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JNE®OPMAIIMHUN, MATHITOPE3UCTUBHUN
I MATHITOJAE®OPMAIIMHUN E®EKTH Y INIIBKOBUX MATEPIAJIAX
HA OCHOBI MATHITHUX METAJIIB
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Yrpaina
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[IpencraBneHi pe3ynsraTu OOCHIIKEHb TEH30YYTJIMBOCTI, MArHITOONOPY 1 aHI30TPOITHOTO MarHiTo-
onopy Ta Marsitofedopmariiinoro edekry B miskax Fe Ni, (x =25, 50, 64 i 75 ar. %), TyHenbHii
ctpykrypi CoFe/a-Ge/CoFe i ognomapoBux miiBkax Co. YcTaHOBIIEHI OCOOIUBOCTI Ae(opMaIiitHOl
3aJIEKHOCTI Au(epeHIiatbHoro koedilieHTa TeH3049yTIUBOCTI y miiBkosux cruiasax Fe Ni . ITpo-
BE/ICHO PO3PaxyHOK Belnn4uHM Margitoomopy (1o 0,2 %) i anizorponHoro marairoonopy (3,2—6,0 %)
B miiBkax CoFe/a-Ge/CoFe. OcobnuBicts MarHitogedopmaniiiHoro edexry B miiBkax Co mossirae
B TOMY, L0 Y 30BHILIHBOMY MarHiTHOMY IIOJIi B 001acTi mpy»HOi nedopmarii BinOyBaeTbCs 3MEH-
LICHHS BENIWYMHM KoeQillieHTa TeH304yTIMBOCTI Ha 22 %, a B o0nacTi ruiacTUuHOl aedopmarii —
301IBIIYyETBCS J10 25 Y.

Kurouogi ciioBa: xkoeilieHT TEH309yTINBOCTI, MAaTHITOOITIP, aHI30TPOITHUH MarHiTOOITp, MarHiTo-
nedopMaIiitHui eeKT.

JTE®@OPMAIIMOHHBIN, MATHUTOPE3UCTUBHBIN
U MATHUTOAE®OPMAIIMOHHBIN Y®PEKTHI B IJIEHOYHBIX MATEPUAJIAX
HA OCHOBE MATHUTHbBIX METAJIJIOB

3. H. Makyxa, /I. B. [logypemne, K. B. Tumenko, U. E. [Ipouenko
[IpencraBneHs! pe3ysbTaThl UCCIIEAOBAHNI TEH304yBCTBUTEILHOCTH, MATHUTOCONIPOTUBIICHNUS, aHH-
30TPOMHOTO0 MarHUTOCONPOTHUBIEHH M MarHuTofaedopmanuonHoro >ddekra B mienkax Fe Ni
(x =25, 50, 64 1 75 ar. %), TynensHOit cTpykType CoFe/a-Ge/CoFe u omHocnoiinbix mieHkax Co.
YcraHoBIEHBI 0COOCHHOCTH Ae(hOpMALIMOHHON 3aBUCUMOCTH JuddepeHnnansHoro koadduuuenrta
TEH304yBCTBUTEIBLHOCTH B IIEHOYHBIX craBax Fe Ni, . [Iposenen pacueT BeJIMYMHBI MAaTHUTOCO-
nporusienus (1o 0,2 %) 1 aHu30TpoITHOTO MaruuTocomnporusienus (3,2—6,0 %) B muenkax CoFe/a-
Ge/CoFe. Ocobernocts MarautozehopMannonHoro dddexra B tuieHKax Co COCTOHUT B TOM, UTO BO
BHEIIHEM MAarHUTHOM II0JIe B 00IacT ynpyroil neopmManuy IpOUCXOANT YMEHbBIICHNE BEIIMYHBI
k03¢ PUIHEHTa TEH304yBCTBUTEIBHOCTH Ha 22 %, a B 001aCTH IIIACTHYECKOH AeopManuy — yBe-
nmuunBaetcsa 10 25 %.

KiroueBsble ciioBa: k03pQUIMEHT TEH304yBCTBUTENLHOCTH, MArHUTOCOPOTHBIICHHE, aHU30TPOII-
HOE MarHUTOCOTPOTHBIICHHE, MATHUTOAC(POPMAITMOHHBIN dPHEKT.

STRAIN, MAGNETORESISTIVE
AND MAGNETOSTRAIN EFFECTS IN THE FILM MATERIALS BASED
ON MAGNETIC METALS

Z. M. Makukha, D. V. Poduremne, K. V. Tyshchenko, I. Yu. Protsenkoo

The results of investigations strain effect, magnetoresistance, anisotropic magnetoresistance and
magnetostrain effects in films Fe Ni, (x = 25, 50, 64 and 75 at. %), tunnel structure CoFe/a-Ge/
CoFe and Co-layer films. The features of deformation depends differential factor in film strain
coefficient alloys FexNi, . The calculation of the value magnetoresistance (up 0.2 %) and anisotropic
magnetoresistance (3,2—6,0 %) in the films CoFe/a-Ge/CoFe. Feature films magnetostrain effect in
film Co is that in the an external magnetic field in elastic strain decreases the strain coefficient on
22 % in the range elastic strain, and in the field of plastic strain — increased to 25 %.

Keywords: gauge factor, magnetoresistance, anisotropic magnetoresistance, magnetostrain effect.
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3. M. MAKYXA, JI. B. IOAYPEMHE, K. B. THIIIEHKO, I. 10. ITPOIIEHKO

BCTYII

JlocaikeHHs BIACTUBOCTENH HAHOPO3MIPHUX
TJTIBKOBHX MaTepiaiB J03BOJUIN PO3POOUTH
KOHIIENI[iII0 CTBOPEHHS ceHCopiB aedopmariii
1 MarHiTHOTO TOJIsI, MPUHIIUT SIKUX 3aCHO-
BaHUU Ha psanai ¢pizuuHux edekrtiB: aedop-
MaliiHOMY — 3aJIe)KHOCTI BEJIMYMHU OTIOPY Bi
nedopwmariii [1-4], MarHiTOpe3UCTUBHOMY —
3aJIe)KHOCT1 BEIMYUHU OTMOPY BiA 1HAYKIIIT
MarHiTHOTO TOJIs 1 MarHiroaedopmaniiHoMmy —
3aJIe)KHOCT1 Koe(imieHTa TEH304yTIUBOCTI
(KT) nniBoK Bijg BENMMYMHHU 1HAYKIii Mar-
HiTHOTO ToJis. HeoOxigHicTh po3po0iaeHHs
6araToQpyHKI1OHAJIBHUX CEHCOPIB IJs
OIIHOYACHOTO BUMIpPIOBAHHS IEKLITBKOX (PI3UUHHIX
BEJIUYNH CHPUSIOTH PO3BHUTKY HANPIMY
€KCIIEPUMEHTAJIbHUX JO0CIIKEeHb, ITOB’ I3aHUX
13 BUMIPIOBAaHHSIM Ta PO3PaXyHKOM BEIHYHH
Koe(imieHTa TEH304yTIAUBOCTI, MAarHiTOTO
KoedilieHTa TeH309yTIIUBOCTI, MarHITOOTIOPY
(MO), anizorpornHoro (AMO) i TyHETbHOTO
(TMO) marnitoomnopy. bararomaposi rriBKoBi
MaTepiajii Ha ocHOB1 MarHiTHuX MmeTaliB (Co,
Fe i Ni) npencraBisioTh 3Ha4YHHUI 1HTEpEC
3 JOCHIIHUIIBKOT 1 TPUKIIATHOT TOYKHU 30Dy,
OCKIJIBKHM y IIUX CUCTEMaxX BiJOyBamOTBHCS
nporiecu $a30yTBOPEHHS (YTBOPEHHS TBEPIUX
PO3UYUHIB, IHTEPMETAII/IB 1 IUTIBKOBUX CILIABIB),
SIK1 BIJTUBAIOTh HA XapaKTEPUCTHUKUA MaTepiaiiB
Ta peasizyroThCs eEeKTH CIiH-3aJIeKHOTO PO3-
CIIOBaHHS 1 TYHEJIIOBAaHHS €NIEKTPOHIB.

Meta poOoTu momisArana y AOCTIIKEHHI
MarHiTOPE3UCTUBHUX, NePOopMaIliiHUX 1 Mar-
HiTOAEePOpMAIIHHUX BIACTHUBOCTEH IUTiIBKO-
BHMX MarepiajiB Ha OCHOBI MarHiTHUX MeTaliB
3 METOIO MMPOTHO3YBaHHS MOXKIIUBOCTI 1X 3aCTO-
CYBaHHS SIK YyTJIMBHUX €JIEMEHTIB OararoyHk-
[IOHAJTLHUX CEHCOPIB.

METOAUKA EKCHEPUMEHTY

[1niBKOBI 3pa3ku y BUIVISAL OJHO- 1 Oararomia-
POBUX MIIIBOK ()OPMYBATHCh METOAOM TE€pPMiU-
HOTO BUINIAPOBYBaHHS y BaKyyMHIH YCTaHOBIII
BVII-5M (103-10* I1a). ToBuiuHa KOHTp-
OJIIOBAJIaCh METOJIOM KBapIIOBOTO PE30HATOpPA
(B mporieci KOHIeH aIli1) i METOAOM ONTUYHOT
iHTepdepomerpii (micas koHaeHcarii). s no-
CITIJKEHHS TEH30PE3UCTHBHIX BIACTUBOCTEH Ta
MarHiTozehopMaiiHoro eexTy 3pa3ku aedop-
MYBAJIUCSl METO/IOM in Situ B IHTEpBaJIl MPY>KHOT
a0o0 mIacTUYHOI Jedopmallii 3 BAKOPUCTAHHSAM

ABTOMATH30BaHOI CUCTEMU (IMB., HAIPHUKIIA,
[1]), MmO MiABUIIUIO TOYHICTH BUMIPIOBAHHS
nedopwmariii Ta omopy, a TAKOXkK J03BOJUIIO TIPO-
BOJMTH JOBUIbHY KUIBKICTh IUKIIB AedopMa-
1ii y cTaTHYHOMY Ta JUHAMIYHOMY PEKUMax.
[ukn «HaBaHTa)KEHHS-3HATTS HaBaHTAKECHHS
MPOBOUBCs 0€3, a TOTIM IPH 11 30BHIIIHBOTO
Mar"iTHOTO T0JIsl, OPIEHTOBAHOTO MEePIECHANKY-
JSIPHO IO HANIPSIMKY PO3TATY TUTIBKH Y BUTJISI
MOJTICTHPOJIOBOT CMYKKH sIK miakmaaku (IT).
CepenHe iHTerpajibHe 3HAauY€HHS Koe-
¢GinieHTy MOB3M0BXHBbOT TEH30YYTIMBOCTI
PO3paxoBYBaJIOCHh Ha OCHOBI CITIBBITHOIIICHHS:

1 AR
- (1)
Y R(0) Ae,

ne R — 3HaYeHHs €NEKTPUYHOTO ONOPY IpH
HynboBik nedopmanii; AR = R(g ) - R(0 —
3MiHa OMOpPY Y BChOMY B iHTepBai aedopmarii
Ag,; €,— BEIMYMHA NO3I0BXKHBOI Aedopmartii).

Hudepenmiansue 3naueHss KT (sske yMoBHO
MO’KHA Ha3BaTu «MUTTEBUM») PO3PAXOBYBAJIOCS
32 QaHAJIOTIYHUM CITiBBITHOILICHHSIM:

1 R
T =

= , (2)

Ri aSli
e THIEKC «i» To3HaYae Homep aedopMaliifHoro
1HTEepBay.

Meronuka suzHaueHds KT OuIbIl 1eTaabHO
OIMCAaHa y HalIMX HonepeaHix podorax [1, 3, 6].

[TonpoBi 3a5€KHOCTI OTIOpY Oy/H MOOYI0BaHI
B aBTOMAaTU30BAHOMY PEXHMI 32 YOTUPUTOUKO-
BOIO CXEMOIO B MarHitHomy moii 10 500 mTm.
PesynbTatu BUMIPIOBAHHS JOCIHIIKYBaHUX
BEJIMYHUH NepeaaBalucs dyepes iHTepdelic
GPIB-RS-232 na xomm’torep i 00poOmsuucs
3 BUKOPUCTAHHSM IPOrpamMHOTO 3a0e3nmedeH-
Hs1, 1110 OyJI0 CTBOpEHE B cepenoBuili LabView.
Pozpaxynox MO i MakcUMalIbHOT BEIUYUHU
AMO npoBoauBcs 3a BiIOMUMHU QopMynamMu
(mmB., Hanpukam, [2]):

MO =ARR(B_), 3)

ne AR=R(B)-R(B_);

max

. 3(R(B)”—R(B)+) -
R(B), +2R(B),
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abo

3(R(B)”—R(B)L) )
0= : (3"
R(B), +2R(B),

R(B)|| , R(B)L i R(B)+ — omip 3pa3ka mpu
napajieiabHiH, IIePICHINKYIISPHIN 1 TOoTIepevHii
opieHTanii BekTOpa IHAYKI{ 30BHIIIHHOTO
MAarHiTHOTO TOJISI BIITHOCHO HAampsMy Mpo-
TIKaHHS €JIEKTPUYHOrO0 CTPYMY Y IUIOIIMHI
IUTIBKH, BIAIOBIIHO.

Jlnst xinbKiCHOT OMIHKK MarHitoaedop-
Mmariiinoro edexry (MJIE) npu nmoB3moBxHii
nedopmartii 3pazka Oys10 po3paxoBaHO MArHITHUHA
koedimieHT koedilieHTy TeH309y TIIUBOCTI [4, 5]:

L (&y
” <o>(AB J @

ne Ay, =v,(B) —v (0); AB — 3mina ingyxuii npu-
KJIaJICHOTO MarHiTHOTO TOJISI.

JlocnipkeHHsST KPUCTANTIYHOI CTPYKTYypH
1 (ha30BOTO CKJIaay 3pa3KiB MPOBOAMIOCS 3 BH-
KOPUCTAHHIM MPOCBIYYIOYOTO €IEKTPOHHOTO
Mmikpockomny [TIEM-125K.

By|B =

PE3YJIBTATH TA iX OGTOBOPEHHS
epopmauinnui egpexm. J{1s1 10CHIIKSHHS
nedopMaIliifHuX BIaCTUBOCTEH TBOKOMITOHEHT-
HUX TUTIBOK Ha ocHOBI Ni i Fe Oyio 3a mero-
JIMKOI0, OTIMCaHOI0 B poboTax [1, 6], orpumano
cepii neopmariiitHuX 3a1eKHOCTEH IS 3pa3KiB
3 Pi3HOK0 KOHLEHTPALi€0 KOMIOHEHT (C, = 25,
50, 64 1 75 at. %) y Tphox nedopMamiiHux
inrepBanax — Ag, = 0-1 %, Ag, = 0-2 % T1a
Ag,, = 0-3 %. Po3paxyHOK cepeiHbOi iHTerpaib-
Hoi BenmmunaK KT 37ilicHIOBaBCs 3a popmyroro
(1), a nudepentianpHOi — 3a Gpopmymnoro (2).
Ha puc. 1 HaBeneni TunoBi nedopmariiai 3a-
JISKHOCTI JIJIS TUTIBOK 3 PI3HOO KOHIICHTPAIIIEIO
KOMITOHEHT B JIBOX 1HTepBaiax Aedopmariii.
Pe3yneraTn eKcriepuMEeHTAILHUX JOCHIKCHB
nedopMaIliitHiX BIACTHBOCTEH ITIBKOBHX CILIa-
BiB Ha ocHOBI Ni 1 Fe mokasyrors, 1110 npu KOH-
ueHTpanii ¢, =25 ar. %y TUTIBKAX TP BiTHOCHO
manmux aepopmanisax (Ag, = 0-1 %) y nianaszoni
TOBIIMH BiJ 15 10 60 HM crocTepiraeThest OU3b-
Ka 10 JIiHiiHOi po3MipHa 3aexHicTh Y, Bin d. ITpu
6iJ‘IB]_HI/I).( ne(bopMaqiﬂx (intepBanu Ag, Ta Asla.)
CIIOCTEpPIracThCsl 3MiHA KyTa HAXUITY 3aJI€KHOCTI,
MOYMHAIOYH 3 TOBIIMHHU 55 HM, IO CBITYUTH ITPO
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Puc. 1. Nedopmaniiini sanexnocti AR/R(0), v, i R mna
mwriBok Ni . Fe . (62 um)/I1 (a, 0) Ta Nlo’SF.eO’5 (61 am)/TI
(6, 2). Ha BcTaBKax 3ale)HOCTEH Y, Bil € BKazaHe
cepenne 3HaueHHs audepermianbHoro KT. Pumcekinmu
nuppaMu TIO3HAUCHI HOMepH aedopMamiiHuX TUKIIB
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iX macTu4Hy aedopMallito i, IK HaCI1I0K 1IbOTO,
3MiHy YMOB PO3CIFOBaHHS €JIEKTPOHIB.

JUyist IUTIBOK 3 KOHIIEHTpaNi€er ¢, = 75 at. %
y niama3oHi ToBmKH 4—80 HM XapakTepHa Ji-
HilfHA pO3MipHa 3aleXHicTh ¥, Bix d y Bchbomy
iHTepBani nedopmariiii. 3HaYHE BiIXUICHHS B
YMOB JIIHIHHOCTI CITIOCTEPIraeThCs Ha rpadikax
3anexHocTi y, Bin d ang nmiBok i3 ¢, = 50 Ta
64 at. % npu nedopmarisx 3paskis oubIe 1 %.
[Tounnaroun 3 ToBuumH d = 30 HM Y, pi3Ko 3poc-
Ta€ 3 BUXOJOM Ha HaCHYEHHS, YOTO HE CIOCTe-
piraiocs y 3pa3kax 3 IHIIUMU KOHLIEHTPALISIMH
KOMIIOHEHT. /{7151 JaHUX TUTIBOK TaKOXK XapaKTep-
HE 3MEHIIEHHS MTUTOMOT'O ONOpPY Y MOPIBHAHHI
3i 3paskamu i3 ¢, = 25175 ar. %.

AHaJi3 OTpUMaHUX PEe3yJIbTaTiB, a TAKOXK pe-
3yAbTaTu pooiT [2, 5], BKa3yloTh Ha Te, 1110 B Jie-
(hopMariiHUX BIACTHBOCTSIX IDTIBKOBUX CILIABIB
Ha OCHOBI MarHiTHUX METaJiB BEJIUKY POJIb Bi-
JIrparoTh KOHIIEHTPALiiHI Ta po3MipHi eheKTH,
a TaKOX Ti CTPYKTYpHI 3MiHH, K1 BiIOyBarOThCs
y TUTIBII TIpH iepopMartii.

MosentoBaHHsI pO3MipHO-KOHIIEHTpAIliii-
Hux 3anexnocredt KT (puc. 2) mpoBoguiocs

Puc. 2. 3anexHicTb Y, Big d Ta Cp, IS IUIIBKOBHX CILIABIB
Ni Fe /II. Intepsan nedopmauiii: Ag, = 0-1 % (a)
iAg,=0-3% (6)

Ha OCHOBI €KCIIEPUMEHTAIIBHUX PO3MIPHUX 3a-
nexnocreit KT mis miiBKOBHUX CINIABIB 3 Cr. =
25,50, 64 175 at. %, sIKi JOTIOBHEHI JaHUMH JJIS
omHomapoBux M1iBoK Fe 1 Ni. YeranosneHo, 1o
BEJIMYMHA MEXI1 Mepexoy MK TUIaMHu Jedop-
Malii € HOCTYIIOBO 3MEHIIYEThCS 13 POCTOM
TOBILMHU TUTIBKH Y BCbOMY KOHIIEHTPALIHHOMY
iHTepBasi. Pa3oM 13 UM, Ha 3aJIeXKHOCTSX, MO-
O3y iHBapHOI 00nacTi cruiaBy (C, = 64 ar. %),
CIIOCTEPIraeThCsl 3MEHUIEHHS BEJIMYMHU €, ,
y TMIOPIBHSIHHI 13 3pa3KaMu 3 1HIIUMHU KOHI[EH-
TpaIisiMA KOMIIOHEHT Yy CIUIaBi.

Macznimope3ucmuenuit egpexm. 3aBIsiKu
YHIKaJIbHUM BIACTUBOCTSM, ILNIIBKOBI Mare-
plajiii Ha OCHOBI (p€pOMATrHITHUX METaIiB 3a-
CTOCOBYIOTHCS B iH(DOpMAIIHUX 1 CEHCOPHUX
CHUCTEeMax SK YYyTJIUBI €IEMEHTH MarHiTHUX
3araM’ITOBYIOUMX MPUCTPOIB 3 JOBUILHOIO BU-
O1pKOIO Ta CEHCOPaX, MPUHLUT (DYHKIIOHYBaHHS
sSKuX 3acHoBaHu# Ha sBumax MO i TMO.

Hns nniBok Fe/a-Ge/Co(a-Ge —amop-
¢uuii Ge) [7], CoFe/Al,0,/Co [8] 1 Fe/AL O,/
Fe [9] Benuuuna TMO npu KiMHATHINH TeM-
nepatypi ckianae 14; 12 1 18 % BianosiaHoO.
VY 3B’s13Ky 3 PO3BUTKOM HamiBIPOBIIHUKOBOT
CHIHTPOHIKM BEIyThCS MOIIYKH HOBUX (PyH-
KIIOHAJNILHUX MarepiamiB. Ha BigmiHy Bin
MarHiTHUX HamiBIPOBIIHUKIB, SIKI (POPMYIOThCS
METOJOM BBEIECHHS MArHITHHX JOMIIIOK
y HaIliBOPOBITHUK, MOXKJIMBA PeajIi3allis CHCTEM
3 MOXJIMBUM CITIH-3aJI€)KHUM PO3CiIOBAHHSIM
€JIEKTPOHIB 1 TYHEJIBHUX CTPYKTYp MHpH
YyepryBaHHI MarHiTHUX 1 HaMIBIPOBIAHUKOBUX
apiB.

Hamu mociimkeHi MarHiTOpe3UCTUBHI Biac-
THUBOCTI TyHeNbHUX CTPYKTYp CoFe(15-30 um)/
a-Ge(3—6 um)/CoFe(15-30 am)/I1, oTpumanux
noapoBoio KoHjaeHcauiew npu 77 = 300 K.
dazoBuii ckian miiBok Bignosigae OLIK-CoFe
(mapametp pewiTku a. . = 0,2859 um) + a-Ge
+ ciigu oxeuxy GeO,.

ExcriepumenTanbHi mospoBi 3aiexHocti MO
(puc. 3) BKa3ylOTh Ha aHI30TPOITHUHN XapakTep ix
BiacTuBocTel. Bemmunnu MO, siki po3paxoBaHi
3a ¢opmyroro (3), mpu KIMHATHIN TeMIiepaTypi
JUIS. TYHEIbHUX CTPYKTYp Ha OCHOBI CIIJIaBy
CoFe i a-Ge npuiimMaroTh 3HaueHHs Big 0,1 no
0,2 % npu 3MiH1 ToBIIMHY OM 11apy B IHTEpBaIl
15-30 um.

Po3paxyHnok MakcumanbHOTo 3HaueHHst AMO
(pu B =450 mTn) 3a cniBBinHOmIEHHsM (3') Mae
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Benuuuny Bifg 3,2 10 3,5 %. Skiio po3paxyHoK
3MIACHUTH 3a CIiBBiAHOMIEHHM (3"), TO Beu-
yuHa AMO 3menmyeTses 10 6,0 %.
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Puc. 3. 3anexnicte MO Bix iHAyKIii MarHiTHOTO IMOJIst
B cBiKOCKoHIcHCcOBaHuX IutiBKax CoFe(10)/a-Ge(6)/
CoFe(10)/IT mpu nonepeuHiit (¢) 1 MeprneHIUKYISAPHIH
(6) opienTamii MarHiTHOro MoOJsl BITHOCHO HANPAMY
EJIEKTPUYHOTO CTPYMY

Maznimooegopmauiiinuii egpexkm. Ilpose-
JIeH1 eKcriepuMeHTabHi gocaimkenHs M/IE na
MpHUKIaai ogHOmapoBuX riBok Co B obnmacTi
npyxHocri (Ag, = (0-0,2) %) abo miacTHuHOCTI
(Ag, = (0-2) %) npu aii MATHITHOTO OIS 3 iH-
nykiiero B =30 mT.

Ha puc. 4 naBeneni Tumnosi nedopmariiiai
3aJI€)KHOCTI BITHOCHOI 3MIHU OTOPY Bif Je-
dbopmarii s ogHOmAapoBuX IiBOK Co B 00-
JIACTI TIACTUYHOI eopmartii. Sk BUIHO 13 1TUX
3aJIeKHOCTEH, MEPIINN UK «HABAHTAKEHHSI-
3HSITTS HABAHTAXKCHHS» BIJIPI3HIETHCS BiJ
HACTYIIHUX, SIKi, B CBOIO YEpry, IPAKTHUYHO TO-
BTOPIOIOTH OJIH OJIHOTO, IO € TUIIOBOIO CUTY-
amiero s miiBok Co. B oGmacti mimactuanoi
nedopmariii 3aJIe)KHOCTI MalOTh T1CTEPE3UCHUI
xapakrep (puc. 4), B Tol yac sk B 001aCT1 Ipyx-
Hoi seopmanii (puc. 4) sanexnocti AR/R iR
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Puc. 4. ledpopmaniiini 3anexnocti AR/R ta Ry, (na
BCTaBKax ) IIPH BiZICyTHOCTI (@) Ta /1ii (6) MarHiTHOTO MOJIst
qutst Bk Co(19)/11 B obnacti mmactiyHoOl nedopmartii

BiJl & IIPaKTUYHO CIIBNAAIOTh 1 MAIOTh JIiHIH-
HUM xapaktep (puc. 5).
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BCTaBKax) MPH BiJICYTHOCTI (@) Ta 1pH Aii (6) MarHiTHOTO
nonst  just Bk Co(19)/I1 B obmacti  mpyxHOI
nedopmartii
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VY3arangpHEH1 pe3yabTaTi T10CTiKEHb MOYXKHA
HOJaTH y BUINIAL po3MipHOi 3anexHocTi y,(d)
(puc. 6). YCTaHOBJICHO, 1110 B I[IJIOMY BEJIMYH-
Ha KT B o6macti minactuaHocti (puc. 6 a) mae
OinbIie 3HaueHHs y nopiBHAHHI 3 KT B 0o6nacrti
IpYXHOCTI (pHC. 6 0). Lel eexT 30inbIIeHns v,
MO)KHA TIOSICHUTH TiACWICHHSIM e()EeKTy 3epHO-
ME)XOBOT'0 pPO3CiIOBaHHSI €JIEKTPOHIB MPH TLIac-
TUYHIN TedopMmartii.
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Puc. 6. PosmipHa 3anexHicTs v, Bin Topmuny d (HM) ms
mwrisok Co(d)/IT mpu BizcyrHocTi (@) Ta mpu mii (V)
MAarHITHOTO TIOJIS

[MutanHs PO BIUIMB JUHAMIKU PyXy €ICK-
TPOHIB Ha iX PO3CIFOBaHHS OYJI0 PO3MISHYTO
B HaIiit monepesHiit podori [10].

Buxonsun i3 hopmynu (4), 3aificHenuit pos-
PaxyHOK CepeHbOT0 MarHiTHOTO Koe(irieHTa
TEH30YyTJIMBOCTI, BEIMYMHA SKOTO JIOPIBHIOE
7,4 Ta ! (obmacte mpyxHoi aedopmarrii) Ta
8,3 Tur'! (oOmacth miacTuyHOl aedopMmariii).

BUCHOBKHA

1. TIpoBeneHi ekcriepuMEHTaNbHI JI0CITIKSHHS
nedpopmaniiHoro epekTy B MIIBKOBUX
criaBax Ha ocHoBi Fe i Ni mo3Bonunu
BCTAHOBUTHU OCOOJIHMBOCTI 3aJI€KHOCTI
nudepenuianbuoro KT Bix nedopmarii;
ioro cepeaHe 3HaueHHs JoOpe BiANOBiAaE

eKCIIepUMEHTAabHINH 1 TPOTHO30BaHIM
inTerpanbHii Bennuuni KT.

2. Hocmimxeni MO i AMO B TyHenbHi# 1UTiB-
koBiit cTpyktypi CoFe/a-Ge/CoFe, sxki
MatoTh BenuuuHy 10 0,2 % abo Bix 3,2 1o
6,0 %, BIAIIOBITHO.

3. AHamni3 pe3yJabTariB TOCHTIPKCHHS MarHi-
Tozie(hopMarLlitHOTO e(PEeKTy B OJHOIIAPOBUX
miiBkax Co B iHTepBajax MPyXHOCTI Ta
IUTACTUYHOCTI, TMOKa3as, mo BenunuuHa KT
3MEHIIYeThCs Ha 22 % a0o 301IbIIyeThCs HA
25 %, BIAIOBIIHO.

4. AGcoi0oTHA BeTMYMHA MarHiTHOTO Koedi-
L[I€EHTA TEH30YyTJIUBOCTI CyTTEBO HE 3alle-
KHTB BiJl THITY AedopMariii, OCKUTbKH HOTO
cepenHe 3HaYeHHs nopiBHIoe 7,4 T ' (00-
nacTe npyxHoi aepopmanii) Ta 8,3 T
(oOmacth mIacTUYHOI Aedopmartii).

Pobota BuKoHaHa y paMKax 1ep KOrOKeTHOT
tematuku Ne 0115U000689 MinictepcTBa
ocBitu 1 Hayku Ykpaiau (2015-2017 pp.).
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