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Annomayusn: Memooamu amomuou CUNOB0LU MUKPOCKONUU U MASHUMHOU CUTOBOL
MUKPOCKONUU UCCLEO08AHO SNUSHUE UMNYIbCOE CAD020 MASHUMHO20 NOJS HA JOKALb-
nole ceoticmeéa nenmounvix amopguuvix cnaasosé Fe(Ni, Cu)(SiB) momwyunoin oxono
100 mxm, wupunoti 10 mm, onunoti 50 mm, komopsie 6viau NOAYHEHbL MEMOOOM CEEPX-
ObICMPO20 OXNAJCOCHUS. PACHIABA HA 8paMaloujemMcs MeoHom bapabane. Ha nosepxno-
cmu Jlenmol, npuie2asuiell K MeOHoOMY 0apabany, Npakmuyecku OmcCymcmeosanu
VUACMKU ¢ HUZKOU UWEePOX08AMOCHIbIO, YN0 He NO360IUL0 NPOSECmU NOCIelyiouue uc-
CAeO0B8AHUSL DMOT CMOPOHBL TCHIMbL MEMOOOM MAZHUMHO-CULOBOT MUKDOCKONUU. DMUM
MEemoOOM UCCIe08aHA Opyaast, C860DO0HASL NOBEPXHOCMb (DONbU, He NPUIe2asuids K
MeOHoMy bapabany u He UMesuasl CyulecCmaeenHblx uiepoxosamocmet. [lo 6o3oeticmeus
UMNYNIbCO8 MASHUMHO20 NOJISL HA (PONIbEY MASHUMHBLI KOHMPACM HA C80000HOU CMO-
pone aenmvl He Habmooancs. Ilocie mazHumoumnyibCHolu 006pabomrku Ha Smou cmo-
pone Goaveu OblL 3apecucmpuUposan MAZHUMHbIL KOHMPACM. CMAiu 8UOHbL NOJI0CO8bLE
oomenwt wupunou 0,6—0,8 mxm, a na degpexmax cmpykmypvl maxdice 3amMblKauue
oomenbl, m. H. KIuHO8UOHble domenvl Heens, wupunoi om 1 mxm 0o 1,6 mxm. Peszyno-
mamul UCCIe008aHUsL NO3BOJAIOM 2080PUMb, YMO NOMEPU HA NepeMAsHUYUSAHUe 6
OOILWON CMeNneHU CE513aHbL ¢ NOMePSIMU, 00YCI08ICHHBIMU UXPEGLIMU MOKAMU, U CE5i-
3aHbL ¢ WUPUHOT OOMEHO8, KOMOPAsL 3A6UCUM OM DENCUMOE MASHUMOUMNYIbCHOU 00-
pabomxu Heznauumenvho. Ilonyuennvie pe3yibmamol UCCICO08AHULL MO2YM OblMb UC-
N0Ib308AHbL OISL YMOUHEHUS MEMOOUKU CHAMUS HANPSIJICEHUN, BO3HUKAIOWUX 8 NPOYeC-
ce U320MoGIeHUsE AMOPGHHBIX JIeHM.
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1. BBenenue

KayecTBo 1n(poBBIX BBICOKOYACTOTHBIX TPaHC(POPMATOPOB oOecrednBa-
€TCS YPOBHEM D3JIEKTPOMArHUTHBIX CBOMCTB JICHTOYHBIX aMOPQHBIX CIUIABOB,
WCTIONB3YEMBIX NPU M3TOTOBIEHHMH MarHUTONPOoBOAOB. OIHUM M3 TaKuX CILIa-
BoB sBisiercst Fe(Ni, Cu)(SiB). Cpenu CBOICTB TakuxX CILIaBOB 0CO00E MECTO
3aHUMAIOT KOOPIUTHUBHAS CHJIA, MATHUTTOCTPHUKIIHS, MATHUTHBIEC IOTEPH, KOTO-
pble TUMUTUPYIOTCS XUMHYECKIM COCTaBOM CIIIaBa, COCTOSIHUEM ITOBEPXHOCTH,
0cOoOEHHOCTAMHU OmMykHEro nopsiaka. Mcmonp3oBaHue TONBKO TpaaWUIMOHHBIX
METaJUTyprUYecKUX CIIOCOO0B AJISl yNPaBICHUSI STUMU CBOMCTBAMH 3aTPyJHEHO
BCJIEICTBHE BBHICOKOW CTENEHU HEONPEACIICHHOCTH BIUSHUS COCTaBa aMOPQHO-
r0O CIUTaBa M TEXHOJIOTHYECKUX MapaMeTPOB Ha MarHUTOCTATHYECKYIO SHEPTHIO
nedeKToB, pealbHyI0 MarHUTHYIO CTPYKTYPY HOBEPXHOCTHU JIGHTOYHBIX 00pa3-
oB [1—3]. Taxue ¢dakTOpsl OKa3bIBAIOT CYIIECTBEHHOE BIHMSIHNE HA IPOIIECCHI
NepeMarHMYuBaHus U, KaK CIEeICTBHE, HA MAarHUTHbIE NTOTEPU B CEpACUHMKAX,
BKJIIOYAIOLINE TUCTEPE3UCHBIC U O0JIee 3HAUUTEIbHBIC BUXPEBbIE ITOTEPH.

[lepcneKTHBHBIM CIOCOOOM KOHTPOJIHMPYEMOTO H3MEHEHHUS BUXPEBBIX
[OTEPb MAarHUTHBIX aMOP(QHBIX CIIJIABOB SBISIETCS YIpaBJICHHE IWHAMUKOM
MarHUTHBIX JIOMEHOB, MOCKOJBKY CKOPOCThH TEpPEMEIICHHs] TOMEHHOH CTEHKH
[pY TepeMarHiYMBaHUK 00pa3la CBA3aHa C AJICKTPOJBMKYILECH CHIION, BO3HU-
KaloUlel Ha ero JIOKaJbHOM Y4YacTKe U OrpaHH4MBaroLlel BUXpeBble notepu. B
CBOIO OYepeib, 3Ta CKOPOCTh CBsI3aHa C MIMPUHOM JOMEHOB, KOTOPAsi OIpeiens-
eTcs KOHCTaHTOH aHHM30TPONWH, HAMarHUYEHHOCTHIO HACBHIIICHUS CIUIaBa,
BHYTPEHHUMH HAIIPSDKEHUSIMH, BBI3BAHHBIMHU CHEUU(UUIECKUM COCTOSHUEM I10-
BepxHocTH (oibr [4—T7].

CHIDKeHHs HANpSDKEHUH, ONPEeNSIONINX NapaMeTpsl JOMEHHON CTPYK-
TYpBI, BO3SMOXKHBI HE TOJIKO B pe3yJIbTaTe BO3JIEHCTBUS Ja3epHOr0 M3IyUYCHUS,
3JIEKTPOHOB, HOHOB — MOAXU(DUKALMS HANPSDKEHHOTO COCTOSHUS TOBEPXHOCTH
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poHHKa, (HOTOHUKA, IPHOOPOCTPOCHHUE U CBA3b (2.2)
CITaBa BO3MOYKHA U B pe3yJIbTaTe MarHUTOMMITYJIbCHOTO BO3aeHcTBus [8—12].
BOSZ[GﬁCTBPIe HUMITYJIBCOB cJ1a0BIX MAarHMTHBIX IOJIEM Ha CIIJIaBbl 00ECIIEYHBAET
MPOSIBJICHUE MAarHUTOILIACTHYECKOTO 3(dekTa, CHUKEHHE HX CKIOHHOCTU K
XpYNKOMY pa3pylieHuto. M3ydenue BIUSHHUA cIaObIX MMITYyJILCOB MarHUTHOTO
MOJIsl Ha JIOKAJbHBIC CBOMCTBA JIeHTOUHBIX amopdHbIx craBoB Fe(Ni, Cu)(SiB)
W COCTABJISICT MPEAMET PACCMOTPEHHUS HACTOSIICH pPaObOTHI.

2. Matepuajibl 1 METObI

O6pasupl TeHTOUHBIX amopdubix cruiaBoB Fe(Ni, Cu)(SiB) mpexcrasmusum
co0oii sieHty (ponbry) TommuHol okoio 100 Mk, mupuno#t 10 MM, JUIMHOM
50 MM, KOTOpBIe OBLTH MOyYEHBI METOJIOM CBEPXOBICTPOrO OXJIAXICHHUS pac-
IJIaBa Ha BpamarmeMcs MeaqHoM Oapabane. )11 UX MarHUTOMMITYJIBCHOH 00-
pabotku (MHO) nucionp30BaIM UMITYIHCHI MATHUTHOTO TIOJIST aMITIUTYI0H (5—
8)-10° A-M 2 u mmrensHocTbi0 (0,1—0,5) ¢. KONHYECTBO MMITYIBCOB COCTAB-
astmo 10—>50, mHTEpBa MEXIY UMITyIscamMu — (1—2) c.

JlokanpHBIE MAarHUTHBIE CBOWCTBA (DOJBIH HCCICIOBAINCH METOIAMHU
aToMHOM cuiioBol Mukpockonuu (ACM) M MarHUTHO-CHIJIOBOH MHMKPOCKOIHHU
(MCM) no craHgapTHO#M ABYXMIpOX0HON MeToauke [13, 14] ¢ ucmonb3oBaHu-
eM ckaHupyromero 3oHm0Boro mukpockona SMENA-A, nimardopma «Solvery
(NT-MDT, P®, r. 3exenorpan, Mocksa). Jius MCM uccnenoBanuii mpeasapu-
TENILHO B PAaCTPOBOM JJIEKTPOHHOM MHUKPOCKOIIE BBEIOUPAIHCH YYaCTKH (DOJIbrH
C HU3KOH 1IepoXoBaTocThio [15].

3. Pe3yabTaThl MCCJIeJOBAHUI H X 00CyXK/IeHHe

Panee [15] uccrienoBanust CTpyKTYpBI IOBEPXHOCTH (OIBIHA B pACTPOBOM
3JIEKTPOHHOM MHUKPOCKOIIE TOKa3aJId, YTO Ha MOBEPXHOCTH JICHTHI, MPUIIETaB-
mei Kk MegHoMy OapabaHy, TMPaKTHYECKH OTCYTCTBOBAJIM YYaCTKHA C HHU3KOH
[IEPOXOBATOCTHI0, YTO HE TO3BOJIMJIO TMPOBECTH mocienywomme MCM-
HCCJIEIOBAHNS 3TOW CcTOpoHB! JeHThl. Metogom MCM wuccnenoBaHa npyras,
cBOOO/IHAsI TIOBEPXHOCThH (OJIBIH, HE MpUJIeraBIlasi K MEAHOMY OapabaHy U HE
MMeBIIas IepoX0BaTOCTe|, mpenaTcTByomux MCM-uccnenoBaHMsIM.

Jna npenBapuTenbHON OmEHKH mpodwirs penbeda MOBEPXHOCTH B
HAaHOMETPOBOM MacITade MPOBOAMIOCH U3yUSHHE Pa3IUYHBIX Y4aCTKOB (OIBIH
metonoM ACM. B kadectBe mpumepa Ha puc.l mokazaH ydacTok (oJbry,
nonrydeHHbId ipu ACM uccreioBaHusIX CBOOOJHON TOBEPXHOCTH JIGHTHI, HE
mpuiieraBmieii Kk MegHoMmy Oapabany. Ha pwuc. la mokaszan mpodwmib BBICOT,
XapaKTepU3YIOMMWA HEPOBHOCTH DJTOTO ydYacTka, a Ha puc.10 m 1B —
1300pakeHHe 3TOTO yYacTKa MOBEPXHOCTH B PEKUMeE JaTepasIbHbIX cuil (16) u B



Eﬁm%ﬁgg@gﬁgﬁ.;t aI.EItudying the Influence (6)f Weak Impulses Magnetic Field... 401
AL | ap. YI3y4€HUE BJIUSAHUS CJIA0BIX UMITYJIBCOB MAarHUTHOI'O ITOJIA. ..

pexxume azoBoro koHTpacTa (1B); IpoGhUIIb BEICOT MOIYYEH IIPH OJHOCTPOYHOM
CKaHUPOBAaHUM II0 MPSAMOW B CpeAHEW o0iacTu ydacTtka (s H300paKeHHi
puc. 16 u puc.1B — mo ropuzoHTtanu). s 3Toro ydactka (OJbIH Ieperay
BBICOT HE IIPEBHIIIAET 26 HM Ha PaCCTOSIHUH 2,5 MKM.

005 1015 » mm

0 B

Puc. 1. a— npoduie cedenus Gosbru, HIUTIOCTPUPYIOMINI XapaKTep HEPOBHOCTEH B cpeaHei
4acTH BEIOpaHHOH 00acTH; 6 — n300pakeHne ydacTka (oasru, noaydeHHoe B ACM,
WUTIOCTPUPYIOLIHMI XapaKkTep HEPOBHOCTEH NOBEpXHOCTH (onbru pazmepom 2,5%2,5 Mkm;

B — M300pa)keHHe TOTO XKe yJacTka (osbru B pexxume (aszoBoro konrpacta ACM.

Fig. 1. a— profile of the foil section, illustrating the nature of irregularities in the middle part of
the selected area; 6 — image of a foil section obtained in AFM, illustrating the nature of the
irregularities of the foil surface with a size of 2.5x2.5 um; ¢ — image of the same section of the
foil in the AFM phase contrast mode

VY4acTok (oJbru ¢ yBEJIMYCHUEM HA MOPAAOK MEHBIINM, YeM Ha puc. 1,
IOKa3aH Ha puc.2a u puc. 2B. Ha puc. 2a Taxxke nmoxkazaH OTPE30K MNPsSMOM,
BIIOJIb KOTOPOTO MpOo(dWiIb IEPOXOBATOCTH HMMEN Mepenaja BBICOT He Ooiee
25 HM Ha paccTOsSHUH NpUMEpHO 20 MKM — CM. puC. 20. YTOUYHEHHBIC JTaHHbIE
W3y4YeHHs Pa3IMYHbIX y4acTKOB (DOJIBTU [TOKA3alH, YTO Iepenas BHICOT Ha CBO-
001HOM cTopoHe aMOpQHOit JIeHThl 00bYHO He mpeBbimaet 25—30 HM Ha pac-
crostHuAX npuMepHo 20—30 MKM.

[ocne MUO ¢onbru xapakrep mepoXoBaTOCTH HE M3MEHHIICS H, KaK U
panee [15], Hanbomee 3ameTHbIe M3MeHeHMs mociie MUO Ol 3aperucTpupo-
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DIIeKTpoHHKa, (POTOHHKA, IPHOOPOCTPOCHHUE H CBs3b (2.2)
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a Puc. 2. a— u300paxceHne yyacTka
cBOOO/IHOM TOBEPXHOCTH (DOIIBTH,
nonyderHoe B ACM; 6 —npodpuib
ceueHus (HONIbIU, WILTIOCTPUPY FOLIHIA
XapakTep HePOBHOCTEH B/IOJIb OTPE3Ka
TIPSIMO#A, yKa3aHHO# Ha pric. 2a; B— MCM-
o H300paKeHNE Y9acTKa CBOOOTHOM
TIOBEPXHOCTH (hOJIBTH, IPHBEICHHOTO Ha
puc. 2a.

Fig. 2. a — image of the area of the free
surface of the foil, obtained in AFM; 6 —
profile of the foil section, illustrating the
: nature of irregularities along the segment
0 5 10 15 20 25 30 of the straight line indicated in Fig. 2a;
MKM B — MFM image of the area of the free
surface of the foil shown in Fig. 2a
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BaHbl Ha MCM-cHIMKax CBOOOJHOW CTOPOHBI OOpasloB MPH WCIOIB30BAHUH
20 ©MIyIIECOB MAarHUTHOTO TTOJIS.

Ha MCM-canmMkax cBo6oauHO# cTopoHbl 10 MO noMeHHOH CTPyKTYpHI
He Habmoganock. [Tocne MO Ha 3T0# cTopoHe (OIBTH OBLT 3apETUCTPUPOBAH
MCM-KoHTpacT: CTajal BUAHBI MTOJOCOBBIE TIOMEHBI, a Ha AePEeKTax CTPYKTYPHI
TaK)Ke 3aMBIKAONINE TOMEHBI, T. H. KJIMHOBHUIHBIC AoMeHBI Heens [16]. Ha
pHC. 2B MOJIOCOBBIE IOMEHBI BUIHBI HA BCEW TUIOMIAAN ITOTO y4acTKa (Qoybry, a
3aMBIKAOLIME JJOMEHBI HanboJiee sIpKO BHIHBI B HIDKHEH JIEBOW YacTH puc. 2B
Ha nedekre cTpyKTyphl (HapanuHe). MarHUTHBIH KOHTPACT TaKKe MPOSBIISETCS
Y Ha JpyTHX [IapanuHax, OJHAaKO B MEHBIIEH Mepe.

Kax wm3BectHO [17], CTEHKH 3aMBIKAIOMIMX JOMEHOB MPUKPEIUIIOTCS K
00JIaCTSIM, COZEPIKAIlUM BKIIFOUCHUSI OO nedeKThl (pa3phIBbl, LApaIrvuHbl),
MIpOYHEe, YeM K ydacTKaM T'OMOT€HHOT0 MarepHuaia, B pe3yJbTaTe JBHKEHHE
CTEHOK B 3TOH 00JIACTH 3aMEJIsieTCss U MAarHUTOCTATHYECKas SHEPTHsl YMEHb-
maercst. IToT 3 (HeKT XOpoIIo HILTIOCTPUPYETCs Ha puc. 3 U puc. 4.
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Puc. 3. a — ACM-u300pakeHne ygacTka CBOOOHOM CTOPOHEI (JONBIU C ITapalrHOM Ha
noBepxHocTH; 6 — MCM-n300paskeHue 3TOT0 Ke yIacTKa (GoJIbry ¢ 3aMBIKAIOIINMHU
nomeHaMu. B BepxHei yactu puc. 30 BUIHBI ITOJIOCOBEIE JIOMEHBL.

Fig. 3. a— AFM image of a section of the free side of the foil with a scratch on the surface;
6 — MFM image of the same section of the foil with trailing domains. At the top of Fig. 3b
shows stripe domains

Ha puc. 3a npuBeaeno 3D-u3o0pakeHe MOBEPXHOCTH y4acTKa (OIBIH,
nonydeHHoe B ACM, a Ha puc. 36 — MCM-u300pakeHHe 3TOro Xe yJacTKa
oIy ¢ 3aMBIKAIOMMY TOMEHAMH MUPHHON OT 1 MKM 1o 1,6 MKM, a B Bepx-
HEH YacTH BHJIHBI MTOJIOCOBBIE JoMeHBI mmupuHoi 0,6—0,8 MkM.

Height Phase

300 1077

100

-100

Puc. 4. a — ACM-m300pakeHne ygacTka CBOOOJTHOH CTOPOHEI (hONBTH C IIapalHaMH Ha
noBepxHOCTH; 6 — MCM-u300pakeHue 3TOTo ke yJacTka (OIBIH C 3aMBIKAIOUIIMHU
JIOMEHaMH BOKPYT LiapanuH. B BepxHel yacTu puc. 46 BUIHBI T0JOCOBBIE JOMEHBI.

Fig. 4. a— AFM image of a section of the free side of the foil with scratches
on the surface; 6 — MFM image of the same foil section with trailing domains
around the scratches. At the top of Fig. 4b shows stripe domains
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poHHKa, (HOTOHUKA, IPHOOPOCTPOCHHUE U CBA3b (2.2)

OTMGTI/IM, 4YTO NMOTCpHU Ha NCPCMArHUYMBAHUC CBA3aHLBI C IHI/IpHHOﬁ JH0-

MeHOB [15], kotopas cornacHo pesynbrataM MCM-uccinegoBaHui U3MEHSETCS

HE3HAYHUTEJIFHO. 3aBUCUMOCTD YACIBbHBIX IMOTEPbh HAa NEPCMArHMYUBAHUC P or

MAarHUTHOW MHIYKIHU TOJ Bg HenmHelWHas u ee MOXKHO ONMKCATh KBaapaTH4-
HOM (pyHKITMEH — pHC. 5.

08

06

P, Br/kr

04
Puc. 5. 3aBucuMoCTS yIenbHBIX HOTEps P ot

MarHUTHOU MHIYKIUH OIS Bs.

Fig. 5. Dependence of specific losses P on the
85 Tn ' magnetic field induction Bs

02

4. BeIBOADI

VYcranosneno BiausHue MO Ha MarHUTHBIE CBOMCTBA MOBEPXHOCTHU
amopdueix cmmaBo Fe(Ni, Cu)(SiB). PesynbraThl HMCCIEIOBAHUSA ITO3BOJISIOT
FOBOPHTH, YTO MOTEPH HA MEPEeMarHUYMBaHUE B OOJIBIION CTEIEHU CBA3aHBI C
OTepsiMHU, 00YCIIOBJIICHHBIMU BUXPEBBIMU TOKAMH, U CBSI3aHBI C IIUPUHOM JJOME-
HOB, KOTOpas 3aBUCHUT OT pexuMoB MUO HezHauuTtenbHo. [ToyueHHbIe pe3yib-
TaThl UCCIICAOBAHUI MOTYT OBITh MCIIOJB30BaHbI U1 YTOUHECHUS METOAUKH CHSI-
THS HANPSDKEHUH, BOSHUKAIOIIUX B MPOLIECCE U3TOTOBIICHUS aMOP(HBIX JICHT.

baaropapHocTn

HccnenoBanue BBHITONHEHO 3a cyeT rpaHTa Poccuiickoro HayuHoro ¢onma u IlpaBu-
tenbcTBa Kamyskekoit o6mactu Ne 23-21-10069, https://rscf.ru/project/23-21-10069/.
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Abstract: Atomic force microscopy and magnetic force microscopy have been used to
study the influence of weak magnetic field pulses on the local properties of ribbon
amorphous Fe(Ni, Cu)(SiB) alloys about 100 um thick, 10 mm wide, and 50 mm long,
which were obtained by ultrafast cooling of the melt on a rotating copper drum. On the
surface of the tape adjacent to the copper drum, there were practically no areas with
low rough-ness, which did not allow subsequent studies of this side of the tape by mag-
netic force microscopy. This method was used to investigate another, free surface of the
foil, which was not adjacent to the copper drum and did not have significant roughness.
Prior to the impact of magnetic field pulses on the foil, no magnetic contrast was ob-
served on the free side of the ribbon. After magnetic pulse processing, a magnetic con-
trast was registered on this side of the foil: stripe domains 0.6-0.8 um wide became
visible, and closing domains, became visible on structural defects, wedge-shaped Neel
domains, from 1 um to 1.6 um wide. The results of the study allow us to say that the
magnetization reversal losses are to a large extent associated with losses due to eddy
currents and are associated with the domain width, which depends slightly on the
modes of magnetic pulse processing. The obtained results of the re-search can be used
to refine the method for relieving stresses arising in the process of manufacturing
amorphous ribbons.

Keywords: atomic force microscopy, magnetic force microscopy, magnetic pulse pro-
cessing, stripe domains, closure domains.
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