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Pedepar:

1. Incepranifina po60Ta IPUCBIY€HA BCTAHOBJICHHIO 3arajbHUX 3aKOHOMIPHOCTE! BILJIMBY KOHLEHTPALiHUX,
PO3MipHUX Ta TeMIlepaTypHUX €(EeKTiB Ha eJIEKTPO- i MarHITOPE3UCTUBHI BJIaCTUBOCTI HAHOPO3MiPHUX IJIIBKOBUX
marepiasiB, cpopMOBaHUX Ha OCHOBI iepmasoeBoro ciaBy Ni80Fe20 Ta Ag. Y BifoBiIHOCTI 10 IOCTaBIEHUX
33lauaMy KOMILJIEKCHUX JOCJIIIKEHb CTPYKTYPHO-(a30BOro CTaHy Ta €JIEKTPO- i MarHiTOpe3nuCTUBHUX
BJIACTUBOCTEN HAHOPO3MIiPHUX IJ1IBKOBUX MaTepiasiB Ha OCHOBI nepmasnoesoro ciiaBy Ni8OFe20 ta Ag 6yu
3aCTOCOBAHi HACTYIIHI METOAM: OAHOYACHA Ta NIOIIAPOBA €JIEKTPOHHO-TIPOMEHEBA KOHAEHCAllisl Y BaKyyMi; METO],
KBapLOBOrO PE30HATOPA [IJIs1 BUMIPIOBaHHS TOBIIMHY in-situ; METOAM IIPOCBi4yI040i €JIEKTPOHHOI MiKPOCKOIIii,
aTOMHO-CHUJIOBOI MiKpOCKOIIii Ta eseKTpoHorpadii A5 foCIiIKeHHs KPUCTalidyHOi CTPYKTYpH i (pa30BOro ckiany;
€HEProJUCIEePCIHNI CIEKTPaJIbHUI aHai3 [1719 BUBHAUYE€HHS KOHIEHTPALITHOTO CKJIay 3pa3KiB; METOZ,
BHCOKOTOYHOI Pe3UCTOMETPIi Npu JOCiIKEeHHi e1eKTPpOodi3nYHUX Ta MarHITOPE3UCTUBHUX BJIaCTUBOCTEM.
[TokasaHo, 110 OAHOLIAPOBI IIiBKY IepmasnoeBoro ciiaBy Ni8OFe20, sk i omHomapoBsi I1iBKu Ag, [0 Ta micius
Tepmoo6pobku 3a T = 700 K marots onHOdazuuii ckiag, mo Bignosigae ['TIK-Ni3Fe (a = 0,353-0,355 um) Ta T'LIK-
Ag (a=0,407-0,408 uHM). 3'sicOBaHO, 0 Ha30BUI CTAaH HAHOPO3MIPHUX IJIIBKOBUX MaTepiasiB cOpMOBaHUX Ha
ocHOBIi nepmasoesoro crnapy Ni80Fe20 ta Ag nicsst KoHAeHcallii, He3aJe>XXHO Bifi KOHLeHTpallii aToMiB cpibia y
cucremi, npegcrasisie co6oro kombinanito I'TK-Ni3Fe + 'TIK-Ag 3 cepeHiMU 3Ha4Y€HHSIMU IIapaMeTPaMy rpaTokK
(TIK-Ni3Fe) = 0,353 um Ta (I'IK-Ag) = 0,407 uMm. TemnepaTypHa 06po6Ka IOCiKyBaHUX 3Pa3KiB 3a
TemIieneparypHoro intepsasny Ts = 300-700 K He 3miHIoe ¢pa3oBuil ctan cuctemu. HaHopo3MipHa cuctema
3asnumaetbces ApodasHoo: ['TIK-Ni3Fe + I'LIK-Ag 3 mapamerpamu rpatku = 0,356 ta 0,408 HM, BinnosinHo. Ha
MIKpO3HIMKax KpUACTaJIiYHOI CTPYKTYpH 3pasKiB 3a CAg =32-60 ar.%, MO>KHa BUIIIUTA HAHOPO3MipHi 3epHa (L = 2-5
HM.) Ta KPUCTAJITU 3 cepeIHimM po3mipom 1o 50 HM, 110 BiATIOBiIAIOTh BiIIOBiZHO (pepoMarHiTHil Ta HeMarHiTHIN
KOMIIOHEHTaM cucTeMU. Y BUnanky cAg > 70 aT.%, KpucTajiuHa CTpyKTypa IiBkoBoi cuctemu (Py+Ag)/TI moxe
OyTH OMMcaHa Tak: HAPO3MipHi 3epHa (epoMarHiTHOI KOMIIOHEHTH BUNAJKOBUM YMHOM PO3IOJiNeHi B 06'eMi
HEMarHiTHOro Marepiainy. BcTaHOBJIeHI 3aKOHOMIPDHOCTI B KOHLIEHTPALIMHNX Ta PO3MiPHUX 3aJIEKHOCTSIX MUTOMOTO
oIopy, TepMiuHOro KoedillieHTy OIopy Ta TeMIlepaTypH 3aikoByBaHHs fedeKTiB 1151 HAHOPO3MipHUX MaTepiasiB B
inTepBasi koHeHTpauiil cAg = (5-95) aT.%. [TokasaHo, 10 foAaBaHHS Ag 1o nepmasnoeBoro ciaBy Ni80Fe20 ta
36inbLIeHHI KOHIEHTpalii cAg 3 26 1o 48 ar.% cripu4nHse 3pOCTaHHs BenurHy 0y cucteMi (Py+Ag) /I1 no 2,5¢10 - 7
OMeM y NOpPIiBHSIHHI 3 JaHUMU 151 OHOIIAPOBUX ILTiBOK nepmasioesoro ciasy Ni80Fe20 3a d = 55 um (o(Py) = 2,0°10
-7 OMmeM). [Topanblue 36iblI€HHS KOHLIEHTPallii aTOMiB Ag TPU3BOJUTE 10 Pi3KOTO 3MEHIIEHHS MUTOMOTO OIIOPY
IO BEJIMYMHU O, XapaKTePHOi 711 ogHoumapoBoi miiBku Ag(55) /T1, mo ckianae 1,7¢10 — 7 OmeM, 110 1OB’sI13aHO 3i 3MiHa
y KPUCTaJlivyHiil CTPYKTypi 3pa3KiB. Ha KOHLIEHTpaLiliHUX 3a/1€5KHOCTSIX O(CAgZ) CIIOCTEPIraeThcs MiHiMyM IIpu CAg =
48 at.%, sskoMy Binnosigae BennyuHa 0 = 1,810 3 K-1. [TokasaHo, 10 1718 HAHOPO3MipHHUX IJIiIBKOBUX MaTepiaiB
(Py+Ag)/TI TakoX € XxapaKTepHUM IPOSIB PO3MIPHOro €(eKTy B TEPMOPE3UCTUBHUX BJIACTUBOCTSX. 3POCTAHHS
3aranbHOI TOBIMHMY 3 20 10 100 HM CIIpUYMHSE pi3Ke 3MEHIIEHHS BeJIMYMHU IUTOMOTO OIOPY y 5-6 pasiB, B TOI 4ac
sk BesmunHa TKO 36inbpimyeTbes y 2-3 pa3u. MakcumabHe 3Ha4eHHS i30TPOITHOIO MarHiTOPe3uCTUBHOTO e(eKTy
IIpY BUMIPIOBaHHI 3a KiMHATHOI TeMIiepaTypu 15l CBDKOCKOHIEHCOBaHUX 3pasKiB cTaHOBUTSD 1,85 % (cAg = 60 aT.%
ta d = 100 HM), a gy TepMoBignanenux — 1,80 % (TB = 500 K, cAg = 60 ar.% ta d = 60 HM). 36inbUIeHHS iHAYKIi
IIPUKJIQJIEHOTO 30BHIIIHBOrO MarHiTHoro noss 3 500 mTi 1o 1,5 T He BinBae Ha pOpMY MOJILOBOI 3aJ1€5KHOCTI
marhitoonopy MO(B): ricrepesuc i Hacu4eHHs BiICYTHi Ta IpU LIbOMY BiZi0yBaeTbCs 3pOCTaHHs BesnyuHu MO 1o
2,5%. 3MeHIIeHHs X TemrepaTypu BumipioBaHHs 3 300 1o 10 K cynpoBopKyeThCsl OAIbIIMM 3POCTaHs aMIUIITY AN
MAarHiTOpe3uCTUBHOTO e(eKTy 10 3,8 %. V To e yac po3MipHi 3a/1€XKHOCTi MarHiTOONOPY 1151 HAHOPO3MipHHUX
niBkoBux cucteM (Py+Ag) /Il xapakTepusyloThcs HasgBHICTIO MakcumyMmy MO = 1,80% 3a ToBmuHY 60 HM Ta
temnepatypu 500 K. [JaHuit MakcuMyM 3MillyeTbcs B 6ik MeHIMX ToBWYH (d = 50 HM) IpU 3pOCTaHHi TeMIepaTypu
BinnamosanHs 10 700 K i cranoBuTs 0,85 [I151 CBbKECKOHI€HCOBAHUX 3Pa3KiB XapaKTepHUM € 3pocTaHHsl MO npu

3pOCTaHHi TOBIIMHHU 3 BUXOOM Ha HacuieHHs 3a d = 100 HM. Y Toi1 e 4ac 3anesxxHocTi MO(d) 1151 3pasKiB mics



TEPMOOOPOOKU XapaKTepU3YIOThCS HAsSBHICTIO MAaKCUMY 3a TOBLIMHU 60 HM Ta Temrepatypu Ts = 500 K, mo
3MilyeThes B 6iKk MEHIIMX TOBLIMH I1pu 3pocTaHHi TB 1o 700 K. V Bunaaky ¢opMyBaHHS HAHOPO3MIpHUX MaTepiasiB
3 BUKOPUCTaHHSIM METOJy IIOL1apoBOi KOHeHcallii MakcuMasbHe 3HaueHHs i3oTponHoro MO = 0,35% oTpumaHo y
BUIAJKy O6araTomaposoi cucrtemu [Py /Ag]16 /T1, To6TO cUCTEMU 3 MAKCMMAJIBHOIO KiJIBKiCTIO IIOBTOPIB 6illapy
Py/Ag. lle cBimuuTh npo 6isbiy e(peKTUBHICTh METOAY OLHOYACHOI KOHIeH allil 111 peasisalii i30TponHoro

MAarHiToonopy, BeJIMYUHOI0 NoHay, 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 01.80% 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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