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[IpoBenmeno BumiproBanusi Temmeparypu Kropi, MarHiTHOro HacwdeHHsi Ta IIHU-
TOMOI HAMAarHIYeHOCTI crosiyk Ta miiBok cucremu Gd — Fe. Meromom marsi-
THOro (ha30BOr0 aHaJIi3y BCTAHOBJIEHO (pa3oBuil ckiaj cuoayk GdFes, GdFes,
GdyFeyr. Pesysibraru MaraiTHOro (pa3oBoro aHaJjiizy OyJI0 MOPIBHSIHO 3 paHilie
JOCTIIP>KeHUME CTPYKTYPaMHU.

KurouoBi cisioBa: 1miiBKa, CIIOIyKa, MarHiTHI BJIACTHBOCTI, ha3oBUil aHA3,
CTPYKTYpa

1 Bcryn

Benukwuit inTepec mo cmosyk Ha ocHOBI Gd — Fe moB’s3aHuil 3 mepcreKTUBaMU ixX
[TO/TAJIBIIIOTO BUKOPUCTAHHS JIJIsi BUTOTOBJIEHHsT (DYHKITIOHAJBHAX €JIEMEHTIB JJIs Cyda-
CHUX MIKPOEJIEKTPOHHUX TIPHUJIAJIB 1 CEHCOPIB, 30KpeMa MOBa iJie TIpO MOXKJIMBICTH CTBO-
PEHHSI TOHKO TIJIIBKOBHUX JATYMKIB 1 cepeoBuIna /s 3anucy irdopmartii.

2 EkcnepuMmeHTa/ibHA 9aCTUHA

Anvopdui wiisku GdFes, GdFes, GdsFep7 oTpuMyBaiuch METOJOM TEPMIYHOI'O BH-
[MapoByBaHHsI Ha (PTOPOILIACTOBI MIJIKJIAJKY [IpU KIMHATHUX TeMmieparypax. [Ipu 30i1b-
IIEHH] TeMIepaTypy MiAKIaIKn abo TP BiAmasi IJIIBOK 9acTKa MOJIKPUCTATIIHOI (ha3u
36isbnryBasiacst. TOBIMMHY ILTIBOK BU3HAYAIN 34 JOMOMOTOIO OIITHIHOTO iHTepdhepomeTpa
MMUO-1 (Boma cramosuia 61m3bko 200 HM).

BumiproBanns MaruiTHuX BJIACTUBOCTEH ILTIBOK Ta MACHBHUX 3Pa3KiB JIOCIIIKYBAHIX
MaTepiasiB Ta X TeMIIepaTypHUX 3aJ1€KHOCTEH BUKOHYBAJIHM 3 JIOIIOMOTOIO BibpariiitHOro
MartiTomeTpa. ¥ BUNAJKY JOCIIIZKEHHS IJIIBOK, JIJIS IOKPAIIEHHS TOYHOCTI BUMiPIOBaHb
HaMHU 3aCTOCOBYBAJIACh TAaKa METOAWKA: ILIIBKYM HANWIS/INCH HA TOHKY (DTOPOILIACTOBY
MJIKJIAJIKY, TOTIM 3 CYIIJIbHOI ITIBKU BUPI3AJIUCH KiJbIld JiaMeTpoM 8 MM 1 CKJIaJaJjiu-
cg onHa Ha omHy B KimbkocTi 100 mryk. Takwmit «ceHaBid» MOTIM i JOCTIIKYBaBCS B
Mar"iToMmerpi.

© Ipucskuiok B., Mukomnaitayk O., Tpau K., 2017
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3acTocyBaHHs MarHiTomMerpa 3 BIOpYIOUMM 3pa3koM [1] 103BoJisge MOIEIOBATH PEXKU-
MH TepMIiTHOI 0OpOOKHM i CAiAKyBaTH 3a XapakTepoM (Pa30BUX MEPETBOPEHD B IMTUPOKOMY
IHTepBaJIi TEMIIEPATYP Ta MIBUJIKOCTEN HArpiBaHHS.

TounicTs BuMipioBaHb BiOpallifHIM MArHiTOMETPOM 3aJIEXKUTH BiJl TOTHOCTI HOT0O Ka-
nibpyBanns. HamMu 6yB 3acTocoBaHuit MeTO MOPIBHSAHHS, KOJIM MATrHITOMETDP KaJtibpye-
ThCS 3 JOITOMOIOK0 €TajIOHy 3 BiJOMUM MAarHiTHAM MOMEHTOM. 3a MArHITHMM MOMEHTOM
3pa3ka 00YUCIIIOBAJIN Or0 MUTOMY HAMATHIYEHICTD, sIK MATHITHUI MOMEHT OJMHUI MaCH
3pa3ka. Bukopucranusa npu TeMIiepaTypHIX BUMIDIOBAHHSX TUTOMOI HAMATrHIYEHOCT] Ha-
CHY€HHS 0g Ma€ IepeBary y MOPIBHSIHHI 3 HaMarHideHicTio HacuueHHs [y, OCKIIbKH JJTst
obuncienus I, HeoOXigHO 3HATU T'yCTUHY MaTepiajgy Ipu pi3HuUX TemmuepaTypax. Hama-
rHiYeHICTh 3pa3Ka B MarHiTOMeTPi 3 BIOPYIOUNM 3Pa3KOM BU3HAYAETHCH €.D.C., HABEJIEHOIO
B IHJIYKTHBHUX [T€PETBOPIOBAYAX:

E,=k-M,=k- -0, -my

Je: k — KoedilieHT TpOomopIiitHOCTi, KOTPpUil BU3HAYUAETHCST KOHCTPYKTUBHUME OCOOJITUBO-
CTAMU YCTAHOBKH] E:E — €.p.C., HaBeJ/IeHa 3Pa3KOM B iHJIyKTI/IBHI/IX nmepeTBoproBavax IIpu
BuUMiptoBanHi; M, — MAarHiTHUI MOMEHT 3pa3Ka; 0, — MATOMa HAMATHIYEHICTh 3Pa3Ka.
Koedirmient k Buznavaernhes 3a Hanmpyrowo E.t, KoTpa HaBeeHA €TAJOHHUM 3PA3KOM
3 MacoI0 Mt 1 BIIOMOIO MUTOMOIO HAMATHIYEHICTIO HACUIEHHS O gor-
ﬂﬂﬂ Hal\laFHiquOCTi HaCUYI€HHdd 3pa3Ka MOXKHa 3allUCaTH:

E,

fracoser - metmy
E.t

Osy =
B sIKOCTi eTaJIony 3aCTOCOBYBAJIM YUCTHIl HEIOPUCTHIT HiKesb 3 rycTuHoio 8900Kr-M 2.
s npoBenenns pa30BOro MarHiTHOIO aHAJI3y HAMU BUKOPUCTOBYBAJIMCH BJIACTUBO-
cri dpepomMarHeTuKiB, Ki BOHM HaOyBarOTh y CHJIBHIUX MArHiTHUX IIOJISIX — B CTaHI TeXHi-
qHOro Hacu4deHHsi. CrabKa 3a/Ie2KHICTh HaMarHideHoCTi HacudeHHsl 1 Toukn Kropi Bij Ha-
[IPY?KEHOr'0 CTaHy, Bij (pOPMU 1 CTyIIEH] qucCIepCcHOCT] (hbepoMarHeTnka J03B0JIsi€ BUOpaTu
i izuvHI mMapaMeTpu B AKOCTI XapaKTEPUCTUK (pasu. JKINO B PEHTTeHOCTPYKTYPHOMY
aHaJTi3i Kaacudikarlisa ¢a3 cucTeMn TPOBOIUTHCS 38 KPUCTATITHUME TPATKAME, TO B Ma-
THITHOMY (ba30BOMY aHAJII31 3 II€I0 METOI0 BUKOPUCTOBYIOTH MArHiTHI BJIACTHBOCTI a3
(Is Ta ©¢) [2]. CeoepinHicTh UX BEJUYNH 3HAYHO IIOJIEITIYE JOCJIJZKEHHSI CHCTEM, B
KOTPHUX HAIPYXKeHICTb da3, IX JUCIHEPCHICTH 1 (pOpMa 3MIHIOIOTHCS B IMUPOKUX MEXKAX B
3aJIE2KHOCTI Bij yMoOB TepMmitnol 06pobku. Came Ti hakTOpH, KOTPi CUIBHO BILIMBAIOTH
Ha pe3ybTaTHh KiJIbKICHOTO PEHTTEeHIBCHKOTO aHasi3y, B MArHIiTHOMY (ba30BOMY aHaJIi3i
[IPAKTUYHO HE BIUINBAIOTH HA PE3YJITATU JOCJIi/IZKEHHS.
OCKiJTbKY, HAMATHIYEHICTh HACMYEHHST TPAKTUYIHO He 3aJIeXKUTh Bif hOpMH, JUCTIED-
CHOCTI 1 HaIpPy?KEHOTO CTaHy (pa3w, MAarHiTHUI MOMEHT (hepOMATrHETUKA € JIHINHO 3aJe-
JKHUM BiJ fioro macu (06’emy):

M=0cs-m

e M — marmiTHHT MOMEHT 3pa3Ka; 0s — IMATOMa HaMAarHIYeHICTh 3pa3ka; m — Maca
3pas3Ka.

O06OB’I3KOBOI0 YMOBOIO BUKOHAHHSI KiJIbKICHOTO MAarHiTHOTO (pa3oBOro aHaJI3y € BU-
KOPHUCTAHHS HACUIYIOUNX MATHITHUX TOJIB. BenmnmawHa HAIPYy2KEHOCTI MATHITHOTO TIOJIs
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Taba. 1: MarniTHi BIacTUBOCTI MACUBHUX 3Pa3KiB Ta ILJIIBOK

Temmeparypa | MarumiTae ITuroma HAMArHiYEHICTH
Cuouyka Kropi, HACUYEHHS, | HACUYEHHSI,
K 77 Awm? /xr
GdFey MacuBHU 3p. 811 2.7 44.3
GdF ey OMKPUCT. TLIIBKA 773 1.9 38.2
GdFes; macuBHUi 3p. 544 1.9 55.1
GdFes monikpuct. mwiiBka | 491 1.6 51.8
GdyFei7 macuBHUi 3p. 472 1.7 82.9
Gds Feq7 omikpucT.ILtiBka | 464 1.1 81.2

IIpH TIPOBeJIeHH] MarriTHOrO dhazoBoro anamizy ckiagaza SO0KA - M~ BajexknicTs crpa-
Be/IJINBA He Juine it oiHoda3HnX (hepoOMarHiTHUX Tijl, BOHA 30epiraeTbes i y BUIAJIKY,
KOJIM T1JIO CKJIAJAETHCs 3 KLJIBKOX (bepoMarHiTHux as.

3 PesyabraTn i oOroBopeHHs

Hamu mpoBo/uBest BUMIPIOBaHHSI MarHiTHOTO HacuveHHst (mpm Temmeparypi 273K),
temneparypu Kropi Ta nmuromol Hamaraidenocri coinyk GdFes, GdFes, GdsFeyr Ta ix
wiiBok (tabu.1). Beranosieno, mo BusHadeni suadents Temueparyp Kiopi cniBnaiaoTs
3 Jsireparypuum Janumu [3]. Iluroma HaMaraideHicTsb i MArHITHE HACUYEHHS JOCIIIZKY-
BAHUX IUIIBOK 3MEHIIIYETHCS Y TOPIBHAHHAI 3 MACUBHUMHU 3PA3KaMH, IO MTOSCHIOETHCS PO3-
VIIOPSITKOBAHICTIO CTPYKTYPHU ILIiBOK.

Hamu npoBesieno maraitHuil (pasoBuii anasis cuosyk GdFes, GdFes, GdaFeq7 i no-
PIBHSIHHsI IOTO pe3yJbTaTiB 3 JOCIIPKEHNMH paHime cTpyKrypamu [4].

st cionyku GdFe; Ha KPUBUX 3aJI€2KHOCTI MMTOMOI HAMATHIYeHOCTI BiJI TeMIiepaTy-
pu (puc.1l) cuocrepiraorbes 2 neperuau npu 750 1 900K. Tani remueparypu xapakTepHi
s remreparyp Kiopi GdFes 1 GdFeg [3]. 3 inmmoro 6oky 3a JI0IIOMOIOI0 PEHTIEHOCTPY-
KTYDPHOI'O aHaJIi3y JaHol croiyKu imenrudikyorbesa 2 dasu (puc.2) — GdFey Kybiunoro
crpykrypuoro tuiry MgCus (uepsowni minil) i dasza GdFes rekcaroHaJbHOrO CTPYKTYyD-
Horo tunty PuNi3 (cuni inii).

st cionnyku GdFes Ha KpUBUX 3aJI€2KHOCTI MMTOMOI HAMATHIYeHOCTI BiJ1 TeMIiepaTy-
pu (puc.3) cuocrepiraorbes 2 neperunn npu 490 1 960K. Tani remueparypu xapakTepHi
s remueparyp Kiopi GdFes i uucroro Fe [3]. 3 inmoro 6oky 3a I0OMOMOrOI0 PEHT-
[EHOCTPYKTYDPHOI'O aHaJi3y JaHol crosyku inentudikyorbea 2 dasu (puc.d) — GdFes
crpykrypuoro tuiy CaCus (uepBoni minil) i GdFes crpykrypsoro tuny PulNis (cuni
ainit). Temmneparpa Kropi s GdFeg cranosuts 730K. B miii obnacri Ha Kpusux 3aJie-
JKHOCTI TMTOMOI HaMarHiIeHOCTI BiJl TeMIIEpATypU HE CIIOCTEPIraeThCcs OCOOIUBUX 3MiH,
a neperns npu 960K Bkazye Ha HasSBHICTH YUCTOrO 3ai3a, siKe He (DIKyCYeTbCsT PEHTEro-
CTPYKTYDHUAM aHAJII30M.

s cnosyku Gdy Feq7 Ha KpUBHUX 3aJI€2KHOCTI TUTOMOI HAMATHI9€HOCT] Bill TeMmepa-
Typu (puc.5) crocrepiraiorsbes 2 neperunu npu 460 1 960K. dani Temueparypu xapakrep-
Hi st Temneparyp Kiopi Gda Fey; i aucroro Fe [3]. 3 inmoro 60Ky 3a JI0MOMOroO0 peHT-
PEHOCTPYKTYPHOTO aHaJli3y aaHol cnosyku inentudikyorbes 3 dasu (puc.6) — GdaFeqy
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4 BucHoBKn

[Turoma HaMarHiUeHiCTh 1 MATHITHE HACUYEHHS JTOCTIZKYBAHUX TIJIIBOK 3MEHIITYETHCS
y HOPiBHSIHHI 3 MACUBHUMU 3Pa3KaMU, 10 IOSICHIOETHCS PO3YIIOPSIIKOBAHICTIO CTPYKTYPU
ILTIBOK.

Pesynpratn maruitaoro dazosoro anamnizy cnomyk cucremu GdFe cmiBnamarors 3 pe-
3yJbTATAME PEHTTEHOCTPYKTYPHOTO aHaji3y, 3a HeBeJukuM BuHATKOM miisi GdFe3.
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THE PROCESSES OF MAGNETIZATION IN FILMS AND
BINARY COMPOUNDS OF THE Gd-Fe INTERMETALLIC
SYSTEM

V. Prysyazhnyuk, O. Mykolaychuk, K. Trach

Ivan Franko National University of Lviv
Kyryla and Mephodiya Str. 8, 79005 Lviv, Ukraine
e-mail: prysjan@i.ua

By method of thermal transpiration on fluoroplastic substrates carriers at room
temperature it is gained amorphous films GdFey, GdFe5, Gda Fe17. At magnifi-
cation of temperature of an substrate carrier or at annealing of films the content
of a polycrystal phase was incremented. The thickness of films was spotted by
means of optical interferometer MIO-1 and made about 200 nanometers. For
examination of magnetic properties of films and massive compounds the vibrati-
ng magnetometer was used. Films were precipitated on fluoroplastic substrates
carriers. For martempering of accuracy of measurings from continuous films rings
in diameter of 8 mm were cut out and stacked one on another in number of 100
pieces. This construction was then explored in a magnetometer. A measurement
accuracy of a vibrating magnetometer depends on accuracy its calibration.
For calibration the comparison method has been used. In an etalon role pure
not porous nickel with density 8,9r/cm® was used. For calculation of specific
magnetisation of the sample its moment of magnet was used.It is measured Curie
temperature, magnetic saturation (at temperature 273K) and specific magneti-
sation of GdF'es, GdFes, Gdy Fe 7 compounds and their films. Specific magneti-
sation and magnetic saturation of films decreases in comparison with volume
samples. It is the fact speaks not disordered structure of films. For conducting
of the phase magnetic assaying it has been used properties of ferromagnetics
which they gain in the strong magnetic fields (in a state of technical saturati-
on). The weak dependence of a saturation magnetisation and a Curie point
from a stressed state and a ferromagnetic degree of dispersion allows to choose
some parametres in the capacity of phase performances. Quantity of a exerti-
on of a magnetic field at conducting of the magnetic phase assaying made 800
ka/m. It is carried out the magnitno-phase assaying of GdFey, GdF'e5, GdaFeqr
compounds and comparison of its results with the structures explored earlier.
Results of the magnitno-phase assaying of compounds of GdFe system coincide
with results of a X-ray diffraction analysis, except for GdFe3 compound.

Key words: film, compound, magnetic properties, phase analysis, structure
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ITPOIIECCBHI HAMATHNWYMNBAHNA IIJIEHOK I BUHAPHBIX
COEIVMHEHU MHTEPMETAJIJINYECKOM CUCTEMBI Gd-Fe

B. Ilpucsixkuiok, A. Mukosaiiuyk, K. Tpau

Jveo6cKutll HayuoHaAbHL Yyrusepcumem umenu Heana @Pparko
ya. Kupuaa u Megodusa, 8, 79005, JIveos, Yrpauna
e-mail: prysjan@i.ua

Nsmepeno Temmeparypy Kroopw, MarHuTHOe HAChIIIEHWE U YIEJIbHYIO HaMmar-
HUYEHHOCTh COEJIMHEHUil U IieHOK cucrteMbl Gd — Fe. MeTomoM MarHuTHOrO
da30BOro aHaJM3a ompeaeaeHo (Ha30BbIi cocTaB coemumuenuit GdFes, GdFes,
GdyFey7. PegymbraTsl MarunTHOrO (ha30BOro aHaIN3a CPABHUBAJINCH C PAHDBIIE
HCCJIEJIOBAHHBIMU CTPYKTYPAMU.

KuroueBble ciioBa: ILJIEHKA, COEJIMHEHNE, MATHUTHBIE CBOWCTBA, (pa30BBIi aHa-
JIN3, CTPYKTypa



