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Hccaenopano ycuaeHne MariuTONMIIeZaHCHOTO 3GhdeKTa IyTEM TePMUUECKOH
u JiazepHO# 06paboTor amopdHoro cmiaBa CoszaFe;Ni (Si;By5. IIpu momoru
MATHUTOONITUYECKUX M3MEpPEeHUIl ITOKa3aHO, YTO B pe3yJbTaTe JIasepHOM u
TepMHUUYECKOl 00paboTOK aMOP(HBLIX METAJNJINYECKUX CIIJIABOB IIPOUCXOLST
HeoOpaTuMble M3MEHEHUS B CTPYKTYpPEe CKHH-CJIOS JEeHTHI M €€ MArHUTHBIX
cBoiicTBax. MccienoBanusa 00bEMHBIX MArHUTHBIX CBOMCTB IOKAas3aju CyIile-
CTBEHHOE BIUSHNE BHEIITHETO MarHUTHOTO OJIS IIPU JiadepHoii oopaborke. Pe-
3yJILTATHI 3JIEKTPOHHON MUKPOCKOINY YOEKJAIOT B CYII[eCTBEHHOM Da3JINUUN
00pasoBaBIINXCA HAHOTPAHYJI B aMOP(HBIX JIEHTAX IIOCJE JIA3ePHOT0 U TEPMU-
YECKOT'0 OT?KUTOB.

HocaimxeHo mocujieHHA MarHeToiMnefaHCHOro e(heKTy IIIIAXOM TepMidHOTO i
JasepHOTro 06po6aeHb amopduoro crony Cos Fe Ni, Si;;B;;. 3a momomoror ma-
THETOONITUYHNX BUMipIOBaHb IIOKA3aHO, III0 B Pe3yJbTAaTi JIa3epHOTO i TepMiu-
HOro 00po06JieHbh aMOP(IHUX METAJeBUX CTOIIB Bif0yBarOThCSI HE3BOPOTHI 3Mi-
HU B CTPYKTYPi CKiH-mIapy cTpiuku Ta ii MarHeTHUX BJacTUBOCTAX. JocJri-
I'KeHHSA 00’€MHUX BJIACTUBOCTEIl ITOKa3aJu iCTOTHUH BIJIUB 30BHIIITHBOTO Ma-
THETHOT'O IIOJIA IIPU Jia3epHOMY 00po0ieHHi. Pe3yabTaTu ejleKTPOHHOI MiKpoc-
KOIii MepeKoHYIOTh B iCTOTHIN pisKHUIII HAHOI' PAHYJIb, III0 YTBOPUJIUCA B aMO-
pdHUX cTpiuKax IIicjsa jia3epHOoro i TepMiyHOTO BifTIaliB.

The enhancement of the giant magnetoimpedance effect in amorphous
Co;oFe;Ni (Si;;By; alloy via the thermal and laser treatments is investigated.
Magnetooptical investigations reveal irreversible changes in both the skin-
layer structure of a ribbon and its magnetic properties because of the thermal
and laser treatments. Studies of bulk magnetic properties reveal substantial
influence of an external magnetic field under the laser treatment. The essen-
tial difference of formed nanogranules in amorphous ribbons after laser and
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thermal treatments is found out using the electron microscopy.

KaroueBbie ciaoBa: amMop(HBIE METAJIJINYECKIUE CILIaBbl, MarHUTOWMMIIEIAHC,
MarHUTOONTUYECKUE XapPaKTEePUCTUKY, Ja3€ePHBIN U TEPMUUYECKUUA OTIKUT.

(ITonyueno 17 noabpa 2010 e.)

1. BBEJEHUE

Anmopdurie merannauueckue ciiaaBbl (AMC) o6iamaioT yaydIIeHHBIMU
II0 CPAaBHEHUIO C KPUCTAIJINUYECKUMHU aHaJOTaMH MATrHUTHBIMU CBOII-
cTBaMu, 6aromapsa KOTOPBEIM HaXOIAT CBOE IPUMeHeHe B YCTPOMCTBaxX
MarHUTO3JIEKTPOHUKY [1, 2]. B aT0# ¢BsA3M Ba'KHBIMU IPEICTABIAIOTCA
uccaeqoBaHUA MarHuTouMnoenamncHoro agdexra (M), obHapyKEHHO-
ro B cepequne 90-x romoB B aMOP(HLIX JIEHTaX U IPoBoJoKax [3]. B mo-
caenymoInye TOObl MCCIeIOBATE NN IIPUJIATANN YCUIUSA IJs BBIICHEHUS
(usuueckoit cymuoctun MWD 1 cTpeMUIMUCh TOBBICUTEL 3TOT 3(hdeKT B
BBIIIIEYKA3aHHBIX MaTepuajiaX TeXHOJIOTUYecKuM myteMm. Tak, B JuTe-
paType MOKHO HAWTM MaHHBIE O BIUAHUU TePMUUYECKOTO U JIa3€PHOTO
OT:KUTOB [4—6] MJIK IKOYI€BOTO TEILIa IIPU IPOX0KIeHUY IePEeMEeHHOTO
TOoKa uepes obpaser [7], a Tak:ke 0 BO3MeliCTBUY Pa3JNUHLIX AedopMa-
Ui 1 yoapHbIX BOJH [8] ma MUD. AHanus HAKOILJIEHHBLIX JAHHBIX IIO-
KasbIBaeT, uTo s(ddekT yBeanuenua maruutoumnenamca (M) mMoxHO
IOCTUTHYTL HamboJsiee 5PPEeKTUBHO MyTEM TEPMHUUECKOTO OTKUTA HPU
COOTBETCTBYIOIIEM BEIOOpe cocTaBa obpasiia. B pesyabTaTe TaKkoro OT-
JKHUTa aMop@HbIe MaTepuabl CTAHOBATCA HAHOCTPYKTYPUPOBAHHBIMU.
Pasmepnl, MOTyYeHHBIX TaKUM 00pa3oM HAHOTPAHYJ UM UX CTPYKTYypa,
CYIIIeCTBEHHO BAUAIOT Ha Besmuuny MWD, B paboTe BHITTOJIHEH aHaIN3
BINAHUA TEPMUUECKOTO 1 JIa3ePHOr0 OTKUTOB Ha Besquuuny MUI. [asa
atoro Ob11 BeIOpaH oOpaser JeHTbl AMC CozoFe;Ni (Sij;By5 co sHaum-
TedbHBIM 3(dexkToMm MM B mcxomHoM cocTogHUU. BaKHO, YTO 5TOT
CILIAB XapaKTepuayeTcs IIPeeJbHO MAJION BEJIUUYNHON MAarHUTOCTPUK-
nun. Beanunna MU 3aBucUT OT IIyOUHEL O IPOHUKHOBEHUSA 3JICKTPO-
MArHATHOM BOJIHEI B JIeHTY (0 — mopsaaka 1-5 mxm). B aT0it cBsA3U MoO-
IN(PUKAINA ITOBEPXHOCTHOTO CJOS TPHU IIOMOINM JIA3€PHOTO OTXKUTA
CIIOCOOCTBYeET cyIllecCTBeHHOMY yBeamueHuio MM. BrimoJaHeHHBIE MAar-
HUTHBIE ¥ MaArHUTOONTHUYECKHE MCCIEeIOBAHUS MO3BOJUJIN BBLIICHUTD
PoJIb 06pas3oBaBIINXCA (PePPOMATHUTHLIX I'PAHYJ B IPOIIECCE SBOJIIOINHT
Mar"suToOUMIIeJaHCHOTO a)heKTa.

2. METOJUKA 9KCIIEPUMEHTA

O6pasubl AMC OblIM IIOJyYeHbl METONOM CIMHHUHTOBAHUSA PAacIliaBa B
Buje JieHT mupuHoi 10—20 MM u Tormuuoit 20—25 mxM. O6pasIis! Iok-
Beprajuch TepMudecKoii o6paboTke B Bakyyme (10° mm pr. cr.) mpu
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remueparypax T = 350—475°C u 1a3epHOMY OTKUTY, METOAUKA BBITIOJI-
HeHUA KOTOPOTO JeTaJIbHO olucaHa B paborax [6, 9]. OT'KUr BBITIOJTHII-
csA JIa3ePHBIM H3JIYUEeHHEeM C AJUHOM BOJHBI 1064 HM M IJIOTHOCTHIO
sHepruu mopaska 2,5—3,5 kBr/cM® Ipu IPUIOKEHUN BHEITHEero Mar-
HutHoro mouasa (H = 23003) Bmoap ocu JjeuTbl AMC. Temmeparypa
HarpeBa MOBEPXHOCTHOIO CJIOSA JIEHTHI B PE3YJILTATE Ja3€PHOr0 OTKUIra
ObLIIa OIleHeHAa PACUeTHBIM IIyTEeM M COCTaBJisgaa mopagka 350°C. UmeH-
HO TAKOMY OTJKHUTY IIPHUCYIIH OLICTPOE BAPLUPOBAHNE SHEPreTUUYECKUX
ImapaMeTpPOB U BO3MOMKHOCTh OCYIIIECTBJICHUA €ro Ha BO3JyXe WUJIU B aT-
Mocdepe aproHa, KOTQa YCTPAHIETCA OKICIeHIIe IIOBEPXHOCTH.

ApherT MAarHUTOMMIIELAHCA HCCIEAOBaJICA B MATHUTHBIX IIOJAX IO
100 9 1 yacToTax mepeMeHHOT0 TOKA, IIPOTEeKAaIoIero uepes oopaselr, OT
10 mo 220 xI't. B xo/e BBIMOJHAEMBIX N3MEePEHU BHEIITHee MAarHuTHOe
moJie OBLJIO OPMEHTHMPOBAHO B ILJIOCKOCTH 00pasIioB. MamepeHUe BeJu-
YMHLI MArHATOMMIIEAAHCA OCYIIECTBJIAIOCH II0 CXEMe, COCTOAINEeN u3
mocJaeqoBaTeIbHO COeQUHEHHOr0 HM3KOOMHOIO PE3NCTOpa M HCCIenye-
Moro obpasna. Bemrmunna sddekra MaruuTouMienanca AZ/Z ompene-
JaJach Kak

AZ ) Z=(Zyy—23) ] Zyy100% = U,y —Uy) / Upy -100%, (1)

rae Zy-o,u Zy — uMmienanc obpasia npu H = 0 u B MarHUTHOM TOJIE Be-
anunHo H coorBercTBeHHO, a Ug-, u Uy — BeJIUYUHBbI TajieHUA
HAIIPSKEeHUs Ha o0pasIiie B OTCYTCTBUE MOJA U MPU IIPUJIOMKEHUU IO
H.

CTpyKTypa JieHT ObljIa HmcclieJoBaHA MeTOHaMU PEHTTeHOBCKOM -
(bparknuym 1 5JIeKTPOHHOM IIPOCBEUUBAIOINEN MUKPOCKOIUU BBLICOKOTO
pasperieHnsi. MaruuTHOe COCTOSHIE aMOP(MHBIX U OTOMKIKEHHBIX 00-
pasIioB OIPEeNeNsaoch C IIOMOIILI0O KEPPOBCKOTO MATHUTOMETPA B I'eo-
MeTpuu moJyapHoro spdexta Keppa Ha gimue BoaHBI Jasepa A =632,8
HM, 0O0BEMHBIE MATHUTHLIE CBOMCTBA OIIPeeIAJNCh ¢ IIOMOIIbIO BHIOpa-
IIMOHHOT'O MaruuTomerpa. VMcciaenoBanusa MUKpopeabeda IToBepXHOCTH
BBITIOJIHSIJINCH C IMOMOIIBI0O ATOMHO-CHUJIOBOTO MUKpPockomna TopoMetrix
SPM. 9KcrepuMeHThl BLITOMHAJINCH B KOHTAKTHOM PEXKUME B BO3YIII-
HOM aTMocdepe. ITapamMeTpsI IIIEPOXOBATOCTU BHIUMCIIAJINCH C IIOMOIIBIO
nporpammbl TopoMetrix SPMLab.

3. 9RCIIEPUMEHTAJBHBIE PE3YJIBTATBHI U UX OBCYKIEHHNE

Ha pucyuke 1 mpencTaB/ieHBI 3aBHCHMOCTY BEJIWYUH IIaJeHUA HAIIPSI-
JKeHIsS IIPU MOPOXOKASHHNM IIepeMeHHOro Toka uepe3 Jenty AMC
CoyoFe;Ni (Si;Bi5, momerniennyio B maruuTHoe moje. [losryueHHbIe 3a-
BHCHUMOCTH CBUAETEILCTBYIOT O BANAHUN TepMUUECKUX o0padoTox AMC
Ha Beauuuny Re(AZ/Z).

Hia sroit amopduoit seHTel MU gocTuraeT cBoero MakcumMyMma Ipu
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Puc.1. 3Basucumoctu wMaruutoummenanca Re(AZ/Z) pna nenater AMC
CojoFe;Ni, (Si;;B;: cBerxesakaseHHBIN o0pasers (1), TEDMUYECKUN OT:KUT IIPU
T = 350°C (2), nasepusrit otaxur (Nd®' nmazep) (3).

yacToTre mepemeHHoro Toxka f= 100 xkI'tm. Tepmuueckue oO6pabOTKU He
M3MEHSIOT YaCTOTHYIO JIOKAIu3amuoo Makcumyma. OTHOCUTEIbHAS Be-
JIMYMHA IIaJeHNUd HaIIPAXKEeHHNA B IIPUJIOKEHHOM BHEIITHEM MArHMTHOM
noJie H mocturaer ypoBuda = 8—9% . Tepmuueckas oopadorka et AMC
CosoFe;Ni (SiBis mpu 350°C B Teuenue 10 MUHYT IPUBOAUT K yBEJIN-
yeruio MU sdpderTa 6oee uem B 1,8 pasa 1mo cpaBHEHUIO CO 3HAUECHUEM
[LJIST ICXOJHOT0 COCTOAHUA oOpasiia. Taxkike cBexKe3aKalleHHbBINA o0paser]
IO BepraJics JasepHoi o0paboTke mpu nomoru Nd*' masepa ¢ gamvOIM
BosHbl 1064 M (2,5 kBr/cm?). U3 pucynka 1 BugHO, uTO JasepHas 06-
paboTKa MPpUBOAUT K yBeaunueHno MO npubansurensso B 1,7 pasa.

00 oTIMUYNTENIHHOM XapaKTepe BIAUSHUA TEPMUUECKOTO U JIa3ePHOTO
OT’KUT0B Ha (hU3UUECKNEe XapaKTePUCTUKN MAaTEePHUAJIOB, B IIEPBYIO OUe-
pennb, CBUIETEJLCTBYIOT PEe3yJILTAThI HMCCIEeLOBAHUA CTPYKTYPHOTO CO-
cTogHUA 00pas31oB. Ha pucyHKe 2, a, 6 IpeacTaBIeHbI Pe3yIbTAThI HC-
caemoBaHuA cTPYKTYyphI obpasmna AMC Co,eFe;Ni, (Si;;B;; Kak mocie ero
TepMooOpaboTKu mpu Temmoepatrype 350°C, Tak u mocjie Ja3epHOTo OT-
JKUTA, MHOJYYEHHBbIE IIPH IIOMOINK 3JI€KTPOHHOIO IIPOCBEUMBAIOIIETO
MUKPOCKOIIA.

MosxHO 3aMeTUTD, UTO BHIIAAAIOINNE KJIACTEePhl B Pe3yabTaTe TEPMU-
YECKOr'0 OTJKHra He MMEIT XapaKTepPHOro pasMepa, OTJIMYAIOTCA IIO
(dopme, 1 ux pasdpoC II0 pasMepaM OUeHb cyIecTBeHHbI. Takasa cTpyK-
Typa BO3HHMKAeT 0OJaromaps 5SBOJIONHOHHBIM IIporeccaMm auddysun
aTOMOB K CYII[eCTBYIOIIUM B aMOP(HOM COCTOSHUU MUKPOKPUCTAJLIN-
YeCKMM 3apoAnimiaM. MeoIuTeJbHOCTh 9TUX IIPOIECCOB CIIOCOOCTBYET
CO3JaHUIO0 HEOJTHOPOIHOI'O CTPYKTYPHOTO COCTOSAHUA. JIa3epHBIN OTHKUT
IaeT BOBMOMKHOCTb aTOMaM MeTaJlla U MeTaJIJIOUIA0B IpruodpecTu 60JIb-
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50 Hm

Puc. 2. 9eKTpOHHAA IPOCBEYNBAOIIAT MUKPOCKOIUA CTPYKTYPbI JeHTHl AMC
CongeE,N%mSiqu: (a) repmuueckuii orsxur npu T = 350°C; (6) 1a3epHBIA OT-
sur (Nd*" nasep); (8) mudparrorpaMmMa HAHOKPHUCTAJLIA, C(OOPMUPOBAHHOIO
JIa3ePHBIM OTIKUTOM.

IIYI0 9HEPTrui0 M, CJIEJOBATEJIbHO, II€PEMECTUTh MX Ha 3HAUMTEIbHBIE
paccToAHuA. ITOT OTKUT CIIOCOOCTBYET BBIMAJEHUI0 KJIaCTEepOB, obora-
MIeHHBIX MEeTAJLJINUYECKNMU KOMIIOHEHTaMu (puc. 2), YTO MOATBEPKIAIOT
BLHIIIOJIHEHHBIE MUKPO30OHIOBbIEe uccaenopanusa. Ha pucyrnke 2, 8 mpen-
CTaBJIEHBI PE3YJIbTATHI MUKPOCKOINYECKUX MCCJIELOBAHUI CILIaBa IIO-
cJle JIa3ePHOTO OTHKHUTA C IJIOTHOCTLIO sHepruu P, = 3,5 kBr/cm? (puc. 2,
6 coorseTcTByeT P, = 2,5 KBT/cM?).

ITOT OTKUT OBLI BBIIOJHEH OJA CO3TaHuA 0ojee YIOPSAMOUEeHHOMR
CTPYKTYPHI B HAHOTPAHYJIAX C IEJbI0 ONMpPeeieHus KPUCTATINYECKUX
¢as3. Bugzo, 4To Ja3epHBI OTKUT OPUBOAUT K (hopmupoBanuio I'IIY-
das o-Co, o uem cBuzereabeTByROT Kobria {0110}, u {1120}, = (puc.
2, 8). KonmuuecTBO HAHOKPUCTAJIINTOB, ynopamoueHHBIX B I'IIK-Co-
CTPYKTYPY, — HE3HAUUTEJbHOE, O UeM CBUIETEJLCTBYET MaJjasd MHTEH-
CUBHOCTEL pacceanusa csera oT {002};, mmockocteir Co. IKcIeprMeH-
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Puc. 3. 3aBucumocTu mapamMeTpoB IiepoxoBatoctu R,, R, g HEKOHTAKTHOM
noBepxHOCTH JeHTHI AC Co,oFe;Ni (Si;;B,5 oT Temneparypsr oTsxura.

TaJbHBIE PE3YJbTATHI YKA3LIBAIOT TaK:Ke Ha (DOPMUPOBAHUE YIOPAIO-
yeHHBIX (pas3 Ha ocHoBe O-Co + Co;B, Co,B, CoSi, CoFe, CoNi. Ananus
MOJIYYeHHBIX TUPPAKTOTPAMM C IIOMOIILIO IU(MPAKIIUNA PEHTTEHOBCKOTO
UBJIyYeHUS HA OTAEJbHBIX HAHOKPUCTAJJIAX IIOATBEPANI Oojiee IpeaIo-
uTuTeNbHOe yrnopsanouenue atromos Co B I'TIY-daser {0110}, c yriom
MeKIY COOTBETCTBYIOIMMMU IIJIOCKOCTAMU, paBHBIM 60° (BcTaBKa puc.
2, 8).

Pasmepsl kiaacTepos (rpamyJii) Ipu Ja3epHOM OT:KHUTe cI1abo 3aBUCAT
OT Pa3MepPOB W PACIIOJOKEHUS 3aPOBIIIE, CYIIIECTBYIOIINX B aMOpd-
Hol Mmarpurie. CiaenoBaTeIbHO, OHU NMEIOT 0JIM3K1e pa3Mephl B OTJINUME
OT KJIaCTePOB, IMIOJIYUEHHBIX IIyTeM TepMooOpaboTku jeHThl AMC.

3aBHUCUMOCTH IIapaMETPOB MUKpoOpeabeda HEKOHTAKTHON ITOBEPXHO-
CTU JIEHTHI IPU TEPMHUUECKOM OTIKUTE YKa3bIBaeT HA HAYAJO KPUCTAJ-
auszanunu AMC za ocaoBe Co nmpu Temmepatrype orsxura T =475°C (puc.
3), XOTs#, COTJIACHO HAaHHBIM PEHTTEHOCTPYKTYPHOTO aHAJIN3a, TeMIlepa-
Typa KPUCTAJLIN3AINH IJIA 9TOTO cILiaBa cocrasiser 492°C [10].

MomnoToHHOE BO3pacTaHme ImapaMeTpPOB IIIEPOXOBATOCTH IJIs HEKOH-
TaKTHOU MOBEPXHOCTH IIPU IOBHIINIEHUU TEMIEPATYPhl OTJKUTA IIPOUC-
xoautT Ha (oHe cTpyKTypHOiT penakcanuu AMC Ha ocaose Co, mpoiiecc
KOTOpPOIi aKTHBHO IIPOXOIUT B MHTepBaJje TeMueparyp ot:xura T = 350—
475°C. 9KkcIepuMeHTAJbHLIM IIyTEeM YCTaHOBJIEHO, uTo MU yBeanumnBa-
eTCcs ¢ POCTOM BeJIMUMHBI TOIIePeYHONM MarHuTHOYM IPOHUIIaeMocTH |,. B
A9TOU CBA3UW WCCJENOBaHME MAarHuUTHBIX xapakTepuctuk AMC moixer
IaTh OTBET B OTHOIIIEHUU POJIA JOMEHOB B (DOPMHUPOBAHUY 3aBUCUMOCTH
Re(AZ/Z) or MarauTHOTO MOJIsI. BEITTIOTHEHHbBIE MCCIEIOBAHIS THCTEPE-
3WCHBIX KPUBBIX HaMarHnmdeHHOCTU M OT MarHuTHOrO moJsa H mokasa-
au, uto AMC Ha ocHOBe CO B OCHOBHOM XapPaKTEPUIYIOTCSA S-MOL00HOI
xapaxkTepucTuueckoii KpuBoii M(H). Ochb JIerKoro HaMarHUYWBaHUS
pacrojaraeTcsa B IIJIOCKOCTH JIEHTHI, & BeJIUUYNHA KOIPIUTUBHON CHJIBI
cocraBiseT okojo 200 A/m. ITociie TepMUYECKOro 1 JIA3€PHOTO OTKUTOB
rucrepesucubie Kpusble M (H) npuodpeTaioT GopMy, XapaKTepHYIO I
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Puc. 4. MarautoonTuueckue rucrepesucHbie Kpubble M(H) gna aear AMC
Co,oFe;Ni;(Si;;B;;: cBexkesakasieHHBIN o0paser; (1), TEpMUUYECKUIN OTIKUT IIPHU
T = 350°C (2), nazepusIii omoxur (Nd*' masep) (3), masepusiii orsxur (Nd*' 1a-
3ep) IpH IPUIOKEHNY BHEIITHET0 MAaruuTHOro moJd 240 kA /M (4).

heppoMarHUTHBLIX MaTepuaos (puc. 4).

®dopma kpuBbix M(H) npuban:kaercs K IPAMOYTOJbHON U YBEJIUYN-
BaeTcs KospruTtuBHasd cuaa H, = 5,6—-7,2 kA/m. Ciaegyer OoTMETUTD, UTO
pasiudre MarHUTHBIX cocTosgsHui cuiaaBa CosoFe;Ni,,Si;;B,; mocae Tep-
MUYECKOTO ¥ JIa3epPHOTO OT:KUTOB HesHauuTeabHoe. Ilociie jasepHOro
OTKHTa BO BHEIITHEM MarHUTHOM II0JIe IIPUIIOBEPXHOCTHAS 00/IaCTh JIeH-
THI CILJIaBa IJIyOMHOI HmOpsaAKa cKuH-caod (30 M), HO-BUAUMOMY, Xa-
paxTepu3upyeTcss OJHOPOTHOM TOMEHHOHW CTPYKTYPOH, O UeM MOKeT
CBUIETEJILCTBOBATh IIPAMOYTOJbHBIA XapakTep KpuBoit M(H) (puc. 4).
Taxoe moBemenue 3aBucumoctu M(H) gnsa cunaBa CozoFe;Ni,,Si;;Bys,
OTOKIKEHHOTO TIPU IIOMOIIM Jiadepa BO BHEIHEM II0Jie, YKasbIBaeT Ha
OOJIBIITYIO BeJIMYNHY JTOMEHHOU COCTaBJIAIOIIEN MArHUTHOUM IIPOHUIIAE-
MOCTH [z, (cM. cooTHOIIIeHVEe (2)) B HeM II0 CPaBHEHUIO C TepMUYECKU
OTOKIKEeHHBIM.

Crenyer TaK:Ke OTMETUTH, UTO TAKON OTKUT MPUBOAUT K CABUTY T'H-
CTEePEe3VCHOM IeTJIM KPUBBLIX HaMmarumueHHoctu M(H) Ha BeIuUuHy
AH,=0,80-0,96 kA/Mm. Takoe moBenenre MOKeT OLITH O0'BACHEHO Ha
OCHOBE CYIITeCTBOBAHUA JOIMOJHUTEJIbHOTO OOMEHHOTO B3auMOIeCTBUA
MeKIy BePXHUM cJIoeM, oborareHHbIM aroMmamu Co u B, u 6oJee riry6o-
KUMU CJIOAMHU, COAEPIKAIIMMU BCe 3JIEMEeHTHI ciljiaBa, a uMmeHHo: Co, Fe,
Ni, Si u B. ITomo6Hoe cMmelieHre IETJIN THCTepe3rca HaOJI0gaIoCh U B
paborax [11, 12] gna amopdHBIX ciaaBoB Ha ocHOBe Co mocie mX Tep-
MUYeCKON o0paboTKM B MOCTOAHHOM MATHUTHOM II0JI€. TOT JOMOJIHU-
TeJbHBIN SKCIIEPUMEHTAJIbHBIN (haKT 00'bsICHAETCS T€M, UTO TepMOMAT-
HUTHBIH OTJKUT IIPUBOAUT K BBIAEJEHUIO AUCIEePCHOHHBIX (pas o-Co ¢
0oJiee BBLICOKOU KOPIIMTUBHOI CHUJIOH IO CPAaBHEHUIO ¢ aMOopP(HOI MaT-
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pureii. HampasiieHre HaMarinueHHOCTH B 9THUX KJacTepax, BeposTHee
Bcero B 0-Co-KJjacTepax, onpeesdeTcsa BHEITHUM MATHUTHBLIM II0JIEM B
npoiiecce oTikura. CiemoBaTelbHO, B pe3yJibTaTe OOMEHHOT'O B3aMMO-
OeHCTBUSA MEXXAY IIepeMarHMYMBaIOMIelicd MarHUTOMSATKON (as3oil u
HellepeMarHnumnBaloIencss MarHUTOMXeCcTKo# (azavu [11, 12] opowuc-
XOIUT cMeIrleHMe neTau rucrepesuca M(H) (puc. 4).

ITomo6Has GusnyecKkas KapTHUHa, BEepPOSITHO, (pUKcCHUPyeTCcA IIPU HC-
CJeIOBAHUM THCTEePE3UCHBIX KPpuBBLIX M(H) mpu IIOMOIIK MAaTrHUTOOII-
Tuueckoro apderta Keppa, KoTopbIil 00/1aaeT BBICOKOH YYBCTBUTEb-
HOCTBIO K IIOBEPXHOCTHBIM CJIOAM METAJINUYEeCKUX CIJIaBOB. JDTOT dKC-
MIepUMEHTAJIbHBINA (aKT TaKyKe MOMKET CBUAETEJIbCTBOBATHL O TOM, UTO
Ja3epPHLIN OTKUT B MAarHMTHOM IIOJie CIIOCOOCTBYeT ()OPMUPOBAHUIO B
BEPXHUX CJOSAX JEHTHI CTPYKTYPHBLIX 00pasoBaHUi, 00JaTaf0IUX OT-
JUYUTEIbHBIMU OT 00'bEMHBIX CJI0OEB MATHUTHLIMHU XapaKTePUCTUKAMU.
PasiuuHbIii xapaxkTep AWIIOJNBHOTO B3aMMOIEMCTBUA Iap COCEIHUX
aTOMOB B CILJIaBe, a UMEHHO Pa3jINylie CHUJI CBA3U Iap aTOMOB MeTaJLI—
merasn tuna Co—Co mo cpaBHeHUIO ¢ mapamu atomMoB Co—Fe (Ni) nan
MeTaJII—MeTaJLJIONu, IPUBOAAT K BOSHUKHOBEHUIO OPHEHTAIIMOHHOTO,
CTPYKTYPHOTO YIIOPAAOUEHU IIPU JIa3ePHOM OTKUTE B MArHUTHOM IIO-
Je. 9To o0yCJIOBINBAET IIOABJIEHNE CBA3aHHOM C TAKUM YIOPAIOUEeHUEM
MarHuTHOU OJHOOCHO aHU30TPOINH.

PesynbraTel namMepenunit HaMarHn4eHHOCTH KaK GYHKIITNY MarHUTHO-
ro IMoJA Ha BUOPAIIMOHHOM MAaTHHUTOMETpe (PHC.H) AEeMOHCTPUPYIOT
cOMMIKeHe KPUBBIX MJIS IBYX PEKUMOB OT:KHIOB. ITO YKa3bIBaeT Ha
TO, UTO B pe3yJbTaTe TEPMUUYECKOTO U JIA3€PHOTO OTKUTOB 00BeMHLIE
MAaTHUTHLIE CBOMCTBA HAHOKPUCTAJIMYECKHX CILIaBOB Ha ocHoBe Co
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Puc. 5. Hamaranuernnocts jeHT AMC Co,oFe;Ni (Si;;By5, Kak dyHKIIUA Mar-
HUTHOTO II0JIfA, ITOJIyYeHHAaA Ha BUOPAIIMOHHOM MarHUTOMETpPE: CBe)Ke3aKaJIeH-
HBIN oOpasern (1), Tepmuueckuit orsxur npu T = 350°C (2), sa3epHBIN OTKUT
(Nd3" nasep) (3).
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MMEIOT MHOTO OOIIIIX UepT.

C apyroii ctoporsl MO aBIsAeTCS OUEHL YYBCTBUTEJIbHBIM K YaCTOTE
mepeMeHHOT'0 TOKa, IpoTeKamIero mo oopasny. Kaxk ussectHo, riayou-
Ha IIPOHMKHOBEHUA BHeKTpOMaFHKTHOﬁ BOJIHBI B 06'I)eM JIEHTHI, T.€.
TOJIIIMHA CKUH-CJIOA O, ABIAeTCA PYHKIMEN YaCTOTEI X MOYKET OBITh 3a-
nucana[13]:

d=(p/mfu)"?, (2)

rge p — couporuienue JeHTsI AMC, a f — wacToTa IPOTEKAIOIIEro To-
Ka. HpI/I YBEJIMUYEHNHM YaCTOThI BEJIMUYNHA 8 YMEHBbIIIaeTCA, HO IIPHX 3TOM
Bo3pacTaeT umieganc u MUI. M3MmeHeHUsA »Ke MAarHUTHOM IIPOHUITAE-
moctu Al, AMC npu npuiaosKeHun MarHuTHOTO nosid H Oyzer cmocob-
CTBOBATh NU3MEHEHUIO A8 I‘.Hy6I/IHbI IIPOHNKHOBEHHUA 3JICKTPOMAaroHuTHOI'O
mossa[14]:

Ad 1 Ay, 3)

) 2y,

CiiegoBaTeIbHO, N3MEHEHNE TOJIINHBI CKIH-CJIOA Ad OyAeT CIIoco0CTBO-
BaTh U POCTY MarHutoumneganca. OT:KUT B MATHUTHOM II0JI€ TI03BOJISIET
c031aTh oJie HaBeJeHHOM MarHuTHON aHN30TPONINM, KOTOPOE CTPEMUT-
cA TMOJABUTDH BJAUSHUE IIOJA BHYTPeHHEN MarHUTHON aHM30TPOIMU Ha
Bennunay MU9O. C BOSHUKHOBEHNEM WHAYIIMPOBAHHON MaTrHUTHOMN OJ-
HOOCHOII aHMB30TPONUHN B pesysbraTe TepMmoodpadorku AMC Bo BHeII-
HeM MarHUTHOM IIOJIe CBA3BIBAIOT M ycuyeHue MUI [4-6]. B marauT-
HBIX CILJIaBaX MOCJIe OT:KUTra BOBHUKAIOT JBA BUIA aHU30TPOIUU: OJHO-
OoCHas aHU3O0TPOINHUA, XapaKkTepHas AJA aMopdHOH (asbl, U aHUBO0TPO-
nus, WHAYIIUPOBaHHAA B KpHUCTALIWdYecKoi dasze. MHAyIupoBaHHAS
MarHUTHasA aHU30TPONIUS, KOTOPAs BOSHUKAET B Pe3yIbTaTe MAarHUTHOMN
TepMOOOPabOTKM JIEHT aMOP(MHBIX CILJIABOB, MArHUTOCTPUKIIUA KOTO-
pBIX O/M3Ka K HYJo (ciaaBbl Ha ocHOBe Co), 00ycsoBJieHA B OCHOBHOM
MapHLIM B3aMMOJeCTBMEM aTOMOB THIIA MeTaJI—MeTaJJionun. B To ke
BpeMs IIPU IIOMOIIY JIa3ePHO# 00paboTK AJIs aMOP(HBIX CILJIABOB, 000-
rameHHbIX Co, MOJKHO JOCTUYh 3HAUUTEJIHLHOTO CMEIeHNA KOSPIUTUB-
HOU cuibl H, ¥ yBeIMUNTH MATHUTHYIO IPOHUIIAEMOCTD L.

4. BbIBOJbI

OG6Hapy:KeHO BIAUAHNE TEPMUUECKOU U JIa3epHON 00paboTOK Ha yBEJU-
YyeHHe MarHUTOUMMIIeZaHCHOTO »dpdexTta B aMoppHOM CcIjaaBe
CosoFe;Ni (Si;;B;;. Takoe moBemenmne MoKeT OBITH 0O0BbSICHEHO Ha OCHO-
BaHUU 9KCIEePUMEHTAJbHBIX (DAKTOB C JOKA3aTEeJIbCTBOM IIepepacupee-
JIeHUS KOMIIOHEHTOB CILJIaBa B IPUIIOBEPXHOCTHOM CJIOE M U3MEHEHUSI
MATrHUTHOTO COCTOAHUS TOBEPXHOCTH JIEHTBHI. TepMHUECKUIl OTIKUT
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JIEHT aMOP(MHBIX CILJIABOB HA OCHOBE KOOAJIbTa IPHU TEMIepaTypax, 4To
HE€ IIPEeBBhIIIAIT TeMIIEPATyPhbl KPUCTAJJIN3AIINN, IIPDUBOIUT K MOHOTOH-
HOMY BO3PaCTaHHUIO IapaMeTPOB IIIePOX0BATOCTH HA HEKOHTAKTHOM CTO-
poHe, a mocJie ux oTexura upu T = 475°C B TOBepXHOCTHOM CJIO€ Y Ke II0-
ABJIAIOTCSI MHUKPOOOJACTH C YIOPAMLOUYEHHOM cTPYKTypoii. Ilpu masep-
HOM Ke 00paboTKe B MATHUTHOM II0JIe B KpHUcTaJanuecKkux paszax o-Co
BOBHUKAET eIlle 1 MarHUTHAd aHU30TPONUs. BeiiencTBre 9TOro ImMpouc-
XOOUT CMEIIl€HNEe IT'MCTEPEe3NCHBIX KPUBbIX HaAMarHn4YnBaHNA. CJIe,Z(OBa—
TeJbHO, BRI3BBAHHOE TaKUMU 00paboTKkamu JieHT Co-coeprKalliero CrJa-
Ba U3MeHeHNe MArHUTHBIX CBOHCTB B UX IIPHUIIOBEPXHOCTHBIX CJIOAX,
CIIOCOOCTBYET KaK BO3HMKHOBEHUIO MATHUTHON aHM30TPOIMU, TAK U
YBeJINYEHNUI0 MAarHuTONMIIeJaHCHOTO0 ap(heKTa.
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