHi3MOM 3 3€pHOTPaHUYMM IIPOKOB3yBaHHSIM
HaHO3epeH. lle nepemkokae yTBOPEHHIO KOHLIEHTPATOPiB HANIPY’KE€Hb Ta OKPUXYEHHIO METAJTY, PE3YJIbTATOM YOTO
€ TiBUIIEHHS MILIHOCTI B 00'eMi MaTepiasny 6e3 3HMXEeHHS My1acTUYHoCTi. CTymiHb ynpoBaaKeHHs. Ha 6asi
OTPUMAaHUX PEe3YJbTATIB TEOPETUYHUX Ta €KCIIEPUMEHTAIBHUX JOCiIKEHb 6yJ10 pO3PO0JIEHO CIOCIO MiABUILEHHS
KOHCTPYKTUBHOI MilIHOCTi BUPOO6iB (mareHT Ykpainu N2 55911 "Crioci6 nifBuineHHs: KOHCTPYKTUBHOI MilIHOCT]
cTajieBux BUpPoo6iB"). Po3pobsienuit criocié oco6anBo epeKTUBHUI B TOMY BUIATKY, KOJIA BUPiO Mae KOHLEHTPAaTOPU
HanpykeHb. Tak, SKIo 1715 rJ1aJK1uX 3pa3KiB MigBULEHHSI TUMYaCOBOTO ONOPY i yYMOBHOI rpaHuLi TeKy40CTi micis Ib
cxiagano 17 i 34 % BinnosigHo, TO AJ1s1 60JITIB 3 pi3bboIo - 69 Ta 84 %. Chepa (ranysb) BUKOPUCTAHHS. Pe3ynbratu
IOCJTIiIKeHb, 0 HaBe[leHi B AUCepTaLiliHill po6OTi, MOXKyTb OyTH BUKOPHCTaHI HAa MAIIMHOOY1iBEJIbHUX
niAnpueMCTBax IJ1sl feTayel, siKi IoOTpebyTh BUCOKOI KOHCTPYKTUBHOI MIilJHOCTI i IPaLlOIOTh IPYU 3HAYHUX

PO3TAT'YBaJIbHNX HAIIPDY>)KEHHAX, d TAKOXK, HAYKOBLSIMU Ta CTYAEHTAMUA TexHiyHuX BY3iB.

2. 3. Objects of study are the processes of surface nanostructuring and change the energy state of the surface
under the influence of various factors. The aim of the thesis is to develop the most effective and least expensive
way to improve the structural strength of steel machine parts based on the research and analysis of the effect of
different methods of surface effects, including surface nanostructure on the properties of not only surface but also
the whole product as a whole. Research methods and equipment. We used X-ray (SEM-106) and X-ray analysis
(DRON-3), optical (MIM-7) and E (REM-106) microscopy, determination of mechanical characteristics in static
(tensile - P5) and cyclic (fatigue - MIE-6000) trial, a study of the surface profile and roughness parameters (TR-
200), the measurement of macro-and micro-and nanohardness (TP-7R-1, PMT-3, Nano Indenter II, respectively).
The experimental results are processed by methods of mathematical statistics in the program Microsoft Office



Excel. Theoretical and practical results. A theoretical justification of obtaining a high structural strength of
products in surface nanostructuring. It is shown that ion bombardment (IB) with low-energy ions under certain
conditions leads to healing of surface defects and the formation on the surface of products nanocrystalline layer
with a thickness of about 30-50 nm. In such a layer of plastic deformation occurs notdislocation mechanism of
grain boundary sliding nanograins. This prevents the formation of stress concentrators and grinding of metal,
resulting in an increase in strength in the bulk of the material without sacrificing ductility. Novelty: 1. The first time
the systematic study and analysis of various methods of surface treatment (XTO, mechanical and electrolytic
polishing, I1I1], ITIO) on the bulk mechanical properties of the product. Experimentally proved that all analyzed
activities alter the fine structure and three-dimensional characteristics of strength and ductility. The role of each
factor in increasing the structural strength. It is shown that does not show the strong link between macrostresses
?1, exponents of the fine structure (?, the size of the OKP, ?II) and mechanical properties. 2. For the first time
directly on the real products revealed that the IB leads to a unique combination of characteristics of strength and
plasticity, which has still not been achieved by any known combination of ways of strengthening. After 1B
temporary resistance for the samples without stress concentrators increased by 17 %, yield 34 %, while
maintaining and even some increase in ductility (relative narrowing increases by 3 %). For products with stress
concentrators, this effect is even more: ?v increased by ~ 69 %, 20,2 ~ 84 %. Subsequent coating increases strength
index no more than 3-7 %. 3. It was shown that low-energy IB ions (1 keV) under certain conditions leads to the
formation on the surface of products nanocrystalline layer with a thickness of about 30-50 nm. The hardness of
this layer compared with the baseline (before IB) on the surface (<20 nm) increases from 7.8 to 12.4 GPa, but
decreases sharply and at a depth of 30-50 nm is virtually identical to the original in the work-hardened layer. After
coating hardness increased almost threefold (to 21 GPa) and decreases much more slowly, so the depth of the
hardened layer is much larger. Comparison of changes in hardness and the depth of the hardened layer with the
mechanical characteristics of the product shows that a significant increase in their just after the IB can not be
explained by the increase in hardness, as a rule of additivity is not satisfied. 4. First proposed a hypothesis to
explain the receipt of a high structural strength of products in surface nanostructuring. In the process of IB by the
healing of surface defects and the formation of the nanocrystalline layer. In such a layer of plastic deformation
occurs notdislocation mechanism of grain boundary sliding nanograins. This prevents the formation of stress
concentrators and embrittlement of the metal, resulting in increased strength in the bulk of the material without
sacrificing ductility. The degree of implementation. On the basis of the results of theoretical and experimental
research was developed to improve the structural strength of products (patent of Ukraine N2 55911 "Method of
increasing structural strength of steel products). The developed method is especially effective if the product has
concentrators. So if, for smooth specimens increase tensile strength and proof stress after IB was 17 and 34 %
respectively, then the bolt thread - 69 and 84 %. Sphere (region) use. Research results that are presented in the
thesis can be used for machine-building enterprises for parts requiring high structural strength and operating at
large tensile stresses, as well as academics and students of technical universities.
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