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1. YBoOp

Few subjects in science are more difficult to understand than magnetism.
Encyclopedia Britanica, Fifteenth Edition 1989.

ChBpeMeHaTa €JICKTPOHMKA JOCTHIa W3KIFOYHTENHH CTEIICHW Ha pa3BUTHE OnaromapeHne Ha ao0pe
H3y4YeH KPBr OT 0a30BH MaTepHali — MONYNPOBOAHUINTE OT ITBPBUTE TPH HOKoJeHUs. Hemamka gacT ot
HAi-BHCOKO TEXHOJIOTHYHUTE IOIYIPOBOJHUKOBH NPHOOpU Bedye pabOTAT OTBBA TEOPETHYHHUTE CH
BB3MOXKHOCTH, M Pa3BUTHETO Ha 00JacTTa NpHIOOMBA HMHTCH3UBEH XapakTep. KOHBeHIMOHaIHATa
CJICKTPOHMKA, MPCHEOPErBa CIIMHA Ha eJIeKTPOHA. B ceramrHuTe MONYNPOBOAHUKOBH €IEMEHTH, Opost Ha
€JICKTPOHMTE C “‘CIIMH Harope” € MPaKTHYEeCKH PaBeH Ha TE3H C “CIMH HaJ0Jy”’; OrpaHMYEHUE HAJIOKEHO OT
XapakTepa Ha 3apsIoBHA IPEHOC B MOYTH BCHYKH TBBPIM Tena. Ta3um “3abpaBeHa crermeH Ha cBoOoma”
CTaBa BCC IIO-HY)XHA Ha KOHCTpPyKTOpuTe. Bce moBeue maboparopuu 3amo4BaT ThPCEHE Ha HOBHU
MaTepuaiy, ¢ MPUHIMIHO HOBM BB3MOBHOCTH - JIa 3ama3BaT WH(OpMAnuATa 3a CIIMHA Ha CNEKTPOHHMTE.
MHoO31Ha O4YaKBaT, B Ta3H 00IacT Aa ObJe M CleaBaliaTa PEBONIOLUS B EIEKTPOHUKATA, a 332 U3BECTCH
Opoii crienuanucTi, HoBaTa 00JIACT “‘CIIMHOBA €IIEKTPOHUKA™ Beve € (akKT.

TBpceHeTo u pa3paboTKara Ha MOAXOMANIM MAaTHUTHH MaTEpUAlM 3a HY>KAUTE Ha TOBAa HANpaBlieHHE, €
CBBP3aHO C pas3lIUpsBaHE Ha pa30HpaHHUATa 32 BPB3KUTC MEXKAY: ChCTaB, CTPYKTYpa, CJICKTPOHHH U
MarHUTHH CBOMCTBAa Ha TBBpAWTE Tena. [IBIHOTO oxapakTepu3uMpaHe Ha HOB MaTepHal € CIOXKHA H
BpeMeeMKa 3ajada, W3UCKBAIlla MPHUJIAraHeTO Ha 3HAYMTelleH Habop OT eKCHEePHMEHTATHH TEXHHUKH, H
Tpyna Ha roisiM Opoil cmenmanmuctd. Ome NO-CIOKEH € OBTAT OT (uianyHara jabopaTopus [0
IIPOM3BOJICTBeHNTE Xajera. C Hero HHWE HAMA Jla ce 3aHMMaBame. [locTaBeHarta el € J1a ce MPeJICTaBH B
001l [U1aH eAWH ChbBPEMEHEH U Obp30pa3BUBAIL Ce IsUT OT (HU3MYCCKOTO MAaTEpUaIO3HAHHUE, a ChIIO TaKa,
Ja ce 00O0OLIAT pe3yNTaTuTe OT CepHusl CKCIICPUMEHTATHH H3CJICABAHUS IPOBEICHH, KaKTO OT aBTOpa Ha
HacTosmaTta pabTa W HETOBHs HayueH PBHKOBOIUTEN BBbB Quiuuecku ¢axyimem Ha CY, Taka U OT TECEH
KPBI' CICIUAINCTH OT PA3IMYHU HHCTUTYTH Ha bvieapcka akademus Ha HayKume.

2. Oowa vact

2.1. OnucaHue Ha npobnema

Masnranosure okcuau [8][9][10] ¢ obma ¢opmyna (R; A )MnO; (R = penko3emeH KaTuoH, A =
aJIKaJieH WM alIKaJlo3eMeH KaTHOH), ChC CTPYKTypa nonobHa Ha neposckuta CaTiO;, npurexaBar roiasmo
pasHoOOpa3ue OoT KpHcTamorpadcku, eneKTpoHHH U MarHWTHH (pasu. B mcropmyeckn IuaH Te BOAAT IO
0sIBaTa HAa HOBM (PU3MYHHU NPEJCTaBHU, KaTO TE3H 33 JBOMHOTO OOMEHHO B3aHMMOAEHCTBHE U MOJSIPOHA Ha
Su — Tenep. [Tlo-HOBH pa3paboTKM Ha THHKU (QHIMH C TOJOOHU CHCTABH, Pa3KPHBAT HOBH SBICHUS, B TOBA
YUCIIO: KOJOCATHO MAarHUTOCHIPOTUBICHHE B OMH30CT 10 TemmepaTypaTa Ha Kropu u onTH4HO-
MHIyIUPaHU MarHUTHU ()a30BU MIPEXOAU.

Masnranati ¢ NEpOBCKMTOBA CTPYKTypa ce u3ydaBaT Bede noseue oT 50 roaumuu. Tasu cuctema or
CbCTaBU MpeAjara TrojsiMa TI'bBKaBOCT HAa XHMMHYECKUTE CHHTE3M, KOSTO II03BOJABA CHUCTEMATHYHO
H3y4aBaHe Ha CTPYKTypaTa, CJIEKTPOHHUTE U MarHUTHUTE CBOiicTBa. JIOKAaTO IO-paHHUTE U3CIIEIBAHUS CE
PBKOBOAAT OT HyXZaTa OT pa3paboTka Ha u30IMpamy (EepOMAarHUTHH MaTepuaad C roysMa
HAMarHUTEHOCT 33 BHCOKOYECTOTHHUTE MPWJIOKEHHUS, TO MO-HOBHTE pa3pabOTKH Cca MOTHBHPAHH OT
KETAHHEeTO Ia ce pa3depe M H3MOI3Ba TOMAMOTO OTPUIATETHO MAarHUTOCBHIPOTHBICHHE, KOETO Ce
HaOmonaBa nox 7,. MaHraHaTHTe ca CBIIO TOJIKOBA MEPCIEKTHUBHU KaToO TBBPAU ENEKTPOIUTH, MaTepUaIH
3a CEH30PH U 3a HY>KAUTE HA CIIMHOBATA €JIEKTPOHUKA.

Te3u cbeAMHEHNs MPEACTABAT, B KOHAECH3UPaH BUJI, B3aUMOAEHCTBUETO MEXKAY €KCIIEPUMEHT, TEOPUs U
MIPUIIOJKEHHUE, KOETO JIEKH B OCHOBaTa Ha (PU3MKaTa HA TBBPJOTO TSIIO.
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2.2. Cmpykmypa Ha MaH2aHo8ume rnepoecKkumu

2.2.1. KpuctanHa cTpykTypa

Heka pasriiename 0OMKHOBEHATA MEPOBCKUTOBA CTPYKTYPa, YUATO eICMEHTapHA KIICTKA € Mpe/ICTaBeHa
Ha Que. I. CTpykTypara MOXe Aa ObJe pasriefaHa Karo KyOM4YHa IUThTHA ONAKOBKA HAa KUCIOPOJHUTE
AHUOHU M PEJKO3EMHHMTE KaTHOHHU 3aemaiiu A (Hanpumep La) mosunuute, ¢ manku B (Hanpumep Mn)
KaTHOHU BHB BETPEITHOCTTA Ha KUCIOPOIHHUTE OKTACIPH.

a

Queypa 1. EnemenrapHna kietka Ha LaMnOj; (neanu3upas BapuaHT).

Ha ocHoBa Ha reoMeTpUYHU CHOOpPA’KEHUSI MOTaT Jla CE€ U3BEAAT UJCATHUTE KATUOHHH PAJIUYCH I'n U I'g
3a CHOTBETHHUTE MO3WIMH. [IppBUTE cienBa ga OBJAT paBHH HAa KHUCIOPOIHHA paauyc, ro = 0.140 nm,
nokato Bropute ciensa a ca (2% - 1)ro = 0.058 nm. Jedunupa ce GpakTop Ha TOIEPAHTHOCT:

'— (I" A tr 0) ,

N2(r 3 +70)
KOWTO € paBeH Ha HyJIa B W/ICAIM3UPaHK CIydaid. B ChITHOCT NEpBCKUTOBA CTPYKTPa popMupaT OKCHAUTE,
3a xouro 0.89 < ¢ <1.02. Be3moxHO € omeHKara ciabo 1a BapHpa B 3aBHCHMOCT OT IIpOMSHATa Ha
KOOP/IMHALIMOHHUTE YHCIIa Ha OTJEIHUTE HOHM (BOZEIa 0 IPOMsiHA Ha e()eKTUBHUS HOHEH pajuyc).

Bernpekn ue moBedeTo MaHraHaTH, KOMTO ca OOCGKT Ha HAIIUTE PAa3rIeKJaHMs HMMAT KPHCTalHA
CTPYKTYpa, KOSITO ce U3BexkJa Ha 0Oa3aTa Ha elleMEHTapHaTa KyOudHa kieTka oT Pue. I, MHOTO MAJIKO OT
TSAX MPUTEXkKABAT ChIIAaTa CTPYKTypa B YMCT BUJ, NOPaaM pa3MECTBAHETO HA aTOMHTE OT HACATHHTE UM
no3uru. HabmromaBa ce mpucrnoco0siBaHe Ha IEPOBCKUTOBATA CTPYKTYpa, KbM HECHOTBETCTBUSATA B
HOHHHTE pajinyCH, KOETO BOAU O LI Pe YABOCHH €IeMEHTapHH KIIETKH ¢ Mo-HHUCKa cuMeTpus. [Ipumep

3a TOBa MpEATaBIABA NpeacTaBeHaTa Ha Pue. 2 ctpykrypa Ha LaMnO; mpu 1.5K ortrosapsima va  170-ta
MIPOCTPAHCTBEHA IpyIia 0 MEXIyHapoaHaTa Kiacudukanus, Pbnm.

. JaM

N\

v, :

@uzypa 2. Peanna crpykrypa Ha LaMnO3, npu Temneparypa 1.5K.

2.2.2. KpucrtanHo none

KpI/ICTaJIHOTO T1I0JI€ B KATUOHHUTE TMO3UIUN MMa UMa U3KIIIOYUTEIIHO BJIMAHUC BBPXY CJICKTPOHHUTEC U
MarHuTHUTE CBOMCTBA HA Ha MaHraHOBHUTE OKcUIU. B maeanmHara CTPYKTypa, 1 ABCTC KaTUOHHU ITO3ULINU
nMart €1Ha U ChIlla TOYKOBA Irpyria Ha CUMETPUA m3m. 3a PCATHUTE CTPYKTYPHU TOYKOBATa CUMETPHUA €
J0CTa 1o-HUucCKa.
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Kpucrannoro mone B A nozuyuume ce uscnensa ynoOHO B CheIMHEHHSATA C HEMAarHUTEH TPUBAJIICHTECH
Yo Ha nosunus B. CucremarndyHuTe M3CiIeBaHUs MOKA3BaT, Y€ OOKPBHKEHUETO HAa PEIKO3EMHHUS HOH B
Ta3u TMO3WIHUS € ChC CHJIHO TMOHIKEHAa CUMETpHs. B Te3u ciydam KpHCTATHOTO TIOJE€ € B CHCTOSHHE
HAI'BJIHO J1a CHEME U3PaKAAHETO 110 EHeprHsl.

Kpucrannoro none B B no3uyuume UMa NPEIUMHO KyOMUYHA cUMeETpHs. 3a clydyauTe B KOUTO
JeoKanu3anuaTa Ha Mn-BuTe aTOMU MOXe J1a c€ peHeOperHe, KOeTo € U3IBJIHEHO 32 He3aMECTEHHUTE I10
KAaTHOHHU TO3WIMH OKCHIH, KAaTO ITbPBO NPHOJIMKCHUE MPU OIMMCAHUETO Ha B3aWMOACHCTBHETO MEXIY
MaHTaHOBUTE HOHU MOXKE JIa Ce U3IT0JI3Ba CHEPTHsI HAa KPUCTATTHOTO TIOJIE.

2.2.3. EnekTpoHHa cTpyKTypa

I'py0a orenka 3a Opost Ha eneKkTpoHHTE B d 30HUTE HA MaHTAaHATHTE MOXKE Jla CE HAaNpaBH Ha Oa3ara Ha
otHomenusta Mn’" ksM Mn*" u crexmomerpmunata (opmyna (Hpeimonaraiikk, Hampumep, ue
KHMCJIOPOAHUTE HOHU He aBaT mpuHoc). OLeHKa Ha KMCIOpOAHATa acTEXMOMEpHs ce MpaBU Ha Oa3ara Ha
MIPEIM3HN HEYTPOHHOTPA(CKH JAHHM WIM C TOMOINTA HA TPEH3HM XUMHYHH AHATUTHYHU METOIH
(HampuMep KyJIOHOMETPUYHO TUTpyBaHe). ChILECTBYBAT U pe eKCIEPUMEHTAIHI METOM 33 OpeJiesisiHe Ha
PEaTHOTO CHCTOSHHWE HAa HOHHWTE — CHEKTPOCKONHS Ha CHEPreTHYHHTE 3aryOM Ha YCKOPEHH EIEKTPOHHU
CHOIOBE B BemecTBOTO EELS, penreHoBa abcopOmmoHHa crieKTpockomust XRAS, m ¢oToeneKTpoHHA
cnekrpockonust XPS u UPS.

OxcuanTe ¢ NepOBCKUTOBA CTPYKTYpa M HOH ChC 3aTBOPEHA EIeKTPOHHA KOH(UTypanus Ha Mo3unus B,
ca mpo3paynu uzonaropu. [Ipumepu B ToBa otHomenue ca CaTiO;, SrTiO;, LaAlO; u apyru. llupunara
Ha 3a0paHeHaTa 30Ha 3a Te3W MaTepHuaiy ¢ Hax 5 eV. BaneHtHara 30Ha ce o0pa3yBa OCHOBHO Ha 0a3ara Ha
KHUCJIOPOJHUTE 2p €JIEKTPOHHU CHCTOSHUS, a 30HaTa Ha MPOBOAUMOCT (KOSATO B Ciydas € NpasHa H
paszenieHa OT IpeAnIIHATa Ha OKoJIo 6 eV) ce o0pasyBa 3a cMeTKa Ha 3d eNIeKTPOHHUTE CHCTOSHUSL.

B cpaBautenHo TsacHata 3d 30Ha, IBIDKEHHMETO HA €JIEKTPOHHTE € CHIIHO KOPEIHpaHO, M OT TOBa
crenBar penuna uHTepecHd (usuunu edextH. TpagUIMOHUAT MOAXOJ KbM OKCHIWTE HA MPEXOAHUTE
MeTand € Te Ja Ce pasrieknaT KaTo HOHHM CheluHEHHs ¢ pobpe medmuupann 3d kxoHdurypanmm,
BKIIFOYBAITH 00mus Opoii JOKaIU3UpaHu eIeKTPOHN Ha HoH. To3u moaxox JaBa MpHUEMITHBO OOsSCHEHHE Ha
MHOTO aCIleKTH OT MOBEJCHHETO Ha OKCHAWTE, BKIIIOYUTEIHO (OPMHUPAHETO HA MATHHTEH MOMEHT.
[Ipencka3annsaTa Ha Mozena Morar na ObJaT JUPEKTHO NMPOBEPSIBAHH OT CIIEKTPOCKOIICKH H3CIICBAHUS.
SIBneHus KaTo eNeKTpoHEH TpaHcdep W cMecBaHe (XUOpUIU3aIMs) HA OPOMTATHH ChCTOSHUS, OCTABaT B
CTpPaHH! OT TO3M IOJAXOJ, U ca IMO-TIOAATINBH Ha aHAIN3 B 30HHMA MOJEN. 30HHHUS MOAeN, odade, U3MCKBa
3HAUUTEIHU W3YHCIICHUS, KOUTO HE ca Taka Ipo3pauHu ¢m3udeckd. ChIIECTBYBAT IOAXOAU, KaTO Taka
HApeYeHOTO NPHOIDKEHHE Ha JIOKAJHATA IUIBTHOCT Ha cruHa LSDA, KOUTO HaBaT BB3MOXKHOCT Ja Ce
IIpeCMETHEe MATHUTHUS XapakTep Ha OCHOBHOTO CHCTOSIHME. BBIpekn BCHUKO, Hall TPyAHH 3a TpeTHUpaHE
0CTaBaT BHTPEIIHO aTOMHUTE Kopenauu.[15]

EnexTpoHHNTE CBONCTBA Ha OKCHIWTE HA MTPEXOJHUTE METATH C€ OIPEACIAT OT HAKOJIKO CPABHIMH IO
rojeMuHa B3auMOJICHCTBUS (BCUUKH C TOJIEMHHA OT MOpsAAbKa Ha 1€V TOYHUTE OLICHKHU 32 T€3H NapaMeTpu
3a LaMnQO; ca najieHu B ckoOM) KakTo clie/iBa:

1. Uy — B3auMoeicTBre Ha MOT — XB0bpA, WIIN €HeprusTa 3a €AHO3apsII0BO BB30yKAaHe Ha
HoHHaTa cucTeMa ¢ yyacTueTo Ha nBe d ceerostaus (4.0 eV),

2. Uy — B3aMMOJIEHCTBHETO 00OCHOBABAIO 3apsIOBUS TpaHchep Mexay p U d chcrosHHATA
(4.5eV),

3.t — WHTerpaja Ha B3aumMojeiicTue B d 3oHaTa (0.1 eV),

4. Uk — JIOKaJTHaTa OOMEHHA eHeprus 3a MPeoOPBIAaHeTO Ha eiH ciivH (2 eV),

5. Agu Or — B3aMMOJEUCTBHATA BKIIIOYEHH B KpucTaiHoto moie (0.6 eV).
Ouenkute Ha eexTUBHUA OOMEHEH MHTerpan Jij, KOHTo u3pas3sBa B3auMOJEHCTBUETO MEX/Y ChCEIHHTE
Mn-oBu atomu B Xaii3eHOEProBUs XaMUJITOHHAH

H=-2%"J,5, 5,
i
ca ot nopsimpka Ha 2/ U (0.001 eV 3a LaMnOs).



Bakanasnpcka Te3a na Ilnaven Cmamenos
CV ”Cs. Knumenm Oxpudcku’”, Qusuuecku ghaxynmem

2.3. MazHUmHu ceoticmea

2.3.1. MarHuTHU CTPYKTYpwn

JlBa Buma nedopManuy Ha TNEPOBCKUTOBATa CTPYKTypa BIMAAT HAa MAarHUTHOTO MOJpEKAaHE Ha
MaHraHatuTe. [IbIBUAT BUA € CIEACTBHE OT MO-MaKUTE Pa3sMEPH Ha KATHOHUTE B A MO3MLUS, U CE CbCTOU B
KOOIEPaTUBHOTO HAaKJaHSHE Ha KHUCJIOPOJHUTE OKTaenpu. Bropust Bun e cBbp3an c SH-TenepoBure
JedopMalu Ha OKTaeAPUTE, ChbPIKAIIM MAHTAaHOBH HOHH, U TIXHOTO OOIIIO TIOJPEKIaHE.

IIbpBUS MEXaHU3BM IIPEIU3BUKBA ABYCTPAaHHO HAKJIaHSIHE Ha OKTaeapute, noj oxosno 1200 K, koero
BOIU JI0 OPTOPOMOMYHA CTPYKTypa C OTHOCHUTEIHO MANKU pemerbuHHu Aedopmarnuu. IIpu mo-Hucku
TeMITepaTypH, MOXKE Jla HACTBITH KOOIepaTHBHO SH-TenepoBo moapexane.

Jpyr ceiiecTBeH (GakTop, KOWTO BIMsAE HA MAaTHUTHATA CTPYKTypa € ChABP)KAHUETO U Pa3IpeelICHHETO
Ha Mn’" u Mn*" fionure B pemerkara. ITon BiMsHEE HA NOKANHUTE (IYKTOAUMH B PA3NpeeNeHHETO Ha
pa3IUYHATE [0 TOJIEMUHA MATHUTHA MOMEHTH (pa3iHKaTa € MpUOIM3UTEeIHO €IWH MarHeToH Ha bop) craBa
Bb3MOXKHA MarHuTHa (a3oBa cerperaust WIM IPexXoJ B MAarHUTO HEMOAPEIECHO CBCTOSHUE IIPU
MIOHIDKaBaHe Ha TeMIlepaTypara.

Ha6momaBar ce ¢epoMarHuTHH, (HepPUMATHUTHH M aHTH()EPOMATHUTHU CTPYKTYPH, KAKTO H TOJISIM
Ha0Op OT HEKOJMHEApHW MAarHUTHH MOJpekaaHusd. Hanndauero Ha HAKOJIKO MarHUTHH (ha3ul C pasIMuHH
MarHUTHH CTPYKTypH U pPA3IHYHA TEMIIEpaTypHH HMHTEPBaIM Ha CTAaOMIHOCT, B TOISIMa dYacT OT
€KCIIEPUMEHTAIHO CHHTE3UPAHUTE MOIUKPUCTATHH KePaMUKHU, BOJIH JJO CEPUO3HU NMPOOIEMH B IPELUZHOTO
OllpefeNssHe HAa MAarHUTHUTE WM CBOWCTBa. HanoxuTeneH € CHBMECTHHAT aHAIW3 Ha JaHHUTE OT
PEHTreHoBaTa U HEyTPOHHH IU(PAKIHY, KAKTO ¥ HA MAKPOCKOITMYHUTE MarHUTHU CBOIICTBA .

B HsKOM ChEIMHEHHUS C YaCTUYHO 3aMECTBAHE HA PEIKO3EMHHMs IOH, MOraT Aa ce Moly4aT MarHUTHU
CTPYKTYpU HamojoO0sBaIlli CIMHOBH CTBKJIA, KOTaTo IIOAPEXKIAHETO C€ JBDKH HAa CIy9JaifHO
pasmnpeneneHure GpepoMarHiTHO U aHTH(EPOMArHUTHO B3aUMOJCHCTBUSL.

2.3.2. Temnepatypa Ha Kiopu, HamarHUTEHOCT U Bb3NPUeEMUYMBOCT

2.3.21. Temnepatypa Ha Kiopu

[TpaBAaT ce pa3nuuHu U3CAEABAHUS, LN A2 PA3KPUAT 3aBUCUMOCTTa Ha TeMneparypera Ha Kiopu ¢
OT pa3NMYHUTE KAaTHOHHM 3aMecTBaHUs. ['olleMHUHAaTa Ha OOMEHHUTE B3aWMOJICHCTBUS 3aBHCH KaKTO OT
MEXJyHOHHUTE Pa3CTOSHUS, TaKa U OT BaJIeHTHUTE bITIM. ChILECTBYBa BH3MOXKHOCT Ja CE OLEHST BIIIUTE
Ha BPB3KUTE HA KUCIIOPOJHUTE OKTAeApH (OT KOHCTAHTUTE Ha PEIIETKAaTa), a C TSAXHA [IOMOIIL 1a CE U3BeaT
1 praute Ha Bpb3kuTe Mn — O — Mn. CbelMHEHHATa B KOUTO PEIKO3EMHUS HOH CE 3aMECTBA YaCTUYHO C
Bi, a umenno (Bi;La,)ysCaysMnOs, 1aBaT BE3MOKHOCT J1a e M3CIEABAT AeopMaluuTe Ha CTPYKTypara,
KOUTO Hali-4ecTo ce M3pa3sBaT B HAKJIAHSIHE U 3aBbpTaHE HA KUCIOPOJHHUTE OKTaeApH. BHeceHHTe 1O TO3H
HAaUYWH M3MEHEHUs, YyBCTBHUTEIHO NPOMEHSIT TEMIIEPaTypUTe Ha KpUCTaJorpad)CKUTe W MarHUTHUTE
(azoBu npexou. 3a0ersi3Ba ce ChII0 Taka, Ye HAMArHUTCHOCTHTE Ha CTPYKTYpHTE ¢ HaMaJeH bI'blI Mn —
O — Mn, no-TpyAHO JocTUraT HacuiuaHe. To3u GakT BEpOSATHO ce ABJDKM HAa HACIATBAHETO HA ABOMHOTO U
CBPBXOOMEHHOTO B3aUMOAEHCTBUS, KOETO BOJIH 10 ACKOJIMHEApU3UpaHE Ha CIIMHOBATa CUCTEMA.

3abens3Ba ce, 4e 3a JaJeH ajKalleH KaTHOH, 7¢ Ce yBelndyaBa C HApacTBAHETO Ha aTOMHUS Paluyc
(HaMansBaHETO Ha aTOMHaTa Maca) Ha peakozeMHus HoH. Ilo momoGen HaumH, T¢ ce yBeluYaBa U C
YBEIMYABAHETO HA Macara Ha aJKaJTHUS KaTHOH, BEPOSTHO B PE3yJITaT Ha MPOMSHA Ha BI'bJia HAa BPH3KUTE
Mn - O — Mn.

ITpu oOpasuute ¢ HUcKkU Temiepatypu Ha Kiopu (7Tc < 100 K), MarHUTHUTE NPEXOi MPUTEKABAT SCHO
M3pa3eH TeMIepaTypeH XHucTepe3nc. Te3n 0COOSHOCTH BEPOSITHO C€ JBIDKAT Ha CTENEHHUTE Ha CBOOOIA
CBBP3aHH C HEKOJMHEAPHOCTTA Ha CIIMHOBHUTE PELICTKH 32 HAKOH (a3H.

Temmeparypure Ha Kropu, Ha chcTaBHTe JIETUpaHU ¢ MarHUTHHU WoHM (Hampumep Fe), ca mo-HuCKH,
KaTo pe3yiTaT OT MPOMsIHATa Ha XapaKTepa Ha 0OMEHHOTO B3aHMMOJICHCTBUE.

Awmopduure crerasu ot Buaa (La;Sr,)MnOs, H3rOTBEHH 10 METO/Ia Ha YyKa M HAKOBAJHATA, TOKA3BaT
Tc > 380 K nouTH B 1ienusi MHTEpBaJl HA U3MEHEHHE Ha X.
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2.3.2.2. HamarHuTeHocT

HuckoremmnepaTypHaTa HAMarHUTEHOCT HA (pePOMArHUTHUTE 00pa3ny TPYAHO JOCTUTA HACHIIAHE JOPU
IpY CHIHM TojeTa. Pe3ynTaHTHHTE CTOWHOCTH 32 MarHMTHUSL MOMEHT ca 3HAUMTENHO IO-HUCKU OT
OYaKBaHATa CTOMHOCT 3a CIIHOB MarHeTH3bM. ToBa 4ecTo ce ABIDKH Ha a3y C HEeKOIWHEApHH CIHHOBH
KoHurypauuu. HamarHuTeHOCTTa Ha ChEAMHEHMSITA, KOUTO ca (DEpPOMAarHUTHH, HO YMATO CIIOHTAHHA
HaMarHUTEHOCT € JO0CTa II0-MajKa OT OYaKBaHaTa CTOHHOCT (IpM ydacTHE caMO Ha CIIMHA), MMa
MPUHIOUITHO Pa3JIMYHO MOBEICHHE IPH HAMATHUTBAHE CIE] OXJIAXJaHE B HYJIEBO WM HEHYJECBO IOJIE, a
KOEpILUTHBHATA CHJIa pacTe ObP30 IPH NOHM)KaBaHE Ha TeMIIepaTypara.

OcBeH TOBa, ce HAOII0aBa U CHJICH MTAPANPOIIEC IIPU BUCOKHU ITOJIETA, KOWTO € TBBP/E TOJAM 32 J1a Oble
o0sicHeH ¢ Mozena Ha [laynu 3a enekTpOHHUS NapaMerHeTu3bM. Te3u ChCTOSHHUS ca THIIMYHY 32 CTPYKTYPH
C MHOTOOpOMHM M HOYTH-H3POJECHH CHMHOBH KOH(MUrypanuu (MOBEJECHHE CXOJHO C TOBa Ha CIMHOBHTE
CTBbKJIA). 3aBUCUMOCTHTE MOrar Ja ObJaT MOACNMPAaHM KaTO HEXOMOICHHA CIIMHOBA KJIBCTEPH3ALMUL.
HabnronaBaHnsi MOMEHT € IO-MaJIbK OT OYaKBaHHMSA M 3a 0Opaslu C KaTHOHHA aCTEXMOMETpUS; CaMo
OTZEIHH CHhCTABH JITUPAHU C ST UMAT HOPMANHH ()epOMarHUTHH OTHACSHHS.

JlomMeHHaTta CTpyKTypa ce HalJio1aBa BbpXy THHKH (MIMH OT HSIKOM ChCTaBH C IIOMOLITA HA TYHEJIHH
MHKPOCKOITH CHAOJICHH C TIOAXOIAIINTE 3a [[eNITa MAaTHUTHH IJIaBH. ['oleMrHaTa Ha JOMEHHUTE 33 (DHIMH C
nebemmHa 0.3-0.5 Um mocTHra HIKOIKO MUKPOHA.

2.3.2.3. Bwb3npuemuuBocT

W3mepBaHusATa Ha MAarHUTHAaTa BB3IPUEMYHMBOCT Ha TOJSIMO KOJIMYECTBO ChCTaBU BOJAU 0 CIEIHUTE
M3BOJIM 3a BUJA HAa CBPHXOOMEHHOTO M IBOMHOTO OOMEHHM B3aMMoOJeicTBUS. B Hail oOm minad Te3u
3aBUCUMOCTH Ca CIECTHUTE:

+  Mn’" —O-Mn’" B3auMozelicTBHETO € HEPOMATHUTHO AKO PA3CTOSHUETO OTIOBAPS HA YCIOBUETO

a>3.8A, B mpotusen ciyuaii (a < 3.8A) e anTH(epoMaruuTHO;
4+ 4+ o
e Mn" -O-Mn"" B3aMMOJAEHCTBHETO € BUHATY aHTU(PEPOMATHUTHO;
4+ 3+ o

e Mn" —-O-Mn"" B3aMMOJAEHCTBHETO ¢ BUHATH ()ePOMATHUTHO.

Hsxon checTaBu geMOHCTpUpAT 3a0eIeXMH OTKIIOHEHHS OT CTaHAapTHHUTE 3aBUcuMocTH Ha Kropu — Baiic

C

X=
r-6
(xpoero C e xoHcTaHTata, a & e Temmneparypara Ha Kropu) B mapaMarHutHata o0yacT; B OJIM30CT IO
TeMIlepaTypara Ha Ipexoja. Te3n OTKIOHEHHUS ce THIKYBaT MO0 HAKOJIKO HAYHMHA:

1. B O:1m30CT /10 TEMIepaTypaTa Ha IIPexo/ia HacThIIBa KIIbCTEPU3ALMs HA CIIMHOBATA IIOJICUCTEMA;

2. mpeo0nafaBaio BIMSHHUE HA 3apsIOBOTO MOJPEXKIaHE KOETO ce HAOMojaBa IPH TOIAMa 4acT OT

CBCTaBHTE;

3. MarHuTHATa CTPyKTypa IPEMHUHABa B KBa3U-IBYMEPHO CHCTOSHHE.
3a OKOHUYATEIHOTO M3ACHSIBAaHE HA TO3U MPOOJIeM ca HEOOXOAUMH MPEIU3HN HEyTPOHHO-AU(DPAKIIMOHHH H
PEHICHOBO-TIOJSIPU3ALIMOHHN N3MEPBaHUsL, IPU JOCTATHYHO HUCKH TEMIIEPATYpPH.

2.3.3. MarHuTeH pe3oHaHC 1 KONEeKTUBHU Bb30YyXaeHuUs

3a MaHTaHaTUTE, KOMTO ca ()epPOMArHHUTHH U TPOBOJSIIIM, FMa HAIPABEHH 3HAYUTENEH Opoi
n3CcieBaHUS Ha (epoMarHWUTHUS pe3oHaHC. B ToBedero OT Te3W Marepuany, [IMpHHATa Ha
(hepOMarHUTHHUTE PE30OHAHCH MOKa3Ba HEOOMYAMHU TeMIEepaTypHH 3aBUCHMOCTH, C MHHHMYM Okoyo 7,
BB3JIM3AL Ha HAKONKO AeceTkd mT, u HapacTBa a0 okoso 0.2 T, npu HUCKM Temneparypu. [IbpBoHayanHo
TO3M XapakTep Ha 3aBUCHMICTHTE CE CBBP3Ba C €CTECTBEHA MAarHUTHA HEXOMOTCHHOCT HAa MaTepHAJINTE.
[lo-kbCcHM H3cTEnBaHMA MOKa3BaT, Ye MO-CUJIHU ca 3aBUCHUMOCTUTE OT rojieMHHaTa Ha oOpasena, Wid Ha
KPHCTAJIHUTHUTE (32 TMOJUKPUCTATHATE KepaMHKH). Pe30HaHCHHUTE JIMHUU Ha THHKH (QHIMH ca TACHH (OKOJIO
5 mT) u npakTHYeCcKH He 3aBHUCST OT TeMIeparypara. PenauTe npodunm Ha pe30HAHCHUTE THHUH 3aBUCST
M3KIIOYHUTENIHO OT Jb/DKMHATa Ha IPOHHKBAaHE, CBbp3aHa CbC CKUH edekra, Karo HMa OrPOMHO
KOJIMYECTBEHO pa3sMHHABAaHE MEXIY CBHIPOTHBICHHETO HAa OOEMHHTE OOpasIH M OIEHKHTE KOWTO Ce
[OJTy4aBaT OT U3CJICABAHMATA Ha (hepoMarHUTHHS pe3oHaHc (10 2 — 3 mopsiabka). [loBeueTo eKCrepuMeHTH
MOJBBPXKABAaT HAJIMYMETO HAa OTPHULATEIHO MAarHUTOCBIPOTHBIIEHHE NPU UYECTOTH B MUKPOBBJIHOBHS
JIMaTa30H, aHAJIOTHYHO Ha edeKTa, HaOII0aBall ce P HOCTOSHEH TOK.
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Ot decToTHTEe Ha (PEPOMArHUTEH PE30HAHC, € BH3MOXKHO Jla CE HAIPAaBAT OLIEHKM Ha CIIOHTaHHATa
HaMarHUuTEeHOCT M, ¥ moyieTo Ha aHu30Tponusi Ha.[17] Pe3oHaHCHOTO mMoJie TPaKTUYECKH HE 3aBUCH OT
TeMIeparypaTa, a MarHUTHATa aHU30TPONHS € IIPEeHEOPEKUMA MIPH IMOYTH BCUIKH 00pa3iy (C U3KIIOUEHHE
Ha HANperHaTHTE TBHKH CMNHTaKCHAlHH cJjoeBe). Te3u Qaktu ce chriacyBar ¢ JaHHUTE OT
KBa3UCTATHYHUTE KPUBH HA HAMAarHUTBaHE IPH HICKU TEMIICPaTypH.

W3cnenBaHusiTa Ha CJIEKTPOHHHS NapaMarHUTEH pPE30HAaHC HAa MAaHraHaTUTe Han 7Tc, IOKas3Bar
SKCITOHCHIIMAJTHO HaMaJsiBaHE Ha MHTCH3UTETa Ha JIMHUHTE. TeMIbT Ha ACKIBCTEPU3AIMSA € TaKbB, U
okono 20K Hanx tammeparypata Ha Kiopu, CUTHAIIBT CHOTBETCTBA Ha KJICKTHUBHA TIPEIECHs] HA TPYIH OT
okouio 30 cimra. CMsrta ce, 4ye TeMIepaTypHara 3aBUCHMOCT Ha IIMPHHATA Ha JIMHHUATA € CBbP3aHa C SIHO-
(hOHOHHH TIPOIIECH Ha peaKcalys Ha CIIMTHOBATa CHCTEMA.

2.3.4. bapoMarHUTHU 1 MarHUTOCTPUKLMOHHU edeKkTn

Knacuyecknte MarHUTOCTPUKIIMOHHU ¢EKTH ca 00eMHATa M JTMHEHHAaTa MarHUTocTpuKimsa. ObeMHaTa
MarHUTOCTPHKIMS € OOKHOBCHO, M30TPONEH e(eKT, HECBbP3aH C OPHCHTAIMATA Ha HAMAarHUTEHOCTTA,
KOWTO 3aBHCH OT cBOOOJAaTa €HEprus CBbP3aHa C 3aBHCHMOCTHTE OT pa3CTOMaHHWETO Ha OOMEHHUTE
uaTerpain. EGekrst e sicHo u3paseH mof T¢, KbAETO OTHOCHTEIHOTO H3MEHEHHE Ha obema:

= _(AV/V)Tzconst’
nocrtura croiiHoctr ot 1% 3a Hsikom cbctaBu. Korato obOeMHAaTa MarHMTOCTPUKIHS € OTpUIATEIIHA
(MaTepuana ce pa3IIupsBa Mo ASHCTBUETO HA MArHUTHOTO MOJIE), TS MOYXE Ja KOMIICHCHUPA, B ONpeeacH
TeMIepaTypeH UHTEPBaJ, TEMIICPATYPHOTO PA3MIUPEHHE, U JIa CE JOCTHTHAT ITOYTH HYJICBH M3MCHEHHS Ha
obema.

Jlvneiinata MarHUTOCTPUKIKS A € H3MEHEHUETO Ha pasMepa 110 I0COKa Ha HAMAarHUTEHOCTTa, KOETO Ce
MPUIPY’KaBa OT HANPEYHO OTHOCHTEIHO M3MeHeHHe OT -A / 2. Tst ¢ MHOTO Maiabk eeKkT , CTOMHOCTTa Ha
HacuInaHe As € OT ImopsIbKa HA 10°°,

3a BCHYKM MaHraHaTH, 0e3 Te3H C KHCJIOPOJHA aCTEXMOMETPHS M HUCKH TeMIeparypu Ha npexona Tc,
(hepOMArHUTHOTO CHCTOSIHHE CE CTAOMIM3UpPa OT MPHJIOCHO BHHIIHO HAISTAHE, IPH PBCT HA KPUTHYHATA
temneparypa (d7¢ / dP)p—const = 10 — 30 K/GPa.

Crnena ma ce orOenexu (akTa, Y€ BIMSHHETO HA HAIATAHETO, W TOBA HA XHMYHOTO HassiraHe
(mocTHrano ype3 KaTHOHHH 3aMECTBHHS), Ca MPOTBOMOIOKHK. ToBa ce 00SICHSIBA KAYECTBEHO OT CIICAHUTE
ChOOpaKEHHS; HATATAHETO YBEJIMYaBa MHTErpaia Ha MPUOKPHBAHETO HA MAaHraHOBUTE aTOMH, a C TOBA H
mIMpUHaTa Ha 30Harta W, Kato mpu TOBa ce yBeianvaBa Tc; 3aMECTBAHETO C MO-MAaJKKA KaTHOHH BOJH 10
HamalsBaHe Ha bIUIMTE Ha Bpb3kuTe Mn — O — Mn, KaTo 1Mo TO3W HaYMH €(DEeKTHBHO HaMaysiBa OOMEHHHS
uaTerpai. IlokasBa ce ChIIO Taka, Y€ HAISTAHETO IOATHCKA 3apsIOBOTO MMOIPCIKAAHE W NPCIU3BHUKBA
mpexou KbM ()epOMArHUTHO METATHO ChCTOSHUE.

2.3.5. ®asoBu npexoaun noa AeNCTBUETO HA MarHUTHO nore

[lpu maHranatuTe, YMUTO CHCTaBH ca ONM3KM Ja TpaHUIATa aHTU(EPOMArHUTHO-(PEPOMATHUTHO
CbCTOSIHME Cce HalNroJasiBaT MHTepecHU e(eKTH NpU NpuiIaraHe Ha BBHIIHO moje. [Ipexoaute Mexmay
pa3MYHHUTE KOJIMHEAPHH U HEKOJIMHEapHN (PepOMATHUTHH TOAPEKIAHUS CBIIO MOTaT Jla Ce OCHIIECTBIBAT
¢ ToMoUITa Ha MarHUTHO moJe. [Ipexoaure ca Half-uecTo OT MBPBHU POJ, ChC 3HAUUTEICH XHCTEPE3UC H,
OOMKHOBEHO, Ca TpWAPY)XEHH C pa3pyllaBaHe Ha 3apsIoBO-TIOIPEACHOTO ChCTOsHUE —[22].
®epoMarHUTHOTO, 3apsI0BO-HETIOAPEICHO ChCTOSHIE € OOMKHHOBEHO C METAJeH XapaKTep M NpHTekKaBa
3HAYUTEIHO MAarHUTOCHIIPOTHBIICHHE.

3a HIKOW CBhCTaBU ce HaAOMIOAaBaT METaMarHWTHH mpexomu [5][7], mpu monera ¢ ronemuna 6T u
temmeparypa 4.2K, mpuapyxeHH ¢ CKOK B IPOBOJUMOCTTA OT okoyo 10 mopsmgpka. 3abenexuTencH € u
¢akra, 4e MOJOOHM NMPOMEHHM MOraT Ja ObJaT NMpPEJIU3BHUKAHH OT OCBETSABAHE C YJITPABHOJCTOBU WU
PEHTIeHOBH Tb4H (YCTOHYNBA (OTOMPOBOJUMOCT), MIIH OT TOJIEMH MPUIOKEHN HAIPEKECHUSI.

ITpu ronsMa 4acT OT CbCTaBUTE, MMa CBEICHHMS 3a KIIbCTepH3alus U (pa3oBa cerperanus B HaHOMaiaoa,
KOSTO OKa3Ba BIMSHHWE BBPXY MarHUTOPE3NCTHBHHUTE e(PEKTH, KaKTO M Ha pa3pylIaBaHETO Ha CIHHOBO-
MIOJIPEZICHOTO CHCTOSIHHUE TIPU CUITHU TIoJIeTa [6].
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2.4. ipyau ceolicmea

2.4.1. TpaHCnNOpTHM CBOWCTBA

[IbpBUTE M3CNeABaHUS HA TPAHCIIOPTHUTE CBOMCTBAa Ha MAHT'AHOBM IIEPOBCKUTH CE€ MPABAT HA ChCTABU
(La;jxAx)MnO; (A = Ca, Sr, Ba) u uenst u3sICHIBAaHETO Ha 3aBUCUMOCTUTE Ha CBHIIPOTHUBICHHETO OT
chbCcTaBa M TemIeparypara. [ naBusi pe3ynrar OT Te3H M3MEPBAaHHUS €, Ye MMa CUJIHA KOpenalus MEexXIy
CBHIIPOTHBIICHHETO M MArHUTHHUTE CBOWCTBA Ha Marepuana.[26][27] W3BbH 30HaTa Ha (HEepOMArHUTHUTE
¢asu (B KoHIEHTpanwoHHHTE (a3oBu auarpaMu)[12], CHOPOTHBICHUATA Ca BHCOKH U TEPMHYHO
AKTHBUPAHU, KaTO CHIPOTUBIICHUETO aHOMAITHO HAPACTBA OKOJO 00JACTTa Ha MarHUTHHS (ha30B MPEXOJ,
IIpH TOBa C€ MNpPEeMHHaBa OT TEPMHUYHO-aKTHBHUPAaH, KbM METAJIEH XapakTep Ha CBHIPOTHUBICHUETO.
OTKpHBaHETO HAa THT'AHTCKUS MarHUTOpe3ucTuBeH edext (GMR) B Te3U ChEAMHEHUS BOAU 10 PIA3BK CKOK B
Oposi Ha W3CIEIBAHMATA, KAKTO Ha MOJHKPHCTATHMA KEPAaMHYHH MaTepHalld, Taka ¥ Ha MOHOKPHCTAIH U
HAaHOPa3MEPHU CMUTAKCUATTHH CTPYKTYPH.

Haii-roisiMo MarHHUTOCBIIPOTHBIICHE ce HaOIIonaBa, OOMKHOBEHO, OKOJIO 7, KOSTO MOXE Jia € M Hajx
CTaliHU TEMIIEPATyPH 32 HAKOU ChCTaBH. VI30TPOITHISI MArHUTOPE3UCTUBEH €(DEKT JOCTHra HACHIIaHE e/1Ba
npu npuioxeno nosue Haj 1T. MakcumanHaTa CTOHHOCT HA MarHUTOCHIPOTUBIIEHUETO 3a MOYTH BCUYKHU
ChCTaBH € 0OpaTHO-IIPOOPIIOHATHA Ha camaTa Temreparypa Ha Kropu. [Ipu craitnu Temmnepatypu GMR e,
4eCcTO OT MOpSABKa Ha YHCTO T€OMETPUYHOTO MArHUTOCHIPOTHBICHUE MPH CHJIHM IIOJIETa, HO MOXE Ja
ObJIe HAKOJKO MOPSABKA IO-TOSIMO MPH HUCKHU TEMIIEpaTypHu.

Pasnuuen 1o cBOsl XxapakTep € aHW3OTPOITHHUSI MarHUTOPE3UCTHBEH edekT, HaOmromaBaH Hail-decTo B
TBHHKH cioeBe. [Ipu Hero ChpoTUBIEHUETO 3aBUCH OT B3aMMHATa OPUEHTALIUS Ha TOKa ¥ HAMarHUTEHOCTTa
U Ce NMPOMEHS YETUPU MBTH (MMaWKU HPEABHU] CUMETPUSITA Ha NEPOBCKUTOBATAa CTPYKTYpa) NPHU BbPTEHE
HA HAMarHUTEHOCTTA B paBHUHATA HA U3pacTBaHe Ha ciosl. EQexThT € ManbK, oT nopsiabka Ha —0.2 %.

241.1. CobnpoTuBneHue U MarHUTOCHLMNPOTUBIIEHUE

bazoBuar unen Ha damunusaTa mManranatd LaMnQO; e TONynpoOBOJHUK C aKTUBAIIMOHHU CHEPTHH OT
0.10 1o 0.36 eV[14][16]. lllupunaTa Ha 3a0paHeHaTa 30Ha 3aBUCH OT O0Opa3era U € Mo-MajiKa OT CHEeprusTa
Ha BB30yXIaHe HeoOXoauMa 3a 3apsioB TpaHC]ep, KOATO M3MEpeHa ONTHYHO BB3NIM3a Ha OKoJo 1 eV;
KaKTO M OT IIMpHUHATA Ha 3a0paHeHara 30Ha M3MepeHa upe3 QoTorajJBaHWYIHA CrieKTpockomus (okoio 1.3
eV), HO € CpaBHHUMa C TEOPETHYHATA 32 HEMPSIKO30HHA CTPYKTYpa.

[Tpu moBeueTo MaHTaHATH ce HAOIIO]aBa MMPEMHUHABAHE B PEXKUM HA CKOKOB €JICKTPOHEH TPAHCIIOPT OT
€IMH MaHTaHOB aTOM KBbM JpYyT, ChC 3alla3BaHe HANpPABICHHETO Ha CMUHA (Taka HapedeHara ‘‘CIIMHOBa
mamer”’), KOraTo MaTepual’bT MNPEeMHUHE BBB (QepoMarHuTHO cbherosHue [16][20][21]. Erto 3amro
(hepOMarHUTHOTO B3aMMOJICHCTBHE CE CBBbP3BA C BUCOKHU €IEKTPOHHH MOJBMYKHOCTH U HUCKH crielupuaau
cbrporuBieHUs. CHIPOTUBICHUETO HA JISTUPAHUTE 00pa3ly 3aBUCH CHIIHO OT 3apsI0BOTO HOAPEKIAHE U
nokanm3anus [29]. MoHOKpHCTATHUTE 00pa3ly MOKa3BaT aHM30PTOIHA MPOBOJUMOCT, OT 2 JI0 5 IHTH IO
roysiMa B paBHHUHATA, OTKOJIKOTO IO U3bIDKCHATa OPTOPOMOUYHA OC ([IOBEYETO ChCTABH KPUCTAIU3UPAT B
IIPOCTH WJTH YIBOCHH SJIEMEHTAPHHU KJICTKH C OPTOpOMONYHA cUMeTpust). ['oyisiMa 4acT oT M3MepBaHUATA Ha
MOHOKPHCTaNM, BbB ()EPOMATHUTHO CHCTOSIHUE, TMOKA3BaT CTENEHEH XapaKTep Ha 3aBUCHMOCTTa Ha
cneun(UIHTO ChPOTHUBJICHUE OT TeMIlepaTypaTa, KpaCHOPEUMBO JI0KAa3aTelICcTBO 3a MeTaleH Xapakrep.[11]
lonsiMOTO OCTAaTHYHO CHIPOTUBIICHHE HA TMOYTH BCHYKU CHCTaBU IPH XEIHEBU TEMIIEPATypyd TOBOPH,
OCBCH 32 HaJMYHMETO Ha TOJISIMO KOJMYCTBO Ne(EKTH, TaKa W Ha MarHUTHA HEXOMOICHOCTH, pa3ceiBalin
CIIMHOBO TMOJISAPH3UPaHHUTE €JICKTPOHHW Ha HUBOTO Ha (epmu Fr. HaOmromaBaT ce CHIHM 3aBHCHMOCTH Ha
CBIIPOTHBICHUETO OT HAJSITAHETO — M3MEHEHHUS C MoBeue oT mopsiabk Ha GPa.

2.41.2. Xon echekTt

3a pa3nuka OT HOPMAJTHUTE METAIH U MONYNPOBOAHHUIM, U3Pa3bT 32 XO0I-e(eKThT IPH MATHUTHUTE
MaTEpUAIU ChABPXKA JOIBIHUTENEH YIECH, KOMTO NPEJACTaBs 3aBUCUMOCTTa OT MAHATHUTEHOCTTA:

pxy = ROB +/JOREM’

KBJIETO HOpManHHs KoepuuueHT Ha Xon Ry, B IIbPBO NpUONMMKEHHE € —l/ne, W KOeUUUEHTHT Ha
aHoManHUs ehekT Ha X0 Ry 3aBUCH OT aCHMETPHYHOTO pa3celiBaHe Ha €IeKTPOHUTE, KOETO Ce IBKH Ha
CNMH-OPOUTATHOTO B3auMoOjeiicTBHE. Re MoXke fa ObJe, KaKTO MOJO0XKUTEIEH, UM OTPUIaTEeNIeH, Taka U



Bakanasnpcka Te3a na Ilnaven Cmamenos
CV ”Cs. Knumenm Oxpudcku’”, Qusuuecku ghaxynmem

HyJla B HSIKOM YacTHH CiIy4au. BBB (epoMarHUTHHM Mmarepuand, BTOpPHS 4WieH Ha XOJ € 4ecTo (HO He
BHMHAru) Ha MOPSABK MO-TOJISIM OT HOpMaiHHUsA. IIpu BCsIKO peanHO M3MepBaHe cjelBa OCBEH FOpHHUTE Ja
Jn00aBMM W YJIeH ChOTBETCTBAI HA HAa MAaAbT HAa HampekeHue /R, AbIDKAI ce Ha HeeKBUIIOTECHIIMAITHOCTTA
Ha KoHTakTHTe. IIpu ycimoBue dve umame J00pe AeduHHpaHa YHHUIONSAPHA IPOBOAUMOCT, TO OT
HN3MEpBaHUATA Ha KOHCTaHTaTa Ha XOJ Ry M CBIPOTHBICHHETO O, KaKTO € 0Ope M3BECTHO MOXKE Ja Ce
OTIPEJIENTN M X0JIOBATa MOABHIKHOCT:

Hy =Ry/ p-

3HaKBT Ha XOJIOBUTE HOCUTENH BBHB ()EPOMATHUTHO CHCTOSHME HAa MaHraHaTuTe, ClelBa CHJIHO J1a
3aBucu ot SIH — TenepoBoTo paslenBaHe Ha e, 30HAaTa. AKO pa3LENBAHETO € IBJIHO, TO TOraBa
KOHIIGHTpAIMsITa Ha HOCUTEIUTE Ha 3apsj ciensa aa Obae x 3a mynkd (x < 0.5), mokaro mpu jiurca Ha
paslenBaHe, KOHIIGHTPALUATA clie/Ba 1a Obe 1 - x 3a eJeKTPOHHU.

IMpn m3mepBaHusATa Ha edexra Ha XOJN IPH MAaHTAHATUTE C€ CpPeImlaT AocTa TPyAHOCTH. ExgmH ot
mpobJaeMuTe e, HeBb3MOXKHOCTTA Jla ce JOCTUIHEe MarHuTHO HacuiuaHe. Jlopu gocra nofn 7c, KpUBUTE HA
HaMarHUTBaHE Ha IIOBEYETO MaHraHaTH II0Ka3BaT TOJISIM U1 Ha Mapanpoleca, KOeTo O3HadaBa, e
agomanuus epext Ha Xon HamomobsBa HopManHus. [pyr mpoGieM BB3HHKBAa B CIy4yauTe, KOTaTo
MarHUTOCBIIPOTUBIICHUETO € TOJIIMO; BCEKH UCOATaHC HA XOJOBHUTE €ICKTPOIHU BOJIH 10 Bh3HUKBAHETO Ha
CBIIPOTUBHUTEIICH CUTHAN, KOWTO MacKHpa IpruHoca Ha X0 edeKTa, ¥ IpaBH HAJIOXKUTETHO Pa3IeITHEeTO Ha
YETHU U HEUETHH e(PEeKTH.

Panrute n3mepBaHudA, Ha edekra Ha XON NPH MaHTaHATHTE, JaBaT OTPHIATENHH CTOWHOCTH 3a
koeduueHTa Ha XO0J, KaTo M3BEIeHAaTa Bb3 OCHOBA HAa TAX EJNEKTPOHHA KOHLEHTpAIMs MPOJUBOPEYH Ha
pasyaTaTuTe OT M3MEpPBAaHMATa Ha TEPMOEIEKTPOABIIKEILO HamnpexeHue. M3mepeHure cTOMHOCTH 3a
HOISIBI/I;KH(I)C']I'Ta ca CBIIO TBBPJE HUCKH 32 (PepPOMarHUTHOTO KBA3H-METAJTHO CHCTOSHHE - OT HOpsAAbKa Ha
10" mV's ™.

241.3. TepmoeneKkTpoaBMXKELLO HaNpeXeHue

M3mepBaHusiTa Ha €JIEKTPUYHOTO IOJI€ NMPEAM3BHKAHO OT TEMIIEPATYpHM TIPaJMEHTH HalpeuyHd Ha
obpaserna, 1aBa MHGOpPMALHS, KOATO IOMBIBA JaHHUTE 3a ChIPOTHBICHHE H Xoi-epekT. KoehHueHTsT
Ha 3eebex ce aeuHHpa KaTo, TEPMOEICKTPOABIDKEIIOTO HANPEXOKCHHE Ha Tpaayc TeMIepaTypHa
pazinKa:

S=AV /AT =(grad; V),

TepMOoeIeKTPOABEKEIOTO HAMPEIKESHUE HE 3aBUCH OT HPEXOJHOTO CHIPOTHBICHHE MEXKIY OTACIHUTE

HpoBOIIM 00JacTH B oOpasena M TEpPMOEIEKTPOIBIDKEIUTE HAIPEKEHHS Ha OJelHUTe o0JacTu ca

aJUTHBHH, [OpPaJd H3HCKBAHETO Mpe3 oOpas3ena Ja He Tede TOK. 3a (ha3ure ¢ MeTaniHa HPOBOJUMOCT €
TTOJXOISIT U3Pa3bT OT MOJIeNIa Ha CBOOOIHH SJICKTPOHH:

k kT
S==(=—)
€ Ep

OOpa3um ¢ MeTaleH XapakTep Ha [NpOBOAMMOCTTAa 1ojJ I, TOKa3BaT MHOIO — MaJIKH
TepMoeeKTpoaBIKelH Hanpexkerns (S < 2 UWVK™), 6e3 scho u3pasen Temmneparypen xon. Tesu ¢akru
Hal-4ecTO ce MHTEPIPeTUpaT, KaTo JOKa3aTeJICTBO 3a HAIMYMETO Ha CTAOWIHO BUOPOHHO CHCTOSHHE, B
KOETO KBAa3WYACTHIITE Ca EJIEeKTPOHM CBBP3aHM C TOABIKHH SIH — TemepoBH IHCTOPCHH, KOHTO
IpaKTUYECKH HsMar aucnepcus. CaMo HSAKOM JaHHH, NMOJNYyYEHH HAa THHKM (MIMH W MOHOKDHCTAJH,
IOKa3BaT Pa3IMYHO TIOBEJCHME, KOETO MOXE Ja Ce HHTEpIEepTHpa KaTo CYIEPIIO3HINS OT MeETaleH,
(depomarauTeH U GOHOHEH YJICHOBE.

JlBaTa pexnma, KOUTO Haif-uecTo ce€ OTKpOSBAT B 3aBUCUMOCTHTE HAa CBHIPOTHUBICHHETO OT
TeMIlepaTypata HaMHpaT CBOETO OTPaXEHHE M BBPXY TEPMOCNIEKTPOABIKEMOTO Hampexenue. llox Tc,
e(eKThT € MoYTH HyJia U HE 3aBHCH OT 7, U € MPONopLUOHaNeH Ha T 3a 00pa3luTe IOKa3Balk MeTalHa
IIPOBOJMMOCT. 3a HEMETaJHUTE CBCTOSIHUS C KaTMOHHA acrexwoMmerpust mno-romsimMa ot 0.01, ummto
crielM(pUYHY CHIIPOTHBIICHNS UMAT aKTUBALMOHEH XapaKTep B LENUs TeMIIEPaTyPeH UHTEPBall, KaKTo U 3a
o0pasiuTe ¢ MeTaleH xapakTep Hax 1¢, S ce n3MeHs IponopuruoHanHo Ha 1/7.

Koraro cpIpoTHBIEHHETO MIMa TEPMOAKTHUBAIIMOHEH XapaKkTep, TEPMOETICKTPOIBIDKEIIIOTO HAIIPE)KEHHE
MOXKE CBILO Ja AEMOHCTpUpA IOBEACHUE NMOJ00HO Ha TOBA HpH moiynpooxuuimTe. Koeduunentsr Ha
3eebek 3a MOTYIPOBOTHUK CE AaBa OT
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‘e\ kT
KbJeTO A € aKTUBAIllMOHHATA CHEPTHs, MOJIOKUTEIHA 33 CJICKTPOHUTE M OTPHIIATENIHA AYNKHTE, a B ¢
KOHCTaHTa OT MOpsiAbKa In2, cCBbp3aHa ¢ EHTPONHUsATa HA HOCUTENUTE. AKTUBAIIMOHHATA €HEPTHS MOTyueHa
ot 1/T - 3aBucuMocTHTE € ¢ OKoJIO 3 10 10 IbTH Mo-Manka OT Ta3M MOJy4YeHa OT TEPMOAKTHUBALIMOHHUTE
3aBHCUMOCTH, KOCTO € MMOKAa3aTeIHO 33 HAJMYMETO Ha CKOKOBa MPOBOIUMOCT. HabmromaBa ce ChIo Taka

CUJIHA 3aBHCHMOCT Ha S OT MAardTHOTO II0J€, 0COOCHO OKOJIO T, KOETO I0Ka3Ba, Y€ TOKOBUTE HOCHTEIU
“MaT MarHUTEeH XapakTep.

S=-"(—+By

2.4.1.4. XeTepoCTpyKTypu

OT (epoMarHUTHH MaHTAHATH C€ M3TOTBSIT XETEPOCTPYKTYPH, OT THIA CaHABHY, C HEMarHUTHU
JIICTAHIIMOHHU CIIOEBE, KOUTO Marar Jia ca U30JIaATOPHHU, METAITHH WJIA CBPBHXIIPOBOISIIN.

B cBppxpemerknuTe ce HaOM0JaBa MOBHUIIEHO MAarHUTOCIPOTHUBIICHHE, B CPABHEHHE C YUCT CIIOW OT
JaIEHOTO BELIECTBO, IB/DKAIIO Ce Ha CIIMHOBO-3aBHCUMO pa3sceiiBane ot unTepdeiicute [13]. M3roTesr ce
MIEPCIICKTHBHNA CIUHOBH BEHTWIH C TYHEJNEH e(eKT, KOUTO MPEICTABISBAT JBa ()EPOMATHHUTHH CIIOS
paszelieHn ¢ KBaHTOBO MPO3paycH u3oampail Oapuep. B TyHenHUTE MpeXoau ¢ HAIBJIHO MOJSIPH3HPAHU
CIICKTPOAN, IPEMHUHABAHETO HAa CINCKTPOHH € KIACHYHO 3a0paHeHO, KOraTo eNeKTPOAUTE HMar
AQHTUTIAPAJIETTHH HaMarHUTEHOCTH. B MOomoOHM CTPYKTypu c€ JOKJIa/JBa MAarHHTOCBIPOTHUBICHHE OT
nopsiabka Ha 100% mpu 4.2K. M3KII0YUTENHO CHIIHATa 3aBUCUMOCT OT nojieTo (foctarynu ca 10 mT 3a
HACHII[AaHE) € €JIHA OT Hal-CHITHUTE TOTYYCHHU JI0 MOMEHTA.

KaTo Msipka 3a ciHOBaTa MOJISIPU3AIM Ha CHCTEMATa MOXKE Ja Ce BbBEIEC

n= (STT SH) :(1_2a)2,
(S it S T )

KpAeTo S;; U S;, ca MPOBOAMMOCTHTE MPH IapajeiHa W aHTHIApaJeiIHa OPUCHTALMUS, a ¢ € YacTTa Ha
HOCHUTEJIUTE C CIIMH Harope. JlocTurnaru ca creneHu Ha nofsipusanus 10 95% [8].

MarHuTOChIPOTHBICHUETO HA CIIMHOBHUTE TYHEIHH MPEXOIU HaMalsiBa 3HAUYUTEIHO C MOBHIIABAHETO
Ha TemIiepaarypara. To3u ¢pakT HaMupa 0OsSCHEHHE, IPH HAJIMYHe Ha KUCIIOPOIHA aCTEXHOMETPHS B THHBK
CIIOH OT MaHraHaTa OKOJIO TyHajJHUs Oapuep, ¢ MO-BHCOKa Temiieparypa Ha Kropu, KoiiTo mpenu3BHKBa
oOpBIIaHe Ha CIIUHA Ha MpeMHUHABaIIuTe HocuTenr. ChI npodieM ce cpera ¥ IpH ApeOHO3bPHECTUTE
TIOJIMKPHUCTATHN KepaMUKH. BB3MOXKHOCTTA /1a ce KOHTPOJIMpa HaMarHMUTEHOCTTa Ha WHTepdeiicute, € oT
U3KJIFOYHTENIHA BaXKHOCT, 32 IIOCTHUTAHETO HA MOCTATHYHO TOJSIM MArHHUTOCBIIPOTHUBHUTENEH e(eKT, MpH
CTaliHU Temneparypu.[28]

bnaromapenrie Ha moAOOHaTa CTPYKTypa Ha BHCOKOTEMIIEPATYPHHUTE CBPBXIIPOBOAHUIM, CTaBa
BB3MOXKHO M3TOTBSHETO Ha XETEPOCTPYKTYPH OT Te3H ABe (hamminu Marepuann. HabmogaBaT ce TyHeTHH
CBPBXIIPOBOSIIN TOKOBE Ipe3 GapuepuTe ¢ aedennna 10 oxkono S00A.

B 3axitoueHne MOXe [1a ce OTOeNekKH, Ye H3MEPBaHHUsATa Ha TPAHCIIOPTHUTE CBOMCTBA B paBHUHATA Ha
Ipexojia IMOKa3BaT HE3aBHCHMOCT Ha CBPBXIIPOBOAMMOCTTA M MarHetusma. MHTepecHo Om Omio ma ce
n3cieqBa B3aUMOJCHCTBHETO, MEXIY JIBET€ CEMECTBAa MaTepHaid, ¢ MOMOIITa Ha W3MEPBaHUs H3BBH
paBHMHATa Ha CMHTAKCHsS, KAaTO CHHH-TIOJPU3HPAHUTE CIEKTPOHH OBJaT 3aCTaBeHW Ja MHUHAT IIpe[
CBPBXIIPOBOSIINTE 00NACTH, WIN KYNEPOBUTE JBOMKH Ja c€ JABW)KAT B MAarHUTHHUTE ciioeBe. [ aBHara
TPYIHOCT B TOBa HAaIlpaBICHHE € MOJArOTOBKAaTa Ha HMHTepdelicute. BbOpeku ToBa, Beye CE H3TOTBST
MOSFET eneMeHTH C XUCTEPE3UC Ha ChIPOTUBIEHUETO OT nopsaabka Ha 100% (BKIIOUUTEIHO U TaKuBa C
CETHETO CJICKTPUYCH 3aTBOD).

2.4.2. Tepmn4yHM cBOMNCTBA

2.4.2.1. TonnuHeH KanauuTeT

W3mepeH € TOIUIMHHHAT KamamuTeT HAa HSIKOJKO ChCTaBa CTEXHOMETPHUEH H aCTEXHOMETPUYEH
LaSrMnO;, npu HuckH Temnepatypu, oT Coey U chTpyAHHUNU. [laHHUTE ca alIpOKCUMHpPaHH C IOMOIITA
CaMo Ha eJIEKTPOHEH M PelleThbueH WIEH, T. €.

C:yT+IBT3.
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ITonyuenuTe croitHOCTH Bapupar B uHTepBajia =5 — 8 ml .mol K, koeto choTBeTCTBA Ha €JICKTPOHHA
IUTBTHOCT OKOJIO HUBOTO Ha depmu

N(Ep) = 3y/(7k3)2’
BB3m3ama Ha okono 4 x 10%* m™ eV, Tasu cToifHOCT ¢ CPaBHUTEIHO BHCOKA 33 METAJ, HO € BB3MOXKHO
TOBa Ja Ce JBJDKU Ha JIMTICaTa Ha KOPEKIHs 32 OCTATBYHOTO CHIIPOTUBJICHUE MIPH HUCKH TEMIIEPATYPH.

B chenuHeHusITa Ha PEAKO3EMHUTE €JIEMEHTH, YECTO XapakTepa Ha HUCKOTEMIEPATYpHUS TOILIMHEH
KamaiureT ce JIOMHUHHMpa OT BBH30OYACHUTE €JHOATOMHU CHCTOSIHUS HAa PEAKO3EMHHTE HOHHW; TaKbB € H
ClIydasi C MAaHTAaHOBHUTE OKCUIH.

HabnromaBaT ce HIKOW aHOMAJIMH B TOIUIMHHHS KalalUTeT, OKOJIO TeMmeparyparta Ha Kiopu, KouTo ce
Mpe/ronara, 4ye ce Ib/DKaT Ha pa3jihKaTta Ha eHTPONHATa Ha MOApEeKIaniara ce CIIMHOBA MOJICHUCTEMA, H
Ta3u JbJDKaIlla ce Ha 3apsioBara jJokaiauzauus. [IpoMsHaTa Ha €HTPONMATA MO AEHCTBUETO HA MarHUTHO
mojie, ce MW34YMCIsABa Ha 0a3ara Ha KpUBUTE HA HAMAarHUTBAaHE W3IOJ3BAHKH TEPMOIMHAMHYHOTO
CHOTHOILIECHHE

H
AS, = j (dM 1dT), dH’
0

C ocobOeHOCTH B IMOBEICHHUETO HA TOIUIMHHMS KAalalUTET, CC MPOsBABAT M JBaTa (Pa3oBH IMpexoja
HaOJII0IaBaHM B HAKOM 00pa3Iy, TO3M CBBP3aH C 3apsI0BOTO NOAPEKIAHE, U CTPYKTypHHs mpexox O - O’.

24.2.2. TonnonpoBoAHOCT

ITogoOHO Ha CHIPOTHBICHHETO, TOILIOMPOBOAHOCTTA Ak CBHINO MMa OCOOCHOCT OKOJIO TeMIepaTypaTa
Kropu Tc, kosaTo MOXe 1a ObJie TPOMEHsIHA C TIOMOLITa Ha BBHINHO nose. Habironasa ce yBeanueHne ot
oxono 30%, mpm mpuioxeHo BBHIIHO moie 6 T u Temmeparypa 265K. AHOMaNHHSA INOJIOXUTEICH
temneparypeH koedurment dk/dT > 0, Hamg Tc, ce 0OsCHSIBA C TOJEMUTE NWHAMUYHU HapyIICHHs Ha
KpHCTAJTHATA PelIeTKa, KOUTO [IPUIPYIKABAT 3apsiA0BuUs IpeHoc B Omu3oct 10 T¢, B u3oaupaiiara dasa.

®akropsT Ha [lebaii — Banep (TeH30pBT Ha CpeAHO-KBAIPATHYHUTE OTKIIOHCHUS HA aTOMHUTE B JTaJCH
0a3uic) ps3K0 HamassBa C yBelMYaBaHe Ha TeMIleparypara, KOETO € IOKasareld, 3a BaXHOCTTa Ha
HEJIMHEeHHUTE TPENTEeHNs Ha pelIeTKaTa.

2.4.3. OnNTn4yHM cBOMCTBA

2.4.3.1. MarHutoonTUkKa

[To-paHHUTE EKCIEPUMEHTH 110 ONTHUYHO XapaKTepU3UpaHe Ha MAHIAHOBH HEPOBCKUTH, LEIST
omnpeJesHe Ha TOAHOCTTA Ha ChEANHEHMATA KaTO MaTepHald 3a MarHUTOONTHYEH 3aric Ha HHopManus.
[paBst ce m3cnenBanms Ha MarHUTOONTHYHNUS edekT Ha Kep, 1 Ha epexra Ha Papaneil, kaTo GYHKIHA Ha
IBIDKAHATA Ha BBIIHATA (T.C. MOXE Ja ce paboTH, KaKTO B PEXHM Ha IPOITyCKaHE, Taka U B PEKHM Ha
OTpaXXpHHE). MAarHHUTOONTHYHATA AKTUBHOCT € HaW-ToIsIMa OKOJI0O MaKCHMyMHTE B TOTJTBIIAHETO
JBJDKaIM ce Ha BpTpentHo aromHute d — d (1.8 eV) mpexonu, u 3apsnosus tTparcdep 2p(0) - 3d(Mn) (3
eV), KoeTo e yKa3aHue, 4e CIIMHOBO-TIOIsApHu3upanute Mn-oBu d HHBAa MMaT OTHOLIEHHE M KBM [BaTa
npexona. brexeT Ha BepTeHE Npu edekta Ha Kep moctura makcnmansa croiftHoct ot 0.2° mpu 3.2 eV, B
LaSrMnO;, nokaro edekra ma Papaneii moctura mMakcumaigHa cTodHocT oT 40000° cm'l, IpHU chLIaTa
eHeprust. ThHKUTE (QMIMH OT CBIIOTO BEIIECTBO MMAT TojsiMa MAarHHUTHA aHM30TPOINUs B HallpaBJICHUCE
OPTOTrOHAJIHO HA PAaBHUHATA Ha M3PACTBaHE, U ca IIEPCIICKTUBHY 3a 3amuc (110 METoJia Ha IIpeMHUHaBaHe Ha
temnepatypara Ha Kiopu), 1 uerene nznonsBaiiku edekra Ha Kep.

2.4.3.2. [MornblaHe Ha PEHTFeHOBU NMb4u

HacrosmaTta creneH Ha pa3BUTHE HAa CHUHXPOTPOHHMTE M3TOYMIM Ha PEHTICHOBO JIbUCHHME JaBa
BB3MOKHOCTH 3a M3CIE/IBaHE Ha €JIEKTPOHHATa CTPYKTypa Ha TBBbPAOTEIHUTE Marepuanu. Ilormbijanero
HA PEHTTCHOBU JbYM € MOILIECH MHCTPYMEHT 3a U3CIEJBAHETO HA JOKAaJHATa €JIEKTPOHHA CTPYKTypa Ha
aToMuTe (POpMHpAIIN CHEJUHEHUETO. M3MON3BaHETO HAa KPBrOBO MOJSIPU3HPAHU PEHTITEHOBU JTBYU JaBa
nHpOpMaIUsA 3a CIHMHOBHS XapaKTep Ha EJIEeKTPOHHWTE CBCTOSHHSA; peHTreHoBute Magnetic Circular
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Dichroism cnieKTpu ce TMOJydyaBaT W3BAXKIAWKU CIIEKTPHUTE, CHETH IMpH MapalelHd W aHTUIApAJICITHU
OpHEHTAIIMH, HA MATHUTHOTO I0JIE ¥ MaJalius KpbroBo NOIApu3upaH HOTOH.

OOmust U3BOJ OT M3MEPBAHMUSATA HA MOTIIBIIAHETO HA PEHTICHOBH JIBYH €, Y€ JIOKATHATa CUMETPUS He
ce M3MEHs IpH IPOMsIHA HA XapakTepa Ha CHIPOTHBICHHETO, KOCTO BOAU A0 H3BOJA, Y€ JIOKAIHUTE
SJICKTPOHHU KOH(UTrypauH (TIOHE 32 HHTEPBAIH OT BPEME OT MOPSIbKa Ha BPEMETO 33 OCBIECTBIBAHE Ha
dotoenexrpuunus nmpouec — 1077 s) ca eqHM M ChIIM, 32 METAIHOTO M 3a M30JIMPAIIOTO CHCTOSHHE HA
okcuure. EcrecTBeHO, (iyKTOanny B MO-roIsIM BPEMEBH Malad JaBaT MPUHOC, HO KaTo TETJIOBHA CyMa.
MCD criekTpuTe ce MHTePIpETHpaT, KaTo YHHUKAJIEH BHJ| €JICKTPOHHA KOH(HTrypanus Ha Mn—BHTE aTOMHU
Ha OKCHJUTE CbC CMECEHH BaJICHTHU ChCTOSIHUSL.

3. CneuunanHa vyact

B nacrosmiara gact Ha paboraTta, ce OMKCBa MpOleaypaTa Ha CHHTE3 W H3CIEIBaHE Ha CEpHsl OT
o0pasiu, 0OCHOBHATA YacT OT KosTo ca 10 obpasena ¢ obma dpopmyna BigsRys(Ca, Sr, Ba)Mn,O¢. Kakro e
CTaHe SICHO MO-HATAThK, MOJ00OHA CUCTEMA OT OKCHJIH, ITO3BOJISIBA H3BECTHA I'bBKABOCT MPU ONTHMHU3AIHITA
HA CTPYKTYPHHTE, TPAHCTIOPTHUTE M MATHUTHHUTE TTapaMeTpH.

3.1. CuHmes

3.1.1. N3xogHu BeLlecTBa

IMopaan xapakTepa Ha KepaMHYHATa TEXOJOTHS BCHYKH HEOOXOIMMH CJIIEMEHTH C€ BKapBaT B
peaKIMOHHATa CMEC BbB BHJl HAa OKCHIIH, HUTPUAM U Kapoumu. M3nomsear ce chotBeTHO BiyO3, R,03 (R =
La, Nd, Gd, Ho), Sr(NOs), u CaCO;. Kato kOHCyMaTWBH C€ H3IIOJI3BAT CHIIO Taka anetoH 2N7 wu
JecTuIupaHa 1 aefiornsupana Boga 10 MQ.cm. Benuku TBbpAoQa3HI peareHTH ca ¢ aHAINTHYHA YHCTOTa
mo-no6pa ot 3N5. Ilopaau ydacTHeTO Ha aTMOC(EpPEH KHCIOPOJ B PEAKIMUTE HA CUHTE3, U30TOIHUTE
CBOTHOIIICHHS Ca TE3U 3a CTaHAapTHA aTMocdepa.

3.1.2. Tpouenypa

3.1.21. MNoarorBuTenHa 4vacTt

Ha ocHoBa Ha MoOJNApHHUTE MacH Ha pPEareHTHTE C€ W3BBbPIIBA NPEABAPUTEIHO H3YUCICHHE Ha
CTEXHOMETPUYHUTE U OOLIUTE KOJINYECTBA HEOOXOAUMH 3a CHHTE3A.

M3BbpmiBa ce HakaIsBaHE HA PEIKO3EMHUTE CHITHOXUTPOCKOIMYHU okcuan R,0; B mpomgemkenue Ha 3
h, ¢ uen a He ce ce OmoOPOYHM CIACABALIOTO U3MEPBAHE HA MACHTE.

[Mperernir ce HEOOXOIUMHUTE KOJIMYECTBA OT PEareHTHTE C ITOMOIITA HAa aHAJIWTHYHA Be3Ha “Sartorius”
¢ k1ac Ha Tousoct 11l 1 MakcumanHa aGcomorHa rpemka 1.10 kg,

Beue npereryieHuTe KOJIMYECTBa ce€ CTPUBAT B MPOAbIDKEHUE Ha 30min. B axaroBa MEJHHMIA, KAKTO B
CYXO CBCTOSTHHE, TaKa U B alleTOHOBA OaHs.

Pasnaganero Ha KapOOHATHTE W HUTPATHUTE CE OCBILECTBSIBA 4Ype3 IPEIBAPHTEIHO MPOTpsBaHE Ha
cMecuTe B ipoabinkenne Ha 8 h. mpu 800° C.

3.1.2.2. CbHLUHCKN CUHTE3

loToBuTe peakuoHu cMecu ce npecosaT npu Haisrane 430 MPa no Ttabnetku ¢ quamersp 12 mm. u
BHCOYMHA 5 mm. M3BBpIIBa ce MPEICHHTE3HO MPOrpsiBaHe B mpoabinkeHue Ha 12 h. mpu 900° C. Crnenpa
JIBYKpPaTHO JIBaHAJIECET-9aCOBO MPOTPSBAHE 32 OCHIIECTBSABAaHE Ha Au(y3MOHHATa (a3za Ha XETEPOTCHHHS
XMMHYCH MpPOIEC, KaTO CIIEJ BCEKHM IHUKBI CE H3BBPIIBA CTPUBAHEC W HOBO TablCTUpaHE C I
XOMOTCHH3AITHSL.

ChlIMHCKaTa XMMHUYHA peaklMs CE M3BBPIIBA IPH JABE IOcienoBaTelHU mporpsiBanus npu 1000 u
1150° C B mpoabmkeHue Ha 24 h. 6e3 oOpazyBaHe Ha TeuHa (a3a.
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3.2. Cmpykmypa
3.2.1. MeTtogu

3.2.1.1. PeHtreHoBu npaxoBu gudpakrorpamm

IlpaxoBuTe pEHreHOrpaMH ce TMONydYaBaT C IIOMOINTa Ha KOMITIOTBPHO VIIPABIsiBaH IIPaxoB
mudpaktomersp “JJPOH - 3”. Uznon3sa ce ¢unrpyBano Cu - Ky peHTreHOBO JThUYCHHE IMOTYYCHO B
penreroBa TpbhOa ¢ MomrHOCT 3.5 kW. Perucrpamnmsara Ha AnpakTHpaIMs CHOM C€ OCHIIECTBSIBA C
IIOMOIITa Ha CTAaHAApTEH CIMHTWIAIMOHEH aetekrop ¢ ®EVY. JlanHuTe ca chOMpaHU B BIVIOBHS WHTEPBAI
15° — 150° (26), cbve crpnka ot 0.02°, B pexxuM Ha IOCTOSIHHO BpeMe Ha cThika 5 s/step. [lapamerpute Ha
eJIeMEHTapHaTa KJIETKa CEe YTOYHSIBAT C MOMOINTA Ha MporpamMu paboTemy Mo METoAa Ha Hai-MallKuTe
kBagpatu — “PDI” u “PpowderCell®.

3.2.1.2. HeyTpoHHM npaxoBu AucpakTorpammu

HeytpoHHO-A()pakIMOHHUTE H3MEpBaHUS CE W3BBPIIBAT Ha IPaxoB AU(PPAKTOMETBD C CpelHa
paszmenurenHa cocobHoct “PSD” B Bynamemnta. Mi3mepBanusTa ce U3BBPIIBAT IIPU CTalfHAa TeMIIEpaTypa ¢
IbIKMHA Ha BhaHata 1.0577 A. YTouHsBaHETO HAa MapaMeTpUTe Ha eleMEeHTapHaTa KIETKA CE U3BbpIIBA C
momoira Ha paboTemus o meroja Ha “Rietveld” nporpamen maker “Fullprof”

3.2.2. Pesyntatn

IIpumepHa peHreHoBa mpaxoBa Audpaxrorpama € jgajneHa Ha @ue. 3. JlecHO ce BIXKIAT JHMHHUUTE
JBJDKAIIN Ce Ha OCHOBHATA MIEPOBCKUTOBA CTPYKTypa. [IperM3HusT uncieH aHanu3 1aBa Bh3MOXKHOCT Ja Ce
OXapaKTepu3Hpa CTPYKTypaTa, KaTo ChCTaBCHa OT HAKJIOHEHW Ha MaJbK BI'bI (OT HOPsIbKAa HAa €AUH
rpagyc) KUCIOpOaHH OKTaeApH. I[lomydaBaT ce ChIO Taka OLEHKH 3a Bh3MOXKHATA aCTEXHOMETPHU3ALMS Ha
pasnuuanTe Mn-0oBu HoHu. CBIO Taka ce U3BBPIIBA YaCTH4EH (ha30B aHAIU3, C TOYHOCT 2 — 3 %, KOITO
MIOKa3Ba PEHI€HOBAa MOHO(A3HOCT HAa M3CIEABAHUTE 0Opa3lM U CITyXKH 32 KOHTPOJ Ha Ipoleca Ha CUHTE3
(xaTo peHreHorpaMm C€ PErHCTPHPAT HA BCEKM OT MEXIMHHHTE €TAalH Ha CHHTE3a, KOUTO BKIIOYBAT
CTpUBaHE ¥ npeTabiieTHpaHe Ha KepaMUYHUTE 3aroToBKH). [Tog00eH aHann3 no3BoJIsBa Ja ce ONTHMHU3HPAT
TeMITepaTypuTe NPH KOWUTO CE M3BBPIIBAT OTIACITHHUTE CTAIWU - XETEPOTEHEH IpoIec, W Iu(y3HOHHATA
TBBpAodasHa peakuus. OTCHCTBUETO HA SIBHO HM3pa3eHa CBPBXCTPYKTypa Ha Jaudpakrorpamara, aaBa
OCHOBaHHE Jla C€ 3aKJIOYM, Y€ PA3IMYHUTE KAaTHMOHM Ha A TO3MIMU Ca Pa3lpEeNeHN CTaTUCTHYECKH
PaBHOMEPHO B KPHCTATHATA PEIIETKA.

12000 —
BiUSLaMSrMnZO{y
E CypOBH JIaHHU OT PEHI€HOBa AM(PAKIMS
10000 4
8000
w
o
& ]
5 6000-
g
o
= J
(5}
=
= 4000
2000 4 J\TJ
+—
0 20 40 60 80 100 120 140

bren 26, deg

@ueypa 3. Pentrenoa audpakrorpama Ha o0pasel OT OCHOBHATA CepHsl.
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Ha @ue 4 e mpeactaBeHa mpaxoBaTa HEYTPOHOrpaMa Ha chIHA obOpasen. IlomxpoOHHA ChBMECTEH
YUCIICH aHaJIWU3 HA PEHTe€HOBUTE U HEYTPOHHUTE AU(PAKTOrpaMU MO3BOJSABA 1A CE OTOUHST AOIBIHUTEIHO
IapaMeTpuTe Ha EJIEMEHTApHATa KJIETKA, KaKTO M Ja C€ pasrpaHmyaT ¢asd C pPa3InyHO MAarHUTHO
nojpexkaaHe (3a oOpasnure, 4MUTO TemiepaTypu Ha Kropu ca Haj TemmepaTypara NIpH KOATO ca
PETHCTPUPAHU HEYTPOHOTPAMHUTE).

16000
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» 10000
2
o ]
[;; 8000
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Queypa 4. HeyTpoHHa npaxoBa audpakrorpama Ha oOpaser] OT OCHOBHATa CepUst

KaTo noka3atencTBo 3a KOPEKTHOCTTa Ha OIpEeNICHUTE MapaMeTpy Ha eIeMEHTapHaTa KJIeTKa, MOTraT
Jla ce TpHBeJaT 3aBHCHMOCTHUTE Ha CPEIHUs KaTHOHEH paamyc Ha nosuuust A. Ha @ue. 5 n Que. 6 ca
JajgeHu cpoTBeTHHUTE rpaduku 3a Ca-Bata m Sr-Barta moacepun. I1o-3aqp10049eHNs aHANN3 HA TapaMeTpUTe
Ha CTPyKTypaTa M o0eMHTe Ha eJEeMEHTapHaTa KJIeTKa MO3BOJISIBA Jla CE 3aKIIOYM, Y€ C IMOCJIeHATa ce
M3BBPIIBA TPaHCHOPMALUS C IPUONU3UTEIHO 3alla3BaHe Ha oOeMa.

Ca cpapprxary o0pa3nu

224

cel

3
ObeMm Ha eneMeHTapHata Kietka v, A
N
N
N
1

N

N

o
|

Cpenen kaTHoHeH pamuyc <r >, A

@Dueypa 5. 3aBUCUMOCT Ha 0O0eMa Ha eJleMeHTapHaTa KJIeTKa OT CPEIHUs
KaTHOHEH pajguyc Ha Ca 3aMECTEHUTE OKCUIU OT CEpUsTa.
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Sr cbabpikaim 00pasLu
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CC HU3II0JI3BAT IIPpH aHAJIM3a HAa MarHUTHUTE CBOMCTBa Ha ChEIUHECHUSATA.

3
Obem Ha enemenTapHara kierka vV, , A

1.17

1.18

CperneH KaTHOHEH pajiiyc <>, A

1.19 1.20

1.21 1.22

@ueypa 6. 3aBUCUMOCT Ha obeMa Ha eleMeHTapHaTa KJIeTKa OT CPEeHUS
KaTHOHEH PaJiyC Ha ST 3aMECTCHUTE OKCUJIM OT CEPUSITA.

JudpakrorpaMuTe Ha [MOYTH BCHYKH O0Opaslyl OT CepusiTa CE HHICKCHPAT CIHO3HAYHO KAaro
BB3MPOU3BEICHA OT KPHUCTAJHH PEUIETKU ChC OPTOPOMOMYHA Trpyma Ha cuMmeTpust Pnma. JlaHHUTE OT
MIpOLeIypHUTe MO YTOUHSBAaHE HA PELIEThUYHUTE MapaMeTpH ca npeacraBeHu B 7a6n. [. Cpuiure napamerpu

Ta6/zuua 1. HapaMeTpH Ha €JIEMEHTapHaTa KJIETKa Ha MaHI'aHATUTE OT OCHOBHATa CEpUs

No Cocras a, A b, A c, A OGem, A’
54737  £0.0016 | 7.5354 +£0.0011 5.4198 £ 0.0018
1. BiCaMn,05 . 158.494
5.4824 7.5255 5.4328
5497 £ 0.003 7.591 < 0.002 5.512 £ 0.003
2. BiSrMn, O 231,122
5.4851 7.6050 5.5406
5.425 + 0.002 7.616 = 0.002 5.4067 = 0.0022
3. Bi()_SLaOASC&MIleG 158,581
5.4176 7.6671 5.3992
5.4839+0.0015 | 7.6399 +0.0013 5.5046 +0.0018
4. | BiysLaysStMnO; 5.4793 7.6239 5.5192 230,557
5.4805 +£0.0026 | 7.6392 +0.0024 5.5076 +0.0032
5.424 £ 0.002 7.599 + 0.003 5.3927 + 0.0023
5. BiO.SNd0‘5CaMn206 157,415
5.4254 7.6218 5.3836
) 5.4718 +£0.0028 | 7.6028 +0.0024 5.4906 + 0.0026
6 B10.5Nd0}5SrMn206 228,909
5.4652 7.6135 5.5014

" Kypcus — [Tapamerpu Ha pemerkaTa oT peHtreHosa audpakius (£ 0.001 - 0.003)
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5.4628 £0.0015 | 7.5321+ 0.0018 53555+ 0.0013
7. Bi0.5H00‘5caMH206 155,674

5.4610 7.5097 5.3683

54560+ 0.0032 | 7.6583 +0.0033 | 5.4480 +0.0026

- 226,901

8. | BiosHoosStMn,Og 5.4431 7.6661 5.4377
9. | BiysGdysCaMn,Og 5.4531 7.5288 5.3820 156,242
10. | BigsGdysSrMn, O, 5.4919 7.6162 5.4530 228,084

3.3. MaecHUmMHu u3mepeaHusi
3.3.1. MeTtogu

3.3.1.1. TMMapamarHMTHa Bb3NPUEMUYUBOCT U Bb3NPUEMUYUBOCT B
NPOMEHSINBO MarHMTHO none

Br3npuemunBocTTa Ha 0Opa3IMTe ce M3MEpBa C IMOMOINTA HAa TpaHCIAIMOHHA (apageeBa MarHWTHA
BE3HA, KOHCTPYHpaHa OT €KMIa 110 MAarHUTHU U3MepBaHus Ha Dusuuecku Daxynrmem. Y CTPONUCTBOTO Ha
Be3HATa II03BOJIIBA M3MEPBaHMATA Jla Ce TPOBSKAAT B MHTEpBaNa OT cTaifHu Temmeparypu mo 1100K.
I'pemkara B OTYMTAaHETO HA TeMIleparypara € He mo-roasima oT 5 K (Ipm BHCOKHM TeMIepaTrypH).
YyBCTBHTENHOCTTA Bh3M3a Ha 10 emu/g, npu rpemrka ot nopsirbka Ha 1 %. I'pemkara B HOIIBPKAHETO
Ha MarHUTHOTO Tojie He mpeBumana 1 %. M3mepBaHeTo ce M3BBPIIBA ¢ IOMOINTAa Ha KAaNallUTUBEH MOCT
[1].

BB3npreMunBOCTTa B IIPOMEHIMBO MarHUTHO IIOJIe B 00JACTTa OT CTallHM TEMIEpaTypH IO OKOJIO
600° C ce m3mepBa Ha amaparypa, KOHCTPYHpaHa OT €KHIIa 10 MAarHUTHH H3MepBaHHS Ha Du3uuecku
@axyrmem. KOHCTpyKIHsATA MO3BOJSIBA U3MEPBAHETO Ja CC U3BBPIIBA BHB BAKyyM MM KOHTPOJHPaHA
ra3oBa cpeia (ako ToBa € HEOOXOAMMO). AmapaTypaTa MO3BOJISBA N3MEPBAHETO HA BB3NPHEMUYUBOCTH OT
nopsiabka Ha 10” emu/g, ¢ TousocT ot mopsiabka Ha 0.1 % (BBB (pepomarauTHaTa obnact). M3sMepBanusTa
Ha MPOMCHJIMBOTOKOBUTE CHUTHAJM ¥ IOTCHIHAIM C€ H3MO0N3Ba (Ha30UyBCTBUTENICH CEICKTHBCH
na"oBontMeTbp “EG&G 5208 Lock-in Amplifier - Princeton Applied Research”. ITocrosHHOTOKOBHTE
CUTHAJI U TIOTCHIIMAIM Ce M3MEepBaT ¢ ImoMolnTa Ha HaHoBoaTMeThp 7081 Precision Digital Voltmeter —
Solartron Instruments”. 1 nBata m3MepBaTeIHN ypeaa MMaT rapaHTHPAHH METPOJIOTHYHN XapaKTePUCTHKH,
3a Ieproay Haj 15 roauHu OT faTaTa Ha KaIHOPOBKA.

3.3.1.2. Hwucko u BUcokoTemnepatypHa HaMmarHUTeHOCT

3aBHCHMOCTHTE Ha HAMAarHUTEHOCTA Ha o0pasnTe g oT MarHuTHOTO Tonie H u ot Temmeparypara 7 ce
nu3MepBar C IMOMOINTA Ha JABa BHOPAMOHHM MarHUTOMETbpa CHAOAEHM ChC CHOTBETHHUTE BB3IH 3a
MIOJTbp)KaHe Ha HUCKM W BUCOKH TEMIIEpaTypH, pa3pabOTeHH OT €KWIla 110 MAarHUTHU HM3MEpPBaHMSA Ha
Qusuuecku Daxynmem. KOHCTpyKIMATa U HA ABaTa M3MEPUTEIHHU Bb3eJa ITO3BOJISIBA U3MEPBAHMATA 1A CE
U3BBPIIBAT, KAKTO BB BaKyyM, Taka M B KOHTpoiHMpaHa arMocepa (ako ToBa € HeoOxomumo). JlBere
amapaTypu oO0XBaIIaT M3MEPUTETHNS HHTEPBaI oT a30THH Temmeparypu —77 K mo 1000 K. OtHocurennara
rpelika Ha U3MEepBaHUsATa Bb3Nu3a Ha 0KoJo 1 %. MHTeH3uTeThT Ha MarHUTHOTO moje goctura 6200 Oe.
VYrotpeOsiBa ce aHAIOTHYECH Ha0Op eIeKTPOHHA anaparypa.

3.3.2. Pesyntatn

[Ipu ananu3a Ha eKCIIEPUMEHTAJHTE JAHHHM 332 BHUCOKOTEINEpaTypHaTa BB3IPHUEMYMBOCT CE€ H3IMO3Ba
monenrbT Ha Oryun [4]. To3u MeToJ MPHHAICKU Ha Kiaca MPUOMMKEHHS HA MOJIEKYJSPHOTO IOJIE H
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MpeACTaBiIsiBa pa3BUTHE Ha METOJa Ha Belc, OTYMTAIIO TOYHO B3aWMOJICHCTBHETO B PaMKUTE Ha Taka
HapauyeHUTE [BYSOPCHU KIBCTEPH. BBIPEKH CBOsTAa MPUHLIUIHA [POCTOTa, METOABT Ha Orydnm e
KayecTBEHO MOJOOpeHHe Ha TEeOpHUsITa Ha MOJIEKYJSIPHOTO moyie Ha Baiic. B HeroBuTe pamku Hamupar
OIMCaHKE SIBICHUATA CBBP3aHH C HAJIMYMETO Ha ONM3KO MOJpEkKAaHe Haj TemrepaTypata Ha Kropu, a
HMEHHO: OTJIMYHATA OT HyJa TOIUIOEMKOCT, pa3iH4ueTo Mexay Tc W 6, ¥ Xoja Ha TemmeparypHara
3aBHCUMOCT Ha NapaMarHUTHATa BB3NPUEMUUBOCT B OIM30CT 10 ToukaTa Ha mpexona [2]. llle mpuBenem
CXEMaTH4YHO ONHCAaHWC Ha OCHOBHHTE IIOJIOKCHUS OT METOJa W3IMOJI3BaHU IpH oOpaboTkara Ha
eKCTIepIMEHTAITHUTE JIAaHHH B HacTosmara padbora.
N3pasza 3a eheKTUBHOTO T0JIE € aHATIOTMYEH Ha ChIKS B Mojiena Ha Baiic [3]

H e — W >
7 22D o
e
Ng*
KBbAeTO M e IBIHUAT MarHATEH MOMEHT Ha oOpasena, N e OposT Ha aToMuTe B 0Opasena, g € (akTopsT Ha
Jlanze, [ e marHeToHbT Ha Bop, J € 0OOMEHHUSAT MHTErpal B CTAaHJAPTHHUS Xali3eHOEproB XaMUJITOHKAH, a Z
¢ OposIT Ha Hail-ONM3KUTE ChCEIH; pa3jiuKaTa ce ChCTOM B 3aMsHSATA Ha z ¢ (z - 1), mopamu Qakra, de 3a
BCEKH aTOM OT JABYSAPEHUS KIbCTEP, €IHO B3aNMOJACHCTBUE CE€ OTYUTA TOUHO, a (z - 1) B3aNMOJIEHCTBHS Cce
MIPEACTABAT B IPUONMKEHHE Ha ¢DEKTHBHOTO TIOJIE.
OTHOCHTENHATAa MPOCTOTAa HA MOJIENA, MTO3BOJISIBA MOTYYaBaHETO HA aHAJUTUYCH M3pa3 32 MarHUTHATa
BB3IIPUEMUHBOCT
C 4

X=—"=; -
Te* +3-2(z-1)j
kbaeto j =J/ kT (k e koHcTanTara Ha boniman), a C e koHcTaHTaTa Ha Kropu naBana ¢ uszpasa
=N’ B +D).
3k

Pa3BuBaiiky B u3pa3a 3a BB3NPHEMUYNBOCTTAa SKCIIOHCHTATa B PeJ U NMpeHeOperBaiiki BCHUKH WICHOBE
OT pell HaJ BTOPH, MOTydaBaMe n3pasa

Y= C 1 ;
T, J? )
2T 2k°T?
HOJ'Ial“aﬁKH B HACTOALIUA 1/13pa3 KJ1aCu4yeCKara aCUMIITOTUYHA TeMnepaTypa Ha KlOpI/I
ozt
g ==
kT

o 2

7 BBBEXKIAWKH HOBa KOHCTaHTa d ¢ pa3MepHOCT [K°] ¥ ChOTBETHO BTOpa XapaKTepUCTUYHA TEMIIEpaTypa
12

d

J2
k2
HOquaBaMe CJICOHUA HpI/I6JH/I)KeH I/IBPaB 3a TeMnepaTypHaTa 3aBUCUMOCT HA MaroHuTHarta B'LBHpI/IeM‘H/IBOCT

e C
r-g+9
T

>

JlecHo ce Bmkma, Ye TOPHUS M3pa3 (3a pas3imKa OT KiacHdeckus 3akoH Ha Kropm - Belic nHama
0COOEHHOCT OT THIA HyJa B 3HaMEHATeN), KaTo IPH acCUMITOTHYHATAa TEMIIepaTypa Ha Hpexoia MMame
KpacH MaKCUMyM Ha MarHUTHATa Bb3IPHUEMYBOCT IIPU TEMIIEpATypa

6!

PesynratuTte oT 00padoTkaTa Ha eKCTEPUMEHTATHUTE JaHHM 3a IIUIATa CepHs M3CIeIBaHU 00pas3IH ca

npenacraseHu B Taon. 2.

17



Bakanasnpcka Te3a na Ilnaven Cmamenos
CV ”Cs. Knumenm Oxpudcku’”, Qusuuecku ghaxynmem

Taﬁfmua 2. MaKpOCKOHI/I‘lHI/[ MarHuTHH IapaMETPpU Ha MAHIaHATUTE OT OCHOBHATA CEpUs

No Chcras 1? Cop | @ ’;{% 0* e</ Ceor | x (Mn)
.| BiCaMn,Os 189+4 | 47+0.1 | 57+4% | 0.029 | 48+02 | 09+0.3
2. | BiStMn,Oq 280+7 | 43+0.1 | 12345% | 0.043 | 48+02 | 0.6+0.2
3. | BipsLapsCaMnyOg | 21245 | 5302 | 5.844% | 0.029 | 48+02 | 1.4+0.4
4. | BigsLapsStMn;Oq | 354+11 | 3.9+ 0.1 | 17.546% | 0.051 | 48402 | 0.9+0.7
5. | BipsNdosCaMn,Og | 199+5 | 61202 | 5.745% | 0.029 | 5.6+02 | 1.4+0.4
6. | BipsNdosStMn,05 | 207+9 | 64203 | 62+8% | 0.030 | 56202 | 1.7+0.5
7. | BigsHopsCaMn,0, | 259 +8 | 13,940.6 | 2.9+6 % | 0.037 | 11.6£0.3 | 1,7+ 0.4
8. | BiosHoosStMn;05 | 97 +11 | 12.1£0.4 | 2.7419% | 0.020 | 11.6+0.3 | 1.5+ 0.6
9. | BipsGdosCaMn,0, | 172423 | 91404 | 8+30% | 0.035 | 8.8+04 |13 +0.6

10. | BiosGdosStMnyOs | 206235 | 8.9+ 0.4 | 9+39% | 0.037 | 88404 | 1.1£0.6

Karo nmokaszarerncTBo 3a 00OCHOBAaHOCTTa Ha TpHiaraHero Ha Mojnena Ha Orydw 3a ompejelisHe Ha
MATrHUTHHUTE XapaKTCPUCTHKHA HA MAHTAHATUTE OT M3CJCIBAHUS KJIac MOJXKE JIa MOCIY)KAT MPHUBEACHUTE Ha
Q@ue. 7 NaHHU OT ANMPOKCHMAITUATA 110 METOa Ha MAaKCHMAJTHOTO TPaBAONOI00MEe HAa CYpOBUTE JaHHH 32
nmapaMarHUTHaTa BB3NPUEMUYMBOCT Ha oOpasema, KOHTO Bede TMOCHY)XH KaTo WIIOCTpAlus IpH
pasrTIeKIaHEeTO Ha METOAUTE 3a aHalM3 Ha CTpyKTypaTra. Ha ¢urypara ca mpuiokeHH CTOWHOCTHTE 3a
(akrtopa Ha chriacue (kpurepuii Ha [TUpcHH) )(2, YUHUTO CTOMHOCTH 32 BCHYKH MPOBEIACHU MPHUOIMKCHUS
ca ToJl KpUTHYHUTE 3a JoBepuTesieH uHTepBall oT 98 %. CnenBa na ce moauyeprae, KaTo ChIIECTBEHO
MPEIMMCTBO Ha METOJIa, BE3MOXKHOCTTA 3a JUPEKTHA OIIEHKA Ha OOMEHHUTE MHTETPAIH M TIapaMeTpUTE Ha
KI'bCTEpU3alUsl 3a BCHYKM wm3chenBaHu oOpasuu. ChIIECTBEH HAMpenbK, COPSMO EJIEMEHTapHOTO
monenupane o Kropu — Beiic, € n3BianuHeTo Ha MH(GOpPMAIKA OT X0Ja Ha BB3MPHEMUYUBOCTTA B OJM30CT
JI0 TOYKaTa Ha Mpexo/a.

|7Uc, mV ‘

mV
w
o

]

Data: Data1_U2
Model: Oguchi

>

Chi*2 = 0.00197
R"2 = 0.99994

comp’

-U
&
1

P1 6114.75379 +40.54056
P2 563.48204 +6.2976
P3 123810.80853 +2915.35857

ITay Ha HaNIPEXEHUETO BBPXY

HOPMaJTHO chIpoTyBieHue 10Q

T T T T T T
600 800 1000 1200
Temperature T, K

@uzypa 7. AHpOKCI/IMaHI/Iﬂ 0 METO1a Ha Hal-MaJKuTe KBaJpaTH Ha €EKCIEPUMEHTAITHUTE
JIaHHU OT U3MEPBAHETO Ha MapaMarHuTHaTa Bb3NPUEMYUBOCT 3a CHIIUA 06pa3eu OT OCHOBHATa cepus.
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Jlomara obycnoBeHocT Ha Mofena Ha Kropm — Beiic Moxe na Oble JIeCHO yCTaHOBEHAa OT SIBHO
HENMUHEeIHUS XapaKTep Ha 3aBHCUMOCTUTE Ha PElMIpPOYHATa BB3IPUEMUHBOCT OT TeMeparypaTta. ChiuTe
ca mpejacTaBeHH Ha Que. § 3a BCHUKU 00pa3Iy OT OCHOBHATA CEPHSI.

200 —
4 —O—BiCaMn,0,,
— _ —#—BISTMn,0,,
5 180 —0—Bi, La,.CaMn,0,,
g —2—Bi, La, SMn,0,,
g 160 —>— Biy,Nd, ,CaMn,0,,
[}
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0
PeuvnpoyHa Bb3npnemMynBoCT
L e I

T
200 300 400 500 600 700 800

T T T T 1
900 1000 1100 1200 1300

Temmeparypa T, K

@uzypa 8. 3aBECHMOCTH Ha PEIUIPOYHHUTE APAMATrHUTHH BH3IIPHEMIHBOCTH
3a 00pa3sLuTe OT OCHOBHATA CEPHL.

3aBUCHMOCTUTE Ha KOHCTaHTHTe Ha Kiopu oT oOema Ha eneMeHTapHaTa KJIeTKa ca IPe/ICTaBeHH Ha
Que. 9 u Que 10, cvorBerHo 3a Ca-Bara u Sr-BaTa noacepud. EMnupuyHuTEe 3aBUCHUMOCTITH 32
eeKTHBHUTE MAaTHUTHA MOMEHTH 32 00pa3LUTe OT ABETE MOACEPHU Ca:

Ca-ly = J8(431-2.7V,,))
St~ [l =\[8(441-1.97,))-

I'opHuTe 3aBHcHMOCTH, pa3dupa ce, ca cCaMO OPHEHTHPOBBYHHU. Te HE OTYMTAT KOPEKTHO MArHUTHUS
MOMEHT Ha peAKO3eMHHUsI HOH (KOTraTo CHIIMS € OTIIMYEH OT HyJa).

] ’ B Ca chappiKaia cepus
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O0eM Ha elleMeHTapHaTa KJIeTKa

@ueypa 9. 3aBUCUMOCT Ha KOHCTAaHTaTa Ha K}O])P[ oT obema Ha CJIEMCHTApHaTa KJICTKa
3a Ca ChABPIKALINTE 06pa3u14 OT I'JIaBHaTa cepusl.
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] B Sr cbabpixalia cepust
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O0eM Ha eneMeHTapHaTa KJeTKa

Queypa 10. 3aBucuMocT Ha KOHCTaHTaTa Ha Kiopu ot o6emMa Ha eneMeHTapHaTta KieTka
3a Sr chAbpIKAIUTE 00pa3IH OT INIaBHATA CepHsl.

PasnpeneneHneTo Ha CTOMHOCTHTE HA OOMEHHHMS HHTETpall, OICHCH Ha 0a3aTa Ha MapaMarHUTHATa
BB3MIPEMUYHMBOCT Ha 00pa3IMTE OT INIaBHATa cepus € npejcraBeHo Ha Que. /1. durypara naBa npejcrasa 3a
TPELIKUTE B ONMPEAEIIHETO Ha OOMEHHHUTE HHTETpall. TeopeTHyHaTa 3aBUCHMOCT CJe/Ba Ja ¢ JIHHEiHa, 0
Jla MHHaBa Ipe3 HayaJoTO Ha KOOpJMHATHAaTa CHCTeMa. BakHOCTTa Ha MHKpO-TApaMeTpuTe, KaTo
OOMEHHHMSI MHTETpaJl, HAITBJIHO OIIpaBJiaBa ONUTHUTE 32 ONPEACIITHETO UM Upe3 MaKPOCKOITMYHU MarHUTHH
N3MEPBAHUS, BBIIPEKH 3HAUNTETHUTE TPEIIKU, KOUTO Ca XapaKTePHH 3a TO3U KJIAC METOMIH.

Ha @ue. [2 e mpencraBeHO paslpelelieHHETO Ha 00pa3LUTe [0 MaKpPOCKONMYHHUTE IapaMeTpu
KOHCTaHTa M Temmeparypa Ha Kropu. 3aBucumocrtute, KOMTO ce HabIrofgaBaT, BOAAT IO HAEsTa 3a
cuHTe3npaHe Ha Ba 3amectenn okcuan. Kakto mie crane sSiCHO I0-KbCHO, T€ IPUTEkKABAT HAKOW MHTEPECHH
MarHuTHH ¥ TPAHCIIOPTH CBOWCTBA.
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AcumnroTnuHa Temneparypa 6 K

@ueypa 11. 3aBUCUMOCT Ha EMITUPUYHHUTE CTOHOCTH Ha 0OMEHHHUTE MHTETPAH
Ha M3CNIe/IBAHUTE MaHIaHATH OT aCUMIITOTUYHATa TeMeparypa Ha Kriopu.
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Queypa 12. Paznpenenenue Ha 00pa3uuTe OT OCHOBHATA CepHs
10 MaKPOCKOIINYHI MATHUTHH TTAPAMETPH.

B excnepuMeHTaIHMTE 3aBUCMMOCTH Ha I[apaMarHWTHAaTa BB3IMPHUEMYMBOCT OT TeMIlepaTypara ce
HaOI0/1aBa HECHOTBETCTBHE HA KPUBUTE IOJNYYCHW NMpPU KBA3HCTATUYHOTO HArPsSBaHE M OXJIAXKIaHE HA
obOpaszuute. Kputuunure TemmepaTypu MNOpH KOUTO CTaBa TOBa paslENBaHE Ha 3aBUCHMOCTHUTE ca
npeacTaBeHn Ha @ue. 13. Moxe na ce MPEAIoyokH, 4e Te3H OCOOCHOCTH Ca CBBP3aHU C 3apsJOBOTO
MoJIpeXxiaHe, KOeTo ce HabrojaBa NpU MOAOOHM MAarHUTHU OKCHAM. SICHO ce BIDKAA TPYNUpPaHETO Ha
00pasIHTE MO CHCTaB.
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Homep Ha oOpaszena

Queypa 13. Pasnpe/enenne Ha N3CIeABAaHUTE MaHTaHATH 0 KPUTUYHU TEMIIEpaTypH.

C 1en npoBepKka Ha MarHUTHATa MOHO(A3HOCT Ha JiBa OT 0OPA3IKTE, KAKTO M IMO-TOYHOTO OMpEAesTHE
Ha TEMIIEpaTypUTe HAa MArHUTHHS MPEXOJd, C€ W3BBPIIBAT HM3MEPBAHUS HA BB3MPHEMYHBOCT IIPH
MIPOMEHJINBO MoJie. M3mon3Ba ce MarHUTHO TI0JIe ¢ MUHUMAJIEH WHTEH3UTET, KOWTO TIO3BOJISIBA YCTOHYHBO
JNCTCKTUpaHe Ha TMOJe3HHs CUTHAIL. [lojera ¢ ToisSM HMHTEH3UTET Ca B CBHCTOSHHE Ja HM3MECTST
TeMIreparypaTa Ha Npexoja, KakTO W Ja MPOMEHAT HEroBus xapakrep. Kato mpumep mie pasriename
OTHOBO oOpasena cbe cbeTaB BiysLag sSrMn,Og.

21



Bakanasnpcka Te3a na Ilnaven Cmamenos
CV ”Cs. Knumenm Oxpudcku’”, Qusuuecku ghaxynmem

Kakto mpu Bcuukm 0O0OOLICHM BB3NMPHEMYHMBOCTH, MOXE Ja C€ BBBEJAEC KOMIUIEKCHA MAarHWUTHA
BB3IPUEMYMBOCT, YMATO HMMAarMHEpHa 4YacT, € Haif-o0I1o, mpomopuuoHanHa Ha 3ary0ure B oOpasena.
3aBHCHMOCTHTE Ha peajHaTa M MMardHepHaTra 4acT HA MarHUTHaTa BB3MPUEMUYUBOCT Ca MpPEACTABEHH
CBHOTBETHO Ha Que. 14 u Que. 15.

H =140e
o104 o ©9)

T.=99,8°C

Peanna yacT Ha
MarHuTHaTa Bb3IIPUEMUYHBOCT, a. U.
o
o
S
1

T T T T T T T 1
200 300 400 500

Temnepartypa T, °C

@uzypa 14. TemnepaTypHa 3aBUCHMOCT Ha pealHaTa 4acT HA MarHUTHATA BB3IPUEMYUBOCT
Ha Ipe/ICTaBUTENIeH 00pa3el OT OCHOBHATA CepHs, B IpoMeHnBo noie (V = 800Hz).

T.=99.8°C

I/IMaFI/IHCpHa 4acT Ha
MarHuTHaTa Bb3IIPUEMYHBOCT, a. U.

H( =1.40Oe

p-p)

-0.05 —

T T T T
200 300 400 500

Temneparypa T, °C

Queypa 15. TemnepaTypHa 3aBUCUMOCT Ha MIMariHEPHATa YacT Ha MArHUTHATA Bh3IPUEMYHUBOCT
Ha MPEeACTaBUTENIEH 00pasell 0T OCHOBHATA cepHs, B TpoMeHnuBo noue (V = 800Hz).

KakTo ce Bmxa, cCCTeMaTa € MAarHUTHO MOHO(a3Ha, B pAMKUTE Ha 1yBCTBHTEIHOCTTA HA amaparypara.
JlecHo Mosxe a Ob/ie olpesieNieHa TOYHATa TeMIlepaTypa Ha MarHUTHUS TIPeXoA. TodHOoCTTa ¢ KOSTO cTaBa
oTpenieNsiHeTo Ha T, 3HAYUTENHO MPEBB3X0XKIA Ta3h HA OCTAHAJIWTE MATHUTHU M3MEPBAHUS, H MOXE JIa
JOCTUTHE TOYHOCTTA HA MOAIBPIKAHE M OTYHTAHE HAa TeMIiepaTypaTa. JlecHo 3a0ene MU ca H3MCHEHHATA
Ha BB3NPUEMUYUBOCTTa MpPU HArpsiBaHE W OXJaXJaHe, KOWTO HAH-BEpPOSTHO Ca CBBP3aHU C TEPMO-
pellaKcalMOHHU MPOLIECH B CUITHO JIe(peKTHATA CTPYKTYpa Ha MOJIMKPUCTAIHATA KEPAMUKA.
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3a chIOCTaBKa MOraT Ja ce HM3MOJ3BAT aHAJOTMYHHUTE 3aBHCHMOCTH 3a eTajoHeH oOpasern oT Ni,
npeacraBeHu Ha Que. 16 u Que. 17.
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@ueypa 16. 3aBUCUMOCT Ha pealiHaTa YacT Ha MarHUTHATa Bh3IPUEMUYHBOCT
3a etanioHen obpaserr ot Ni, B mpomeranBo nose (V = 800Hz).
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@ueypa 17. 3aBUCUMOCT Ha MIMAarHHEPHATA YaCT Ha MATHUTHATA BB3IPUEMYHUBOCT
3a eTajioHeH obpaser ot Ni, B mpomernuso nouie (V = 800Hz).

JlecHO MOXe Ja ce OLICHH TOYHOCTTa Ha OINpeleisHe Ha TeMIeparypara H3IOJI3BalKd TaOIMYHaTa
croiiHocT Ha T¢3a Ni (629K).

OcCBeH M3MEpBaHUATa HA MAarHUTHH BB3MPHUEMYMBOCTH, BaKHM 332 MPABWIIHOTO XapaKTepU3UpaHe Ha
BEIIECTBAaTa Ca M HHUCKO M BHCOKOTEMIIEPATYPHUTE HAMArHUTEHOCTH M TEXHUTE 3aBHCHUMOCTH OT
MarHuTHOTO ToJie M Temrieparypara. OcoOeHO BaKHH Ca TE€3HW JAaHHH NPH OCOOCHOCTH B MAarHUTHOTO
[OBEICHUE Ha BCHIECTBATa, KaTO aHTU(EPOMATHUTHO IMOJPESKAAHE, IPH IOJOKHUTEIHA ACHMITOTHYHA
temneparypa Ha Kropu. Ha Que 18 ca mpuBeaenn xuctepesucHute kpuH (npu 7 = 77K) Ha BCHUKH
CbCTaBH OT CepHsTa, KOMTO TMPOSABABAT MAaKpOCKONMYHA HAMarHUTEHOCT HaJ Aa30THU TEMIIEPaTypH.
O000IIeHNTE TapaMeTpH Ha CHIIUTE CheIUHIHMSA ca faaeHu B Tabi. 3.
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Queypa 18. 3aBUCUMOCT Ha HAMATHUTEHOCTTA HAa HAKOU 00pa3iu
OT BBHIIHOTO MarHUTHO TIOJIE.

Tabauya 3. OCHOBHY MarHUTHYU XapaKTEPUCTUKU Ha NPOSBABAIIUTE (HEPOMArHUTHO NOBEJICHHE ChCTABH.

No CncTaB g, emu/mol | Tc, K He,Oe | ppp/fiu | |Tc- 4, K
1. Bi0,5Lao,5BaanO6 16911 328 35 3.0 40
2. Big sLag sStMn,Og 10846 308 182 1.9 47
3. Bi sNdy sStMn,0¢ 5589 287 243 1.0 52
4. Bi0_5Lao_5CaanO6 2976 281 347 0.5 30

OOmuTe HAOMIOACHNS, KOUTO CIIE/IBA []a CE HANIPABAT ca:
. HAJIMYHETO HA MAJIKA KOCPUUTHBHY CWIH H,, W CIEIOBATEIHO CPAaBHUTEIHO MAJIKA JIOKATHA
AQHM30TPOTHS, HAMAJIABAIlla C yBEIMYaBAaHETO HA pa3MepuTe Ha HoHa B mopenunata (Ca, Sr,
Ba), wiu edekr Ha cuMeTpu3UpaHe Ha OOKPBKEHHUETO;

. CPaBHUTEIHO IOJISIM NapaIpolec U TPYAHO HACHUIIAHE;
. PE3YJATAHTEH MarHUTEH MOMEHT, 110 MIbK OT OYaKBAHHUS 34 CIIMHOB MArHETU3bM;
. CPAaBHUTEIHO TOJIEMH PA3JIUKU MEXKAY TeMIlepaTypara Ha mpexona ¢ U aCUMITOTHYHATa

Temmneparypa 6.

AHAIM3BT HAa TEMIEPATYPHUTE 3aBUCUMOCTH Ha HAMarHUTEHOCTTa (TipeicTaBeHn Ha Pue. 19), Boau 1o
aHAJIOTMYeH W3BOJ, 3a JIMIICA HAa HACHIIAHE MPH HUCKU TEMIEpaTypu, W HaJWMudue Ha Ppa3IndHH
HEKOJIMHEapHU MarHUTHU ()a3u, WIK COOCTBEHO CHCTOSIHUS OT THIIA CIIMHOBO CTHKIO. OCBEeH TOBa, MMa
MpHU3HAIM 32 MarHWTHAa XETEPOTeHHOCT Ha JONBIHUTENHO CHHTe3upaHus Ba 3amecten okcup. Koraro
TeMIieparypara Ha MarHuTHUs Ga3oB mpexon ¢ okono 300 K, ce Hanara u3mon3BaHeTo U Ha JIBaTa OMHCAHH
KOMIUIEKTa amapaTrypa (3a HHCKO- M BHCOKOTEMIIEPATypHH HW3MEpBaHUs), M ChBMeCTHa 00paboTka Ha
pesynTanTHuTe NaHHU. [IpuMep B TOBa OTHOILIEHHE, OTHOBO IMpeAcTaBisiBa oOpasena BijsLagsSrMn,Og,
YHUSATO TeMIIepaTypHa 3aBUCUMOCT Ha HaMarHUTEHOCTTa (Ipu NmocTosiHHO MarHuTHO nojie H = 5000 Oe) e
npencraseHa Ha Que. 20.

OO0 W3BOJ, OT W3CIEIBAHETO HAa MAaKPOCKOIMYHHWTE MAarHUTHH CBOWCTBA, € BB3MOXKHOCTTA 32
yIpaBIIsiBaHE HA KPUTUIHUTE TEMIIEPATYpH U BUJa Ha MAarHUTHOTO MOJPEXIAHE C TIOMOIITA HA Pa3IHIHH
3amectBanus R(Ca, Sr, Ba).

B3anmHaTa CBBP3aHOCT HA MAarHUTHUTE M TPAHCIIOPTHHUTE CBOWCTBA HA MAaHTAHOBUTE NIEPOBCKHUTH, JaBa
BB3MOXKHOCT, Upe3 YIpaBJICHNE Ha XUMUYHUS ChCTaB, 1a C€ MOJIy4YaBaT MaTepUali C IIMPOKO MPHUIIOKEHHUE,
IIPU KOHCTPYHPAHETO Ha BUCOKOTEMIIEPATYPHHU CITMHOBH TIOJIIPU3ATOPH U aHAIH3AaTOPH.
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Queypa 19. TemnepaTypHH 3aBUCUMOCTH HAa HAMarHUTCHOCTTA HA 00pa3IuTe,
MPUTESKABALIN MAKPOCKOIIMYHA HAMArHUTEHOCT HaJl a30THH TEMIICPATypH,

Hamarautenocro, emu/g

npu noctostHHo noje (H = 50000¢).
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Temnepatypa 7, K

@ueypa 20. TemnepaTypHa 3aBUCHMOCT Ha HAMarHUTeHocTTa Ha BigsLag sStMn,Og,

IIpu nocrostHHO MarHuTHO noje (H = 50000e).

3.4. MaczHuUmocwsnpomueJsieHue

3.4.1. MeTtoau

MarsuTochbIpOTUBIEHUETO C€ H3MEpBa Ha amnaparypa KOHCTpyUpaHa OT €KuIla 110 MarHuTHU
n3MmepBanus Ha Pusuuecku Paxyrmem. AnapaTtypara N03BOJsIBa U3MEPBAHUS B TEMIIEPATYPHHs HHTEPBAI
or 77 K no 400 K. Murensurera Ha MarHuTHoTo mnose pocrtura 8100 Oe. YUyBcTBUTENHOCTTA Ha
M3MEPBAHETO, IIPH TIOCTOSHHA TEMIIEpaTypa, JOCTHIA CTOMHOCTH Mo-Majiku oT 5.107 %, a rpemkara Ha
HU3MEPBAHETO NPH MOCTOSAHHO Mone Bb3nu3a Ha 0.1 %. M3mepBanusATa ce peanusupaT Mo pa3audHU ABY- U
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YECTUPUKOHTAKTHU METOJAX, C IMOMOINTAa Ha MNPOMEHJIWBOTOKOBU KOMIICHCATOPU U q)a?,o-‘-IyBCTBI/ITeJ'IHa
CCJICKTHMBHA TCXHHKA aHAJIOT'MYHA Ha U3II0JI3BaHaTa IpHU APYTUTE MArHUTHU U3MEPBAHUS.

3.4.2. Pesyntatn

C momomra Ha MeTOJa Ha TEPMOCOHJATa € J0Ka3aHa eJIeKTPOHHATa MPOBOJUMOCT Ha [Ba oOpasela.
TpancnopTHHTE CBOMCTBA HA CBILUTE, Ca U3CIEIBAHHU M0-AETANIHO.

TeMnepaTypHHUTE 3aBHCHMOCTH Ha CBHIIPOTHUBIICHHETO MMAT SICHO HM3pa3cH aKTHBAIIMOHEH XapakTep,
KOMTO 3aBHCH OT pEeXHMa Ha CHHTE3 Ha KepaMHUYHUTE MaTepHald U IOCIEBALIOTO CUUHTHPOBAaHE Ha
obpasnute 3a m3MmepBaHe. Ha Que. 21 m @Que. 22 ca TmpencTaBeHM TeMIIEpaTypHHTE 3aBHCHMOCTH Ha
CBIIPOTUBICHUETO Ha MPEACTABUTENEH oOpasel] OT OCHOBHATa cepHsa. SICHO ce BIKAAa NMpOMsSHATa Ha
XapakTepa Ha CBHIIPOTHBICHHETO NPH IOBHIIABaHE HA TeMIeparypara. [IpoMsHaTa Ha CBIPOTHBICHHETO
Bapupa 3a paznuaauTe o6pasnu ot 20 go 200 TbTH IpH NOHIKaBaHe Ha TeMmeparypara 10 77 K.
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@uzypa 21. TemneparypHa 3aBHCHMOCT Ha CIICLU(PUIHOTO CHIPOTUBICHHE
Ha 00pasel] OT OCHOBHATa .cepys (IPEIBAPUTEIIHO OTIPST IMPH BUCOKH TEMIICPATYPH).

Cretr)uyHO CHIPOTUBIICHUE O, a. U.
N
N
1

Penunpouna temnepatypa / 0/T,K"

@uzypa 22. TemnepaTypHa 3aBUCHMOCT Ha CIICIM(PUIHOTO CHIIPOTUBICHHE
Ha o0pa3el] 0T OCHOBHATA .cepys (6e3 MpeIBapUTEIIHO OTIPSIBAHE IPH BUCOKU TEMIIEPATYPH).
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@uzypa 23. 3aBUCHMOCT Ha MarHuTOCBHIPOTUBICHUETO OT MAarHUTHOTO I10JI€
3a NPEACTaBUTECIICH o6pa3eu OT OCHOBHATa cepusl.
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Dueypa 24. 3aBUCHMOCT Ha MATHUTOCBIPOTUBIICHUETO OT MArHUTHOTO I0JIE,
3aeJJHO C pa3JeIHETO My Ha JIMHEHHA M HeJIMHEeWHa 4acTH, 3a Big sLag sStMn,Og,
[IpH a30THA TEMIIepaTypa.

Kakto Moxe ma ce 3abenexu Ha Que. 23, IpH CTaifHa TeMmIiepaTpa MarHUTOCBIPOTHBICHHETO € OT
nopsabka Ha 0.4% mnpu uHTeH3uTeT Ha MarHuTHoTo mose 8000 Oe. 3aegHo C HapacTBaHETO Ha
CBIIPOTHUBIIEHUETO MPHU A30THHU TEMIEPATYpH, HApACTBA U MAarHUTOCHIPOTUBIEHUETO, KATO CE MPOSABSABA U
HEJIMHEWHUS My Xapakrep. Pas3nensHeTo Ha HeluHelHa U JMHEHHA 4acT MOXKE J1a C€ U3BBPIIU C IOMOLITA
Ha METOJa Ha MaKCHMAaIIHOTO IpaBaonogobue. Pe3ynraTsT oT nmonobHa mporenypa, Moxe Aa ce BUIW Ha
BMeTHaTa JacT Ha Pue. 24. OTTYyK MOXe Ja ce 3aKII0YH, Y€ € BE3MOXHO IIapajJeTHOTO CHIIECTBYBaHE Ha
JIBa MEXaHM3Ma Ha MarHUTOCBHIIPOTUBUTENHUS €(ekT. EAMHUAT OT TAX, YCIIOBHO MOXEM Ja o HapeueMm
KOJIOCAJTHO MarHUTOCBIIPOTUBIIEHHE €, BEPOATHO, CBbP3aH C MHTErPaTHOTO CEYEeHHE Ha pa3celBaHE CIMH-
CIIMH M 3aBHCHU JIMHEHHO OT JOKAJIHUTE MOJIETa B PAMKUTE Ha €IUH JOMEH. BTOpHAT MeXaHU3bM, Cle/Ba Aa
€ CBBbP3aH C pa3celBaHETO OT KbCTEPH U JOMEHHH I'PaHUILIM M THPIU HACHIIAHE KAaTO € IPONOPLUUOHAJIEH Ha
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TEeXHUYECKaTa HAMarHUTEHOCT Ha oOpa3ema, a He Ha BHHIIHOTO mosie. Heka ro HapedyeM TUTaHTCKO
MarHUTOCHIIPOTUBIICHHE.

Xapakrepa Ha TeMIlepaTpHaTa 3aBUCHMOCT Ha MarHUTOCBHIIPOTHBICHHWETO 3a Ba-eB MaHranar e
npeacTaBeHa Ha @ue. 25, 3aenHO ¢ (QYHKIHATA HA MAarHUTOCBIIPOTHBICHHETO OT HAMArHUTCHOCTTa Ha
obpasera.

Curen nuneen edext (36 % npu H = 6000 Oe) ce Habir01aBa B 3aBUCUMOCTTa HA ChIIPOTUBICHUETO OT
MarHuTHOTO IOJie 3a JIerHpaH ¢ Ba maHraHat, BBIPEKH OOKa3aHaTa My HeeTHO(pa3HOCT W MarHHTHA
HEEJJHOPOIHOCT.
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Duzypa 25. 3aBUCUMOCT HAa TUTAHTCKOTO MAarHUTOCHIIPOTUBIICHHUE,
Ha Ba 3amecTeH MaHraHar, OT Temreparypara i HAMarHUTEHOCTTA.
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@ueypa 26. 3aBUCUMOCT OT MArHUTHOTO I10JIC HA MATHUTOCHIIPOTHBICHUETO
Ha nerupan ¢ Ba MaHraHar, npu a30THH TEMIEpaTypH.

Moske na ce MpeAnosioKH, 4Ye TPH EBeHTyalleH YCIeX B CHHTE3MpPaHeTO Ha MOHO(a3eH
BigsLagsSrMn,Og, HeroBure MarHMTHM W TPAHCIOPTHH CBOMCTBA IIE CE€ OKaXaT MHMOAXOISIIM 3a
KOHCTPYHUpPAaHETO Ha OBp3M CHHMHOBH-3aTBOpH (0e3 mamer). EmemenTtn, xomto ca, m me OBaarT, oT
M3KIIIOYUTEITHO 3HAYEHHUE KaTo eJleMEHTHA 0a3a 3a CIIMHOBATa €IEKTPOHUKA.
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4. 3aknwo4yeHue

W3BbppImieHO € MBIHO MAaKPOCKOIMYHO MAarHUTHO OXapakTepu3upaHe Ha cepus OT JIeceT,
[PeABapUTEIIHO CHHTE3UPAHHU, U KpUCTAIOrpadCKu OMpEIeNiCHH, ChCTaBa HA PEIKO3EMHM MaHTaHATH ChC
CMECeHH BAJIEHTHU ChCTOsiHMA. OnpeneseHu ca Temmneparypure Ha Kropu, TeMnepaTypuTe Ha MarHUTHUTE
¢da3oBu mpexonmy, c(pEKTHBHUTE MArHUTHM MOMEHTHM B [apaMarHWUTHata oOJNacT, CTeleHTa Ha
aCTEXHOMETpU3allMsl Ha pa3IMYHUTe MaHraHoBW #WOHH. OIIGHEHM ca OOMEHHUTE WHTErpald U
TEeMIIepaTypuTe Ha 3apsAA0BO IOAPEKIAHE, KAKTO W PE3yJITAHTHHTE MArHUTHH MOMEHTH INPH a30THH
TeMIlepaTypH. 3a 4acT OT 00pa3uuTe € ONpeeseH XapakTepa Ha IPOBOJUMOCTTa U TEMICPATyPHUS M XOJ.
CuHTe3WpaHu ca, U CTPYKTYPHO OXapaKTEepH3WpaHHW, JIBa oOpasela Ha KOWUTO € OTKPUTO € M HU3MEPEHO
TUTAaHTCKO OTPULATEIHO MarHUTOCHIPOTHBIeHHE OT mopsabka Ha 40% (mpu marautHo mone 0.7 T u
temneparypa 77K), ¢ mepcriekTrBa, pu MOCTUTAaHE HA CTPYKTYPHA U MarHUTHA MOHO(a3HOCT, TO JIa MOXKE
Jla Ce U3I0JI3Ba 32 MPAKTHYCCKHU [IPUIOKCHUSL.

[MpusaTHO 3aABDKEHNE HA aBTOPBT €, J1a M3KaKe CBOSATA OJIar0JapHOCT 3a OT3UBYMBOCTTA, MTOMOIITA U
CBBETUTE Ha:

Muxaun Muxos, Bacun Kocmaounos, [anuena Kosauesa, Kocmaoun I[lempos, Kupun Kpesicos, Mumpa
banesa, bopuc Apnayoos, Knumenm bpvuzanoe, Emunus Tpughonosa, Cnasxa Toooposa.

JlHec MoaepHa — yTpe KIIacH4ecKa. ..
oxent Opup

B o61marta yact Ha HacTosmara paboTa ce OIMCBaT OCHOBHTE Ha €1Ha ChbBPEMEHHA 00JIacT OT (hM3MKaTa Ha MaTepHanuTe. 3a a ce
NpEeBbPHE TS B KIACHYECKA HIE Ca HEOOXOIUMH MHOXKECTBO J00pe IUIAHMPAHM M 3a[bJI00YEHH IMPOYYBAHHA, KAKTO HA
HOBOCHHTE3UpaHHM, Taka W Ha BEYe W3BECTHH Marepuanu. l[lpumep 3a mogo0HA Cepus KOMIUICKCHM W3CJIC/BAHUS Ca
[18][19][23][24][25].

CrienpanHara 4acT MpEICTaBisiBa KPaTko 000OLICHHEe Ha Pe3yNTaTHTE OT MOpEAHIa eKCIEPHMEHTH, Iesia MPOyIBaHeTo U
IIbPBOHAYATITHOTO OXapakKTECPU3HUPAHE HaA CIICHHATICH KJIaC MAaHIaHOBHU MEPOBCKUTHU, KAKTO U OIPCACIIAHE HAa TAXHOTO MSCTO CpE IO-
00pe U3y4eHHUTE CPOJHU MaTepUAIIH.
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