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OBILIASA XAPAKTEPUCTUKA PABOTHBI

AKTYaJIbHOCTD npo0JieMbl. HccnenoBanue PacCCAHnA QJICKTPOMAaroHuTHOI'O

U3IY4YCHHs B JIOKAJIbHO-HEOTHOPOIHBIX CpElax SIBIISETCS KIACCUYECKOW paauo(u3nuecKoit
3a/1adyeii, pemaeMoi BO MHOTHX OOJACTSIX HAyKH M TEXHHWKHU (paroOJIOKAIluU, MEIUIINHE,
aTMOC(epHBIX HCCIEIOBAHUAX, MPU H3YYEHUHM a’po30iied, B3Becedl u T.1.). OOiydeHue
BEIIECTBA M HAOIIOJCHHE MPOCTPAHCTBEHHOTO CIIEKTPa PACCESHUS MPUMEHSIETCS B IITUPOKOM
JMana3oHe JJUH BOJH M3JIy4YeHUs M TMO3BOJSET M3y4aTb HEOJAHOPOJHOCTH CaMOIo
Pa3IMYHOrO MPOCTPAHCTBEHHOT0 Maciutaba u (usmueckoil mpuponbl. B nmanHoit pabote
METOJaMH PACCesHUSI CBETa M €ro MPOCTPAHCTBEHHON (MIBTpAllMM PEIIAloTCs 3aladyd
JETEKTUPOBAHMS U UCCIIEOBAHNUS CYOMUKPOHHBIX MAarHUTHBIX CTPYKTYP.

[Ipobnema fAeTanbHOrO HW3YYEHHsT PABHOBECHBIX W BO3ZHUKAIOIIUX B  XOJ€
nepeMarHMYuBaHus (JIMHAMHYECKHX) pacTlpeesieHuii HaMarHM4eHHOCTH Ha CyOMHKPOHHBIX
MPOCTPAHCTBEHHBIX MaclITabax SIBISIETCS] OJIHOM M3 KIFOYEBBIX B COBPEMEHHOM MPUKIIATHOM
U $yHIAMEHTaIbHOM MUKpoMartetusme. Cpeny COOTBETCTBYIOLIMX BBICOKOPA3PELIAIOIINX
AKCIIEPUMEHTAIBHBIX METOJIMK 3HAYUTENIbHbIE HAJEXKbl BO3JAraloTCsi Ha MArHUTHYIO
CUJIOBYIO MUKpOcKonuto [1,2]. XOTs npu ucciie10BaHUM MarHUTHBIX MUKPOCTPYKTYp AaHHas
METOJMKa 00eCreurnBaeT MPOCTPAHCTBEHHOE pa3pellieHHe MOPsIIKa 1eCATKOB HAaHOMETPOB, €€
MPUMEHEHHE COMPOBOXKIAETCS TPYAHOCTAMHU B MHTEPHPETALMHU MOIyYaeMbIX W300paKeHUH,
HEKOHTPOJIMPYEMOM BO3JECHCTBUM MHUKPO30HAA Ha pacHpeleleHUE HaMarHU4eHHOCTH B
o0pasie 1 Hao0o0pOT, MaJIOK CKOPOCTHIO MPOIlecca CKAHUPOBAHUS, AETAIOIIEH HEBO3MOKHBIM
Ha0JII0/IeHHEe OBICTPONPOTEKAIOIIUX MPOIIECCOB B PEAIbHOM BPEMEHHU.

B T0 ke BpeMs 3HaUNTEIbHBIM HEPEATN30BAaHHBIM [TOTEHIIMAIOM NPU JETEKTUPOBAHUU
U W3YYEHUM TaKMX MArHUTHBIX 0O0pa3oBaHMil, Kak jgoMeHHas rpanuma (JAI) u ee
cyOcTpyKkTypa (BepTHKadbHbIE M TOpH30HTaNIbHBIE OjoxoBckue JuHUHM — BBJI m I'BJI,
OJIOXOBCKHE TOYKH), UMEIOUINX CJIOKHOE PACIpe/ie]ieHne HAMarHMUeHHOCTH U XapaKTEPHBIH
pa3Mep B JecsTble M COTbIe JOJM MHKpPOHA, O0JaJar0T OCHOBAHHbIE HAa PETUCTPALMU
pPacCesTHHOTO U3IYYEHUS M €ro MPOCTPAHCTBEHHON (UIbTpAllMK METOJbI ONTHYECKOU
MUKPOCKOIIMM TEMHOIO Mouisl. OTHOCUTENbHAs MPOCTOTA 3KCHEPUMEHTAIBHON peaan3alu,
MOTEHIIMAJIbHAS BO3MOKHOCTh JIE€TEKTUPOBAHUS CTPYKTYp, Pa3Mepbl KOTOPBIX HAaXOIATCA 3a
IIPENEIOM ONTHYECKOTO pa3pellieHus] TPaAMLMOHHONM MMKPOCKOIIMHA, U BO3MOKHOCTh
MIPOBEJICHUS IMHAMUYECKUX HCCJIEI0BAHUN B PEAIbHOM BPEMEHHU JIENAl0T METO/bl TEMHOTO

0JIs IPUBJIEKATEIbHBIMU I U3YUYEHUSI CYOMUKPOHHBIX MAarHUTHBIX CTPYKTYP.
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HaubGonpmmii ycrex B NpUMEHEHHMM METOJa TEMHOrO MOJs AJi1 pEerucTpauuud u
W3YYCHHS] CyOCTPYKTYphl JOMEHHBIX TpaHull Obul gocturHyT A.TuaBmwmiem u JK.Munroit
[3,4,9], xoTopbie pa3paboTamu METOJ aHM30TPOIHOW TemHomoJbHOU mojcBeTku (PADO -
polarized anisotropic dark-field observation) u BHepBble BH3YallbHO 3aperUCTPHPOBAIIN
muann broxa B gpeppurax-rpanaTax ¢ NepneHANKYISIPHOW aHU30TPOTTHEH.

HecMoTps Ha 10CTATOYHYIO U3YUYEHHOCTh SIBJACHUS NTU(PAKIMKU CBETAa HA PETYJISPHBIX
JIOMEHHBIX CTPYKTypax W Jaxe peanbHOoe NpuMeHeHue sT1oro sddekra [5,6], MHOrUE
BOTIPOCHI, OTHOCAILIMECS K MeXaHu3MaM (HOPMUPOBAHUS TEMHOIOIBHOTO H300paKEHHS
MarHUTHOW CTPYKTYpbl, OCOOEHHOCTSIM TNPUMEHEHHS METOJIOB PACCESHHSI CBETa U €ro
MPOCTPAHCTBEHHOW (UIIBTPAlMM B MATrHUTHBIX HCCIEOBAHUSAX, WX BO3MOXHOCTAM U
OTPaHUYEHUSM, OCTAIOTCSI HE BBISICHCHHBIMH.

C [npyroil CTOpPOHBI, TOHUCK HOBBIX (DU3MYECKMX MEXaHW3MOB M MaTepUasoB,
JOITYyCKAIONINX W3MEHEHHE IapaMeTpOB BEIIECTBA HA CYOMHUKPOHHOM MPOCTPAHCTBEHHOM
MacuiTabe B pe3ysbTaTe ONTUYECKOTO BO3ICUCTBUS, PECTABISET 3HAUNTEIbHBIA UHTEPEC B
CBA3U C BO3MOXHOCTBIO MX IPUMEHEHHUS] B HOBBIX IMOKOJEHHUAX YCTPOMCTB ONTHUYECKOU M
TEPMOMArHUTHOMU 3aMucH UH(pOopManuu.

B pamkax o0003Ha4Ye€HHBIX BBIIIE TPOOJIEM LeJdb PadoTbhl — pa3padoTKa HOBBIX

IIOAXOJO0B K JETEKTUPOBAHUIO U HCCIEHOBAHUIO ME30CKOIMYECKUX MArHUTHBIX CTPYKTYp C

IIPUMEHEHUEM ONTHYECKUX METONOB, a TaKKE€ HW3YYEHUE BIMSAHUSA JIOKAIM30BAHHOIO

ONTUYECKOTO M3JIyYCHHs Ha OTU CTPYKTYpPbl M BO3MOXHOCTH HX 3apOXKICHUS IIyTEM

ONITUYECKOro BO3JeHCTBUSA. Ha mpumepe MarHMTHBIX TieHOK (epputoB-rpaHatoB (PI) c

NEPIEHANKYJIIIPHON aHU30TPONUEN B padOTe pelauch CIEeYIOIINE 3a1a9u:

1. Pa3paboTka HajeXHbIX H HH(OPMATUBHBIX MOAXOAOB K JETEKTHUPOBAHUIO H
UCCIIEOBAaHUIO MUKPO- U HAHOPA3MEPHBIX MATHUTHBIX CTPYKTYP METOJAMM PACCESHUS
CBETa U €ro NpOCTPAaHCTBEHHOHN (HIbTpaLuy.

2. H3ydeHune CTaTUYECKUX U JUHAMUYECKUX CBOMCTB ME30CKOIIMYECKUX CTPYKTYP B IUIEHKAX
(beppUTOB-TPAaHATOB C MEPIEHANKYIISIPHON aHU30TPOIMEH, UCCIICIOBAHNE BIUSHUS ITHX
CTPYKTYP Ha MaKpOCKOIIMYECKUE TIPOLECCHI IEPEMarHU4NBAHHUS.

3. HccnenoBanue MEXaHU3MOB MOAM(PHUKAIIMY BHYTPEHHEN CTPYKTYpPbl JOMEHHBIX TPaHUI] U
3apOXKIACHUS ME30CKONMYECKMX MArHUTHBIX CTPYKTYp MYTEM JIOKQJIM30BaHHOTO
JIa3€pHOTO BO3ACUCTBHS; PACCMOTPEHUE BO3MOKHOCTH IIPUMEHEHMSI JAHHBIX MEXaHU3MOB

JUISL CO3/IaHUsl YCTPOMCTB XpaHEHUs! 1 00paboTKu HH(POpMALIUK.



Hayunasi HOBM3Ha paOOThI 3aKJIIOYAETCA B:

1. Pa3paboTke METOAMKH WCCIEIOBAHUA CTAaTUYECKUX U JIMHAMHYECKHUX CBOMCTB
MarHUTHBIX MHKPO- M HAHOCTPYKTYp IIyTEM COBMECTHOTO TPUMEHEHHUS METO/I0B
MarHUTOONTHYECKOTO pacCcesHUus CBETa, €ro MPOCTPAHCTBEHHOW QUIbTpanuu WU
BBICOKOCKOPOCTHOU (hoTOorpadum.

2. WccnenoBanuu (Ha mpumepe mieHOK PI' ¢ OAHOOCHON aHU3OTPONHUEH) TEOMETPHUH
OJIHOCTOPOHHEW TEMHOIIOJIBHOM MUKPOCKOIMH IIPU NPOU3BOJIBHOM YIJIE MaJECHUs CBETA
OTHOCHUTENIBHO IJIOCKOCTH JOMEHHBIX I'paHull. HaxokIeHuu yciaoBHil MajeHusl CBETa U
MPOCTPAHCTBEHHON (DUIIBTPALIUU PACCESIHHOTO M3ITyYEHHUS, IPU KOTOPBIX MPEAJIOKEHHAS
METOJMKa UMEET MaKCUMAIbHYI0 OOHApYKHUTEIbHYIO CIIOCOOHOCTH, 0OECIIEUHBAIOIIYIO
BU3YaJM3allMi0 BEPTUKAJIBbHBIX JIMHUN bioxa 3a cueT MarHMTOONTHYECKOH AUPPAKIUU
CBETA HEMIOCPEACTBEHHO HA PacnpeieIcHN HAMarHU4€HHOCTH B JINHUH.

3. UccnepoBaHMM IyTEM COBMECTHOTO INPUMEHEHHS METOAOB TEMHOIO IOJIS M
BBICOKOCKOPOCTHOM (poTOrpauu J[WHAMUKH JIOMEHHBIX TpPAHUIl, BEPTUKAIbHBIX H
TOPU3OHTANBHBIX JUHUN broxa B miueHkax ¢eppuros-rpanatoB. M3yueHun xapaxrtepa
npeoOpa3oBaHusi BHyTpeHHEH CTPyKTypsl I Ha pa3nmuyHbIX 3Tamax ee JBWKEHUS IpH
BO3/ICHCTBUY UMITYJILCHBIMU MOJISIMU CMEILIEHUS. Y CTAaHOBJICHUH OCOOCHHOCTEN BIIUSHUS
tonosiorun BBJI Ha ee auHaMHUuecKuWe CBOWCTBA B IUIAHAPHBIX MPOJABUTAKOLINX
MarHUTHBIX MOJISIX.

4. OGHapyxeHuu >(p¢heKToB 3apOoXKIeHUS U MPOJBIKCHHUS BEPTHKAIBHBIX JUHUN bioxa B
JIOMEHHBIX TPaHULIAX MO/ JeCTBUEM C(OKYCHPOBAHHOTO JIA3€PHOTO H3ITYUCHUS.

IIpakTHYecKasi IEHHOCTD. I[I/ICCepTaHI/IOHHaH pa60Ta OTHOCHUTCA K HCCICIOBAHUIO

(bu3MUeCKNX OCHOB MHKPO- M HAHOTEXHOJOTMH MArHUTHBIX MarepuaioB. llomyudeHHbIe
pe3ynpTaThl MOTYT OBITh HCIOJIB30BaHBI NpPU  pa3pabOTKe ONTHYECKHX METOJOB
JIETEKTUPOBAHUS M M3Y4YEHUS] MAarHUTHBIX HAHO- M MHUKPOCTPYKTYp; HCCIEIOBaHUU U
pa3paboTKe HOBBIX THUIIOB YCTPOWCTB XpaHEHHs M OOpaOOTKM MH(POPMAILMU C MOJTHOCTHIO
ONTUYECKON aapecanueil. Pe3ynbraTel MPOBEAEHHBIX MCCIEAOBAHUM, B YaCTHOCTH,
oOHapyxeHue u ucciegoBanue 3pQPpexToB 3apoxaeHus u npojaswkenus BBJI B momenHoOM
rpanune mwieHkn @I mon aeiicTBueM c(OKYCHUPOBAHHOTO JIA3€PHOTO M3IYUYEHHS TO3BOJIMIN
MPEUIOKUTh HOBBIM CIIOCOO 3aNUCH-CYUTHIBAHHSI MarHUTHOTO OnTa MH(DOpPMAUU pa3MepoM

MCHBIIC WJIH ITOPAIKA 0,1 MKM IIYTCM JIOKAJIbHOI'O OIITHYCCKOI'O BO3JCHCTBUSI.



HayuHble 0J10:K€eHHsI M Pe3VJbTAThl, BBIHOCHUMbIE HA 3AILIUTY.

1. DkcniepuMeHTaIbHas U TeOpeTHUecKas pazpadoTka MeTonoB Buzyanuzauuu BBJI u nqpyrux
ME30CKOIMYECKUX MArHUTHBIX CTPYyKTyp B MieHkax OI' Ha ocHoBe »3¢dexToB
MarHUTOONTHYECKOTO paccesHusi cBera. (Co3qaHuMe YHUKAJIbHOM MCCIENOBATEIbCKON
YCTaHOBKH, OOBEIMHSIONIEH METOJbI TEMHOTO IOJIsi, MPOCTPAHCTBEHHOW (QHIbTpanuu
pacCcessHHOTO W3JIy4eHUSI M BBICOKOCKOPOCTHOW QoTorpaduu, MO3BOJSAIOMIEH MOIy4YaTh
CTaTUYEeCKHEe M JMHAMUYECKHE H300paK€HUs OJHOTO M TOrO K€ ydacTKa MarHUTHOM
CTPYKTYpbl B Pa3JIMYHBIX T€OMETPHUSIX TEMHONOJIBHONM MHMKPOCKOIMHA ¥ MHUKPOCKOIIHH
MIPOXOMSIIETO CBETA.

2. DKCIIEPUMEHTAIIBHOE ONPEJEICHUE 3aBUCHUMOCTU JHWHAMHU4YecKux cBokctB BBJI ot
TONOJOTUM JIMHUM W HalpaBieHHs ee ABWKEeHUs (3PQPeKT HEeB3aMMHOCTH) MpuU
MIPOJIBM>KEHUU JIMHUU b0Xa MarHUTHBIM NOJIEM, HAIIPABJIEHHBIM B TUIOCKOCTH MarHUTHOMN
IUIGHKU BJONb JOMEHHOW rpanuibl. Co3maHue W 00OCHOBaHHE (PH3MUECKON MOAETH
ahdexra Ha OCHOBE MPENANOIOKEHHsT 00 HW3MEHEHHWU TIpoliecca TeHEpaluu IeTelb
rOpU30HTANIbHBIX TMHUN brioxa Ha ¢ponTe nBmxymeiics BBJI (kak ocHOBHOTO MexaHU3Ma
orpannueHus ckopoctd BBJI) B 3aBucumoctu ot tononoruu BBJI u reomerpuueckoro
npoduis JII' B MecTe mokamu3auu JIUHUH.

3. OOHapyxeHHe HOBBIX 3(PQPEKTOB 3apOXKACHUS M MPOABMKEHUE BEPTHUKAIBHBIX JIMHUHN
bnoxa B JOMEHHBIX TpaHUIAX IUIGHKH (eppuTa-rpaHaTa IMOJX  JCUCTBHUEM
Cc(OKYCUPOBAHHOTO JIa3€pHOTO U3JydeHUsd. BbigBieHHe 00IKMX 3aKOHOMEPHOCTEH
3pdEeKTOB U OIpeleleHne ONTUMAIbHBIX I1apaMeTPOB ONTHUYECKOrO BO3ACUCTBUS,
o0ecrneurBaroIUX KOHTPOJIUPYEMOE 3aposkieHne TuHuid bioxa.

4. DxcniepyMeHTallbHOE  OOOCHOBAaHME MOJENH, CBs3bIBarolel mpupoxy 3¢pGheKToB
3apoxJaeHuss W nepemenieHuss BbBJI ¢ BukeHHEM [IOMEHHBIX T'paHUL, BbI3BAHHBIM
JIOKaJbHBIM HM3MEHEHUEM pACIpPEICICHUsI TNOJIEW pa3MarHWYMBAaHUS B pe3yJbTare
TEeMIEepaTypHOI0 YMEHbIIEHUS HAMarHHYeHHOCTH B MecTe (DOKYCHUPOBKH JIA3€PHOTO JIyya.

5. OGocHOBaHHME HOBOTO TOIXOJa K pa3paboTke CrocoOOB 3apOXKIEHUS W CUYUTHIBAHUS
CyOMUKpPOHHBIX MarHMUTHBIX ME30CKOMUYECKUX CTPYKTYP C MCHOJIb30BAHUEM ONTHYECKUX
METO/I0B.

AnpoGauus _ pe3yabTatoB. OCHOBHBIE pE3yJbTaThbl, M3JI0KEHHbIE B JHCCEpPTALUH,

noknangeiBack Ha: V. u VI Mexnynaponueix koHdepeniusx MMM - UHTEPMAT
(ITutcOypr, 1991: Anbbykepk, 1994); X Bcecoro3HoM OOBEIMHEHHOM CEMHUHApe I10

npobneme LIMJI-BBJI (Mockga, 1991); XIII u XIV Bcecorosnsix, XV Bcepoccutickoit, X VI,
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XVII u XVII Mexnaynapoansix Illkonax-Cemunapax "HoBble MarHUTHBIE MaTepHUasbl
MUKpPO3JIeKTpoHUKH" (Actpaxanb, 1992; Mocksa, 1994, 1996, 1998, 2000, 2002); VI
Mexaynapoanoit koudepeniuu no geppuram (Tokumo, 1992); Kondbepenunun UHTEPMAT
(Crokronsm, 1993); I Bceepoccuiickoit u Il Mexaynaponnoit kondepenuuu "IIpoGrembl
dbynnamentansHoi Gusuku" (Capatos, 1996, 2000); Beepoccuiickoii HayqHON KOH(DEPEHITUN
"®duszuka KoHAeHCHpoBaHHOTO coctosiHug" (Crepnautamak, 1997); mayuHol KoH(epeHIH
"JlomonocoBckue  uteHus" (MockBa, MIY wum. M.B.JlomonocoBa, 1999); X
MexayHapoqHOH HaydHO-TeXHHUecKol koH(pepenmmu "Jlazepsl B Hayke, TEXHUKE,
Menunuae" (Coum, 1999), 11 MexayHapoaHoil KOHGEPEHIIMH MOJOJBIX YYEHBIX |
cneunanuctoB «Onrtuka —2001» (Cankr-Ilerepoypr, 2001), XIX Hay4yHO-TEXHUYECKOU
koH(pepeHmu «BricokockopocTras poTtorpadus u porornka», (Mocksa, 2001)

Ilyoaukanuu. OCHOBHBIE Pe3yJIbTaThl AMCCEPTALMU OMyOJIMKOBAaHBI B 22 MEYaTHBIX

paboTrax.

Crpykrypa M_00beM padorhl. /luccepranusi COCTOMT W3 BBEJCHHS, MSATH TJIaB,

3aKJIFOUYEHHSI U CTIHCKa NUTUPYeMol nuTeparypbl. Pabota conepxkut 137 cTpaHull, BKIIOYaeT

65 pucyHnkoB, 1 Tabmuiry u 164 6ubnmorpaduyeckue CChUTKH.

COLEPKAHUE PABOTHBI

Bo BBeieHNH 000CHOBAaHA aKTyaJlbHOCTh TEMbI UCCIIEIOBAaHUH, C(HOPMYIUpPOBaHA 1IEJb
paboThl M OIHMCaHa CTPYKTypa AHUCCEPTAIMH, H3JI0KEHbI OCHOBHBIC HAyYHBIE IOJIOKCHHUS,
BBIHOCHMBIE Ha 3aIUTY.

IlepBasi rjiaBa AUuccepTranuu IpcacTaBJIACT 0630p TCOPCTHUUYCCKUX )51

DKCIIEPUMEHTAIBHBIX ~ PabOT, TOCBSIICHHBIX METOJAaM  MCCIICIOBAHUS  MAarHUTHBIX
MUKPOCTYKTYp. Ocob0e BHUMaHUE yAeIeHO (PU3NIECKUM CBOMCTBAM JIOMEHHBIX TPAHUIL U UX
CTPYKTYPHBIX 2JIEMEHTOB (JuHUI biioxa) B smuTakcHanbHBIX IUIEHKAX (EepPUTOB-TPAHATOB C
MEPIECHANKYJIAPHOW aHU30TPONUEH, a TaKKe NPUMEHEHUIO METOAOB ONTHYECKOU
MHUKPOCKOIIMU B MarHUTHBIX HCCIIEIOBAHMSIX.

Bo BTOPOM rJaBe oOIlMcaHa  CO3JaHHaA B X0a¢€ BBIITOJIHCHU A pa60T51

AKCIIEPUMEHTANIbHASI YCTAaHOBKA, OOBEIUHSIONIAs METO/bl BHICOKOCKOPOCTHOM (hoTorpaduu
(BC®) u anuzorpomnHoil TemHONonbHOW MuKpockonuu (ATM) u mpennazHaueHHas ISt
MOUCKA HOBBIX ONTHYECKHX METOJOB PETUCTPALUU U M3yUEHHUS] CYOMHKPOHHBIX MAarHUTHBIX
cTpykTyp. HaOmronenue 1o MeToqy TEMHOro IoJii OCHOBaHO Ha  3ddekre

MAarouTOONTHYICCKOI'0 paCcCCAHUA CBCTA: JIYY IMOACBCTKH B MHUKPOCKOIIC IMAJACT Ha O6p336].[



MOoJi HEKOTOPBIM YIJIOM W MHHYET OOBEKTHB, a H300pakeHHuEe (POPMUPYET TOJHKO CBET,
paccesstHHbId Ha MarHUTHBIX MHUKPOHEOAHOpPOIHOCTSX. Jlig  peanusanuu  pekuMma
HAOJIIO/IEHHS 10 METOJly TEMHOrO MOJs M MPOCTPAHCTBEHHOW (PUIbTpalKM pacCesHHOTO
U3IY4YeHHUs] B OIKCHIBAEMON YCTAHOBKE NMPHUMEHSUICS MEXaHHMYECKHUH IMOBOPOT oOpasua u
CHCTEMBI PETHCTpAallMd HM300paXEHHsI OTHOCHUTEIBHO ONTHYECKOW ocu mojcBeTku [7]. B
KAaueCTBE HMCTOYHHMKA IOJICBETKH B YCTAaHOBKE MCIIOJIB3YETCS MMITYJIBCHBIM a30THBIA JIa3ep
JITU-21 (u3myuyeHre KOTOporo mpeodpasyercs: B BUAMMBIN auana3zoH kpacuteneM PonamuH
67K). B 3aBUCHUMOCTH OT YCIIOBUM OJKCIIEPUMEHTA HCIOJIB3YETCS OJUH WM HECKOIbKO
KaHaJIOB TOJACBETKM oOpasua. OOpasen; pasMmelleH B CHCTEME MarHUTHBIX KaTyLIek,
CO3JIAIOUINX IMOCTOSHHBIE W HMMITYJIbCHbIE MarHUTHBIE MOJSI HNEPIEHAUKYISIpHO o0pasiy, a
TaKXKe B €ro IUIOCKOCTH. ba3oBas OJIOK-cXemMa yCTaHOBKH (C OAHMM KaHAJOM ITOJICBETKH)
IIpeICTaBIeHa Ha puc. 1.

[Tomyyaemple H300paKEHHsI MArHUTHBIX CTPYKTYp 4Yepe3 ONTHUYECKYI0 CHCTEMY
MPOELUPYIOTCS Ha IKpaH 3JIEKTPOHHO-ONTUYECKOTO YCHIIUTENS SIPKOCTH M PETUCTPUPYIOTCS
cUcTeMOM BBoJa M 00pabOTKM H300pakeHUMH Ha OCHOBE LU(POBON BHUAECOKAMEPHI U
KoMIibtoTepa. [IpuMeHeHre B kauecTBE UCTOYHUKA MTOICBETKM MMITYJIbCHOTO a30THOI'O Ja3epa
U YCWICHHE SIPKOCTH H300paKEHMsI IO3BOJIIET pPEaIM30BaTh HAOIIOJCHHE IO METONY
BBICOKOCKOPOCTHOM  (oTorpadii ¥  PErucTpUpOBaTh ‘‘MTHOBEHHBIE®  TEMHOIMOJbHBIE
n3o0paxxenus aewkymmxcs I, BBJI u apyrux MarHUTHBIX MHKPOCTPYKTYpP C BPEMEHHBIM
pazpeuieHuem ~ 10 HC B pe3yJibTaTe JEUCTBUSA OJJHOKPATHOTO UMITYJIbCA MOJICBETKH.

XapakTepHbIMUA OCOOCHHOCTSMHU CO3/IaHHOTO KOMIUIEKCA alapaTypsl SBISIOTCS:

1) oObenuHEHUE B €IMHOM YKCIIEPUMEHTATBHOUN ycTaHOBKe MeTof0B BCO u ATM;

2) NpUMEHEHHE HECKOJIbKMX KaHajJOB IOJCBETKH 00ecrnedynBaeT BO3MOYKHOCTb
HAOMIOJCHHST 33JaHHOTO Y4YacTKa MAarHUTHOM CTPYKTYphl Kak B TPaJUIIMOHHOM
MHUKPOCKOIIUHU MPOXOJSILErO CBETa, TAK U B PA3NMYHBIX T€OMETPHUIX TEMHOIIOIBHON
MHUKPOCKOITUH C MTPOCTPAHCTBEHHON (MIIbTpalMel pacCesHHOTO N3TyYeHMS,;

3) pexxuM HAOMIOACHHUS MO METOAY TEMHOTO TOJs JOCTUTaeTcsi Ojaronmapsi MOBOPOTY
o0Opa3la M CHUCTEMbI PErucTpalud H300paKEHUS OTHOCUTENIBHO ONTHYECKOH OCH
MOJICBETKH;

4) peructpamusi u o0paboTka H300paKCHHM, TOCTYyNAIONMX C BbIXOAa IHU(POBOIA
BHJICOKAaMEPBI, OCYIIECTBIACTCA aBTOMAaTU3UPOBAHHOW CHUCTEMOM KOMIIBIOTEPHOU

00paboTKH N300paKEHUH.



CRETOISTIHTS/IEHAA

INTACTHHA  KOHISHCOP L‘TEI pazci

— NpAMOE 1y
2 | —:|—|:| —}l\ —}—E - O '
Tk e ., A, I;/_";Uﬁ']._,.;j'[q']'ﬁﬂ.
RGG T NOJNApHIaTOp H’H_f- . aHATH3ATOP
tpoto k
AHOM m <
|'_ __.-"..HH_ -""H-._.R
reHepaTop :7
—_ = HMITYIILCOR P00 e A:;«.-
| [13C {i
ocH H.’II[‘JI'DHI.'FF r RAMERE /]
KOMINLHTS

Puc. 1. biok-cxema 3KCHepUMEHTaIbHON YCTAaHOBKH BBICOKOCKOPOCTHOM (ororpaduu n
AHU30TPOIMHON TEMHOITOJIBLHOM MTOJCBETKH.

Pemmenus 1, 2 SBISIFOTCS OPUTHHAILHBIMU M OTJIMYAIOT JAHHBIA KOMILJIEKC armapaTypsl
OT ONHUCAHHBIX B JINTEPAType YCTAaHOBOK MArHHTOONTHYCCKOW MHKPOCKOIHH TEMHOTO
noxs [3,4,7,8,9].

TpeTbsl IJIaBa MOCBAIICHA M3YYCHHIO OCOOEHHOCTEH BH3yaIM3allMd BEPTHKAIBHBIX

auHuil broxa B mieHKax (eppuUTOB-rpaHaTOB C MPUMEHEHUEM MAarHUTOONTUYECKOM
TEMHOIIOJIbHOM MUKPOCKOIHMH U MPOCTPAHCTBEHHON (PUIBTPALIMU PACCESTHHOTO M3ITyUYeHHUs], a
TaK)K€ aHaJN3y BO3MOXKHOCTEH M OTrpaHMYEHUN METO/a TEMHONOJBHOTO HAOJIOJIEHUS MPHU
UCCIIEJIOBAHUN MArHUTHBIX MHUKPO- U HaHOCTPYKTyp. IlpuBomautcs Tabiauma cocTaBoB U
napaMeTpoB  HCCIeIOBaHHBIX  oOpa3noB. Bce wuccnenoBanHble  00pas3ubl  MMEJH

KpucTauiorpaduyeckyto opueHTanuio <111>.

Ne CocraB p, MkM| h, MKM | O, rpag/cm |4nM , T'c| K, apr/CM3 Q
1 | (GdPrBi)s;(FeAl)sOq, 7,4 4,6 17000 181 1800 1,4
2 | (BiTm)s(FeGa)sO, 8,5 7,5 17300 173 4500 3.8
3 (BiTm);3(FeGa)sO, 8,7 | 10,0 6000 144 5400 6,6
4 | (YGdBi);(FeAl)sOy, 9,0 8,8 11000 260 24000 8,9
5 |(GdBiPrTm);(FeGa)sO,| 20,0 5,7 19300 113 6300 11,8
6 (BiLu)3;(FeGa)sO, 17,5 9,9 15400 125 8200 13,2

Tabnmuna 1. TlapameTpsl WccleayeMbIX OOpa3loB: p - MEPHOJ JOMEHHOH CTPYKTYpbl; h —
TonmuHa oOpasua; O - ynenbHoe (apaneeBckoe BpaiieHue 47V - HaMarHUYEHHOCTb

HachlleHns; K, - KOHCTaHTa OJHOOCHON aHn30Tponuy; Q - hakTop KayecTna.
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B maparpade 3.1. npeacTaBiaeHbl pe3yJbTaThl U3YUYE€HUS OCOOCHHOCTEH BU3Yyalld3alluu
BBJI B reomerpuu TEMHOIO MOJIA, CXOAHOW ¢ mpeyoxeHHoW B [3,4]. Jlyu moacBeTku B
MHUKPOCKOIIE MajaeT Ha 00pasell Mo HEKOTOPHIM YIJIOM U MUHYET OOBEKTHB, a H300pakeHHE
(bopMupyeTcst TOJIBKO CBETOM, TU(GPArupoBaBUIMM Ha MAarHUTHBIX MUKPOHEOJHOPOJHOCTSIX.
B reomerpun PADO mnnockocTh majgeHusi cBeTa NEpHEeHAUKYIspHa 1iuockoctn JI
(cM. puc. 2a). [Ipu 3TOM rpaHuIia BEITISAUT KaK CBETJIasl 10JI0CAa HA TEMHOM (POHE, JIOKAJIbHbIE
u3MeHeHus: spkoct wu3o0paxkenuss JI' Ttpakryrorcs kak Mecta Jokanu3zauud BBJI
(cM. puc. 2B, KOHTpAcT M300pakeHUsT UHBEPTUPOBAH, JMHUHM biioXa OTMEYEHBI CTpelKaMu).
[Ipu ¢ukcupoBaHHOM YyrJle majeHus cBera Tun KoHTpacta BBJI (cBernas wiau TemHast)
3aBUCUT OT MarHUTHON Tomonoruu BBJI (o-3apsna) m HampaBiieHUss HAMAarHUYEHHOCTH B
coceqaux aomeHax (VO, rme 0 — moNsApHBIA yron, cM. BCTaBKy K puc.S5.). MarnurtHeie
KOH(UTYypaLnu, COOTBETCTBYIOIINE MPUBEIEHHBIM Ha puc. 2B creHkaM ¢ BBJI, uzo0pakensl
Ha puc. 2r. Pe3yabTaTsl BEIIOJHEHHOTO B pabOTE MCCIEI0BaHUs OCOOEHHOCTEN BU3Yyalu3aluu
BbBJI B PADO B 3aBHCHMMOCTH OT YCJIOBUH 3KCIIEpUMEHTAa M IapaMeTpoB 00pa3LoB Ha
KAueCTBEHHOM YPOBHE COBIAJAIOT C JIaHHBIMHM, HE3aBHCUMO IIOJy4eHHbIMH B [9],
CBUJETENIbCTBYIOT O TOM, YTO BO3MOXHOCTh HAONIOACHMS JIMHUW B JAHHOM TIe€OMETpUU
TEMHOTO MOJs CBSiI3aHa HE C PACCEsIHUEM CBETa HENOCPEICTBEHHO HA pacHpelelIeHUU
HAMarHM4eHHOCTH B TUHUM bioxa, a ¢ mukpoHakiionoM /(I B mectax snokanuzanuu BBJI.

[IpennoxkeHa HOBasg cXeMa SKCIEPUMEHTAa, TakXKe [OMyCKarollas JAETEKTUPOBaHUE
nuHuN bioxa, HO uMeroIas s CyneCTBeHHBIX oTauduit ot [3,9] (cm. puc.26,1). Kiroueoit
0COOEHHOCTBIO OMHCHIBAEMON CXEMBI TEMHOIIOJBFHOTO HAOMIOACHHs JUHUNA broxa sBisercs
najienre ceera B mockoctu I (cm. puc. 26 ¢ = 0°). [Ipu sTom nporcxonuT GuiabTparus He
TOJIBKO MPSIMOTO Iy4Ka IOJICBETKH, HO U W3JIy4E€HHs, PACCESIHHOIO HA JIOMEHHOM TpaHHMIIE.
CpaBHeHUE MONYUYEHHBIX B reoMerpuu temHoro mnoist ¢ @ =90° (PADO) u ¢ = 0° (HoBas
cxema) u300paxeHuit (cM. puc. 2a, 6, B, 1) MO3BOJIIET OTOXKICCTBUTh SIPKUE OOBEKTHI PUC. 21T
c BBJI. B ornmuune or PADO, B HOBOW IeOMETpUHM, BHE 3aBUCHMOCTH OT MarHUTHOMU
TOIOJIOTUH, JIMHUM BU3YAJIU3UPYIOTCA B BHUJAE IIATEH INPUMEPHO OJHONW HHTEHCUBHOCTH.
N300paxeHus: UMEIOT 60siee CUMMETPUYHYIO (pOpMy, TO €CTh UX pa3Mep BIoJb U nonepek I
NpUMEPHO OAMHAKOB. OTCYTCTBHE B CXEME 3aCBETKM HE TOJBKO OT JIOMEHOB, HO U OT
cBoboanbix oT BBJI yuactkoB rpanun ects cieayromuid, nocie PADO, mar B ¢unbTpanuu
PACCEIHHOTO M3IY4YCHHUS, UCKIIOYCHUN W3 M300paKEHHs] MarHUTOONTHYECKOTO OTKIMKA OT

HEeMH(OPMATUBHBIX MATHUTHBIX CTPYKTYP U BblJeNeHUH curHaia ot BbJIL.
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Puc.2. Ontmueckas cxema OJHOCTOPOHHEW TEMHOIOJBHONW TIOJICBETKH |
pacrpeiesieHie HAMAarHHYeHHOCTH B JOMEHAX, JOMEHHOW IpaHuIle U JIMHUK bioxa.
@ - YTOJl MeX]y TUIOCKOCTBIO MaJICHUS CBETA U IJIOCKOCTBHIO IOMEHHON CTEHKU; Y/ -
yroa mazeHusi cBera. [IMOCKOCTh majieHus1 CBeTa MepreHauKysipHa ¢=90° (a) u
napayuiensHa ¢=0° (0) MIOCKOCTH TOMEHHOW TpaHMIBI (COOTBETCTBEHHO CXeMma

PADO u HoBast cxema). k, —BOJHOBOH BEKTOp MaJAIOIIEro W3Iy4eHHs; k, —

BOJIHOBOM BEKTOP PACCESHHOTO M3JTyUeHHUs.

XapakTepHble N300pakeHUs TOMEHHBIX TPAaHUIl U JUHWKA biioxa, moiydaeMeie B
PADO (B) u HoBoii cxeme (1). KonTpact uHBepTupoBaH, JIMHUU bioxa oTMedeHbI
CTpenkamMu. B IEHTpaJdbHOH dYacTH pHUCYHKA CXEMaTHYeCKH HU300paKeHO
pacmpejieieHne HaMarHW4eHHOCTH B UCCIEAyeMOM ydacTke oOpasua (T).
DKCIEpUMEHT BBITIONHEH ¢ 00pasiom Ne 2 (cM. Tabnuiy 1).
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Heo6xoauMo OTMETHTh, UYTO BHU3yalu3aluio JUHUK bioxa B HOBOW TeOMETpUH
(¢=0°) ynanochb OCyIIECTBUTh BO BCEX MCCJEIOBAHHBIX 00pa3liax, BKJIIOYas U oOpasel, He
nomyckaromuil Buzyanuzaiuio BbJI B PADO (o6pazery Ne 6, cMm. Tabnuiry 1).

N3noxxennple BhIIe (aKThl MO3BOJSIOT MPEANOIOKUTh, YTO (PU3UUECKUN MEXaHU3M
Bu3yanus3auun BBJI B reomerpum mnameHuss cBeta BAOJAb IUIockoctH [T oTimyeH ot
Mexanu3zmMa PADO u cBsizaH ¢ HEMOCPEACTBEHHOM MarHUTOONTHYECKON mudpakiyen cBera
Ha MarHuTHOM cTpykrype BBJI. DTo mnpeamnonoxeHve NOATBEPKAAETCS, B YACTHOCTH,
pe3yibTaTaMHi YUCIEHHOTO MOJEIUPOBAHUS, TAK)KE MPEICTABICHHBIMU B JAMCCEPTAIUOHHON
pabore.

B pazgene 3.2. paccMOTpeHBI BO3MOXHOCTHM MAarHUTOONTHYECKON MUKPOCKOIHHU
TEMHOTO TOJs NPU HAOMIOACHUM MarHUTHBIX MUKPO- U HAHOCTPYKTYP C YYETOM TOIO, UTO
METOJ] TEMHOrO TMOJii B OTHOLIEHHWH MPOCTPAHCTBEHHOIO pAa3pELICHUs] MPAKTUYECKU
DKBUBAJICHTEH TPAJULIMOHHOMN ONITHYECKON MUKPOCKOIIUU. B TO k€ Bpems, B CUILy TOTO, YTO B
TEMHOIOJIHOM H300paK€HUU OTCYTCTBYET (DOHOBAsl 3aCBETKA, MOXHO YTBEpPkKIaThb, 4TO
Oojee BBICOKAs, MO CPABHEHUIO C OOBIYHOM MHUKPOCKONHMEH B TPOXOJSIIEM CBETE,
OOHapy>XHUTENbHAS CIIOCOOHOCTh JAHHOTO METOZa MOXET OBITh IOJIe3Ha HE TOJIBKO MPH
HaOmoaenuu nuHui broxa. Iy cpaBHeHUsI I€TEKTUPYIOIIEH CIOCOOHOCTH TEMHOMNOIBLHOU U
TPaJAUIIMOHHOW MUKPOCKOIIUU B MPSMO MPOXOISIIEM CBETE ObUTH MPOBEACHBI IKCIIEPUMEHTHI,
JIEMOHCTPUPYIOIIUE TPOLIECC KoJIlanca HUIMHIPUYECKUX MarHUTHbIX aoMeHoB (LIMJI) B
wieHke (¢eppura-rpaHaTta TOJl BIUSHUEM UMIyJbca Toysg cMmemeHus. [lomydeHHbie
pe3ynbTathl (CM. pucC. 3) yOeIWTENhbHO TOKA3bIBAIOT, YTO B TEOMETPUU TEMHOTO MO
BO3MOXHO JIETEKTHpOBaHuEe Kosutancupyromiero [IM/] Ha cranusx, HE pEerHCTPUPYEMBIX B
TPAAULIMOHHON MarHUTOONITUYECKON MUKPOCKOIMHU B MPSIMOM CBETE.

B paznene 3.3. moka3zaHa MpUHIMITHAIBHAS BO3MOXXHOCTh OOHApYKeHUs TUHUHN bioxa
B M300paXEHUSX MArHUTHBIX CTPYKTYp, IMOJYYEHHBIX METOAOM HPSIMOW TOJCBETKH, C
NOoCTeNyIome UuX KOMIbIOTEpHOM o00paboTkoil. IlposBistommecs npu oOpaboTke
n3o0paxkenuit ocobennoctu I, comepxkammx BBJI, cBsizanbl co caabbiM OTKIOHEHHUEM
npodusiss rpaHUilbl OT BEPTUKAIBHOTO B MECTE pacroyiokeHus JuHud. [IpencraBieHHbIe
pe3yabTaThl JIEMOHCTPUPYIOT MEPCIEKTUBHOCTh MPUMEHEHUSI METOAOB MaTeMaTU4YeCKOU
00paboTKH N300paKEHNH B MArHUTOONTHYCCKIX MUKPOMArHUTHBIX HCCIICIOBAHMSIX.

B zaxmountensHom maparpade [maBel 3 paccMaTpuBarOTCS MPUHIIMITHAIBHBIC

0COOEHHOCTH MAarHUTOOIITHYECKOM MHUKPOCKOITMU TCMHOTI'O I10JIA. OHGHCHBI BO3MOXHOCTHU U
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Puc.3. JuEanomieckoe mpeofpa20BalHHe DONOCOEOH OOMEHHOH CTRPVETIYPEL EO BHEITHEM [IpHOQHYECKOM MATHHTHOM II0JIE
CMEIEHHA [pH HCIOIEI0BAHHH TpEX PasfiHYHED TeoMeTpHH HalimopgeHMd B OpOoXOQAI[eM CEETE IIPH KOHTPAcTE JOMEHHEL
TpaHM [(A) M KOHTPAcTE [OMEHOE (B), E YCIOBWDI AHM2O0TPONHOR TEMHOMNONEHOH MMEPOCKOOHH IpH @=00° (KoHTpacT
HHEENTHPOEAH) (B). DHCIEpHMEHT BETIONHeH © obpasmont Me 2 (o tabmumy 1, maranTtHoe oone komnanca LW =125 3).
[pMENapHEANOCE IOCTOAHHOE MACHHTHOE IIOJE CMen[eHHA SA=110"3 H IpAMOYTONEHEIE MMIVIBCEL MATHHTHOO IIOJA

mmiTeneHocTeH SO0 He H avmmuTynof F=215 3. Werogom BCd malimopemie BENIONHEHO B VKAYIHHEIE MOMEHTH BpEMEHEH,
TEEANTHE B HHTEpEane t = [ — 360 He.
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OIpaHUYEHUs PAa3BUTOM METOIMKH IpU HAOIIOJAEHUU MAarHUTHBIX MHKPO- U HAHOCTPYKTYD.
Cnenan BbIBOI O TOM, uTO npuMeHeHHe MeTofoB ATM u mpocTpaHCTBEeHHOH (UIbTpaAIUH
PacCEesTHHOTO M3JIyYEHUSI MOKET 1aTh HOBYIO, HE JJOCTYIIHYIO TPAJIULIHMOHHON MUKPOCKOIINU H
JPYTUM METOoZaM HUH(OPMALMIO 33 CUET BO3MOXKHOCTH:

1) nerexkTUpoBaHMS YEIUHEHHBIX MUKPOMArHUTHBIX CTPYKTYp, HaXOISAIIMXCSA 3a
IIPEEIIOM pa3pelIeHts] ONTUYECKOM MUKPOCKOIINHU B IIPSIMOM CBETE;

2) uccineA0BaHUsl pacHpeesieHus HAMarHMYeHHOCTU (M XapaKkTepa €ro 3BOJIIOIHMU B
IpoLecce NEPEMArHUYMBaHUs) B M3y4aeMOM CTPYKType IO 3aBUCUMOCTH WHTEHCHUBHOCTH
PacCesTHHOIO HM3JIy4EHMsI U €ro IPOCTPAHCTBEHHOI'O CIIEKTpa OT B3aMMHOW OpHEHTalUu
BOJIHOBOT'O BEKTOpA I1aJIAl0IIET0 U3JIy4YCHNs U HAIIPaBJICHUS HAMAarHWYEHHOCTH B MarHUTHOU
HEOJHOPOJHOCTH;

3) peructpanuu BHyTpeHHeH cTpykTypsl I, a Taxoke quHamMuyeckux npoueccos B I
M0 M3MEHEHHIO SPKOCTU TOIydaeMbIX H300pakeHUH B 3aBUCHMOCTH OT BEPTHKAIBHOTO

npodus AT

YerBepras rj1aBa IMIOCBSLICHA MCCICIOBAHUIO JAWHAMHUKH JOMEHHBIX T'PaHHUILI,

BEPTUKAJbHBIX W TOPU3OHTAIbHBIX JWMHUKA broxa B mieHkax (eppUTOB-IpaHATOB,
BBIIIOJIHEHHOMY C COBMECTHBIM IIPUMEHEHUEM METOJIOB TEMHOTO IOJISI U BBICOKOCKOPOCTHOM
dororpadun. Llenpro paboT sABIsSETCS BBISIBICHHE XapakTepa IpeoOpa3oBaHHs BHYTpPEHHEH
CTPYKTYpbl TOMEHHOM I'PaHULIbl HA Pa3JIMYHBIX dTalax €€ JABUKEHUS, a TAKXKE UCCIICTOBAHNUE
JIMHAMUKYU BEPTUKAJIBHBIX JIMHUM biioxa.

[Taparpad 4.1. onuceiBaeT pe3yabTaThl UCCIEIOBAHUS JUHAMUKHN JOMEHHBIX TPAHUI] U
3apoXAeHUsl JMHUN broxa mpu BO3ACHCTBUM HMITYJIBCHBIMU MOJAMH CMeEIIeHUs Hyyy
CoBMecCTHOE MPUMEHEHHWE METOJOB TEMHOIro 1Mojis (C IUIOCKOCTBbIO TMaJIeHHs] CBeTa
NEPHEeHIUKYJISIPHOM TUIOCKOCTH JOMEHHBIX TpPaHHUI]) U BBICOKOCKOPOCTHOH (oTorpaduu
MO3BOJIMJIO YCTAHOBUTH KOPPEISALMI0 MEXAY JUHAMUYECKUM TIOBEACHUEM CTEHKH B
Pa3IMYHBIX MO AMIUIUTYAE MPOABUTAOIMX TONsAX H,y, W mporeccoM reHepanuu JUHHAN
bioxa. DKcriepuMeHTaIbHO YCTaHOBJIEHO, 4TO 3apoxkiacHue BBJI Ha nTOMEHHBIX TrpaHuiax
MMEET MECTO IMPHU aMIUIUTY 1€ UMITYJIbCHOIO OISl CMEIIEHUSI PABHOM WJIM BBIIIE KPUTHYECKOM
Hipuwr (mpy Hyyn = Hipur  CKOpOCTE  BYOKCHMST JII' HOCTMTaeT CBOETO MaKCUMalbHOTO
3HaueHus1). DTOT (haKT MOJATBEPKIAaeT TUIMOTEe3y O TOM, YTO 3a TOPMOXKEHHE IOMEHHOMN
creHKd B moisX Hyy, 2 Hepyr OTBewaeT npuBomsdmmi K obpazoBanuto BBJI mexanuzm

reHepalyy U IpopbiBa Ha TOBEPXHOCTh MATHUTHOM IMJIEHKU TOPU30HTAIbHBIX TUHUMN bioxa.
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Puc. 4. V3MeHeHHE SPKOCTH TEMHOIIOIBHOTO HM300paKCHHS JBMIKYIIMXCS JTOMCHHBIX
rpanul; B nipucytctBuu BBJI, nendiieil rpaHuily Ha J1Ba CerMEHTa MPOTHUBOIOJI0XKHOM
nojsipHoct. PoTtorpaduu moiydyeHsl ¢ 3anepxkoii: a — 0Hc; 6 — 20 He; B — 80 HC
OTHOCUTEJIBHO Hayajia NpsIMOYTrOJIbHOTO UMITyJbca mojs cMemeHuss Hyyp =20 D.

JlmurensHocTh uMmynbca ~1 Mkc, ¢poHT M cman ummyinsca ~ 10 He. Kontpact
nHBeptupoBaH. BBJI otMeueHa ctpenkoit. DKcrepuMeHT mpoBeieH ¢ 0opasziom Ne 2 (cm.
Tabuiry 1).

ITpu nccnenosanun nBuwxeHus JI' B monsx MeHbmNX KpUTUUECKOTO (Hiyn < Hipur)
oOHapy’>kKeHO HW3MEHEHHE KOHTpAacTa TEMHOIOJIBHOTO W300pakeHuss TpaHullkl. B
ONpE/ICJICHHBIE MOMEHTBI BPEMEHHM IIOCJE€ Hadaja JEHWCTBUS HMITYJbCHOTO TOJA Hiyyy
JIOMEHHbIE CTEHKHM BBIIJBIASAT sipue WM TEMHee, uYeM cratudeckue (cMm. puc. 4).
AHaJIOrHYHOE M3MEHEHUE SIPKOCTH TEMHOIIOIBHOTO M300pa)KEHUS JBMKYIICHCS CTCHKH B
MOJISIX MEHBIIUX KPUTHYECKOTO TakkKe HaOIIoJamd ¢ HCCIeJOoBald  aBTOphI [4].
[IpencraBnennoe B [4] 0OBsICHEHUE NAHHOTO SIBIEHUS 0a3upyeTcs Ha TPEIIOJIOKCHUH O
ToM, 4T0 1pu Hyyy < Hipyr B JTOMEHHON TIpaHMIE TaKKe HMMEET MECTO 3apOXKIECHUE U
IIPOJIBIDKEHUE TOPHU30HTANBHBIX JIMHMKM biioxa, He compoBoXkaaromeecs, OJHAKO, HUX
popsIBOM U oOpazoBanreM BBJIL.

[TIponsmwxenue BBJI Bposns JII' mox AedcTBUEM HMMITYyJIBCHOIO MAarHUTHOTO TOJIS,
HampaBJICHHOTO B Iiockoctu obOpasua (Hy;), paccmorpeno B 1. 4.2. CoBMecTHOE
NPUMEHEHHE METOJIOB TEMHOTO TIOJsl W BBICOKOCKOPOCTHOHW (oTorpadguu gaBajio
BO3MOYKHOCTh PETrUCTPUPOBATh KAK CTAaTUYECKUE, TaK M MIHOBEHHbIE JAMHAMUYECKHE
u3zo0paxenus apwxkynmxcst BBJI u JII' 1 monyuuTs 3aBucUMOCTH CKOpocTH aBmkeHust BBJI
Vgen OT ammuTyasl npojsuratomero mnons Hy, HWMumoctpupyembeii pucyHKom 5
sKcrepuMeHT mpoBeneH it BBJI ¢ ogHuMM W TeMHM K€ 3HAQYEHUAMHU G - 3apsja |

paznuuabiMA VO (cM. BcTaBKy K puc. 5), T.e. Bce BBJI nBuxkyTcst B 0lHOM HanpaBiIeHUU
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noja BiusHueM H,; 3alaHHON TOJIIPHOCTH M UMEIOT Pa3IUYHbIA KOHTpacT. OOHapyX eHO,
yTo, HauumHasg ¢ mojerd H,, =23, xapakrep 3aBucumoctd FVpgn(H,,) W auHaAmMudeckue
ocobenHoctu uzobpaxenuit BBJI paznuuarorcst B 3aBucumoctu oT Tomnosioruu BBJI (cM.
puc. 5, 6). B coorBercTBHU € puc. 5, B ciyuyae “remHbIx” BBJI nepen 0:10x0BCKO# TuHUEH
BO3HUKAJIO BO3MYIIEHHE, IOX0KEE HA TOUKY C KOHTPACTOM, IPOTUBOIOJIOKHBIM KOHTPACTY
BbJI. B cayuae “cBernbix” BBJI 3HauurtenbHbIX u3MeHeHUM KoHTpacta BBJI He
Ha0J110/1a710Ch, HO OBUT 3aMETEH TMHAMUYECKUN MPOTUO CTEHKHU B MecTe Jokanu3aruu BBJI
(puc. 5). (BBJI ¢ pasnmuuabiMm VO yclioBHO Ha3BaHbl “TEMHBIMH~ M “‘CBETIBIMU’ TIO
KOHTPAcTy, HMEBIIEMY MECTO B DJKCIEpUMEHTE; Ha puc.S5 KOHTpacT Qororpaduit

UHBEPTUPOBAH).
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Puc 5 Temmonomenoe mzobpaxenne BEIL (KoHTpacT HEEEPTHROEAH) C ONHHAKOELIMH
SHAYEHHAME C-3apANa U pasHEMH VO B COCENHEY GOMEHAY (oM. BoTaEky) OpH JEHEEHNH
nuuHi Enoxa mop mefcTEMeM HMOVIRCHODO OoIA B INockocTH Hpy =342 BEIL
OTMEYEHE CTRENKAME. BpenMd HablioIeHEA oTHOCHTENRHO Hadana HMIYIECA IO a—
Omc, & —120He, B — 200 HC. DECOEpHMEeHT IpoBeled © obpasmom Me 2 (om
tabnuuy 1), qnaTentHocTe EMOVIECa mod = 230 He.
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Puc. 6. 3aBucumocts ckopoctu BBJI ot ammummityael ummnynscoB nosst Hy, futst
nuHui bioxa ¢ OJNMHAKOBBIMU 3HAUYCHHSIMU O-3apsja W pasHeiIMH VO B
coceqHUX qoMeHax: a — “teMHnie” BBJI, 6 — “cBeTinie” BBJI.

AHanorn4Has KapTuHa HaOmrojanach W s ¢gukcupoBanHo BBJI, mpu sTom B
3aBUCUMOCTHU OT HAIPABIICHUS JIBMXKCHUS JIMHUM BO3HUKAJ TOT WM WHOM W3 OMHCAHHBIX
TUTIOB M300pakeHWi. Takke B paboTe ONMUCAaHBI U JPYTHE OCOOCHHOCTH JTUHAMUYCCKUX
n3zo0paxxenuit BbJI u yuactka JII' ¢ HaMarHMYEHHOCTHIO, MPOTUBONOJIOXKHONW o0 Hyy,
HA0JIIO/IaBIIMECS B PA3JIMYHbIX JIMANIa30HAX MPOJIBUTAIOIINX MOJIEH.

Ha puc. 6 npencrasnens! rpaduku ckopocteit BBJI ¢ oquHakoBbIMU 3HAYEHUSMH G-
3apsja U pazHeiMH VO B coceqHuX aoMeHax (“‘TeMHble” M “‘CBeTNIbIe” JUHHUM Ha pUC. 5) B
3aBUCUMOCTH OT aMIUIMTYJIbI UMITyJbCcOB moisi H,. BumgHo, uTo B TO Bpems Kak mJis
“remubIx”’ BBJI Ha rpaduxe Vpgn(H,,;) B inamazone moneit 2-3 D HaOIr01a€TCs HACBIIICHHE
CKOpOCTH Ha ypoBHE ~ 45 + 50 m/c, ansa “cBerneix” BBJI B paccMaTtpuBaeMoM nuarna3oHe
nosiet H,;; ckopocts BBJI Hmke. st moneit Hy,, > 4,5 O B npenenax onmmoOKd U3MepeHui
rpaduKu cCKOpocTH s “‘cBeTNbIX” U “TeMHbIX” BBJI HEe oTnuyarorcs.

O6napyxxenHoe BausiHue Tomnojoru BBJI Ha ee auHamMuueckue CBOMCTBA
(mazpiBaeMoe B pabore ‘“OddekT HeB3aUMMHOCTH) OOBSICHSIETCS B paMKax MOJEIH
3apoxxaenus mnerenb ['BJI Ha ¢ponte nBmxymeiics BBJI kak OCHOBHOrO HCTOYHHMKA
OTpaHUYEHHUs CKOPOCTH TMOCJHeNHeld (C y4eTOM 3HAaYUTEIbHOIO MarHUTOCTaTHYECKOTrO
nsruba JII' B mecte mokanuzaruu BBJI mis o6paszioB ¢ Q < 10). Hanuume uckaxeHus
npodwrs JII' menser xapakrep 3apoxiaeHus rnereidb ['BJI B 3aBHCHMOCTH OT TOIOJIOTHH

JIMHUW WJIKM HaIIpaBJICHUA €C JIBHIKCHUA. PeBynLTaTH IIPOBCACHHOI'O B paMKax JTAHHOM
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MOJEIM 4YHUCICEHHOTO MOJEIUPOBAHMS HAXOAATCS B KAa4eCTBEHHOM COIVIACHH €
9KCIIEpUMEHTAIbHBIMU PE3YJIbTaTaAMHU.

B nATOM riase npeacTaBieHbl pe3yJbTaThl 3KCIEPUMEHTOB M0 U3YUYECHUIO BIMSIHUS
JIOKQJIM30BAHHOTO ONTHYECKOIO0 BO3JCHCTBUS Ha BHYTPEHHIOI CTPYKTYpPY JOMEHHOMU
CTEeHKH B IUIeHKax (eppuroB-rpanatoB. OOHapyxkeHbl HOBBIE (usmueckue 3P HEKThI
3apokaeHuss W npoaBuwxkenus BBJI B nmoMeHHOM rpaHMiie  1oa  JICUCTBUEM
c(OKYCHPOBAHHOTO JIA3€PHOT0 U3ITyUYEHUSI.

[lo pe3ynbraTaM 3KCIIEPUMEHTOB, BO3JEHCTBUE OJHOKPATHOIO CBETOBOIO MMITYJIbCA
(MMEFOIIEro UNTeTbHOCTS 10 He, ITHHY BOMHBI A = 540 uM, sHepruio W ~ 107 + 107 ik u
c(hOKYyCUPOBAaHHOTO HAa MAarHUTHOW TUICHKE B OOJIACTh JUAMETPOM TOpsAaKa 3-4 MKM), IO
MEpe YBEIMYEHHUS €ro DJHEPIuHu, BbI3bIBACT: |) IepeMelleHue YK€ CYLIECTBYIOLINX
BEPTUKAIbHBIX JIMHUNA biioxa B JOMEHHOH TpaHUIE; 2) 3apOKICHUE Napbl BEPTUKAIbHBIX
OJIOXOBCKMX JIMHUH Ha HMCXOJHO CBOOOAHBIX OT JIMHUK TpaHULaX; 3) HeoOpaTtumoe
U3MEHEHHE (POPMbI TOMEHHOM CTEHKU M JOMEHHOU CTPYKTYpPBI B LIEJIOM.

B nuccepranuonHoil paboTe moapoOHO 00CYKIAIOTCS YCIOBHUS HKCHEPUMEHTA, MPHU
KOTOPBIX pealiu3yeTcss KOHTPOJIMPYEMOE U BOCIPOU3BOJIMMOE 3apoxacHue TuHUM bioxa, a
TaKXe pas3uyHble NposiBieHUs >¢dekra reHepaunu BBJI npu u3smeHeHnu napamerpos
ONTUYECKOT0 H3JIy4YeHUs1 (MHTEHCUBHOCTH, JAMaMeTpa CQOKYCHPOBAHHOIO IIy4Ka, €ro
MOJIOXKEHHUS OTHOCUTEIILHO IOMEHHOM rpaHullsl). Ha ocHoBe o0beaunenus metonoB BCO u
AQHU30TPOITHOTO TEMHOTO IIOJII H3Yy4eHbl OCOOEHHOCTH TeHepauuu JuHuM broxa u
JUHAMUYECKUX IPOIIECCOB, MPOTEKAIOUIMX B JIOMEHHOW CTPYKType W JOMEHHOW I'paHHUILIE
Mocjie BO3JEWUCTBUA HMITyJbca Jazepa. OOHapyk eHO, YTO B OKpPECTHOCTH O00JIacTh
¢doxycupoBku nazepa JI' ucobIThIBaeT 0OpaTHMOE JOKAaJbHOE HCKaKEHHE (OpMBI (CM.
puc. 7). Ilpu atom (puc. 7) 3apoxaenue BBJI numeer mecto Ha aBuxkymiemcs yuactke I u
IPOUCXOOUT IIPU CMEUICHWM JOMEHHBIX TpaHUl] CO CKOPOCTBIO, IIPEBBIIIAIOIICH
KPUTHYECKYI0. DTO YCJIOBHE, OJHAKO, HE SIBJISETCS JOCTATOYHBIM JUIsI BOCIIPOU3BOJIMMOIO
3apoxknenuss BBJI. Heobxoauma takke ontumu3zanus Auamerpa c(hOKyCUPOBAHHOTO IMy4yKa
Y €70 MOJIOKEHUS OTHOCUTEIBHO JOMEHHOMN TPaHULBL.

Ha ocHoBe mosyueHHBIX 3KCIIEPHUMEHTANbHBIX JAHHBIX Mpeio’keHa U 000CHOBaHA
du3ndeckass MOJENb SIBICHUS 3apOKACHUS M TIepeMeleHus Juanid biioxa mox merictBuem
JIOKQJIBHOTO JIa3€pHOro BO3AeWcTBHs. [J1aBHas ponb B MOJEIM OTBOIUTCS TEIUIOBOMY
BIMSHUIO HMMITyJIbCa JIa3€pa, MPOSIBISIIOIIEMYCS B JIOKAJIBHOM YMEHBIICHUH BEIUYUHBI

HAMarHMYEHHOCTH HACBIIIECHUS IUJICHKM B MecTe (POKYCHPOBKHM IyukKa. (3aMeTHas Ha pHC.
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7A, 6-1 TeMHas 00JaCTh COOTBETCTBYET y4acTKy 0Opaslia ¢ MOHWKEHHBIM (hapasieeBCKUM
BpalllEeHUEM H3-32 JIOKAIBHOTO YMEHBIICHUS BEIUYMHBI HAMArHUYEHHOCTH HACBHIIICHUS
IJIEHKW TpU Ja3epHOM HarpeBe). M3meHeHHe HaMarHWYE€HHOCTH JIOKJIBHOTO YYacTKa
oOpaslia npu HarpeBe U MOCJIEIYIOIIEM OCTHIBAHUU CYIIECTBEHHO U3MEHSET paciipe/ielieHue
noJield pa3MarHWYMBAaHWS B OTOM O0JIACTM W TPHUBOJUT K CMEIICHHUIO OJU3JIEKAIINX
JIOMEHHBIX rpaHull. [Ipy nNpeBBIIEHNN TPAHULIEH KPUTHYECKOW CKOPOCTH JIBUKECHHS B HEU
MPOUCXOJUT 3apPOXKIACHUE TOPU3OHTAIBHOM OJIOXOBCKOW JMHUM, MPOPHIBAIOIICHCS Ha
MOBEPXHOCTh MATHUTHOW TIEHKH ¢ 00pa30BaHUEM Iaphbl BEPTUKAILHBIX OJIOXOBCKUX JTUHUM.
Ecmu cxopocts JI' HMKE KpUTHYECKOM, WM BpeMs ABWxkeHUsA [II' He nocTatouHo s
¢opmupoBanust I'BJI u ee mpoaBuwKeHHsT Ha MPOTUBOIMOJIOKHYIO IOBEPXHOCThH IUJICHKH,
reHepanss HOBbIXx BbBJI He mpoucxoauT, HO BO3MOXHO cmenieHne Baojgb [T yxe
CYLLIECTBYIOLINX JIMHUM biioxa.

[TonyuyeHHbIE 3KCIIEPUMEHTANIbHBIE PE3YJIbTAThl CBUAETEIBCTBYIOT O BO3MOXKHOCTH
KOHTPOJIUPYEMOTO 3apOXKJAEHUS MAarHUTHBIX CTPYKTYp pa3MEpOM MEHbIIEe WA MOpsIKa
0,1 MKM ImyTeM JIOKQJIBHOTO ONTUYECKOTr0 BO3AeHCTBU. [Ipy 3TOM 117151 3a1IMCU MarHUTHOTO
Oouta mHbOpMaNUU CYyOMUKPOHHOTO pa3Mepa HET HEOOXOJUMOCTH MPEEIhbHO YMEHBIIATh
muameTp  c(OKYCMPOBAHHOTO JIAa3€pHOTO IMyYKa WM CO3/1aBaThb HCKYCCTBEHHBIN
MOTEHIIUATILHBIA pesbed, 330NN pa3Mep 3alMCaHHOTO JIA3ePOM JIOMEHA (YTO TUIIUYHO
Ui pabOT 1O  YBEJIMYECHHIO TUIOTHOCTHM  3allUCHM HA  ONTHYECKUX  JIMCKAaX).
[IpocTpaHcTBeHHBIN MacmiTad 3amucbiBaeMoi CTpyKTypel (~ 0,1 MkM) u o6nactu
JIOKAJIU3alMK Ja3epHOro Jyda (~ 4 MKM ) CYHIECTBEHHO Pa3JIMYHbI T.K. B JIJAHHOM CIIy4yae
“pasmep” Outa onpezaenser puznyeckas npupojaa mMezockonuueckoro oorekra (BbJI), a He

XapaKTEePHBIM MacITad 3aIMCHIBAIOIIETO “MHCTPYMEHTA .
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20 MKM

A

Puc. 7. MrHoBeHHbIE JAMHAMHYECKHE KOH(UTYpalMu JOMEHHOH CTPYKTYyphl B pa3jiMyHble MOMEHTBHl BPEMEHH IIOCIe
NPUIOKEHUsT "3alKChIBAIONIET0" UMITyJbca Ja3epa. 3HaK & TOKa3bIBaeT MecTo (DOKYCHPOBKM Jja3epa. BepxHsas cepus
¢dororpaduii (A) noaydeHa B reOMETPUM MPSAMON CBETIONOJIBHOM IMOJCBETKH MPU CKPELICHHBIX MOJSAPU3ATOpaX; HYKHSSA
cepus (b) - mpu momomM Meroaa TEMHOTO mojisi (KOHTpacT m3o0paxeHuil uHBepTupoBaH). BBJI oTmeueHsl crtpenkamu.
Bpemst HaOmo1eHHsI OTHOCHUTEIFHO MOMEHTA BO3/ICHCTBHSI 3aIMCHIBAIOIIETO UMITYJIbCA: a - 10 UMITyJIbca; O — crycts 100 He;
B—300 HC; T-700 HC; 1—1000 HC; € - mocie 3aBepIIeHHsS JAMHAMUYECKUX MPOIECCOB. DHEPIHsl CBETOBOI'O HMMITYJIbCA

W ~2.107 JTx.



21

BeiBoabI

l.

Pazpabotana meToauMKa HCCIEIOBaHMS CTaTMYECKUX UM JIMHAMUYECKHUX CBOMCTB
MarHUTHBIX MHKPO- W HAHOCTPYKTYp Ha OCHOBE 3((HEKTOB MAarHMTOONTHYIECKOTO
paccessHus CBeTa M €ro MpocTpaHCTBeHHOW ¢uuibTpanuu. Co3laHa OpuUrMHaIbHAs
JKCIIEPUMEHTAJIbHAs yCTAHOBKA, B KOTOPOM COBMECTHO HCIIOJIB3YIKOTCS METObI
TEMHOIIOJIEHOW TIOJICBETKH U BBICOKOCKOPOCTHOU (oTOorpadun, 9To Ja€T BO3MOXKHOCTh
MIPSIMOM ONTHYECKOW PErHCTPAllMM MarHUTHBIX HEOJHOPOJHOCTEN B TOMEHHOW I'PaHULIE
B  peampbHOM  Macmtabe  BpeMeHH — (BpemMeHHoe  paspemieHue — ~ 10 He).
OKCIIEpUMEHTAIIBHBIE  KOMIUIEKC CONPSDKEH C  aBTOMAaTU3UPOBAHHOM  CUCTEMOM
perucTpanuu U oO0pabOTKM CIAOOKOHTPACTHBIX ONTHYECKHX H300pakeHWi Ha Oaze
1 pOBOI BUIEOKAMEPHI H KOMITbIOTEpA. Y CTAHOBKA MOKET 3((EKTUBHO MPUMEHSITHCS
JUISE  BU3YaJU3allMd M HU3Y4YEHUS CTAaTUYECKUX W JIMHAMUYECKUX MATrHUTHBIX
ME30CKOINYECKUX CTPYKTYP.

Ha ocHoBe wMonenm MarHMTOONTHYECKOW JU(paKUUKd ONTHYECKOTO H3Iy4YeHUs
paccMoTpeHO (GopMUpOBaHHE H300paKEHHs] MAarHUTHBIX MHKPO- M HAHOCTPYKTYp B
YCIIOBUSIX HAONIONEHUS 10 MeToay TeMHOoro mois. Iloka3aHa BO3MOXXHOCTb
JNETEKTUPOBAHUSI MarHUTHBIX HEOJHOPOJHOCTEH MHUKpPO- M HaHOMacluTaba MeTogamMu
paccesiHUs CBETa U €ro MpOCTPAHCTBEHHOMN (PHIIbTpALIUU.

N3yuyeHsl TMHAMUYECKHWE CBOMCTBAa JUHUM broxa mpu ee ABMXKEHHHM B IUIAHAPHBIX
MPOJBUTAIONIUX MArHUTHBIX TMOJISIX. 3aperuCTPUPOBAHO HACHIINIEHHE CKOPOCTHU
MIPOJIBMKEHUS Ha ypoBHE ~ 40 M/c B Jauama3oHe MPOABUTAIONMMX mojied ~2 +4 3 u
M3MEHEHHE MeXaHu3Ma cMeHbl nojsipHocty JI' B monax >4 3. OOHapyKeHO BIUSHUE
MarHUTOCTaTHYECKOTO 3apsa BEpTUKAIBbHON TMHUU biioxa Ha Xapaktep ee ABUKECHMUS,
YTO MPUBOIUT K 3(PPEeKTy HEB3aUMHOCTH B TWHAMHUKE TuHUHN broxa.

[Ipennoxkena u obocHoBaHa (usmueckas Mozaenb 3ddexra HeB3auMHOCTH. Monenb
OCHOBaHa Ha MPENOJIOKEHUH O BIUSHUU MarHUTOCTaTHUECKOTO MCKaXKEHUs PO
JAI' B mecre nokasmsaunu BBJI Ha xapakrep reHepanuy nereiab TOPU30HTaIbHBIX
nuHui bioxa Ha ¢ponTe ABMKymeiics BBJI.

Oo6Hapy>xeHbl HOBbIE A(P(HEKTHl 3aPOXKIACHUS W TMPOJIBIKEHUS BEPTUKAIBHBIX JIMHUN
brmoxa B JOMEHHBIX TpaHUIAX TOA JACHCTBHEM C(OKYCHPOBAHHOTO JA3€PHOTO
U3ITy4YeHHUs. DKCIIEPUMEHTAIBHO YCTAaHOBJICHBI ONTUMAJIbHbIE TAPAMETPhl ONTHYECKOTO

BO3JICHCTBUSL (SHEPTUSI CBETOBOTO HMITYJIbCA, AUAMETP CPOKYCHUPOBAHHOTO JIA3€PHOTO
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My4YKa ¥ €ro IMOJO0KeHHE OTHOCUTEIHHO JOMEHHOM TpaHHIlbl), 0OeCleurnBarome

KOHTPOJIMPYEMOE 3apOXKACHNE JIMHUHI bioxa n BOCIPOU3BOIUMOCTh pe3yIbTaTa.
OKCIIEPUMEHTATBHO W TEOPETUYECKH OOOCHOBaHA MOEIb, CBSA3BIBAIOIIAS TMPHPOIY
apdexToB 3apoxneHus u nepemenieHuss BBJI ¢ nBwkeHMeM TOMEHHBIX TpaHUI],
BBI3BaHHBIM JIOKAJIBHBIM HW3MEHEHHEM pAaCIpe/IeIeHns] TMOJed pa3MarHUYMBaHUS B
pe3yibTaTe TEMIEepaTypHOTO yMEHBIIEHUS] HAMAarHUYEHHOCTH B MecTe (OKYyCHPOBKU
JIa3€pHOTO JIyya.

[IpennoxeH HOBBIM CIOCOO 3alMCU-CYUTHIBAHUS MAarHUTHOrO OuTa WHGOpPMAINH
pasmMepoM MeHblle wiuM Topsaka 0,1 MKM IyTeM JIOKaJbHOTO ONTHYECKOTO

BO31€HCTBUA.
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