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1. BnnuB cTpyKTypHO-(aszoBoro crany Ha BaacTuBocTi Al-Ni ta Fe-Ni ¢osbr pisHoro ¢pyskiionassHoro

IIPpU3HAYE€HHS.

2. Effect of structural-phase state on the properties of Al-Ni and Fe-Ni foils of different functional purposes.

Pedepar:

1. B po6oTi Ha npukiagi peakuiiiHux 6aratomaposux (oaier (BO®) Al-Ni Ta ¢osbr iHBapHUX crasiB Fe-Ni,
OTPUMAaHUX METOJOM eJIeKTPOHHO-TIpoMeHeBoro ocamxkeHHs (EI1O), mocifkeHo BILIMB pO3MIipy xapakTepHUX
€JIEMEHTIB MiKPOCTPYKTYPU Ha BJIaCTMBOCTI PyHKIiOHaNbHUX MaTepiasiB (PM) 3 HecTabinbHOIO Ta CTabiNbHOIO
BUXiIHOIO CTPYKTYpolo. [IoKa3aHo, Mo A5t 060X TUMiB focaimkeHux gosusr ®M, BurotosneHux merogom EITO,
XapaKTEePHUM € HasBHICTb Jianla30HY PO3MipiB MIKPOCTPYKTYPHMX €JIEMEHTIB, B MEKax SIKOTO LOCSATAETHCS
3POCTaHHSI PiBHS iX CTPYKTYPHO-UYTJIMBUX BJIACTUBOCTEM, 10 03BOJIsIE 3011bIUTY €(EKTUBHICTD iX IPaKTUYHOTO
3aCTOCYBaHHS. BCTaHOB/IEHO, IO ONTUMAaJILHAM [IO€JHAHHSIM BUCOKUX 3HaUY€Hb iHTEHCUBHOCTI TEIMJIOYTBOPEHHS
(He HKYe 1,2 KBT/cM2) Ta CTIMKOCTI 3HaY€Hb peaKLiliHMX apaMeTpiB (Ha piBHi He Hik4e 85 % Bil BUXiIHOTO
CTaHy) B IIPOLieCi BUTOTOBJIEHHS Ta CTapiHHs xapakTepusyoTbcsi BO Al /Ni 3 nepiomom yeprysaHHs mapis Big 200



10 500 HMm. TTokazaHo, 110 ONTUMAJIbHUM [TO€JHAHHIM BUCOKOTO piBHS MilHOCTI (1o 4,5 ['Tla) Ta iHBapHUMU
BJIACTMBOCTSIMHU, IOIOGHUMU 10 TIPOMUCIIOBUX iHBapHUX cIiaBiB cucremu Fe-Ni (KTP ne Bue 1,5...2-10-6 °C-1B
temnepaTtypHomy iHnTepsaii 0...100 °C) xapakTepuayoTbcst ¢onabru cnnasis Fe-(35...36 Bar.%)Ni 3i cTpyKTypolo O-
¢$asu Ta po3MipoM eJIeMEHTIB MiKpOCTPYKTYpH B fiana3oHi 3HayeHsb 50...150 HM. Ik a5 ¢posbr cuctemu Al-Ni Tak i
17181 posier cucteMu Fe-Ni 3MeHIIEeHHS po3Mipy XapakTepPHUX €JIEMEHTIB iX MIKPOCTPYKTYPU HMXK4Y€ IIEBHOTO PiBHS
BeJi€ 10 CTPYKTYPHO-(Pa30BUX [1€PETBOPEHD B IPOLECi BUTOTOBJIEHHS, SIKi CYIPOBOIKYIOThCS (POPMYBAaHHSIM
IOAATKOBUX (a3: MeTacTabisibHOI MOHOKJIIHHOI a3u Al9Ni2 y ¢posbrax cucremu Al-Ni Ta aHOMaIbHO
IepecruyeHoro Hikesem TBepaoro po3uuny 0-(FeNi) y ¢posbrax cucremu Fe-Ni. QopmyBaHHS J0JATKOBUX
MeTacTabinbHuX ¢a3 B rpoueci BUrotoneHHs metogom EI1O ¢osbr 3 HAHOPO3MiIPHOI MIKPOCTPYKTYPOIO €
OCHOBHUM (DaKTOPOM 3HIDKEHHSI peakliiiHoi 31aTHoCTi 6araromapoBux ¢oser Al-Ni i Brpatu iHBapHOTO edexTy
¢dobr cucremu Fe-Ni. Orpumani pe3ysbTaty 6yl BUKOPUCTaHI SIK HAYKOBI 3aCafid PO3POOKU TEXHOJIOTI]
BUTOTOBJIEHHS] KOMNO3UTHUX (obr Sn/(Al/Ni)/Sn g1 peakuiiiHOro nasiHHs, sIKi IO€JHYIOTb BUCOKY
iHTEHCUBHICTb TEIJIOYTBOPEHHS Ta CTabinbHICTb NapaMmeTpiB peakuii CBC npu noBrorpusagomy 36epiraHHi Qposbry,
i ToHkux 6imeraneBux ¢ousr (Fe-Ni-Co)/Cu 3 BUCOKMM PiBHEM MILJHOCTI i TEpMOYYTIIMBOCTI 1151 BAKOPUCTAHHS SIK

€JIEMEHTIB KOHCTPYKLii MiHIaTIOpDHMX TEPMOPETYJIATOPIB.

2. This work considers the effect of the size of the characteristic microstructure elements on properties of
functional materials (FM) with unstable and stable initial structure on the example of multilayer Al-Ni and invar Fe-
Ni foils, respectively. It is shown that for both types of the foils fabricated by electron beam physical vapor
deposition (EBPVD) there is a range of sizes of the foils microstructural elements within of which the higher level
of their structural-sensitive properties is achieved for providing their more effective practical applications. It was
established that the Al /Ni multilayers with a period from 200 nm to 500 nm in the process of fabrication and aging
exhibit an optimal combination of high values of the heat formation intensity (not less than 1,2 kW /cm?2) and the
stability of the values of the reaction parameters (at the level higher than 85 % of the initial state). It was found that
foils of Fe-(35...36 wt.%)Ni alloys having the structure of the o-phase and the size of the microstructure elements in
the range of 50...150 nm show an optimum combination of high strength (up to 4,5 GPa) and invar properties
similar to those of industrial Fe-Ni invar alloys (coefficient of thermal expansion is not higher than 1,5...2-10-6 °C-1
in the temperature range of 0...100 °C). The reduction of the size of the characteristic elements below a certain
level for both the Al-Ni and Fe-Ni foils leads to structural-phase transformations during the manufacturing
process which are accompanied by the formation of additional phases: the metastable monoclinic phase of AI9Ni2
and anomalous nickel-enriched solid solution o-(FeNi) in the foils of Al-Ni and Fe-Ni systems, respectively.
Formation of additional metastable phases in the process of EB-PVD of foils with nanoscaled microstructure is
found to be a major factor in reducing the reactivity of Al-Ni multilayer foils and the loss of invar effect of Fe-Ni
foils. The results obtained were used as a scientific base for the development of technology for the production of:
(i) composite Sn/(Al/Ni)/Sn foils for the reaction soldering that combine high intensity of heat formation and
stability of the parameters of the self-propagating high-temperature synthesis (SHS) reactions after long-term
storage; (ii) thin bimetal foils (Fe-Ni-Co)/Cu having high strength and heat-sensitivity for the use as elements of
miniature thermostat design.
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