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AnHoTanus

Kparko u3sokeHa MeTOINKA MCCIEI0BAHUS (DEPPOMATHUTHBIX CJI0EB METOIOM CKAHUPYIO-
meit MmarauTomnoigpuMerpun. ONUCaHbl MPOrPAMMHO-ATITIAPATHAS PEAJIM3AINS MarHUTOMETPA
¥ aJITOPUTMBI n3Mepenns u 06paborku. [IpuBemenst pe3ynbTaTsl uccaenoBanns GheppoMarHuT-
HBIX CJI0E€B, MOHHO-CHHTE3WPOBAHHBIX B MAarHUTHOM moJie. QOOHAPYKEHA IUCITEPCUsT MATHUTHOMN
AHU30TPOINY OTHOCUTETHHO HATMPABJIEHWS BHEITHET0 MATrHWTHOTO TOJISI, TPUIOKEHHOTO TIPU
UMILTAHTAIAN.

KuaroueBsbie ciaoBa: sa¢ddert Keppa, MarHuTonogpuMerp, MarHUTHBIE CBORCTBA, aHU30-
TPONUs, MOHHAA UMILIAHTAIAS.

BBenenue

Co3anne HABEIEHHONW MArHUTHON AHU30TPONMA B TOHKUX (hePPOMATHATHBIX TIEH-
KaX MPEJICTaBJIAET 3HAUYUTE/IbHBI MHTEPEC, B YACTHOCTH [JI CIIUHOBOM 3JIEKTPOHUKH.
OfHUM U3 METOOB MOJIYYEeHUs aHU30TPONHBIX MATHUTHBIX IJIEHOK SIBJISETCS WOHHO-
aydvesoit cuare3 (MJIC) B marautHOM moje [1]. DTOT Meroi MO3BOJSIET YMPABIATH
AHU30TPONHEN TOKATBLHO M, TAKUM 0OPa3oM, CO3aBATh MATHUTHBIE CTPYKTYPHI, HHTE-
PECHBbIE KaK C HAYYHOI, TAK W C IPAKTHYECKOI TOYEK 3peHns. B mosmy9eHnsIx cTpyKTy-
pax HeOOXOJAMMO HCCJIEI0BATH MATHUTHYIO HEOJHOPOIHOCTL O0PA3IIOB 110 TIOBEPXHOCTH,
U3MEHEHUs JOMEHHOH CTPYKTYpPBI U T. M. JIOKAJbHBIE MATHUTHBIE M3MEPEHUS BaYKHBI
JI7I1 OHUMAHUS TIPOIECCOB TIEPEMArHUIUBAHISA MUKPO- U HAHOCTPYKTYD. JLjist 9TuX 1e-
JIEfl CyIECTBYIOT PA3MMYHBIE METOBI, KAZKIBIA 13 KOTOPBIX MMEET CBOH JIOCTOMHCTBA M
HesoCTaTKU. MaruuTHO-CHI0Bast MEKPOCKONUS W CKAHUPYTOMAS 3JEKTPOHHAST MUKPO-
ckonust 00/1aIaI0T XOPOITMM Pa3PemeHneM, HO He MO3BOJSIOT UCCIeI0BATHL MATHUTHBIE
00BEKTBHI BO BHEITHEM MATHUTHOM MOjie. MarHuTOONTHKA JAJLHErO MOJisd, HECMOTPS
HA OTHOCHUTEIHHO HU3KOE PA3PEIIeHHe M0 CPABHEHUIO C OJUYKHENOJHHOW MarHUTOOI-
tuueckoit (MO) mukpockonueii, obiagaer Jjydiieii dyBcrBuresbHocTbio. Kpome toro,
MArHUTOONTHKA JAJTBHErO MOJs MOXKET ObITh COBMEMIEHA C CHUJIBHBIMU BHEITHUMH I10-
JISMH ¥ TEMIIEPATYPHBIMA TIPUCTABKAMH W SABJSETCA OJHAM U3 HAMOOJEee MIMPOKO HC-
NOJIb3yEMBIX METOJOB /ISl U3y9YeHHs] MATHUTHBLIX JIOMEHOB U 3JIEKTPOHHOTO CIUHOBOTO
Tpancropra |2, 3].

CyIecTByIOT 1Ba MOIX0/Ia K UCCIEIOBAHUIO MTOBEPXHOCTH MATHATOONTHYECKUMHI Me-
TOJAMHU JATBHEro nons. [IepBblii — 370 MarauTOnoNspu3annonHas Mukpockonus. Cy-
NIECTBEHHBIM €€ HEJIOCTATKOM SIBJISETCA TPYAHOCTH T€HEPAIIUHA 3HAYMTEIbHBIX BHEITHIX
MaTHUTHBIX MOJefi okosio obpasia [4]. Jpyroit moaxo 3akioyuaeTcss B CKAHUPOBAHUH
MOBEPXHOCTH CHOKYCHPOBAHHBIM JiazepHbIM JiyuoM [5]. KoHCTpyKIms CKaHWPYIOMNX
MATHATOTO/ISIPUMETPOB OTHOCUTEIHLHO TPOCTA B PEATM3AIMA U UCTIOIb3YeT JOCTYIIHbIE
ONTHYECKHE KOMIOHEHTHI M CHCTEMbI MO3UIIMOHNPOBAHUSI.
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B wmacrosimeit pabore MpOBEIEHO WCCAEIOBAHUE JIOKAJIHHBIX MATHUTHBIX CBONCTB
HOHHO- CHHTE3UPOBAHHBIX CJIOEB € TIOMOIIBI0 PAa3pabOTAHHON METOIUKNA CKAHUPYIOIIe
MarauTonongpuMmerpun. PazpaboTka MeTOIUKH BKOYAIa B ceOsd KOHCTPYHPOBAHUE U
CO3/TaHNMe CUCTEMBI CKAHMPOBAHUS W COOTBETCTBYIOIIETO MPOrPAMMHOTO 0DECTIeUEHNs.

1. Mertoauka 3KcnepuMeHTa

3amada UCCaen0BaHNS JIOKATBHBIX MATHUTHBIX XAaPAKTEPUCTUK B PA3IUIHBIX TOU-
KaX TOBEPXHOCTH obOpas3ma TpedyeT pa3paboTKH COOTBETCTBYIOMIErO MTPOTPAMMHO-
amnmapaTHOro obecnedeHns U METOINKN TPOBEICHU U3MEePEeHuil 1 00padOTKHU MOy 9e€H-
HOTO MAaCCHBA JAHHBIX.

Panee maMu ObLT CKOHCTPYHPOBAH M M3TOTOBJIEH aBTOMATU3UPOBAHHBIN MATHUTOTIO-
agpumerprieckuit kommiexke (AMK) [6]. Pa6ora AMK ocnoBana Ha M3MEpeHIH HHTEH-
CUBHOCTH JIMHEHHO TOJISIPU30BAHHOTO CBETA, OTPAYKEHHOTO OT (DEPPOMATHUTHOM MTOBEPX-
HOCTH, HAXOIAIIEHCs BO BHEIIHEM MATHUTHOM I10JI€, U MPOIIEJIIIero Yepes3 moaapu3aTop-
anasu3arop. Komiuiekce mo3Bosisier perucTpupoBaTh KPUBbIe HAMATHUIEHHOCTH B PEXKI-
MaxX MEpPUINOHAILHOTO M 3KBaropuaabHoro 3ddexror Keppa. 3mepurensuas gacth
AMK mnocrpoena Ha 6ase ontudeckoro sjanuncomerpa JID®-3M-1 u umeer B cocrase,
KPOMeE Y3JI0B CAMOT0 3JIJIUIICOMETPA, MATHUTHYIO CUCTEMY, TOHHOMETD CO CTOJIMKOM JIJIst
00pas3mnos, OJ0K NMUTAHUS MAarHUTA, OJIOK YNPAaBJIEHUs TOKOM MArHATA, WHTEIDAJIbHBII
narauk Xomna SS49E w cucremy ynpasienus, cbopa u 06pabOTKM JAHHBIX Ha Oaze
KOMIIBIOTEPA C YHUBEPCAJBbHON 1iaToit BBoga-Bhioga L-780. B kavectBe mcrounmka
mznyuernnss 8 AMK wucnons3yerca renuii-neonorwiii jazep JIT-72, Bxoasmmii B KOM-
ekt JID®-3M-1. Perucrparius npoIrmeamnero yepe3 anaan3aTop Ja3epHOTO W3JTy IeHUsT
ocymecrBigercsa ¢poromuomom OJI-2. JIna pemennsa 3a7a9u UCCAETOBAHUS JTOKATbLHBIX
MarauTHbiX xapakrepuctuk AMK 6bL1 gomosiHeH aBToMaTU3UPOBAHHON CHCTEMOM I1e-
pemertenns 00pas3ia OTHOCUTEIbHO 30HIUPYIONIEr0 Ja3€PHOrO Jyda U CUCTEMOH POKy-
cupoeku. Koucrpyknust u rabaputsi JID®-3M-1 mo3BOISAIOT JIETKO PA3MECTUTH JIOMOJI-
HUTEJIbHBIE ONTUYECKHE YCTPOHCTBA U JIEMEHTHI CUCTEMBI CKAHUPOBAHUS.

B merome mMarHUTOMONSAPUMETPUN HUCCIIEmyeMasi 00JacTh ompejesnsercs (hopMoil u
pa3mepamu JTa3epHOTo MITHA Ha TMOBEPXHOCTH obpasma. InadparmMupoBanne myda jga-
3epa yXy/IaeT COOTHOIEHUE CUIHAJ /I1yM Ha (POTONPUEMHUKE, I0ITOMY JJis yMEHbIIIe-
HUsI PA3MEPOB JIa3ePHOTO MITHA MpUMeHeHa (DOKYCUPOBKA C MCIOJIB30BAHUEM JIMH3BI C
dokycubim paccrosiauem 120 mm. Cobuparoras TuH3a ¢ TAaKuM ke (POKYCHBIM PACCTOsI-
HUEM yCTaHOBJIEHA TIepe;l OKHOM (hOTOMPUEMHUKA. MUHUMAJIBHBIN pa3Mep msaTHa, co-
KyCHPOBAHHOI'O JIA3€PHOTO JIy4da OMpPee/seTcs TAaKUMU MapaMerpamu, Kak (oKycHoe
paccrosHue JIMH3bI, AJIUHA BOJHbBI U3JIy9€HUs, PACXOAUMOCTD JIA3EPHOrO MyYKa, a TaK-
’Ke paznuunbiMu abeppaiuamu [7]. MuHuMaibHbIil pa3Mep JIa3epHOrO MATHA [IPH KUC-
MTOJIb30BAHHBIX HAMU JIMH3AX W JJINHE BOJHBI Ja3epHoro naaydenns 630 HM cocTaBisger
~50 MKM.

[IporpammMuo-anmnaparTabie CPEICTBA CHCTEMbI CKAHUPOBAHUS 00ECIIEYNBAIOT yYIIPAB-
JIeHUE TOJIO?KEeHUEM 00pa3iia Mo OTHOIIEHWIO K BHEIHEMY MArHUTHOMY HOJIIO W 30HIH-
pytomiemy ay4dy. CTosuK ¢ 00pa3roM MOXKET BpaIlaThCs BOKPYT BEPTHKAIBHON ocu U
MepPeMEIIaThCs B MIIOCKOCTH 00Pa3Iia ¢ BHICOKOH TOYHOCTHI0. OCh €ro BpalleHns: Hampsi-
MYIO CBSI3aHA C BAJIOM JIBHUTATEJIs MPOTPAMMHO-YIIPAB/ISIEMOT0 ToHHOMeTpa. [oHnomeTp
YCTAHOBJIEH HA JIBYXKOOPJMHATHOM TPOrPAMMHO-YTIPABIgeMOM Mexanu3me. B kauecTse
[IPUBOJIOB MEXaHU3UPOBAHHBIX y3JIOB UCIOJIH30BAHDI IIATOBBIE JBUTATEH, YIIPABICHUE
KOTOPBIMHU OCYIIECTBIISETCS € MOMOIIBIO TpoMbIiLieHHOro Kourpostepa PLC-330. Tisa
BpAIIEHNsT TPEIMETHOTO CTOJMKA TPUMEHEH IMarOBbIi JBUTATETh, O00ECTIEUNBAONINN
MUHUMAJIBHBIA yTOJ MOBOpoTa 1o aszumyty 0.45 rpamyca. st mepeMernenus B IJ10C-
KOCTH 00pasia MCIOJIb30BaH MOAUMDUINPOBAHHBIN ITATHBIN IBYXKOOPJIWHATHBIN 0e3-
modroeiit Mexanuzm JI9®-3M-1. Ou craGXkéH yCcTpPOHCTBOM TepeMelneHus Ha Oaze
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CTAHJIAPTHBIX MHUKPOMETpPOB. JlopaboTKa XBOCTOBOI YaCTH MHUKPOMETPOB IMO3BOJIIA
npucoenuanTh K HuM 1marosbie asuraresan II1-200-1. TounocTs mo3unuoOHUPOBAHUSA
cea3ku mukpomerp — [IIJ1-200-1 B momymaroBoM pexkume cocrasiiser 1.25 MKM.

Meromuka mpoBeeHusT n3MEpPEeHuil TpedyeT HATUIus CAeAYIOMNX PEKUMOB:

1) monyuenue cemeiicrsa kpusbix Hamaraununsanus (CKH) nyrém ckanupoBanus mno
MOBEPXHOCTU 00OPA3IA MPHU MPOU3BOJIHLHOM A3WMYTE;

2) nonyuenre CKH myTém ckanupoBanus 1o 10BEpXHOCTH 06pa3La IPU PA3IUYHBIX
3HAYEHUSX A3UMYTa;

3) nonydenne CKH B npou3ssosibHO BLIOpAaHHO# TOYKE HA IOBEPXHOCTHU 06pasua, He
COBTIAIAIOIEI C OCHIO BPAIIEHUsT CTOJUKA MPU PA3TUIHBIX 3HAUYECHUSX A3UMYTa.

VKazaHHbIE PEKUMBI PEATU30BAHBI C UCIOJb30BAHUEM BBIYUCIUTEIHHBIX BO3MOK-
HOCTe# KOMIbIoTepa. 3a1avdy UCCIeI0BAHUS TTPOU3BOIBHON TOUYKNA HA MOBEPXHOCTU 00-
pasma npu J00bIX a3UMYTAIbHBIX MOJOKEHUSX IPEJIMETHOrO CTOJIMKA MOYKHO CBECTH
K CJIy9aio MIOBOPOTA CHCTEMbI OTCYETa BOKPYT Hadasia Koopauuat. /i saroro 3a Havamo
KOODJIMHAT MPUHUMAETCS TOYKA Ha MOBEPXHOCTH 00pa3iia, COBMAIA0IIAs C OChIO Bpa-
IMeHnst mpeaMeTHoro croauka. Ilociie ycranoBku obpasiia, nmepes HavajaoM KOMIIIEKCA
U3MEPEHUil, MPOU3BOINTCS COBMEIEHNE ITON TOYKHU C MATHOM 30HIUPYIOIIEro JIyda, j1a-
3epa. CoBMeIlleHre OCH BPAIIEHUs CTOJUKA C MSITHOM JIA3€PHOTO JIy4a KOHTPOJIUPYETCs
[0 MOJTHOYKPAHHOMY H300PaKeHWIO MPEAMETHOTO CTOJIUKA C 00PA3IoM, HOJIYIAeMOMY
B peanbHoM MaciTabe Bpemenu ¢ USB-kamepsr. Ha 310 nzobpakenue mporpaMMHBIM
crocobOM HasloXKeHa I0CTHPOBOYHAs ceTka. Ha mepBoM sTame I0CTHPOBKM Kamepa Tie-
pemeniaeTcs B TOJOYKEHNE, TPH KOTOPOM M300paskeHne JIa3epHoro MmaTHA COBMEINIAeTCs
C EHTPOM IOCTUPOBOYHON ceTku. Ha Bropowm 3rame mpeaMeTHBIH CTOJUK TEPEMEIAETCS
B IIOJIO’KEHUE, TPA KOTOPOM ero m300parkeHre COBMEIIAETCH CO CIEUATHHBIMU METKa-
MU Ha IOCTUPOBOYHO# ceTke. TOYHOCTH COBMEIIeHUsi OCH BPAINEHUs CTOJUKA C MSATHOM
stazeproro jy4da ~ 50 mrm. [Ipu n3MeHeHusaX a3uMyTaIHLHOTO MOJIOXKEHUST TPEIMETHOTO
CTOJIMKA, MTPOTrPAMMA BBIYHUC/ISET HOBbIE KOOPAMHATHI UCCIIETYEMONW TOYKNH U KOPPEKTH-
pyeT ToJoyKeHne oopasifa ¢ TTOMOIIBIO IBYXKOOPAMHATHOTO MEXaHU3Ma.

Pa6oroit AMK ynpasisier cnenpgaibHO pa3paboTaHHBIA HPOrpaMMHbBIA KOMILIEKC,
co3nanubiil B cpege LabVIEW. [Ins cBemenns K MUHUMYMY MEXAHUYIECKUX MTE€PEMEIIe-
HUil 00pa3ia W COKpAIeHNsT BPEMEHN WMCCJIeIOBAHNS TPUHSITA CIEIYIONIast Mocae0Ba-
TebHOCTH u3Mepenuii (cum. puc. 1). TlapaMerpsl IUKIOB U3MEPEHUH 3aJa10T: THATA30H
U3MEHEHUS BEJIUYNHBI MATHUTHOTO TOJIsl; IUATA30H U AT W3MEHEHUs a3WMYyTaIbHOTO
yIJ1a; YucJI0 HUKJIOB M3MepeHus KpuBoii namaruuumsanus (N.); pa3mep, HOJIOXKEHHE
U mar CKaHmpoBaHus uccyeayemoit obsactu. uks m3amepenusi KpuBoii HAMATHUYIWBA-
HUsl sIBJIS€TCsE OA30BBIM U BBINOJIHIETCH BHYTPU APYTUX [IUKJIOB - [TUKJIA CKAHUPOBAHUSA
[0 MOBEPXHOCTH ¥ IUKJIA U3MEHEHUs a3uMyTa (BpalleHne CTOJUKA BOKPYT BEPTUKAJIb-
HOIT ocu). 3a7aBasg COOTBETCTBYIONIME MAPAMETPBI I KAaXKJIOrO M3 IUKJIOB, MOYKHO
peann30BaTh BCE MEPEUNCICHHBIE BBINIE PEXKUMbI U3MEPEHUS.

Kaxknas kpuBasg HaMarHuduBaHus 3aMUCHIBACTCH B OT/AE/bHBIH (haiiy BMecTe ¢ WH-
dopmarmeit 0 KOOpAMHATE TOYKH HA TOBEPXHOCTH 00PA3Ia OTHOCHTEIHHO OCH Bpalle-
HUsl, a3UMYTAJIBHBIM MOJIOKEHUEM MPEIMETHOTO CTOJINKA U APYTUMH MApPAMETPAMU H3-
Mepenus. [Ipu TmareasHOM nccaeg0BaHuN 0O6pa3a 00Iee KOJNIeCTBO KPUBBIX HAMAT-
HUYUBAHUS W3MepsieTcs Thicidamu. Pyunas o6paboTka Takoro maccuBa nHMOpPMAIUN
npaktudecku weBozMmokua. C 310l 3amadeil cnpasiisercs pazpabOTAHHBIN KOMILIEKC
IPOrpaMMHBIX MOAy/IeH, 00beINHEHHBIX OTHON nHTepdeiicHoi obomoukoii. B mpomecce
obpaborkun CKH mist kazk10it KpUBOii HAMATHUYUBAHUS BHIYUCISIOTCS 3HAYEHUS TPUBE-
JEHHOM 0CTATOYHON HAMATHUYEHHOCTH M, U KOIPIUTUBHOM cuyibl H., KOTOpPBIE COPTH-
pyforcs 1o koopauaatam u azumyrtam. ChopMUpOBAHHBIN MACCUB TaHHBIX COXPAHAETCS
B pabodem 6mHApHOM (haiiie, KOTOPbIH MOYKHO HCIOIb30BATH BIOCIEICTBAN IPHU paboTe
¢ nanasiv CKH.
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Puc. 1. /Tmarpamma IUKJIOB U3MEPEHUN CKAHUPYIOMEr0 MarHUTOIIOIIPUMETPa

PesynpraTom paboThbl TPOTPAMMHOTO KOMILIEKCA SBIAIOTCS TOTOTPAMMBI — KapThl
pacmpeiesiennsa a3uMyTaJbHbIX 3aBUCUMOCTel 3Havennit M, wian H. 1Mo mMOBEpXHOCTH
obpasma B mpejesiax uCCaeIoBaHHO obacTu. B kaxmoit mcciremyemMoii Touke nMeercst
BO3MOXKHOCTH BBIBO/Ia 3aPErMCTPUPOBAHHBIX KPUBBIX HAMATHUYUBAHUSA JIJId BCEX 3Ha-
YeHUN a3uMyTa.

N3mepernne oamo#t KpUBO# HAMATHUYIWBAHKUSA TPOU3BOIUTCI B TEUEHHE HECKOTHKUX
MEePUO/IOB MOLYJISIINU MArHUTHOTO ToJist (10 3anonenus Oydepa AITIT). Yacrora Momy-
JIAIAS MAarHUTHOTO TOJIs 3aJaeTcs MPOrPaMMHO 1 Mo¥KeT n3mMeHaAThes oT 0 mo 100 T
IIpu wacrore momymsamuu 40 ' mogydenne oaHON KpWBOH HAMATHUYMBAHUS 3aHUMA-
eT JT0JU CeKyHIbl. Bpewms, HeoOXOanMOoe st MCCIAeTOBAHUS OJHONH TOYKH TOBEPXHO-
CTH, OIPEEJIAeTCd KOJMYECTBOM IUKJIOB M3MepeHus Kpuboil namaruuduanus (IN.)
7 IaroM M3MeHeHus asuMmyTa. /I1d cHATHSA TOMOrpaMMBbl a3uMyTaIbHONW 3aBUCUMOCTH
OCTATOYHONW HAMATHUYIEHHOCTH ydacTKa obpasma pasmepom 10 X 10 MM ¢ mrarom mo
koopuuare 1 MM, N, =7 u ¢ marom 1o a3umyTy 9 rpaaycoB Tpedbyercst OKoso 1 d.

2. Pe3yJIbTaTbI HccjieJ0BaHnudA

O6pasibl TOHKUX MATHUTHBIX CJIOEB OBLIU MOy 9€HbI METOIOM HOHHO-JTY 9eBOr0 CHH-
Te3a BO BHENIHEM MArHUTHOM mose. B kadecTse momiokek 6paiuch MOHOKPUCTAJLIIHYE-
ckue TIacTunbl Kpemuusa Mapku KJIB-10, Beipe3annbie B1oab miaockoctu (111). Mw-
MJIQHTAIA TPOBOIUIachk Ha yekoputeae WJIY-3 nonamu Fe® ¢ smeprueit 40 k3B nmpu
IJIOTHOCTH MOHHOTO ToKa 5 MKA /cM? mpm xomuaTtHOf# Temnepatype. Jlo3a nMmianTa-
muu cocrasisiia 3-1017 v ~2. BHemrHee MaranTHOE OTE HanpszkéaHocreio H; = 200 9
OBLIO TPUIOKEHO TAPAJIIEIbHO IJIOCKOCTH KpeMHueBo#t miactunbl. VcceqoBanns qan-
HBIX CJIOEB, TPOBEIEHHBIE paHee MeTomaMu MECCOAYIPOBCKOI CIIEKTPOCKONN KOHBEPCH-
OHHBIX JJIEKTPOHOB W PEHTIE€HOBCKON nudpakiuu MPU CKOJB3AMNX YIJIaX, MOKA3AJIMN,
YTO OCHOBHOW KPUCTAINIECKON (Da30it B CHHTE3UPOBAHHOM CJIOE MPU TAKUX PEKUMAX
UMILTAHTAINN ABagercs dheppoMarauTHbiil cunuiy FesSi B monmancnepcHoM cocTos-
auu [1].

Kpusnle nHamMarumanBanms, MOTy9YeHHBIE HA MAaTHUTOMETPE METOJIOM MEPUTHOHAb-
umoro 3¢ddexra Keppa, mokazansr Ha puc. 2, a, 6. VI3Mepenusi mpoOBOIUINCH B PEKUME
waxoruienust (N, = 7) ¢ marom mo marantaomMy noso 0.1 D npw pasmepax 30HIAMPY-
forero Jsrazeproro ngaraa ~ 100 mxm. B menTpe obpasma B mHampasiieHuU, mapasiiieib-
HOM HanpasJjenuto H;, perucrpupyercs npgaMoyroJibHas et rucrepesuca (HampasJie-
HUE OCH JIEFKOIO HaMarHuuuBanus ). B Hanpasienuu, nepren UK yisipHOM HAIIPABIEHHUIO
OJIH, nabsromaercs: MpakTUIeCKN Oe3rncTepe3ncHas MeTs ¢ MOJeM HACHIIEHN OKOJIO
5 D, 9TO yKa3bIBAaeT HA OJHOIOMEHHBIN XapaKTep CHHTE3WPOBAHHBLIX YACTHI] W KOTE-



NCCJIEAOBAHUE MATHUTHBIX CBOMCTB. .. 53

M/Mg
90
11 a) 1 6) 120 60 B)
1.0
150 30
g & 0.5
T 0 £ 0
S I 0.0{180 0
0.5/
210 330
-14 -14 1.04
20 10 0 10 20 20 10 0 10 20 240 Ty 300
H, 3 H, 3

Puc. 2. Kpusble HAMArHUUMBaHUs, TI0JIyYeHHbIE HA MATHUTONOJISIPUMETDE: ) B HANDPABJIEHUN
OJIH, 6) B HaupasieHUu OCU TPYAHOIO HAMATHUYMBAHUS; U a3UMyTa/bHas 3aBUCUMOCTD IIPH-
BeZ8HHOM ocTaTownOoN Hamaramgennoctu M, /M, (6)

DEHTHBII XapaKTep BpalleHnss HAMAarHMIeHHOCTH. A3nMMyTaabHash 3aBUCHMOCTh MTPHUBe-
JIEHHON OCTATOYHOI HAMArHWYEHHOCTH (OTHOIIEHWE OCTATOYHON HAMATHWYEHHOCTH K
HAMAaTHIYeHHOCTH HACHIIIeHNs) MOKA3aHAas Ha PUC. 2, 6, IMeeT XapakTep cos? ¢ (¢ —
yroa, orcuurbiBaemblii or nanpassienus OJIH), 4yro coorsercrByer Momesnu KorepeHt-
HOTO BPAIIEHUS.

N3mepenns Ha MarHUTONMONSPUMETPE, TTPOBEJEHHDBIE B PEsKNME CKAHWPOBAHUS, MO-
Ka3aju, UTO Ha BCeil TOBEPXHOCTH 00pA3IOB HADJIOJAETCS OTHOOCHAST AHW30TPOTIHS
(puc. 3), npuuém manpasienwe OJIH B cpesmeM COOTBETCTBYET HANPABICHUIO MAr-
auTHOrO nonsg H; npu mmnnanramuu. [Ipm 3T70M B OTAENBHBIX TOYKAX MOBEPXHOCTHU
dbopMa azuMyTaNBHBIX 3aBUCHMOCTEl OTKJIOHAETCA OT 3aKOHA COS’ ¢, TO eCThb HabJIIo-
JTAeTCs HEOITHOPOIHOCTh MArHUTHBIX CBOMCTB. Hampasienue oceii 1Erkoro HamMaramdmn-
BaHWS 3aMETHO OTJIMIAETC B PA3INTHBIX TOUYKAX MOBEPXHOCTH 00PA3IOB - HAOII0IAeTCs
TaK Ha3bIBaeMas ancrepcust anu3oTponuu. OTMETHM, YTO KOHTPOIhHBIE SKCIIEPUMEHTHI
10 MOHHO-JTy9eBOMY CHHTE3Y MMOKA3AJIN, YTO CJIOU, CHHTE3UPOBAHHBIE O€3 BHEITHEro Mar-
HUTHOT'O TOJIsA, B I[EJIOM HE MPOSABILIOT Y6TKO BBIPAXKEHHOW MATHUTHONW AHW3OTPOIINH.

N3BecTHO, 9TO MOHHO-CHHTE3WPOBAHHBIN CJIOM COCTOUT U3 PA3OPUEHTUPOBAHHBIX
KpHUCTATMNTOBR. KayK bl KPUCTAJIIINT, HAPSIY C OJHOPOIHON OTHOOCHOW aHW30TPOIIH-
eit, obsamaer Kpucraaiorpaduaeckoi aHU30TPOTNEHl, BEeINTHHA W OPUEHTAIINST KOTOPO
M3MEHSIOTCST OT KPUCTAIIINTA K KPUCTAJIINTY. DTa N3MEHSIONAsICA B TPOCTPAHCTBRE JIO-
KaJlbHAsg aHW30Tponus Bbi3biBaer aucnepcuto nanpasiaennii OJIH. Opnako Giaarogaps
OOMEHHBIM M MArHUTOCTATHYECKUM CHJIAM, MPENATCTBYOMAM PE3KUM M3MEHEHUsIM Ha-
MaramdennocTn M, HampaBiieHre MArHUTHOTO MOMEHTA JIJIs KayK/I0T0 KPUCTAJIJINTA He
OTIPEJICNISAETCS TIPOCTHIM COBMECTHBIM JeHCTBHEM OHOPOHON OTHOOCHOH W KPHUCTAJIO-
rpadudeckoil anuzorponuu. Pacnpeesienne HaMarHUUeHHOCTH (& TaKyKe aHU30TPOIHU
B KaxK/I0if TOUKE [IOBEPXHOCTH) B CJIOE JIOJIZKHO OIIPEIeJAThCs HA OCHOBE MUKPOMArHUT-
HBIX PACYETOB, YUUTHIBAOIINX MHOIHME KOMIIOHEHTHI JIOKAIbHOM 3Heprun. B gactrocTn,
B paborax [8, 9] nOKa3aHO, YTO AUCIIEPCHs AHU3OTPOIIMK MOYKET BOBHUKATD B PE3yJIbTare
KOHKYDEHITNY OOMEHHOTO B3aWMOJIEHCTBUST 1 MArHUTHON aHW30TPOIHH.

3. BriBoabr

B pesyabrare npoBeIEHHBIX MCCIEI0OBAHNI MATHUTHBIX CBOMCTB TOHKUX (heppomar-
HUTHBIX CJIOEB, MOJYYE€HHBIX METOJIOM HOHHO-TyY€BOTO CUHTE3a BO BHEIITHEM MAarHUTHOM
mosie, OBIIO YCTAHOBJIEHO, 9TO MATHUTHBIE XaPAKTEPUCTUKN AHU30TPOIHBI B IJIOCKOCTH
CJI0S1, TPUYIEM aHW3OTPOTHS HOCUT B TIEJIOM OJTHOOCHBIH XapakTep. IIpm aTom BmepBbIe
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Pwuc. 3. Tomorpamma azuMyTa bHBIX 3aBUCUMOCTEH TTPUBEIEHHON OCTATOYHON HAMATrHUYTEHHO-
cTH Ay obpasna KPeMHHMs, HMILTAHTHPOBAHHOTO ronaMu Fe T BO BHemIHeM MATHHTHOM IIOJE

H; =200 B

obuapy:xena maucrtepcus Hanpasaennii OJIH B Torkux dheppOMarHUTHBIX CIOSX, TTOJY-
geHabIx Metonom WJIC B MaruuTHOM TOJIE.

I m3ydenus JOKAJbHBIX MATHUTHBIX CBOICTB TOHKHX (DEPPOMArHUTHBIX CJIOEB
OBLT CKOHCTPYHUPOBAH M M3TOTOBJEH CKAHUPYIOIINiT MarHuTOomonapumerp. Paszpadboramno
nporpaMMHoOe obecriedenue i yIPaBIeHnus] MArHUTOMOJIAPUMETPOM U MPEIBAPUTEb-
HO# 00pabOTKU pe3yIbTaTOB W3MEPEHUIA.

Aptopsl Bblpaxkator npusHarenbHocrs H.B. Kypb6arosoii u M.®. TansyrauHoBy
(KO®TU KasHIT PAH) 3a cozeiicrBue B pabore u moJie3uble 0OCY 2K ICHUS.

Pa6ora wacTuuHO mommeprKaHa rpaHTaMu Mo mporpamme hyHIaMEeHTATBHBIX HCCIIe-
nmosanuit [Ipesuguyma PAH u o nporpamve O@H PAH «®@usnka HOBBIX MaTE€pPHUAJIOB

1 CTPYKTYD».

Summary

D.A. Konovalov, G.G. Gumarov, V.Y. Petukhov, R.A. Khalikov, V.I. Nuzhdin. Study
of Magnetic Properties of Ion-Synthesized Layers by Scanning Magnetic Polarimetry.

Scanning magnetic polarimetry methodology for studying ferromagnetic layers is described.
Software-hardware implementation of the magnetometer and measurement and processing
algorithms are presented. Results of studying ferromagnetic layers ion-synthesized in the
magnetic field are given. Dispersion of the magnetic anisotropy with respect to the direction
of the magnetic field applied at the implantation is found.

Key words: Kerr effect, magnetopolarimeter, magnetic properties, anisotropy, ion
implantation.
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