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Pedepar:

1. Inceprarifina po60Ta IPUCBIY€HA BCTAHOBJIEHHIO 3arajibHUX 3aKOHOMIPHOCTE! BILJIMBY KOHLIEHTPALiHUX,
PO3MipHUX Ta TEMIlepaTypHUX e(eKTiB Ha €JIeKTPO- i MarHiTOpe3lCTUBHI BIaCTUBOCTI HAHOPO3MIPHUX IJ1iBKOBUX
Marepiais, cpOpMOBaHUX Ha OCHOBI epmasnoeBoro ciaby Ni80Fe20 Ta Ag. Y BifIOBiIHOCTI 10 IOCTaBIEHUX
3ala4aMU KOMILJIEKCHUX JOCTiIKeHb CTPYKTYPHO-(A30BOr0 CTaHy Ta €JIEKTPO- i MarHiTOPE3UCTUBHUX
BJIACTMBOCTE HAHOPO3MipHUX IJIIBKOBMX MaTepiasiB Ha ocHOBI nepmasioeBoro crniaBy Ni80Fe20 ta Ag 6yniu
3aCTOCOBaHi HaCTyIIHI METOIU: OAHOYACHA Ta [10IAPOBA €JIEKTPOHHO-TIPOMEHEBA KOHEHCAllisd Y BaKyyMi; MeToZ,
KBapLOBOTO PE30HATOPA [JIs1 BUMIPIOBAaHHSA TOBLIMHY in-situ; METOAM IPOCBI4YI040i €JIEKTPOHHOI MiKPOCKOTIii,
aTOMHO-CHUJIOBOi MiKpockorii Ta esekTpoHorpadil 11711 BOCHiIpKeHHsI KpUCTaIIYHOI CTPYKTYPH i (pa30BOT0 CKIALY;
€HEProJUCIEepPCIMHNI CIIEKTPAJILHUI aHali3 [1711 BUBHAYE€HHS KOHLEHTPALIMHOTO CKJIaly 3Pa3KiB; METOZ,
BMCOKOTOYHOI pe3MCTOMETPIi IpU JOCiIKEHHI €J1eKTPO(i3UYHMX Ta MAarHiTOPE3UCTUBHUX BJIACTUBOCTEN.
[TokasaHo, 0 OJHOLAPOBI ILIiBKY IepMasnoeBoro ciuiaBy Ni8OFe20, sk i omHomaposi miiBku Ag, 1o Ta micius
TepMmoo6podku 3a T = 700 K marots onHodaszuuii cknag, mo signosinae ['1IK-Ni3Fe (a = 0,353-0,355 um) Ta I'LIK-
Ag (a = 0,407-0,408 HM). 3's1cOBaHO, 10 (Pa30BUI CTAaH HAHOPO3MIPHUX IJIIBKOBUX MaTepiajliB c()OpMOBaHUX Ha
oCHOBI nepmanoesoro craBy Ni8OFe20 ta Ag micJsis KoHAeHcallil, He3ale>XKHO Bif KOHLeHTpallil aToMiB cpibsa y
cucreMmi, npezcrasisie co6oio kombiHanio ['TK-Ni3Fe + ['TIK-Ag 3 cepeHiMU 3HaY€HHSIMU IIapaMeTpaMy IPaTok
(TUK-Ni3Fe) = 0,353 um Ta (I'IK-Ag) = 0,407 M. TemnepaTypHa 06po6Ka JOCiIKyBaHUX 3Pa3KiB 3a
TemMIeneparypHoro intepsainy Ts = 300-700 K He 3miHIoe (pa3oBuil ctaH cuctemu. HaHOpo3MipHa cuctema
3aymmmaeTbes godasnoo: 'LIK-Ni3Fe + I'lIK-Ag 3 napamerpamu rpatku = 0,356 ta 0,408 HM, BignosinHo. Ha
MIKpO3HiIMKax KPUCTAIYHOI CTPYKTypHU 3pa3KiB 3a cAg =32-60 aT.%, MO>KHA BUIIIMTY HaHOPO3MipHi 3epHa (L = 2-5
HM.) Ta KPUCTaJIiTU 3 CEpeiHiM po3mipom 10 50 HM, 1110 BifOBIZAIOTh BiAIOBiAHO (GepOMarHiTHil Ta HEMarHiTHil
KOMIIOHEHTaM CUCTEMU. Y BUNATKy CAg > 70 aT.%, KpUCTasiyHa CTPYKTypa I1iBKoBoOi cuctemu (Py+Ag)/I1 mosxe
OyTu ommcaHa Tak: Hapo3MipHi 3epHa (pepoMarHiTHOI KOMIIOHEHTY BUIIaIKOBUM YMHOM PO3IOJisieHi B 06'eMi
HEMAarHiTHOro marepiany. BcTaHOB/IEHI 3aKOHOMIPHOCTI B KOHLJEHTPALIIHUX Ta PO3MIPHHUX 3aJIEKHOCTSX [TMTOMOIO
OIIOpY, TEPMiUHOro KoeQillieHTy OIOpy Ta TeMIIEPATypH 3a1ikOByBaHHs 1e(eKTiB 1151 HAHOPO3MipHUX MaTepialiB B
iHTepBasi KoHLeHTpaniil cAg = (5-95) at.%. [TokazaHo, mo gonasaHHs Ag 1o nepmasnoeBoro cruiasy Ni8OFe20 Ta
30ibLIIEHHI KOHIEeHTpalii cAg 3 26 1o 48 aT.% cripuinHsie 3pOCTaHHs BeqInyrHy 0y cuctemi (Py+Ag)/I1 no 2,510 - 7
OMeM y NOPIiBHSIHHI 3 JaHMMMU [I71s1 OJHOLIAPOBUX IJIIBOK epMmasoeBoro criaBy Ni80Fe20 3a d = 55 um (o(Py) = 2,0°10
-7 OMmeM). [Topanbiie 36ibIEHHS KOHLIEHTPAllii aTOMiB Ag TPU3BOIUTE 10 Pi3KOTO 3MEHILIEHHS TIUTOMOTO OIOPY
IO BEJIMYMHU O, XapaKTepHOi 11 ogHouaposoi miiBku Ag(55)/I1, mo cknanae 1,7¢10 — 7 OmeM, 110 [1OB’S13aHO 3i 3MiHA
y KpUCTaJIiYHi# CTPYKTYypi 3pa3KiB. Ha KOHLIEHTpaLifHUX 3a7I€XXHOCTSIX 0(CAg) CIIOoCTepiraeTbCsi MiHiMyM IIpu CAg =
48 ar.%, skoMy Bianosigae BenvnyuHa 0 = 1,810 3 K-1. [TokasaHo, 110 1711 HAHOPO3MipPHUX IJIIBKOBUX MarTepiaiB
(Py+Ag) /Il TakOX € XapaKTepHUM IIPOSIB PO3MiIPHOro e(peKTy B TEpPMOPE3NCTUBHUX BIACTUBOCTSIX. 3POCTAHHS
3arasipHoi ToBIMHY 3 20 10 100 HM cripuyrHSe pi3ke 3MEHIIEHHS BeJIMYUHY [IUTOMOTO OIIOpY Y 5-6 pasiB, B TOi1 4ac
gk BesmmunHa TKO 36inbimyeTbes y 2-3 pa3u. MakcumaibHe 3HaYEHHS i30TPOIHOIO MarHiTOPe3UCTUBHOTO €(EKTY
IIpY BUMIPIOBAaHHI 32 KIMHATHOI TeMIlepaTypU IJ1s1 CBIKOCKOH,€HCOBAaHUX 3Pa3KiB cTaHOBUTD 1,85 % (cAg = 60 aT.%
ta d = 100 HM), a gy Tepmosinnanenux — 1,80 % (Ts = 500 K, cAg = 60 at.% ta d = 60 HM). 36inbUIeHHS IHAYKII
IIPUKJIAJ€HOT0 30BHIIIHBOTO MarHiTHoro noss 3 500 MTa o 1,5 T He BIyMBae Ha POPMY I10JIbOBOI 3aJ1€5KHOCTI
marsitoonopy MO(B): ricrepesuc i HaCU4eHHs BiICYTHi Ta IIPU LIbOMY Bifi0yBaeTbCs 3pOCTaHHs BennyuHu MO 1o
2,5%. 3MeHIIeHHs X TemnepaTypy BuMipioBanHs 3 300 no 10 K cynpoBompKyeTbcs OJAIbIIMM 3POCTaHS aMILIITY AU
MarHitrope3ucTuBHOro edexty 10 3,8 %. Y Toil e yac po3MipHi 3aJ1€’KHOCTI MarHiTOOnopy 1j1si HAHOPO3MipHUX

niBkoBux cucreM (Py+Ag) /Il xapakTepusyoTbcs HasgBHICTIO MakcuMyMmy MO = 1,80% 3a ToBmyHM 60 HM Ta



temrepatypu 500 K. [JaHuit MakCMMyM 3MilllyeTbCsl B 6iKk MeHIIUX TOBIKH (d = 50 HM) IIpY 3pOCTaHHI TeMIIEpaTypu
BignamoBaHHs 10 700 K i cranoBuTs 0,85 [[7151 CBiskKeCKOHIEHCOBAHUX 3Pa3KiB XapaKTepHUM € 3pocTtaHHs MO mnpu
3POCTaHHi TOBUIMHY 3 BUXOJOM Ha HacuueHHs 32 d = 100 HM. ¥ Toi1 e yac 3anesxxHocTi MO(d) niis1 3paskiB niciis
TEPMOOOPOOKY XapaKTepU3yIOTbCS HASBHICTIO MAaKCUMY 3a TOBLIMHU 60 HM Ta Temrnepatypu Ts = 500 K, mo
3MimyeTbcs B 6iK MEHIINX TOBLIMH Ipu 3pocTanHi TB 1o 700 K. V Bunangky ¢popmyBaHHS HQHOPO3MipHUX MaTepiasiB
3 BUKOPUCTaHHSIM METOJy IIOL1apoBOoi KOHIeHcallii MakcuMasbHe 3HaueHHs i3oTponHoro MO = 0,35% oTpumaHo y
BUIAJKy 6araTomaposoi cucrtemu [Py /Ag]16 /T1, To6TO cuCTEMHU 3 MAKCMMAJIbHOIO KiJIBKiCTIO IIOBTOPIB 6il1apy
Py/Ag. lle cBigunTb npo 6isblily €(PeKTUBHICTh METOAY OLHOYACHOI KOHAEH ALl 7151 peasisalii i30TpOIHOro

MarHiTOONOPY, BEJIMYUHOIO TIOHaT, 1%.

2. According to the purpose and the current research tasks of complex investigation of crystal structure and phase
state, electro- and magnetoresistive properties of nanosized film materials based on permalloy (Py) and Ag, the
methods were used: co-evaporation and layered electron-beam condensation in a vacuum; the method of quartz
resonator for in-situ measurement of thickness; the methods of transmission electron microscopy, atomic force
microscopy, and electronography for investigation of crystal structure and phase state; energy dispersion spectral
analysis to determine the composition of the samples; the method of high-precision resistometry in the study of
electrophysical and magnetoresistive properties. It was demonstrated that a singled-layer permalloy Ni80Fe20 and
Ag thin films before and after annealing up to Tann = 700 K have a single-phase state. It correspond to fcc-Ni3Fe (a
= 0.353-0.355 nm) and fcc-Ag (a = 0.407-0.408 nm). It was found that the phase state of nanoscale film materials
based on permalloy alloy Ni80Fe20 and Ag after condensation, regardless of the concentration of silver atoms in
the system, is a combination of fcc-Ni3Fe + fcc-Ag with an average lattice parameter (fcc-Ni3Fe) a= 0.353 nm and
(fcc-Ag) a= 0.407 nm. Temperature treatment of the studied samples at a temperature range Tann = 300-700 K
does not change the phase state of the system. The nanoscale system remains two-phase (fcc-Ni3Fe + fcc-Ag with
lattice parameters a= 0.356 and 0.408 nm, respectively). On the images of the crystal structure of the samples at
cAg = 32-60 at.%, it is possible to distinguish nanosized (L = 2-5 nm) and crystallites with an average size up to 50
nm, which correspond to the ferromagnetic and nonmagnetic components of the system, respectively. In the case
of cAg > 70 at.%, the crystalline structure of the film system (Py+Ag)/S can be described as follows: the nanosized
grains of the ferromagnetic component is randomly distributed in the volume of the nonmagnetic material.
Regularities in concentration and size dependences of resistivity, temperature coefficient of resistance, and
temperature of healing of defects for nanosized materials in the range of concentrations cAg = (10-90) aT.% are
established. It was demonstrated that the addition of Ag to the permalloy Ni80Fe20 and the increase in the
concentration of cAg from 26 to 48 at.% causes an increase in the value of o in the system (Py+Ag)/S to 2.5¢10 - 7
Ohmem compared with data for single-layer Ni80Fe20 permalloy films at d = 55nm (o(Py) = 2.010 - 7 Ohmem). A
further increase in the concentration of Ag atoms leads to a sharp decrease in the resistivity to the value of o,
characteristic of a single-layer Ag(55)/S film, which is 1.7¢10 - 7 Ohmem, which is due to changes in the crystal
structure of the samples. The concentration dependences of o(cAg) show a minimum at cAg = 48 at.%, which
corresponds to the value of o = 1.810 3 K-1. It is shown that nanosized film materials (Py+Ag)/S is also characterized
by a display of the size effect in thermoresistive properties. The increase in the total thickness from 20 to 100 nm
causes a sharp decrease in the value of resistivity 5-6 times, while the value of TCR increases by 2-3 times. The
maximum value of the isotropic magnetoresistive effect for freshly condensed samples is 1.85% for samples at cAg
=60 at.% and d = 100 nm and for thermally annealed 0 1.80% at Tann = 500 K samples cAg = 60 at.% and d = 60 nm
(at the measurement at room temperature). Increasing the induction of the applied external magnetic field from
500 mT to 1.5 T does not affect the shape of the field dependence of the magnetic resistance MR(B). Hysteresis and
saturation are absent. At the same time, there is an increase in the value of MR to 2.5%. The decrease in the
measurement temperature from 300 to 4 K is accompanied by a further increase in the amplitude of the
magnetoresistive effect to 3.8%. At the same time, the size dependences of the magnetoresistance for nanoscale
film systems (Py+Ag)/S are characterized by the presence of a maximum MR = 1.80% at a thickness of 60 nm and a
temperature of 500 K. This maximum is shifted toward smaller thicknesses (d = 50 nm) at the increase in annealing
temperature to 700 K and is 0.85%. As-deposited samples are characterized by an increase in MR with increasing



thickness with a yield to saturation at d = 100 nm. In the case of forming nanosized materials using the layer-by-
layer condensation method, the maximum value of the isotropic MR = 0.35% was obtained in the case of the
multilayer system [Py/Ag]16/S, i.e. the system with the maximum number of Py /Ag bilayer repeats. This indicates
a greater efficiency of the method of simultaneous condensation for the implementation of isotropic
magnetoresistance, greater than 1%.
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