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I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0216U003857
Jep>kaBHUH peecTpauiliHUI HOMeP: 0112U008364
Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrtpamnii: 22-02-2016

II. Etran BukoHnauus JiP
Homep eramny: 1

Ha3sBa eramny: Onrumisariis napameTpiB 3aCTOCYBaHHS iHCTPYMEHTIB 3 HAATBEPAUX MaTepiasiB 1Jis 3BapIOBAHHS

Ta FOMOT€EHI3allil KOJIbOPOBUX METAIIB i CIIJIaBiB METOLOM TEPTH 3 IIEPEMIIIYBAHHAM
IToyaTok eramy: 01.2013
3akiHyeHHs eTamy: 12.2015

Buz 3BiTHOrO AOKYMEHTA: OCTaTO4HMIA 3BiT

I11. BizomocTi npo BukoHaBus JIiP

IloBHe HaliMeHyBaHHS IOPHIHYHOI 0coou (a6o ITIB ¢izuuyHO0i 0CO0H): IHCcTUTYT HapTBEpANX
Matepianis iM. B.M. bakynsa HAH Ykpainu

Kopg 3a €IPIIOY: 05417377

Micue3Haxoa KeHHS:

dopma BaacHoOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu
InenTudgikarop ROR: He zacrocosyerscs

Poamip opranisarii:

TenedoH: (044)4688632

IV. BimomocrTi nnpo criiBBUKOHaBIIiB [IiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHyBaHHS IOPHAHYHOI 0coou (a6o ITIB PpizuuHO0i 0c06H): HaujoHanbHa akasemis Hayk

Ykpainu

Kopg 3a €EIPIIOY: 00019270

Micue3HaxoaKeHHS: ByJI. Bononumupceka, 54, M. Kuis, KuiBcbka 061, 01030, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujoHanbHa akazemist HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

Tenedon: 380442396594

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP

IlincraBa ojist npoBeaeHHs [iP: 34 - norosip (3aMOBJIEHHS) 3 IEHTPaTbHUM OPraHOM BUKOHABYOI BIajy,

akazemielo HaykK (TOJIOBHUMM PO3NOPSIHUKAMU OI0pKETHUX KOWITIB Ha TposefeHHs HIIJIKP)

Hampsam (l)iHchyBaHHﬂ: 2.2 - IpUKJIaHi AOCTiIKeHHS i po3pOOKU
I>kepesia piHaHCYBaHHS

7713 - KOWTH ep>KO0I0A KeTy

Kopg, nporpamuoi kinacudikanii BupaTkis i KpegurysaHHs (KITKBK): 6541030

dakTuuHHi 00car ¢piHaHCYBaHHS (THC. IPH.): 1946.46




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

OrntyMisalisg mapameTpiB 3aCTOCYBaHHS iHCTPYMEHTIB 3 HaJTBEPAUX MaTepiasiB [j1s 3BapIOBAaHHS Ta TOMOreHi3alii

KOJIbOPOBUX METAJIIB i CIIJIaBiB METOLOM TEPTS 3 IEPEMILITYBAHHSIM.

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Optimization of parameters of use of tools of superhard materials for welding and homogenization of nonferrous
metals and alloys by friction with stirring.

Pedepat yKpaiHCBKOIO:

Po3po6sieHi KOHCTPYKIii iHCTPYMEHTIB Ta po3p0o06JIeHO METOIIMKY [IpOLiecy HalljlaBjleHHs abo mopudikarii
CTPYKTYpPY METaJIiB i CIIJIaBiB TEPTSIM 3 IIEPEMILIyBaHHSIM, SIKi 3a0€3I1e4UyI0Th HaflifiHe 3'€JHAaHHS 3BapIOBaHMUX IIapiB
ab6o nocriiHy ran6uny Mmoaudikalii CTpyKTypu OBEPXHEBUX IIAPIB AeTaseil BUpobiB; - Po3pobeHi iHCTpyMeHTH
BMKOPHCTaHi [1J151 HaIlJIaBKU HiKeJII0 Ha MiZTHYy OCHOBY KpicTasizatropa MHJI3 , a Takox 11711 00pOOKY [TOBEPXHEBUX
mapiB MarHiesux crasiB MJI10, MA2 ta anmominieBux crninagiB 7010, 7075-T6 TepTsM 3 nepeMilllyBaHHSIM 3 METOIO
Monu@ikalii CTpyKTypH CIPsIMOBaHOI Ha (POPMYBAHHS B 30Hi OOPOOKM [PiOHO3EPHUCTOI CTPYKTYPU CILIABY (PO3Mip
3epHa 1,2-4,5 MKM), 110 32 po3Mipamu 3epeH B 16 - 63 pa3u MeHIIux 3a BuxifHi (75,8 MKM); - BuaHadeHo, mo s
3abe3neyeHHs POpMyBaHHS MaKCMMaJIbHO MOSKJIMBOI [TOCTiNHOI In6MHN MOAU(IKOBAHOIO TEPTSIM 3
nepeMillyBaHHSIM [IOBEPXHEBOIO APy METAIB i CIJIaBiB, IHCTPYMEHTAaMU Pi3HUX PO3MIpiB, po3Mip KPOKY
CKaHYBaHH$ tCK iHCTPyMEHTa y IOBEPXHEBOMY IIapi MeTasty BUpoOy peKoMeHayeTbes 6yt tck= D (D - miamerp
IiHYy B OCHOBI); - BUKOHaHe eKcliepuMeHTaJIbHe BUMipIOBaHHSI PO3IOiTy I10JIs TeMIIEPaTypy B 30HI Moaudikarii
crasiB MJI10 i 7075 ta 3TII Hikess Ha Mifb. BuMipioBaHHSI BUKOHYBAJIUCh 32 IOIIOMOTOI0 iH(ppauepBOHOTO
tensosizopa Fluke-ir25 ta nudpoBum 6e3KOHTaKTHUM iH(ppadepBoHUM TepmomeTpom DT-8833. BuzHavyeHo,1110
MaKCHMaJlbHa TeMIIepaTypa HarpiBaHHS CIJIABY B 30Hi KOHTAKTHOI B3aeMO/Iii iHCTpyMeHTa 3 06po6toBaHumu TTI
I1apamu 3pasKiB JOCIiIKyBaHUX CIIaBiB gocsrana 340-3800C, mwo Bianosinae BimoMil yMOBI Aiii MAaKCMMasIbHOI
temnepatypu npu 3TII (0,4-0,5)Tm; - ExcliepyumeHTasIbHe BUMiPIOBAaHHS CKJIQIOBUX CUJIUA TEPTS 3
nepeMilllyBaHHSIM BUKOHaHE Ha pO3p06JI€HOMY CTEH]i OCHAIllEHOMY aBTOMATU30BaHOI iH(pOopMaliliHO-
BHAMIpPIOBAJILHOIO CUCTEMOIO. BUMipIOBaHHS BEJIMYMH BEPTUKAJILHOI i TOPUBOHTANIBHOI CKIIQAOBUX 3yCUILIIS HA
inctpymenT nipu 3TII (HaBapioBaHHi) HikeJis Ha Miflb IIpY 3MiHi KIHEMaTUYHUX [TApaMeTpPiB PyXy iIHCTPYMEHTY Y yaci
1I0Ka3aJH, 1o i3 3MiHOI0 WBUAKOCTI oAyl iHCTpyMeHTy Bif 25 10 50 MM /XB BEJIMUYMHA BEPTUKAJIBHOI CKJI0BO]
3yCuUJIIIs 3pOocTae Bin 7 no 12 kH, a ropr3oHTasnbHa CKIIaoBa, HaBIaky, 3MeHmyeTses Bif 0,9 no 0,5 kH; - Buepiue 3a
IOTIOMOTOI0 METOTY AipakLii BifOUTHX eJIeKTPOHIB Ha paCTPOBOMY €JIeKTPOHHOMY Mikpockortti ZEISS EVO,
OCHALIEHOMY eHeprogucnepcinauM aHanizatopom INCA PENTA Fetx3 gocifsKeHO CTaH KPUCTAIUTIB B
nedopmoBanux 3oHax 3TII ta EI13 BUpoO6iB 3 MarHieBux Ta ajoMiHieBUX CIIIaBiB; - Briepiie BU3HauY€HO, 1O MPU
EI13 no mopudikoBaHux mapax 3paskis criaBy MJI10 Mixk 30HOI0 pekpucTasizalii yepes pinky ¢gasy merany EI13
1IBa i3 po3MipoM 3epeH criaBy y 8,7 pa3iB MEHIINX 3a OCHOBHUM MeTal (75,8 MKM), TOOTO po3Mipy 9,3-9,8 MKM,
3HAXOAUTHCS 30HA MmoaudikoBaHoi TTI npiGHO3EepHUCTOI CTPYKTYPH i3 po3Mipamu 3epeH B 11,6 pas3iB MeHIINX 32
BUXiZHi, TOGTO - 6,4 MKM, 110 B 1,5 pa3u meHme po3mipiB 3epeH B 3TMB (30Hi pekpucranizarii-7,8 MKM) ; TAKOX
BIlEeplIe BU3HAYEHO, 110 cepelHill po3mip 3epHa B mapi mopudikauii TTI (po3mip 3epHa 1,2-4,5 MKMm), 3a yac #oro
HarpiBy 1 0X0JIOZPKEHHS Bill 30HU peKpucTaiisauii merany y 30Hi EII3, cepenHiit po3Mip 3epeH B 1iill 30Hi
30inbLIyeThCs 0O 6,4 MKM; - Briepine noka3aHo yTBOPEHHSI MiKPOTPIILIVH Ha IPAaHMUL CIIPSDKEHHS 30HU
pekpuctanizauii yepes pinky ¢asy merany EII3 mBa Ta o0CHOBHOTO MeTasly MarHieBoro criaBy MJI10, a Takox ix
BiZICYTHICTb I1pY 3BaplOBaHHI 4yepe3 NPOMDKHY 30HY 3 MOJIN(IKOBAHOIO IPi6HO3EpPHUCTOI0 CTPYKTYPOIO, 110 1210
MOXJIMBICTb 306i1bIUTU MilIHICTb 3BapHUX EII3 3'enqHanb criaBy MJI10; - BUukoHaHO MiKpOXiMiuyHMI aHAai3
CKJIQIOBUX €JIEMEHTIB OCHOBHOTO MeTasly BUpP06iB, MogudikoBaHoro mapy Ta EI13 mBy nokasas, 110 BOHA
CIIiBIIAJAIOTh i3 BUXIIHUM CKJIaIOM, TOOTO Npolecu monudikanuii TepTsam 3 nepemimysanssMm i EI13, He BIIMBAIOTh

Ha 3MiHy PO3I0Jiy BMiCTy CKJIaIJOBUX aJjleé CYTTEBO BIUIMBAIOTh HA 3MiHY PO3Mipy 3€pHA i Iepepo3IoLil



3aIMIIKOBUX TEMIIEPATyPHUX HANPY>XeHb; - BUKOHaHUI aHasli3 BIVIMBY KiHETUYHUX NTapaMeTpPiB iIHCTPYMEHTY Ha
3MiHy MIKPOCTPYKTYpU MO (IKOBaHMX IIOBEPXHEBUX LIapaX BUPOOiB i 3BapHUX 3'€eJlHAHb OTPUMAHUX METOJIOM
€JIEKTPOHHO-TIPOMEHEBOI 3BapKU. Po3pobiieHi pekomeHallii 3 BIIPOBapKEHHS IIPOLIECY TEPTSI 3 IEPEMIIIYBaHHIM
PEMOHTHO-BiJHOBJIIOI0Y] TEXHOJIOTiI BUPOOIB 3 aIOMiHi€BMX Ta MAarHi€BUX CILJIABiB y aBiallilHOMy BUDOOHULITBI; -
BusHaveHi onTUMasbHi NapameTpy pexXxumy MoaugiKyBaHHS IIOBEPXHEBUX IApiB MarHieBUX Ta ajllOMiHieBUX
CILJIaBiB TepTsM 3 niepemimyBaHHsAM (TIT) BuU3HaueHO, BUXOJI4i 3 KDUTEPil0 YTBOPEHHSI MAaKCUMAaJIbHOI TOBIMHA
npomixxHoi 3oHu 3TMB. [lng marniesoro criiaBy MJI10 ne BifgnoBinae mBUAKOCTI oaavi iHCTpyMmeHTy - 31,5-40

MM /B i yacToTi o6epranns mnuHzaesns - 630 xB -1, gki 7o TOro 3a6e3Mevy0Th CYLiIbHICTD WAPY i BiACYTHICTH
BifgmapyBaHb o6po6sieHoro mapy 3TII Bin ocHOBHOro MeTaiy Bupo6y; - Ha mifictaBi BUKOHAHOTO aHasli3y BILJIUBY
KiHETUYHUX [TapaMeTPiB iIHCTPYMEHTY Ha 3MiHy MIKPOCTPYKTYypY MO (}IKOBAaHUX [I0OBEPXHEBUX 11apax BUPOOIB i
3BApHUX 3'€IHAHb OTPUMAHUX METOJIOM €JIEKTPOHHO-TIPOMEHEBOI 3BapKU, PO3p06JIeHi peKkoMeHallii 3
BIIPOBAJPKEHHSI [TPOLIECY TEPTS 3 IEpPEeMilllyBaHHSIM B PEMOHTHO-BiJJTHOBJIIOIOUi TEXHOJIOTii BUPOOIB 3 ayloMiHieBUX Ta
MarHieBuXx CIJIaBiB y aBiallilHOMy BUPOOHULTBI. 3 BUKOPUCTAHHSM TePTs 3 IlepeMilllyBaHHSIM po3pobJieHi
TEXHOJIOTiI BiJHOBJIEHHS JeTajeil aBialiliHo] TexHiKu 3 MarHieBoro cruiaBy MJI10, siki MatoTh fedEKTH TUIly PAaKOBUH

Ta TPilMHY,

Pedepar aHIJIiHCBKOIO:

Developed design tools and the method of deposition process or modifying the structure of metals and alloys by
friction with stirring, which provide reliable connection welded layers of constant depth or modifying the
structure of the surface layers of the product; - The instruments used for the deposition of nickel on copper basis
crystallizer of SCCM, as well as for the treatment of the surface layers of magnesium alloys ML10, MA2 and
aluminum alloys 7010, 7075-T6 friction with stirring for the purpose of modifying the structure aimed at
developing treatment zone fine grain structure of the alloy (size grain 1,2-4,5 mm) that grain size of 16 - 63 times
smaller than the weekend (75.8 microns); - Determined that formation for maximum friction modified constant
depth of mixing of the surface layer of metals and alloys, tools of different sizes, the step size scan tool tsk in the
surface layer of metal products is recommended to be tsk = D (D - diameter at the pin base); - Experimental
measurement of the distribution of temperature field in the zone modifications ML10 and 7075 alloys and nickel
FSW copper. Measurements were performed using an infrared thermal imager Fluke-ir25 and digital non-contact
infrared thermometer DT-8833. Determined that the maximum heating temperature of the alloy in the area of
??contact interaction tool with the treated layers TA samples studied alloys reached 340-3800S corresponding to
the known conditions of maximum temperature at ZTP (0.4-0.5) Tm; - Experimental measurement components of
the friction force with stirring performed on developed stand equipped with automated information-measuring
system. Measure the vertical and horizontal components of the force on the tool in FSW nickel copper by changing
the kinematic parameters of motion of the tool at the time showed that with the change of the rate of flow
instrument from 25 to 50 mm / min value of the vertical component force increases from 7 to 12 kN and the
horizontal component, on the contrary, decreased from 0.9 to 0.5 kN; - For the first time the method diffraction
reflected electrons in scanning electron microscope ZEISS EVO, equipped energodispersive analyzer INCA PENTA
Feth3 The crystallites state in deformed zones FSW and articles made of magnesium and aluminum alloys; - First
determined that when modified by FSW layers of samples ML10 alloy between the recrystallization zone through a
liquid phase FSW seam metal grain size of the alloy in 8.7 times smaller than the base metal (75.8 microns), that is
the size of 9,3-9, 8 microns, is a zone modified TA fine-grained structure with grain sizes in the 11.6 times smaller
than the weekend, i.e. - 6.4 microns, which is 1.5 times smaller than a grain ZTMV (recrystallization-zone 7.8 m); for
the first time determined that the average grain size in the layer modification TP (1,2-4,5 mm grain size), during its
heating and cooling zones of recrystallization FSW metal in the area, the average grain size in this area increased
to 6.4 m; - For the first time shows the formation of cracks in the border zone recrystallization coupling through
the liquid phase FSW metal weld and base metal magnesium alloy ML10 and their lack of welding through an
intermediate zone modified fine structure, making it possible to increase the strength of welded joints FSW alloy
ML10; - Completed microchemical analysis of the constituent elements of the base metal products, modified layer



and FSW seam shown that they coincide with the starting composition, i.e. processes modifying friction with
stirring and FSW will not affect the change in the distribution of content components but significantly affect the
change in grain size and redistribution of residual thermal stress; - Analysis of the impact of kinetic parameters of
the instrument to change the microstructure of modified surface layers of products and welded joints obtained by
electron-beam welding. The recommendations for the implementation of the process of friction with stirring
repair and Recover Technology products from aluminum and magnesium alloys in aircraft manufacturing; - The
optimal settings for the modification of the surface layers of magnesium and aluminum alloys with stirring friction
(TP) is defined based on the criteria of maximum thickness of the formation of the intermediate zone ZTMV. For
magnesium alloy ML10 is consistent feed rate instrument - 31,5-40 mm / min and spindle rotation frequency - 630
min -1, which also provide continuity layer delaminations and lack FSW treated layer of the base metal products; -
On the basis of the analysis of influence of kinetic parameters of the instrument to change the microstructure of
modified surface layers of products and welded joints obtained by electron-beam welding, recommendations on
the implementation process of friction with stirring in repair and Recover Technology products from aluminum
and magnesium alloys in aircraft production. Using friction with stirring recovery technology developed parts
aviation technology of magnesium alloy ML10 which have defects such as cracks and cavities.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Haszsa HTII ykpaiHCBKOIO: [Iponecy GpopmyBaHHS IOPOBOi CTPYKTYPH i BisMKO-MEXaHIYHUX BIACTUBOCTEM

IIpU CIiKaHHi BUPOG6iB 3 KPYITHO3€PHUCTUX (10 500 MKM) IOPOLIKIB BOJIb(Ppamy

Ha3zpa HTII aursiiicbKoO0: The process of formation pore structure and physico-mechanical properties

during baking products from coarse (500 micron) tungsten powders
HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpumaHi pe3yJIbTaTH:

FaJIy3b 3aCTOCYBaHHSI: MalIMHOOYyBaHHS

PeecTpanifiHuii HOMep KapTKH TE€XHOJIOTIi:

Omnuc HTII: Pospo6ieni KOHCTPyKILii iHCTPYMEHTIB Ta PO3POGIEHO METOMKY MPOLECY HATLIABIEHHS a60
Mogu@ikauii CTpyKTypy MeTasliB i CIIJIaBiB TEPTSIM 3 IIEPEMILIyBaHHSIM, SIKi 320€3I1€4yI0Th HaflifiHe 3'€JHAaHHS

3BApIOBAHUX 1IapiB a60 MOCTiNHY IMU6MHY MoAu@iKallii CTPYKTypU MOBEPXHEBUX LIAPIB eTajiell BUPO6iB
ConiaibHO-eKOHOMIYHA cnpssmoBaHicTe HTII:
Bnyins HTII Ha moBKiJjs:
Bnposaaskennss HTII: He snposamxeno
ITpakTuyHa peasnisaniss HTTI
IToyaToK eTamy: 2017
3aKiHYeHHs eTamy:
Cno>kuBayi Hpo,uyKui'l': MalMHOOYiBHI MigpueMcTBa YKpaiHu
IlepcnekTHBHI pUHKHU: CHJI Ta €8ponu
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHUI 00CAT iHBECTHILiH, THC. TPH.:
IlpaBa, 0 HaAAIOThCS iHBECTOPY MiCJIsA 3aBEPLIEHHSI POOOTH:
HasaBHicTb 0i3Hec-IJIaHY:
TexHiKO-€eKOHOMiIYHE OOrpyHTYBaHHSI.
IToTeH1iaIbHU O0OCST IIPOJASKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTI (pPOKiB):

HJonaTkoBa iHdopmaris:

IX. Bi6siorpadiuyHuii onuc

5 crarei



X. 3aKJIlI0YHi BiTOMOCTI
KepiBHHK I0pHAHYHOI 0COOH

IlepeJtik 0Cci0O-BHKOHABIIiB
besxenap Mukosa I1aBnoBuy
Becnanos Cepriit ®enoposuy
Bosnorrosa Jlapuca MuxainsiiBHa
Buposens Jlroc'eH Mukosnanosud
T'oppienko Onbra Mocunisua
JyTka Bacnnb AHaHiIOBAY
3ab6onorauit Cepriil IMUTPOBUY
Ky Bonogyumup IBaHOBUY.
Jlykam Bosiogumup AHAPINoBrY
MarictpeHnko AHatostii JIbBOBUY
[Tomo6a SIpocnas OsekcaHApPOBUY
[TpokomniB Mukosia Muxannosud
Cmexkanenkos Cepriii Bikroposud
Tkay Bacuip MukosiainoBuy

XapueHko Ozner

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB
Tenedpon

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi

OisIIBHOCTI

Typkesud Bosiogumup 3iHOBIIOBAY




