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Pedepar:

1. O6'exT pocaimxeHHs. O6'eKTOM JIOCTiIKEHHS € pO3p00Ka TEXHOJIOTii BUTOTOBJIEHHS], OITUMI3allisl CTPYKTYpH Ta
MEXaHIYHUX BJIACTUBOCTEN 6AraTomapoOBUX KOMIIO3UTIB Ha MifHill OCHOBI, OTPUMAaHUX HISIXOM JUQY3iliHOTO
3BapIOBaHHsS. MeTa i 3aBIaHHS JOCTiIKeHHs. MeTo nucepTaniiHoi po60TH € po3pOoOKa TEXHOJIOTTYHUX
rapameTpiB CTBOPEHHS 6araTomapoBUX KOMIIO3UTIB Mifib-TaHTaJl 3 BUCOKMMU MeXaHI{YHUMU Ta ITPOBIIHUKOBUMU
BJIACTMBOCTSIMU LJIIXOM IUQY3iHOTO 3BaplOBaHHS. [IJ1s1 JOCSITHEHHS IOCTABJI€HOI METH BUHUKIIA HEOOXIIHICTD Y
BUPIilI€HH] TAKMX OCHOBHUX 33/1a4: BUOIp MeTajy MPOMiXKHOTO (MK MiJjl0 Ta TAHTAJIOM) LIApy Ta METO/iB

BUTOTOBJIEHHSI MiTHUX Ta IPOMIXXHUX 1IapiB; BCTAHOBJIEHHSI TEXHOJIOTIYHUX ITapamMeTpiB nudysiiHOro 3BaploBaHHs,



sKi 3abe3nevyBanyu 6 HaNiMHNUN afare3ifnHui 38's130K MiX Cu Ta Ta; BUBHa4Y€HHS BIUIMBY Fa30HACUYEHHS TAHTAJy [IPU
BUT'OTOBJIEHHI KOMIIO3UTIB Ta BiTHOCHOI IMMOUHY IuQy3iiiHOTrO mapy MK HikesleM Ta Mifiio Ha MexaHiyHi
BJIaCTMBOCTI KoMNo3uTiB Cu-Ta; NoCiiKeHHs! 0COOINBOCTEN PYyIHYBaHHS 1apyBaTUX KOMIIO3UTIB MiJlb-TaHTal;
BM3HAYEHHS 3aJIEXKHOCTI MEXaHIYHMX, B TOMY YMCJIi - peJlaKCcaliiiHuX, BjacTuBocTen uux [IKM Bing BmicTy Ta i
KiJIbKOCTIi IIPOIIAPKiB MifHOI ()OJIbTY B KOKHOMY 3 IIAPiB Mifli 3 METOIO iX ONTUMI3alii 1Py KIMHATHUX Ta BUCOKHUX
TeMIlepaTypax; BUKOHaHHS KOHTPOJIIO MTPOBiJJHUKOBUX BJIACTUBOCTEN KOMIIO3UTiB. METOIM IOCIIiIKEHHS: ONITUYHA
Ta €JIEKTPOHHA MIKPOCKOIIisl [1JIs1 AOCJIiIpKEHHS CTPYKTYPHY CKJIQJIOBUX IIAPiB Ta KOMIIO3UTIB 33 JOIIOMOIOIO
MikpockoriB MMM-7 ta POMMA-101; peHTreHiBCbKU Ta pEHTTEHO-(PJII0OPECLIEHTHUI METOAM [IJIs1 aHATI3Y
iHTeHCUBHOCTI nuy3ifHMX [IPOLECiB IIPU 3BAPIOBAHHI Ta KOMIIOHEHTHOT'O CKJIanly 30HU A1(Y3iiHOTO 3BapIOBAHHS
3a fonomoroio nnpunazis YPC-60, IPOH-3, CITPYT-4; mexaHiuHi BUIPOOYBaHHS 1151 BUBHAYEHHSI BJIaCTUBOCTEN
KM Cu-Ta i iXHiX KOMIIOHEHTIB B PEKMMaX PO3TATaHHA 3 ITOCTIMHOIO WIBUAKICTIO i pesiakcauii HanpyxkeHs ripu 20 i
6000C 3a 01OMOro0 pO3pPMBHUX MalIMH OpUriHanbHOi KOHCTPYKUii Ta TIRATEST-2200; BUMipy MiKPOTBEPZOCTI
dosbru Ta BakyyMHUX KoHaeHcatiB Cu i posibru Ta 3a cTaHzapTHOIO MeTOAUKO0 Ha npuiaai [IMT-3; nis
KOHTPOJIO esieKTporpoBigHocTi IIKM Cu-Ta MeTogoM 40TUPbOX-TOYKOBOTO 30HAY 3aCTOCOBYBAJIA KOMIIapaTop
P3009. HaykoBa HOBu3HA. 1.BcTaHOB/IEH] 3aKOHOMIPHOCTI IpoLeCiB e OpMYyBaHHS KOMIIO3UTIB 6araTomapoBoi
CHCTEMU Mifb-TaHTaJ Npu JociimkeHux Temrneparypax (20 ra 6000C), koHueHTpauisax (1 ? 25 % Ta) ta pexxumax
IepopMyBaHHS (PO3TAraHHs Ta peJiakcallisi Halpy>KeHb) 3aJ1eXHO Bif, 06'emHoi noi Ta. [TokasaHo, 1110 3MiHa
MexaHiyHux Biactusocrten ajist IIIKM Cu-Ta He BifnoBifae BifoMil cxemi 151 OGHOCIIPSIMOBAHOTIO KOMIIO3UTA 3
IIJIACTAYHOIO MAaTPULEIO Ta KPUXKUM 3MILHIOBaUYeM. 2. BU3Ha4€HO, 1110 BiIHOCHE 3BYK€HHS MiZJHOI MaTpULi B 30Hi
py¥iHyBaHHs KomIo3utis 1pu 200C B ycboMy JOCiI)KeHOMY iHTepBaJsi 06'eMHOi KOHIeHTpallii TaHTasny (1 ? 25 %) He
3MIiHIOETBLCSA Ta BJBIYi MEHIIE Y MOPIBHAHHI 3 MifIII0 Y BiJIbHOMY CTaHi, 715 SIKOi Lie 3HayeHHs cKiagae 80 %.
3anponoHOBAaHO TPAKTYBAaHHS LbOTO €(EKTY Ha OCHOBI Pi3HMX TEPMOIPY>KHUX BJIACTUBOCTEN CKJIaJOBUX LMIAPiB
[IIKM. 3. B xomno3uTtax Bix, 7 1o 11,1 % Ta BCTaHOBJIEHO MPOMDKHUI TUII AiarpaM PO3TATaHHS, SIKUW HE BiAIOBizae
IIBOM BUJIAM TPAAUUIMHUX Aiarpam Ijs MapyBaTUX KOMIIO3UTIB 3 IJIACTUYHOIO MAaTPULIEIO | KPUXKUM BOJIOKHOM. 4.
BusBieHo, 110 Py NiBULIEHUX TeMIIEpaTypax B inTepsasi Bif, 11,1 1o 15,8 % 06'emuoi posi Ta nigsuieHi teMnu
POCTy XapaKTEPUCTUK MIL[HOCTi 0OyMOBJIE€Hi €()eKTOM NPUTHIYEHHS 3€PHOTPAHUYHOT O KOB3aHHSI I1PY NEPEXOi 0
CTiZIBHUKOBOI CTPYKTYpH B MinHiil MaTpuui. 5. Briepiuie BcTaHOBIeHUI HEMOHOTOHHUI XapaKTep KOHIEHTpaLiliHO]
3aJIEXKHOCTI pesiakcaliiiHoi cTiikocTi komno3utiB Cu-Ta npu 6000C B inTepsani 0 ? 25 % 06'emHoi poi Ta.
[TpakTuyHa HiHHICTE pO6OTH.1. 3aIIPOIIOHOBAHMIT HOBUI i MEHII 3aTPATHUH CIIOCI6 BUTOTOBJIEHHS 6araTomapoBux
KOMITO3UTIB MiZlb-TaHTaJI Ta PO3pO0JIeH] TeXHOJIOTIUHI TapamMeTpH ix nrudysiiiHOro 3BapioBaHHS Yepes IIPOLIAPOK
HikesieBoi (OJIbIY (Yac 3BapIOBaHHS, TUCK Ha LIapy IIPU 3BapIOBaHHI, CTYIMiHb BAKyyMYy)Ta JAOCJIPKEHO iX CTPYKTYPY,
MexXaHi4Hi Ta CTPYMOIIPOBIiJIHi BIACTUBOCTI B iHTepBasli KOHIeHTpaliil Bix 1 10 25 % 06 emHoi gosi Ta npu 20 Ta
6000C. 2. BusiBieHo, 10 B JOCIiIKyBaHUX KOMIIO3UTAaxX B iHTepBaji 06'eMHOT0 BMicTy TaHTany Bin 2,8 mo 11,1 %
IIOCATAEThCS ONTUMAaJIbHE MTOE€THAHHS HU3bKOTEMIIEPATYPHOI Ta BUCOKOTEMITEPATYPHOI MILTHOCTI ¥ IJIACTUYHOCTI, a
TaKOX eJIEKTPOoNpoBigHOCTI. HaBeneHi pekoMmeHnaalii e(peKTUBHI IPY BUKOPUCTAHHI y BUPOOHUIITBI CTPYMOHECYUUX
KOHCTPYKLIMHMX MaTepiaiB, ’KapOMILHUX €JIEMEHTIB KOHCTPYKLIii, TEIJIONPOBIZHUX IIOKPUTTIB [IOBEPXOHD IIPEC-
¢$hopM 17151 BUTOTOBJIEHHS IIJIACTMACOBUX BUPOOIB. BUxonsum 3 1boro, 3ariporioHoBaHo Bukopuctosysatu [IIKM Cu-
Ta sk marepias IMHONIPOBO/LB, 1110 6yJI0 arnpo6oBaHo y TOB "IHioc" Ta B SIKOCTi €J1eKTpO- Ta TEIJIONPOBIAHUX
IIOKPUTTIB (POPMOYTBOPIOIOYUX NTOBEPXOHD ITpec-gopm y BAT "Castor" M. XapkoBa. 30KpeMa, TepMiH BUKOPHCTAaHHS
npec-¢opmu rpu 11poMY 36isbmnBCs B 1,65 pasu. ['amy3b 3aCTOCYBaHHS: €JIeKTPOTEXHIUHA Ta palioTeXHIYHA

IIPOMUCJIOBICTb

2. Investigation objects. The investigation object is working out technology receipt, optimization structure and
mechanical properties of multi-layer on copper basis composites obtained by the diffusive-welding method. The
aim and problem investigation. The aim thesis is working out technology regime receipt properties of multi-layer
copper-tantalum composites with high mechanical and conduction properties obtained by the diffusive-welding
method. For aim improvement was put uh and decisive next aim: metal choice intermediate layer receipt copper
and intermediate layer; put regime diffusive-welding, provision safe adhesion bond between Cu and Ta; definition
influence gas-saturate tantalum by making composites and relative layer depth diffusion between copper and



nickel on strengthening characteristics Cu-Ta composites; investigation description peculiarity multi-layer
copper-tantalum composites by stretching and influence on their plasticity structure and mechanical properties
layer compiling; definition dependence mechanical, relaxation properties by stretching this composites from
tantalum and quantity foilscopper layer in each copper layer with aim optimization at room and high temperature,
control conduction properties. Investigation methods: optical and electronic microscopes for investigation
structure layer compiling composites help microscopes MIIM-7 and PDMMA-101; x-ray and x- ray-fluorescentny
method with help instrument YPC-60, IPOH-3, CITPYT-4; mechanical tests for properties definition composites
Cu-Ta and components in stretching regimes with constant velocity and relaxation firmness by 20 and 6000C by
help explosive machine original construction and TIRATEST-2200; measuring micro hardness foils, vacuum
condensation Cu and foils Ta standard method on instrument [IMT-3; control conduction properties method four
point probe accompany comparators P3009. Work novelty scientific. 1.Conformity to natural laws process
deforming multilayer copper-tantalum composites with investigation temperature (20 and 6000C), concentration
(1-25 % Ta) and regime deforming( stretching and relaxation firmness) in dependence volume part Ta determine.
Demonstration that mechanical properties non corresponding known's scheme characteristically for one-
direction composite with plasticity matrix and fragile fibrous. 2. Determine that relative contraction matrix copper
in zone description composites by 200C all investigation interval volume part Ta(1-25 % Ta) non change and in two
timeless by comparison matrix in freedom state, from with this significance composition 80%. Interpretation this
effect on basis difference thermo-elastic properties components composites suggest. 3. On the 7-11,1 % tantalum
range the intermediate stretching diagrams type that does not correspond to two traditional diagram types for
multilayer composites with plastic matrix and fragile fibre has been found. 4. It is determined that at the high
temperatures in the 11,1- 15,8 % tantalum rang the increased rates of strengthening characteristics growth are due
to the decreasing effect of grain-boundary sliding in the transition to the cellular structure in the copper matrix. 5.
Unmonotonous behavior in concentration dependence of relaxation firmness of the composites understudy at the
6000C in the 0-25 % tantalum range has been first set. Practical significance received results.l. The new and more
cheap method of preparing multilayer Cu-Ta composites is suggested and technological regime (welding time,
pressure on layer by welding, vacuum degree) diffusive welding method through the Ni-foil layer is elaborated.
Complex research of the structure, mechanical and current conduction properties of these composites in the
concentration range from 1to 25 % of volume Ta parts carried out by 20 and 6000C. 2. It has been found that 2,8 ?
7 % tantalum composites have optimal mechanical and conduction properties at room and high temperature. Bring
recommendation may be use by production current conduction and heat conduction construction materials, heat-
solider construction element, heat conduction coat surface press-form for production plasmas wares. That is why,
suggestion use Cu-Ta composites as material tyre-wires, that was approbation in CLR " Inios" and quality current-
and heat conduction coat surface press-form in OJSC "Salut" t. Kharkov. In particular, term use press-form by this
increase in 1,65 time. Field use: electro-technical and radio- technical industrial
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