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AxmyansHicmb memu

HeoOxiaHiCTh 3pOCTaHHs eHeproe()eKTUBHOCTI TPAHCMOPTHUX 3acobiB
BUMarac MiJBULLEHHs PIBHA MEXaHiYHMX BIACTHBOCTEH MaTepialliB, a TaKOX
PO3LIMPEHHS TEMIEPaTyPHOro HiamasoHy ix 3actocyBaHHs. Huska TpaauuiiHAX
METOJIMK JIMBapHULITEA i 06po6ku cmiasiB Al-Cu, 30KpeMa JI0/IaTKOBE JIeryBaHHs
nobapxamu nepexigHux abo/i plllKlCHO3eMeJ'[I>HPIX MeTaniB, Moxe 3abe3neuTH
obMeskeHe 3MEHILCHHST po3Mipy iX 3epHa i, BIANOBIAHO, OOMEKEHe 3pOCTaHHA
MILIHOCTI Ta [OCHTh HHM3bKy IUIACTMYHICTh, @ HOro CyTTEBMMH HEJOJiKaMH €
Jerpajalisi eJIeKTpUYHMX BIIACTMBOCTEH uepe3 3MiHy XiMi4HOro CKJjagy Ta
Ba)XKKICTh OTpUMaHHs 00'ekTiB ckiaaHoi popmu. Tomy 3 npaKTuqu TOUKH 30pY
JUlst OTPUMAHHS KOMMO3MuTiB Ha ocHOBi cuctemu Al-Cu i3 30anaHCOBaHUM
MOEQHAHHSAM MILHOCTI Ta IUJIACTUYHOCTI IEPCIEKTUBHUMU BBAKAIOTHCH METOLH
MEXaHiYHOro JIeryBaHHf  eJleMEHTapHUX MOPOWIKIB 3  iX  MOJAIbLIMM
TBepILO(baQ.HMM CMiKaHHSM 1 BHCOKOLIBHIKICHOIO (biquoro OCaKeHHST Y
pakyyMi. HeJocTaTHsi BHCBIT/IEHICTb y HayKOBiH niTepaTypi MUTaHHsS BIUIMBY
n06aBoKk rpadiTy Ha CTpYKTypHO-(ha3oBuH CTaH I BJIACTHBOCTI TOPOLIKOBHUX
xommosnTis Al-Cu/C, a Taxox 6pak iHpopmauiil moao (asoBux MepeTROpEHh B
HUX 00yMOBJIOIOTH HEOOXIIHICTh JOC/IUKEHHS X CTPYKTYPH 3 METOIO OTPUMAHHA
MarepialiB i3 MPOrHO30BaHMMH BIaCTUBOCTAMH.

Tomy Tema AaHol JucepTallifHoi poboTH, ika HanpasleHa Ha BCTAHOBJICHH
OCHOBHHX 3aKOHOMipHOCTeH  (a30yTBOPEHHS B cuctemi Al-Cu  micns
BHCOKOEHEpPreTHYHOIr0  MEXaHOAKTHBALiiHOro  0OpoONeHHs  eNeMCHTapHUX
nopomkie Al Ta Cu 6e3/3 n06aBKoIO rpadity i TepmoMexaHiuHMX 06pOOOK
MOPOLIKOBUX KOMIIO3UTIB Ta B OTPUMAHUX METOJOM ENEKTPOHHO-NPOMEHEBOrO
ocaskeHns Garatomapoux (onbrax Al/Cu micis BiAiManiB, a TaKOXK CTpVKTVpH i
cTabinbHOCTI CHHTE30BAHMX IHTEPMETAIEBHX CIOIYK Ta IX B3a€MO3B’A3KY 13
MexaHidHHUMH BIACTMBOCTAMH | peaKlifiHO0 3IaTHICTIO KOMIO3MTIB, €, oe3
CyMIiiBY, aKTYaJILHOIO.

Ocnosnuit smicm poéomu

V  mepmiomMy po3fidi  Ha  OCHOBI aHami3y JliTepaTypHHX JlaHHX
PO3IIIAAI0TECA 0COBIMBOCTI CTPYKTYpH MeTacTabinbHuX (a3 y Al-Cu cnnaBax 13
pi3HUM BMICTOM aJllOMiHIIO, @ TaKOX MHTaHH: iCHyBaHHs BHCOKOTCMHCpaTypHOl
dasu o, OpAMOro  MEPeTBOPEHHS Mik  BHCOKOTEMIEpATYpHOIO 1
uusbkoremieparypuoto v-AlsCuy dazamn Ta MOYIMUBICTE (OPMYBaHHS [CBHHUX
necrexiomerpuunux AlyCug daz y Al-Cu crmaBax i3 6ijBIIMM BMICTOM Mii, IO
moci notpebyioTh yTouHeHHs. [lokazano e(beKTI/IBHICTB BUKOPHUCTAHHS METOIY
MEXaHiuHOro JIeryBaHHA ejleMeHTapHHX nopowkis Al Ta Cu i3 IX MojabIIMM



TBepA0(ha3HUM CriKaHHAM Ta MeTOAiB (i3MYHOro ocamkeHHs HaraTomapoBMX
donsr Al/Cu pisHux kommnosuuiit. IlpoaHanizoBaHo naHl LIOZAO MOJKJIMBOCTI
dopmyBaHHs MeTacTabinbHol  HeropsaakoaHoi OLK-¢asu y wmmpokomy
KOHLeHTpalliitHoMy fianasoni Bia 21 go 82 mac.% Cu (Bia 10 no 67 ar.%) y HUX.
Ocob6nuBy yBary mnpumineHo cxemi ¢opmysanus Meractabinbhoi OLIK-AliCuy
dasu B pesynbrari 3cyBHoro nepersoperns ['TIK — OLIK. JleTanbHO po3riissHyTO
MUTaHHs BIUIMBY 100aBOK ByIVIELEBHX MarepianmiB, 3o0kpema rpabity, Ha
CTPYKTypHO-(ha30BHii CTaH i BIACTUBOCTI MOPOLIKOBUX xommnosutiB Al-Cu/C. Ha
OCHOBI y3arajbHEHHs JITepaTypHHX JaHMX OOTpyHTOBaHO HEOOX1AHICTB
TpOBe/IEHH JAOCIIIKeHb B IaHiH po6oTI.

JIpyruii  po3gii  MICTMTh OINMC METOAMK OTPHUMaHHi MOPOLIKOBHX
xoMno3uTie Al-Cu i Al-Cu/C ta B® Al/Cu, a TakoX METOIB X TOCITiI/KEHA.

Y TpeTboMy po3aijli AOCII/KEHO CTPYKTYPHO-(a30BHH CTaH MOPOLIKOBHX
xommosutie Al-Cu i Al-Cu/C i3 BmictoM Miai 17, 33 ta 80 mac.% Cu mnicns
MeXaHIYHOro JIeryBaHHs Ta TEPMOMEXaH{YHMX OOPOBOK, a TaKOXK iX MeXaHIYHi
BJIACTHBOCTI Ta peaklliliHy 31aTHICTh. PeHTreHorpaiyHo BCTaHOBJIEHO, 11O MOMOJ
BIIPOJIOBIK 8 rojiuH nopoiukoBux cymimei Al i Cu ycix KOMITO3U1Ii# 6e3/3 5 Mac.%
rpaditoBoi  1006aBKM NPUBOIUTL O  IOABH mikiB  Big  MeTacTablIbHOI
nesnopankosanoi  OLIK-Al,Cus  dasu. 3a pesynpTaTaMu  CKaHyBalbHOI
eleKTpoHHOI ~Mikpockomil 11 XIMIYHMH CKiIaj Ajs 3pa3KiB  KOMIIO3MTIB
eBTEKTMYHOrO CKJaiy He BiANOBijae pIBHOBOXHOMY, a Micis Bimany TIpH
Temmneparypi Buie 250 - 280 °C BoHa 3HMKae. HaromicTs, 7 3pa3KiB i3 BMICTOM
Migi 80 mac.% 11 ckiaj € GIM3bKMM [0 PIBHOBaKHOTO. BusBneno, 1o y 3paskax
nopouikosux komno3utiB Al-Cu i Al-Cu/C  eBTeKTHYHOro ckialy IpoLec
dazoyTBopenHs BiAOYyBa€ThCs LLIAXOM (OPMYBaHHS MEPECHYCHOro TBEPAOrO
poszuuny: Al(Cu) i3 posuuHeHHam mini 1,3 ta 4,9 ar.% (3 ta 11 mac.%) micas
MeXaliuHOro JeryBaHHs BIIPOJOBK |-2 TOJIMH 3pa3KiB eBTEKTHYHOIO Ckiany, a y
3paskax i3 BMicTom 80 Mac.% Cu (Al) - 13 po3uMHEHHAM antoMiHio 10 ~16 at.%
(7,5 mac.%) miciisi MexaHi4yHOTO JieryBaHH:A BIPOIOBXK 4 roauH.

[licns momoJy BIPOAOBXK & TFOAMH Yy MOPOLIKOBHX KOMITO3MTAX Al-Cu i Al-
Cu/C i3 BmictoM Mim 17, 33 i 80 mac.% ¢azopuii cknag OyB onnakosum (Al +
Al,Cuy + AlLCu), ane o6’emna dyacTku (a3 BiApPI3HANACE. BianoBigHO 10
pesynbraris JIMP BiaMivaeThCsl, 110 OLIT-AlL,Cu ¢a3a npucyTHs, BIpOriiHO, ¥
Burs Hectexiomerpuunoi AlbCui— dasu (0,012 < x < 0,059). Ha BIJIMiHY Bif
LIOTO, HA PEHTIeHiBCbKUX AU(PAKTOrpaMax Blj 3pa3KiB MOPOLIKOBUX KOMIO3HTIB
Al-Cu/C i3 Bmicrom Mimi mo 80 mac.% micias IMOMOJY BIPOAOBXK 8 TOJIMH .
CIIOCTEpPIraloThCsi  MiKM  TBEPHOro  PO34MHY Cu(Al) i HeBIOpPsAAKOBAHOI
mertacrabinbHoi OLIK- AlsCug dasu.

Brepiie [0Ka3aHo, L0 BBENCHHA 5 mac.% rpadiTy B nNpoueci
MeXaHOAKTHBALIHHOr0 06pOBIEHHA €NeMEHTapHUX MOPOLIKIB Al i Cu pi3Hux
KOMMO3UIIIM CIpUse iX KpalioMy TOApIOHEHHIO, HaCHYEHHIO nedexkTamu.
Kpucraniuuuii rpadit B mpoueci [OMOIY, [€pPETBOPIOIOYHMCEL Ha aMOP(HHUH,
06BOJIiKAE MeTajeBi YaCTMHKM, IEPElIKOKaE IX ariioMepallii Ta YMOBIJIHLHIOE
peakLiiiHl IPOLECH.



Otze MexaHI'iHe JIeryBaHHS BIIPOJOBXK 8 FOJMH MOPOIIKOBUX KOMIIO3HTIB Al-
Cu 1 Al-Cu/C pizHoro ckiamy i3 iX MOAIBIIMM XOJIOJHKM IIPECYBAHHAM (IIPU TUCKOBI
8 I'TTa i Tyiuu) Ta TBepaOGa3HUM crikaHHsM (rpd THCKoBi 30 MIa i Temnepatypax
480 — 510°C Ta 850-900 °C) 103BOJHIIO OTPUMATH KOMITO3UTH Y BUIJIS/I KOMITAKTIB
13 MOKpallEeHUM pIBHEM MeXaHIYHHX BJIACTMBOCTEH. Briepile BUABIEHO MO3UTUBHUM
BILIMB MeTacTabuibHOl HeBnopsiikoBaHol OLIK-AlCug ¢asu, a takox mobaBku 5
Mac.% rpadiTy Ha NiABUILIEHHS PiBHS MIKpOTBepAOCTi (Moayto FOHra) y komnosurax
13 30epekeHHIM NPUHHATHOrO Koe(illieHTa IUIACTHYHOCTI. [IpuyoMy, HaWGibIIy
MikpoTBepzicte 10 5,5 ITla (Momyms IOnra mo 180 ITla) i3 koediuieHTom
miactuuHocti 0,75 Manmu  koMnosutd Al-33Cu/5C  miciss cnikaHHS, a TakKox
MikpoTBepaicTh g0 6,2 [Tla (momyne IOnra go 148 ITla) i3 koediuieHTOM
miactianocti 0,8 manu komozutu Al-Cu/C 13 6inbmmM BMicToM Migl 80 mac.% nicas
cnikaHHsi. BeraHoBieHo, 110 HalObLIMH piBeHb peakiliiHol 3aaTHoCcTi a0 155 x/r
CIIOCTEPIraBCsl y KOMIO3MTax 13 BMicToM Mimi 80 mac.% miciis oMoy BIpPOAOBK 4
TOJIMH.

YerBepTHH po3aij NPUCBIYEHO BUBUYEHHIO CTPYKTYpPHO-(a30BOIro CTaHy
6aratowapoBux ¢oasr Al/Cu i3 BmictoMm Cu 33 i 80 mac.% (nepiogy 60 HM 1 30
HM) Yy BHUXIZIHOMY CTaHi (miclis OCaKEeHHs) Ta Iicis BIANaliB, a TakKoxkK IX
MeXaHIYHUX BIIACTUBOCTEH Ta peaKiliiiHOI 31aTHOCTI.

bararomapoBi ¢oneru Al/Cu ofox KOMMO3WLIM mTicas Bianaizy IpH
temnepatypl 150 °C  Bnpomomk 30 XBWJIMH XapaKTepU3YIOTbCS HAasBHICTIO
MeTacTabibHOI HeBnopsakoBaHoi OLIK-AlCuy da3u pa3zom i3 ¢dazoro HUKUOL
cumeTpii OLLT 0-Al,Cu. 30inbiueHHs TeMnepaTypH Bianaiy a0 S00 °C npuBonuTsb
JI0 MOCTY1oBOro (opMyBaHHs (a30BoOro ckjiaay, OJM3bKOro 10 piBHOBaxXHOro: Al
+ Al,Cu y 6aratomaposux ¢oibrax Al/Cu i3 BmictoM Mmiai 33 mac.%, no-AlCu +
v2-AlsCug y 6araTouapoBux dossrax Al/Cu i3 Bmicrom Miai 80 mac.%.

Ha npuxnani B® Al/Cu eBTeKTHYHOTrO CKJIaly MoKa3aHo, 1110 Mic/s BiAnais
B TemneparypHomy intepaii 120 - 500 °C da3oyTrBopeHHs BiaOyBa€TbCs 13
nepecudeHoro Teepaoro pozduHy Al(Cu) i3 BMicToM Miai 1o 3,63 at.% (8 Mac.%)
y BUXiTHOMY CTaHI.

BuiesazHaueHe, a TaKOK HAsABHICTh HAMOIIBLINX MIKPOCIIOTBOPEHL I'PATKH
y BuxinHomy crani B® Ta opienrauiiinoro cnisBigHomenns (111)I'TIK/(110)OLK
Mix kpucTtaimitamd Al i metacrabinprol HeBmopsakoBaHoi AliCuy ¢asu micns
Bignany pesxkux b@ Al/Cu, a Takox BIIHOCHO BHCOKA LIBUAKICTH MEPETBOPEHHS
cBiguarh rnpo 3cysHui mexanizm ['LIK — OLIK nepetBopeHHs.

OTKe eKCrIepUMEHTANILHO 6YJI0 MOKa3aHo, 10 (OpMyBaHHA METAcTablibHOT -
"esnopsakoanol OLIK-Al;Cuy pazom i3 OLIT-ALCu ¢a3oro cnpusie 3pocTaHHIO
mikpoTsepaocti (Hy) no 5,6 I'Tla (E = 148 I'Tla) y 6aratomapoux dosbrax Al/Cu
i3 BMicToM Miai 33 mac. % Ta mo 5,3 I'Tla (E = 147 I'Tla) y GararomapoBux
¢onbrax Al/Cu i3 Bmicrom migi 80 mac.%. Haiibinewa Hy no 6,8 I'Tla (E = 177
I'Tla) i3 xocdimicurom mnactuunocti 0,73 croctepiraloTbea y 6araToinapoBHX
donbrax Al/Cu i3 Bmictom mini 80 mac. % miciist Bignany npu 200 °C. Okpim Toro,
Garatowaposi  Qonsru  Al/Cu i3  GimpmmMm  BMmicroM Migi 80  mac.%
XapaKkTepU3yIoThCs HalbIIbLIO peakuiiHoo 3aaTHicTIo (10 236,38 JIk/T).

Y w’aToMy po3aini HaBENEHO KPHCTATOCTPYKTYpPHI daHl (IEpioj IpaTok,
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IIPOCTOPOBY I'PYIly CUMETPIil, KOOPAHMHATH aTOMIB, CTEINiHb 3aCeJ€HOCTI MO3HLIH)
3apeecTpoBaHuX B poboTi cTpykTyp. Ha iX OCHOBI po3paxoBaHi Bi/IIOBIHI
PEHTreHIBChKI AnpaKTOrpaMu iHTepMeTaneBUX (a3 i NEepecHUeHHMX TBEPAUX
PO34KHIB 3 rpadiyHUM 306paKeHHsIM 1X eJIeMEHTapHUX KOMIPOK.

Jlns  oOrpyHTYBaHHS  MOXJIMBOCTI  (OpMyBaHHS  MeTacTablIbHOI
Hesnopsakosanoi Al;Cuy ¢asu 1i rpatky Gyno 3monensoBaHo y Burisai OLIK-
rpatku i3 napametpoM a = 0,2951 HM (cTpyKkTypHU# Tunm A2, np. rpyna /m3m) i3
3anoBHeHicTiIo atomaMu Al i Cu (50 na 50 at. %), mwo monibHa no [-dasm.
3Bakaloud Ha CIIBMNAIiHHA pe3y/bTaTiB MOJAENIOBaHHs 13 €KCIIEPUMEHTaIbHUMH,
6yJi0 nmiATBepKEHO (popMyBaHHs MetactabinbHOI HeBnopsakoBaHoi OLIK-Al;Cug
¢asu i3 BIAMOBIAHOKW CTPYKTYpotO Ta ii BIOpsAKyBaHHA y cTabinmbHy Y2-AlsCug
¢azy (crpyktyproro tumy D8s, np. rpyna P-43m, a = 0,8702 um).

[IpuBesieHi  eneMeHTapHi [paTK¥M 1 pPEHTreHIBCbKI  AM(PaKTOrpamu
iHTepMeTaneBux (a3 Ta MepecHYeHMX TBEPAMX PO3YHMHIB, EKCIIEPMMEHTalbHI J1aHi
IIOZI0 BiAIMIHHOCTEH y MOCIIJOBHOCTI (pa30BUX [EPETBOPEHD, 3a/IeKHOCTI PO3MIPIB
KPHCTANITIB Ta MIKPOCIOTBOPEHb IPaTk¥ IIcns BiAMOBIAHMX 0OpOOOK 'y
nopouikosux komnosutax Al-Cu i Al-Cu/C ta 6aratomaposux ¢onbrax Al/Cu, a
TaKo HAasBHICTh OPIEHTALIMHMX CIIiBBIJHOLIEHP MDK KDPHCTaliTaMM BHXIIHOI
I'LIK- i OLIK-¢a3 B 6arartomapoBux (onbrax micis BiAmaliB CBig4aTh MpoO Pi3HI
MeXaHi3MH [1epEeTBOPEHb y MOPOLIKOBAX KOMIIO3UTaX Ta 6aratoliapoBHx (ojibrax
- nudy3idHUIA Ta 3CyBHUH, BIANOBIAHO.

Haykoea HO8U3HA OMPUMAHUX PE3YIbMAIMIE

Mpu pukonaHHi gaHOi pOOOTH aBTOPOM OTPUMAHO PsI HOBUX HaYKOBUX
pe3yJILTaTiB, Cepell AKX MOYKHA BUIUTMTH HACTYIIHI:

|. Briepie su3HayeHo yMoBH (GOpMyBaHHs MeTacTabilbHOI HEBMOPSIKOBAHOI
Al,Cuy dasu y IIMPOKOMY KOHLEHTpaliHHOMY Jianas’oHi B pe3yJbTari
BHCOKOEHEPreTHUHOro MeXaHOaKTHBALiMHOro 06poGIeHHs y IIaHeTapHOMY MJIMHI
enemenTapuux nopowkis Al i Cu Ge3 i 3 rpadiToBoro n06aBKOIO Ta BiAmainis
GaratomapoBux (oasr Al/Cu. Yrtouneno 1 cTpyktypy y Buriasai OLIK-rpatku
cTpyKTypHOro tumy A2 i3 mapamerpoM a = 0,2951 um. [lokazano MO JIMBICTD 11
BriopsiKyBaHHa y y-AlsCug a3y (ctpykrypHoro tumy D83) B KOMIO3HTax 13
BMicTom Mial 80 mac.%.

2 Ha ocHOBI BCTaHOBIGHHX 3aJIe;KHOCTeH Mik napametpaMy rpatku Al 1 Cu i3
YacoM MexAIiuHore nerysaHHs y nopoikosux xkommosutax Al-Cu i Al-Cu/C Ta
Temiepatypoio Bianaiy y b® Al/Cu BcTaHOBIEHO, 1O NpoOLEC (a30yTBOPEHHS y
BCiX KOMIO3MTax BiAOyBaeTbCs LUIAXOM (OPMYBaHHS I€PECHYEHOro TBEPIOIO.
posuniy Al(Cu) i Cu(Al). Po3sBuHyTO ysiBI€HHS IPO mexanizmu ['IIK — OLK
nepeTsopeHb B MaTepianax cuctemu Al-Cu, OTpUMaHKX y HEPIBHOBAKHHMX yMOBaX.
Mokasano, 11O Yy MOPOLIKOBMX KOMMO3WTax i Oaratouapoux —¢onbrax
eBTEKTHYHOIO CKJaJy BOHO BiAOYBAcTLCS 3@ yyacTi a3k HUKUOI cumetpii OLIT O-
AlLCu.

3. Bmepiue nokasano, nio BBeleHis 5 Mac.% rpadiTy 10 eneMeHTapHMX
nopouikis Al i Cu crnpusie IX Kpalomy noApiOHEHHIO Ta HACHYEHHIO nedexTaMu B
mpoieci Mexaniudoro nerysadss. Kpucraniunud rpagit niji 4ac [omoiy,



TepeTOPIoIOYHCH Ha aMop(HHUil, 06BONIKaE MeTaNeBl YaCTHHKH, NEPEIKO/UKaE 1X
arsomepalil Ta yroBUIbHIOE peaKLiiH] IPOLECH.

4. Onep:aHo HOBI pe3yJbTaTH IpO BILTMB MOAHGiKalii CTPYKTypHO-(pa3oBoro
crany nopoiikoBux komrno3utiB Al-Cu i Al-Cu/C miciis X0n0qHOTO NpecyBaHHs Ta
ChiKaHHs, a TakoXk BiAmanip 6GaraTomapoBux ¢ossr Al/Cu Ha ix MexaHi4Hi
BJIAaCTHBOCTI Ta peakliiHy 3maTHicTb. [lifTBEpIKEeHO e()EeKTHBHICTb BBEAEHHS S
mac.%  rpaditoBoi jo6aBku, a TakoK (OpMYyBaHHS ~ MeTacTabUIbHOI
nesnopsiakosanoi OLIK-Al;Cuy pasu y nopomkosux komnosurax Al-Cu i Al-Cu/C
Ta GaratomapoBux ¢onsrax Al/Cu micas BiAmoBigHMX 0OpPOOOK IJisi CTBOPEHHS
METAIOMATPHYHUX KOMIO3HUTIB 13 TiABHUUICHHM piBHEM MiKpOTBEpPAOCT |
NpUHHATHUM KOe(DiLi€HTOM MIAaCTHYHOCTI.

Jlocmogipricms pe3yibmamie ma 062pyHIMOBaAnICING HAYKOGUX G1ICIOBKIS,
3pobsicHUX y poOOTi, 3abe3MeuyeTbcsl KOPEKTHOK METOAMYHOIO IMOCTAHOBKOIO
eKCIEPUMEHTIB, KOMIUICKCHUM BHKODHUCTaHHsIM Cy4YacHMX BHMCOKOYYTJIHBHUX
B3aEMO/IOMOBHIOIOUMX Ta B3aCMOKOHTPOJIIOIOYHUX METOMIB EKCIIEPUMEHTAIbHOro
JOCHI//KEHHA XIMI4HOTO CKJally Ta KpHCTaliuHol CTpYKTypd (a3, Takux sK
PEHTIrEHOCTPYKTYPHHH aHalli3, audepeHLiiHa cKaHyloda KaJOpUMETpIis, AAepHUH
MarHiTHHHA pe30HaHC, PaMaHiBChKa CIIEKTPOCKOIisS, METO/l HU3bKOTEMIIEPATY pHOI
azcopfuii, CcKaHyBaJbHA eJEKTPOHHA MIKPOCKOMs, a TaKOoX BUMIDIOBAHHA
MikpoTsepaocti no Meitepy (Hu), mogymo FOura (E) i koediuienty M1aCTHYHOCTI
(6 n1) METONOM J[MHAMIYHOTO IHAGHTyBaHHA. BHKnazeHi B po6OTi HayKOBI
[IOJIO’KEHHS Ta BUCHOBKH OGIPYHTOBaHi 3 TOUKHM 30py IHONOXKEHb (Bi3UKH MeTallB,
TEOpETH X OCHOB BHKOPUCTAHHX METOJIB HOCHiZKeHb. Pe3ynbTaTh, OTpUMai
TIpU BHKOHAHHI J1aHOI pOOOTH, CyMHIBIB HE BUKIIUKAIOTb.

Haykoée ma npakmuyiie 3Ha4eHHA pe3yibmamie pooomu

BH3HAYACTHCS THM, IO BOHH CTAaHOBIATH OCHOBY PO3YMiHHsS MPOLECIB
CTPYKTYpOYTBOPEHHS y IOpolIKoBuX Kommnosutax Al-Cu i Al-Cu/C B pe3synbTari
BHCOKOEHEPreTHYHOro  MeXaHOaKTHBaliiiHoro — oOpobiieHHs — eNeMCHTApHUX
nopouikie Al i Cu 6e3/3 no6aBkoro rpadity Ta X HaCTYIHHX TEpMOMEXaHIYHUX
06pobok. a Taxox Binanie GaraTomaposux ¢onsr Al/Cu, oTpuMaHux METONOM
eNeKTPOHHO-TIPOMEHEBOr0  OCaUKCHHS, BILIHBY CTpYKTypHO-(hazoBoro  craHy
KOMIIO3UTIB Ha IX BJIACTHBOCTI 1 € HEOOXIMHUMH IJIsi pO3pOOKH HayKOBHX 3acall
cuTesy nopoukoBux komnosutis Al-Cu ta Al-Cu/C, a Takox HaraToiapoBUX
donsr Al/Cu i3 nijpulIeHHM piBHEM MeXaHIYHHX BIIACTHBOCTCH Ta pCaKLiHHOI
3naTHoOCTI. Martepiand mucepTauil MOKyTh OyTH KOPHUCHI MpH BHKJIQ/IaHHI
cneukypcis uukiy «@i3nka mMeranipy, «Pizuka TBEPAOro Tinay», «HoBi MaTepiaiy
Ta MeToAM aocnijkeHHs», «[IpHKiajHe MaTepialo3HaBCTBO» Ta MOXKYTh OyTH
BHKOPHCTaHi y HayKOBO-JAOCHiAHIH poboTI iHCTUTYTIB Ta yctaHoB HaiioHaibHOI
Akaznemii Hayk Ykpainu, 1e JOCHIKYOTECS AJIFOMIHIEBI CIUIaBH.

Ouinka opopmaenna oucepmauii

Jlucepraniiina po6oTa CKIajacThCs 31 BCTYIY, I’ ATH PO3AiNIB, BUCHORKIB i
nepeiiKy BUKOPUCTAHHX JKepell. 3araibHii o6csir poboTtu ckiiafae 163 CTOPIHKY.
Jlycepraiiis MicTUTL 25 Tabmulb, 69 PUCYHKIB, CIMCOK BUKODHCTaHHX JUKEPET 3
189 naiiMeHyBaHb.



CyTTeBUX 3ayBakeHb 3 MUTaHb OQOpMIIEHHS AucepTauii Hemae. OqHaK 1o
TEKCTy poOOTH 3yCTpidaroThCs ONMMCKHM Ta creuudiuni TepMinu: “ % ar.; at. %;
%Bar.; Mac.%:; 06. %; Bar.% ” — BKa3aHO Pi3HOPiZHO, “MiKpO- Y4 HAHOTBEPAICTb ~
— BKa3aHO Pi3HOPIAHO, C. 29 -  rpaHuLll 3epeH ABIAIOThCA eQEKTUBHUM Oap’epoM
Uis  pyXy AMciokauin”’, c.43 “ Meroau ¢isuyHOro ocamxkeHHs bd
BiZIPi3HAIOTHCA Mik COGOK BElMYMHAMM SHEPreTHYHHMX BIUIMBIB Ha MaTepiai ...”,
c. 49 - * 3cypHoro nepersopents ['LIK — OLIK ”, c.130 — na Puc. 5.4 inaekcu
Minnepa Bia mikiB HaknagarThes i Hepo36ipiauBi. s mpoctoposoi rpynu Ne 225
- Fm-23m 3amicTh iHBEpPCHOT oci 3 MOPSAKY BKa3y€eThCs 3BMUaiiHa MOBOPOTHA BICh 3
nopsi iy Fm3m, ¢.110: @=0,1209 um, HeBipHuii Ne xaprouku 6aszu PDF (25-0016).

Bionogionicme oucepmauii 6Ka3aniii cneyiaabHoCmi

[TocTaBneHi y poboTi MeTa Ta 3a/a4i, a TAKOXK OCHOBHI HAaYKOBI MOJIOXKECHHS
Ta BUCHOBKHM pOOOTH | BUKOPHCTaHI MiJi 4aC BUKOHAHHSA NOCIIIKEHHS METOJIM Ta
TEOpETHYHMH aHanli3 BIANMOBIAAIOTH IMOJIOXKEHHSAM, 3aHECEHMM y [acrnopt
cneuianpHocTi — 01.04.13 — ¢i3uka MeTaiis.

3aysadicennn

|. Ilpu BH3HaueHHi KiJgbKiCHOro (Ha3oBOro CKiamy 3paskiB  3a
CIiBBIIHOLIEHHSAM iHTErpalbHMX IHTEHCHBHOCTEH INiHIH Ha AM(pakTorpamax He
BpaxoByBaBcs (aKkTOp TEKCTYpH Ta Ipobiema MiKpONOTIMHaHHsA. Y piHsHHI (2.0)
He BKA3ano0 03HAUeHNA BCIX 3MIHHHX, 30KpeMa K Ta Kp.

2. Ha »aib, B aucepTaLiiHiii poboTi He BAKOPUCTAHO METOJ MPOCBIYYy 04Ol
enekTpoHHoi Mikpockorii. Lle 6yio 6 aye 1OpeyHUM AJis YTOUHEHHS po3moAiy 1
pO3Mipy BKIIOYeHb Kapbiay y nopomkoBux komnosutax Al-Cu/C.

3. OCHOBHOIO 3arajbHOBIJIOMOIO MPOGJIEMOIO OTPUMaHHs [OPOLIKOBHX
KOMOO3MTIB Ha ocHoBi cucteMd Al-Cu i3 OGUIBIIMM BMICTOM [JIA&CTHYHOIO
aMOMIII0 B [POLECi BUCOKOGHEPTeTHUYHOIO MEXaHOAKTHBalilHOro o6pobieHHs
elleMeHTapHUX [IOPOLIKIB y CTaleBOMy CTakaHi € T.3. «Hamoll» 3ali3a, Ha
MiATBEPUKEHHS YM CTIPOCTYBAHHs YOTO B IMUCEPTAlil HIYOr0 HE CKa3aHo.

4. B poboti Bu3Hauanuce napamerpu rparok I'LIK-Al i Cu no nosioxKeHHIo
okpemux audpaxuiiinux mikis. Jas OGinbll KOPEKTHOro BH3HAYCHHS nepioniB

rpatox sK MaTpuHOI Qa3i, TaK i ycix iHTepMeTamifHuX (a3 neobxijiHo Oyno 6
BMKODHCTOBYBATH METOJl PiTBesbAa, 1110 [103BONMNO 6 Kpalle 3po3yMiTH KIHETUKY
ha30y TBOPEHHA.

5. Inentudikauito (a3 B poboTi MpOBEAEHO METOAOM wtpux-giarpam. Ilpu
LbOMY, Ha JKOJHIM HE NPHUBOISATHCS TabNUYHI [aHi [IOAO IMOJIOXKEHHS MiKiB Bif
OKCMJIiB, XOua TPHCYTHICThL OKCHAIB Miai Oyna 3adikcoBaHa, BITOBIZIHO 10
pe3ylihTaTiB paMaHiBChKOI CIIEKTPOCKOII.

OuiHioioun poBoTy B LINOMY, CJIA 3a3HaYUTH, 110 BOHA ABIAC coboro
3aKiHuCHE HayKOBE JIOCHIDKEHHs Ta MICTHTh DILICHHA aKTyalbHHX HayKOBHX
zaBaaiib (izukyM MeTaniB. 3poblieH] 3ayBaKCHHS HE 3HWKYIOTH OLIIHKK pOOOTH,
OCKi/ILKH FOJOBHIM YHHOM CTOCYIOThCS NoGaxatb i mpobiieM, ski 6 Gaxano Oyio
BUPILTUTH B [0/@JIblIiid poboTi 3a UM HANpAMKOM. OpeprkaHl pe3yJibTaTh €
WGHHAM BHXiIHHM MaTepiaioM s po3pobKH Ta ONTHMI3aLil TEXHOJIOTIH
BUPOOHHUTBA HOBUX Cy4acHHX MCTAIOMATPHYHHX KOMITO3MTIB Ha OCHOBI CHCTEMH
Al-Cu i € 6a30BUMH JUls IOAANBLIION0 PO3BUTKY (i3MKM METAIB.



ABTopedepaT 3a 3MICTOM BIAMOBiAae OucepTamii. MaTepiaid aucepTalii
omy0JiKOBaHI y MPOBIAHMX BITYM3HSAHUX Ta 3apyODKHMX HayKOBHX BHAAHHAX 1
nporuIM anpoballito Ha HayKOBUX ()OPyMax BUCOKOT'O PiBHSI.

BpaxoByrouM BHILECKa3aHe, BBaXKalo, IO 3a AKTYaJbHICTIO, HOBH3HOIO,
HayKOBMM 1 NpPaKTUYHUM 3HAUEHHSM pe3yJIbTaTiB, 1[0 BHHOCATHCS Ha 3aXHUCT,
nuceprauiiHa pobora “CTpykTypa, cTabiIbHICTh Ta BIACTHBOCTI iHTEpPMETAIeBUX
cnoiayk cucteMd Al-Cu Ta KOMIO3UTIB Ha 1X OCHOBI” MOBHICTIO BiATOBiAa€e
BUMOTraM, SIKi Mpea’sBISIOTBCS 10 KaHOWAATChKMX IUcepTalii, a ii aBTop —
MartBienko S$Ilna IropiBHa, 3aciyroBye TMpPHUCBOEHHS HAyKOBOIO CTYIEHs
KaHauaaTta (Gi3MKo-MaTeMaTHYHUX Hayk 3a creuianbHicTio 01.04.13 — ¢i3uka
METaJliB.

Odiniiinuii onoHeHT, B.o 3aBiayBaya kadeapu
MeTaJI03HABCTBA Ta TePMiYHOI 06poOKHU
[HCTHTYTY MaTepiano3HaBcTBa Ta 3BapioBaHHs iM O.€. [Tarona
HarlioHanbHOro TEXHIYHOTO YHIBEPCUTETY Y KpaiHH
«KuiBcbkHi noniTexHIYHUN IHCTHTYT iM. Iropst CikopchKOro»
JIOKTOp (i3MKO-MaTeMaTHYHUX HayK, podecop /

Mupocnas Kapnenp
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Marepiano3nascTa Ta 3BaproBaHHs iM O.€. IlaTona 7
HarrioHaJlbHOTO TEXHIYHOTO yHlBepCHTeTy VKpaiHH «» * % w00 o0
«KuiBchkuit monitexHiynuii iHcTUTYT iM. Irops Ciko CEKORO»
JIOKTOp TeXHIYHUX HayK, JOLEHT
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