Mucema B ARIT®, Tom 96, BoIN. 8, c. 562 - 567

© 2012r. 25 okTAGPA

dileKTpoyIIpaBifAeMblil JIoKalbHbIi Mepexon @penepuKca B ciioe
HeMaTH4YeCKOro »KHUIKOr0 KpucTaia

B. C. Cyropmun™, M. H. Kpaxanxes*, 0. O. Hpumena*, B. fI. 3pipaHoB**

*HHacTUTYT pusurku uMm. KupeHckoro, KpacHoAapckuii HayuHbrii neHTp CO PAP, 660036 KpacHoApck, Poccusa

X CHOUPCKHE TocynapCTBeHHbIH aspOKOCMHYECKHI yHHBepCHTeT HM. PeleTHeBa,

660014 KpacHoapck, Poccua

Iloctynuna B penakuuto 10 aBrycra 2012r.

ITocne nepepaborku 7 ceHTAbpa 2012r.

[TeanusoBaH nokanbHbIM Nepexon ®pegepukca B cl0e HEMaTUUECKOT0 KUIKOT0 KpPHUCTalla, 00yCIOBIEeHHBIN
3IeKTPUYECKH yIpaBIfAeMbIM I0BEPXHOCTHBIM CLEINIEHUEM 3a cCUeT IepeMeleHIA I0BepXHOCTHO-aK TUBHBIX KO-
HoB. B mcxomHOM ciydae HeMaTHK GblI OPHMEHTHPOBAaH FOMEOTPONHO MOHOMOIEKYIAPHBIMH CIOAMHI KaTHOHOB
LeTUITPUMeTUIaMMOHUM 6poMua, afqcop6upoBaHHBIMY Ha OBepXHOCTHU momiosxek. Ilon meiicTBueM ImOCTOAH-
HOT'0 3JIeKTPHUYECKOro MoJIA 0JHa U3 MOJI0KeK 0CBOGOJaeTCA OT CIOA KaTHOHOB, 3afaBafd IIaHapHble I'PaHUY-
Hble yCIOBUA, YTO NPUBOAUT K (HOPMUPOBAHUIO roMeollIaHaPHOI OpHEeHTAaMOHHOM CTPYKTYpbl. O6cy:xpaoTca
0co0eHHOCTH OMHAMHUKM ONTHYECKOTo OTKIMKa HccleIyeMoil fAdueiikM, XapaKTepHble A pacCMaTpPHUBaeMoro

adpderrTa.

BBegenue. Jlokanbubiii nepexon ®penepukca npea-
cTaBifieT co6oii MepeopUeHTAalMIO KUIKOTO KpUCTaIa
(#AK) npu Bo3[eiicTBUU BHEWIHUX (PAKTOPOB, U3MEHSAIO-
KX NOBepXHOCTHOe cuemnenue monerya MK ¢ mommon-
koit [1]. Mozuduranua rpaHudYHBIX yCIOBUN B 00LIEM
ciydae obecleunBaeTCA U3MeHeHNeM GanaHca OpUueHTH-
pylolero AefcTBUA Pa3lNYHbIX IIOBEPXHOCTHBIX CHIL.
OHa MOMeT NMPOMCXOAUTH IPU BapbMpPOBaHUU TeMIepa-
TYPBI [2] U1K TONIIMHBEI OPUEHTUPYIOLIETO cloA [3], 0611y-
YEHWUW CBETOM, BhI3bIBaiOIlEeM (HOTOKOH(POPMAIMOHHBIE
npeBpalieHnsa B MoleKynax cypdarrantos [4], Boszeii-
CTBUH IEKTPUUECKOTO MO, U3MEHAIOIEr0 a3uMy Tallb-
HOe HampaBleHWe OCH JIETKOr0 OPUEHTUPOBAHUA HA MO-
BepxHocTH cerserosnekrpuyeckoro sRK-nonumepa [5].
Ina kanens HeMatudeckux KK, ToMupoBaHHBIX UOHHBI-
MU cyppakTaHTaMU U KalcylNPOBaHHBIX B MOJUMEpE,
Oblia MOKa3aHa BO3MOMHOCTh JIEKTPUYECKH yIpaBise-
MOT0 [epeKIIOYEHNA TOBEPXHOCTHOTO CUEIIEHU MEHAY
IJIaHAPHBIM ¥ [OMEOTPONHBIM COCTOAHUAMU Kak B MpA-
moii [6], Tak 1 B uHBepcHoi [7] Moze adderra. Panee
[8] GbL1a mpepnpUHATA MONBITKA PEANN30BaTh HIEKTPO-
yhpaBifieMoe M3MeHEeHWe IPaHUYHBIX YCIOBUH B ILIOC-
KOM Clloe HeMaThKa C HCMOJb30BaHUEM HOHHOTO CYp-
(daKTaHTa, NpeABapUTEIbHO HAHECEHHOIO Ha MOMJIOMKU
MK-aueitkn. OmHAKO B YUCTOM BHUME TMOBEPXHOCTHBIM
nepexo/ MOJIyUYUTh He yAAl0Ch, MOCKOIbKY ITOMUHUPYIO-
wuM 3pHeKTOM ABIANACH HIEKTPOrUAPOAUHAMUYECKAA
(PT'I) meycroitunBocts. Ilenp maHHO# paGoThl COCTOUT
B peanusalliy JoKalbHOro nepexona ®penepukca B cioe
HEMaTHYeCKOro KMIKOr0 KpHCTalia, 00YCIOBIEHHOTO
MOHHON Moau®HuKanueil NOBEPXHOCTHOrO CUEIVIeHU, U

aHanu3e 0COGEHHOCTEN MPUCYIIMX €My OPUEHTalMOHHO-
CTPYKTYPHBIX NpeBpalleHuil.

O6pa3snbl M MeToAbI HccileJoBaHHA. B pa-
Gote uccaegoBanuch miockue RK-saueiiku, cocroamue
U3 IBYX CTEKIAHHBIX NMOIOMeK ¢ nposdpaunsiMu ITO-
3IIEKTPOAaMy Ha BHYTPEHHUX CTOPOHAX U CIOA HEMaTHu-
YeCKOro MUIKOro KpHcTaiia Meiay HUMH. B KadecT-
Be KK wucnomb3oBancA IMIMPOKO H3BECTHBIH HEMaTHK
4-u-nentun-4'-unanobucenun (5CB) c nonomuTenbHOM
IudIeRTpUYecKoil anusorponueit (Ae > 0), KoTopsiit
[ONMpoBalicH KaTHOHHBIM Cyp(dakTaHTOM LETHITPUME-
tunamMmonuit 6pomunom (CTAB). Monekynst CTAB B
K pacnajaioTca Ha aHMOHBI GpOMa U NMOBEPXHOCTHO-
axTuBHble KaTuoHbl CTA™ | KoTopble, axcopGupysch Ha
MONJTIOAKEe, MOTYT chOPpMHUPOBATH MOHOMONEKYIAPHBIH
CII0#i, 3afalolinil FOMEOTPONHOE IOBEPXHOCTHOE CIellIe-
Hue [9].

Pa saexTpons! npeaBapuTeNbHO HAHOCHINCH MOJH-
MepHbIe [IeHKM TOMIIMHOM OKOMo 1.5 MKM, BBINOJIHA-
Iolire IBOMHYI0 GYHKIMIO: OPUEHTUPYIOLETO MOKPhI-
THUA U NPOTEKTOPHOIO CJIOA, NPENATCTBYIOMEr0 KOHTAK-
Ty HOHOB cypdaKTaHTa c diIeKTpojamu. PorumMepHbie
IJeHKN Ha ocHoBe nonuBuHuioBoro cnupra (PVA) u
raunepuna (Gl), pacTBopeHHBIX B Boze, HopMHUpOBAINChH
MeTOJOM LeHTPUGYTUpPOBaHUA pacTBOpa C MOCIEYIO-
M BbicymuBaHueM. M3BecTHo, 4TO Takue MIEHKH 3a-
matoT 1us Hematuka 5CB niaHapHble rpaHUYHBIE YCIIO-
Bua [10], T.e. moneryuas! AR opuenTHpyIOTCA mapan-
nenbHO MesdasHoii rpanuune. Ocb nerkoro OpUeHTUPO-
BaHUA (QopMHUpOBalach MeXaHHYECKHM HaTHpaHUEM I0-
BEPXHOCTH [ONMMepa B 3aJaHHOM HanpaBIeHMH. 3a-
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MONHEHWE AYeeK KUJKUM KPUCTALIOM [POM3BOAUIOCH
KalWINAPHBIM MeTOoJ0M B u3oTpomnHoit (aze. Tonmu-
Ha cinosa AR B udyuenHbix ofpasuax cOCTaBIANa OKOIO
6 MEM.

HccnenoBanua onTUYECKUX TEKCTYP INIOCKOTO CIIOA
HeMaTHKa MPOBOJUINCH METOJOM MOJAPU3AUOHHOM O1-
THYECKON MUKPOCKONUH C UCIOMb30BaHUEM MUKPOCKOIA
Axio Imager.Al (Carl Zeiss), ocuamenHoro nudpoBoit
ramepoit AxioCam MRcb (Carl Zeiss), kotopas no3Bo-
Afila OCyMECTBIATh (POTO- U BUJEOCHEMKY MPOTEKAIO-
mux opoueccoB. Pa6niofeHud NpoBOAMINCH B FeOMET-
pun ckpemennbix nonapusatopoB. Pa ITO-anektpons:
nojfaBaiuch MPAMOYTONbHbIE MOHOMOMAPHBIE UMY Ih-
Cbl dJEeKTpUYecKoro mnoia oT reHeparopa APP-3122
(AKTAKOM).

Jlnsa n3ydeHns [MHAMUKU MaKPOCKONNYECKOr0 ONTHU-
yeckoro otknuka fMHK-aveitkn npumensanca He-Ne na-
3ep (Linos) ¢ mauuoit BomHel A = 0.633 Mrm. Hamy-
YeHUe J1a3epa MPOXOHUIO0 HOCIef0BaTENbHO Yepe3 MoJfA-
pU3aTop, MUAKOKPUCTALINYECKYIO AYEHKY, aHATU3aTOP
U nomajgaino Ha doTronprueMHUK. JuameTp HoMepevyHOro
CedeHUd JTa3epHOro nyya cocraBifanl 1mvm. H3mepenusn
IPOBOAUINCE B I€OMETPUM CKPELIEHHBIX MONAPU3ATO-
poB. Yron MemIy HampaBieHHEM HaTUpaHUA MOMIOMHER
¥ HampaBlleHHeM I0JApU3aTopoB cocTaBiaal 45°. Puek-
TPUYECKU} CUrHAN I0JaBajICA OT reHepaTopa napajiielb-
Ho Ha o6pasen u USB-ocuumnorpadp DISCO (Tpeitn-M),
Ha KOTOpBIA TaKie MOJABajcA CUTHAN OT (HOTONpHEM-
Huka. Ocuunnorpad nmoakaIO4ancA K KOMIBIOTEPY, YTO
MI03BOJNIANO COXPAHATh AaHHbIE U IPOBOAUTH UX dalbHei-
mryio o6paboTRy.

PesynbraTrel u obGcympagenue. Cxema peanu-
3anuu 3(PperTa dieKTpoynpaBifgeMoil MoAu(pUKaUUU
MOBEPXHOCTHOI'O CIeMJeHuA OpeAcTaBieHa Ha puc. l.
Peo6xonumo momoGpaTth Takyio kouumentpanuio CTAB
B 5CB, 4T06b1 HaHOpasMepHbIi cioii KaTuonos CTA™,
ancopbupoBaHHbIX Ha MexdasHoi rpaHuie, MOT dKpaHu-
poBaTh IIIaHApHOE OPUEHTHpYIOllee BO3[eiicTBUE MOIu-
MEPHOIi IIIEHKK U 3a[JaBaTh 'OMEOTPONHOE OBEPXHOCT-
Hoe cuemienue. Torga B MCXOOHOM COCTOAHHME BO BCEM
clloe HeMaTWKAa BO3HUKAaeT OJHOPOAHOE YMOpPANOYEHue
IMPEKTOpa, HAMpaBIEHHOrO MepHeHJUKYIAPHO MO0 -
KaMm (puc. la). Ppu BosgeiicTBIY OCTOAHHOIO BIEKTPH-
YecKOro Molifd WOHBI cypdaKkTaHTa mepeMenalTca K Co-
OTBETCTBYIOUIMM 3I€KTPOJaM M 0[JHA U3 MOJI0HEK OCBO-
60k JaeTCA OT CJIOA MOBEPXHOCTHO-aKTUBHBIX KAaTHOHOB
CTA'. B pesyabraTe Ha JaHHOH NoOmIOMKe (GOpPMH-
pYIOTCA NaHapHbIE YCIOBHA CHEMIEHNA, XapaKkTepHbIe
nas nonumepHoro nokpertua (puc. 1b). B urtore B K-
fiuelike NMPOMCXOOUT OPUEHTALMOHHBIM HEepexoj OT ro-
MEOTPOMHON CTPYKTYpPbhI K TUOPUAHON TOMeoIaHapHOM
KOH(pUrypanuu JupeKTopa.
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———— Director

wABK CTAT

IIuc. 1. Cxema peanusauuu 3pderTa HOHHON MoaupUKRaLUK
IIOBEPXHOCTHOI'O CLEIIEHNA B ciioe HemaruKa. (a) — [lnek-
TPUYECKOe I0Je BBIKIIOYEHO. ANcopOUpOBaHHBIX Ha Ipa-
uune pasgena oo CTAT mocrarouno mna ob6pasoBanus
rOMEOTPOIHOIO CLEeIlNIeH!A Ha BepXHell U HuKHell moamoss-
kax. (b) — Ilong meiicTBMEM IOCTOAHHOIO BIEKTPUUECKOrO
0N HUKHASA TOI0MKa 0cBoGo#aaeTca oT nonoB CTA™T.
IInenka monuMepHOro OpHEHTaHTa Ha 3TOH MOJIOKKE 3a-
nmaeT ninaHapHoe ynopanouenue AR

PrcnepumeHTanbHble YyClIOBHA, HE0OXOAMMBIE A
peanu3anuy BBINIEONUCAHHON CXeMbI, BEINONHAIOTCA NIPU
WCIONb30BaHUM MONUMEPHBIX MOKPBITUI C BECOBBIM OT-
HomeHneM KomnoHeHTOB PVA : Gl = 1 : 0.243 u He-
Mmatuka 5CB, monupoBaHHOTO HOHHBIM Cyp(aKkTaHTOM
B cooTHomeHun H5CB : CTAB = 1 : 0.01. Pa puc.2
npexacraBineHs! ¢ororpaduu ontudeckux tekctyp sHK-
AiYefikU, NEeMOHCTPHUPYIOUINe 3JIeKTPUYECKH YIpaBife-
MOe MepeKIIOUeHNe TMOBEPXHOCTHOro clemineHud. Ppu
5TOM OJHA U3 MOAJOKEK NpeJBapUTelbHO HaTHpalach,
a Ipyras Uchoib3oBanach 0e3 HaTupaHuAa. B ucxomnom
COCTOAAHUM CBET HEe MPOXOAUT Uepe3 ONTHUYECKYIO CUCTe-
MY He3aBHCHMO OT €€ a3UMYyTalbHOr0 MOBOPOTa OTHO-
CUTEIbHO CKpEIeHHBIX noisapusaTopos (puc.2a). Pro
CBUJETENBLCTBYET O [OMEOTPONHOM OpUEHTAlUU TUpPEK-
TOpa BO BCEM ClIoe HeMaTHKa. Ppu BKIIOYEHUM TIO-
CTOAHHOT'O 3JIEKTPUYECKOro M0, HallpaBIeHHOI'0 CHU3Y
BBepx (puc.2b), B ycTaHOBUBIIEMCA peuMe Habuarona-
etcs ogHopoxHoe npocBetinenue cnod K. Pro o3nauaer,
YTO Ha HUKHeH NoANosKKe chOPMIPOBAIOCh OJHOPOJHOE
IUIaHapHOe YIOopALoYeHNe AUPEeKTopa, OpUEeHTH POBaHHO-
ro BHonb HampaBineHuA R mo Bceil miomany mogioMKy.
Ppu u3ameHeHUM NONAPHOCTH SNEKTPUUECKOr0 CHUTHANa
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(b)

=O

[Tuc. 2. Mukpodororpadpuu ontuyeckux rekctyp sK-croa
B MCXOIHOM COCTOAHMM (@), IPY HAanpaBlIeHUH OCTOAHHO-
ro anekTpudeckoro noiad E or HuKHeH NONIOMKE K BepX-
Heil (b) M uA [mONA MPOTHBOMONOMKHON HouxApHOCTH (c).
Beanunna nonsa U = 3 B. CkpemeHHbIe moafapu3aTopsl 060-
3Ha4YeHbl ABOMHBIMU cTpenrkaMu. IIMKHAA MogloKKa Ha-
Tupanack B HanpaBieHuu R, cocraBasromem yrox 45° c
HmoifApu3aTopaMH. BepxHAA monnoskka He HaTUpanach

CBeTONpPONyCKaHNe AYEHKU TaKKe YBEIUUUBAETCA, HO
onTHYyecKad KapTHHAa CTAHOBUTCH Pe3KO HEOJHOPOIHOM
(puc. 2c). Pro 06bACHAETCA OTCYTCTBHEM a3UMYy TAlbHO
BHIJIEIEHHOI'0 HaNpaBleHUA Ha HEHATEPTOU NOANOMKKE C
IIaHAPHBIM CIeNeHNuEeM.

Hanubie naMenenus cperonponyckanuf sRK-Ageiiku
He MOr'yT GbITh OGBACHEHBI AeMCTBHEM KIACCHUYECKOI'0
sperrta Ppenepurca [11], Tak Kak B SKCIEPUMEHTE HC-
nonb3oBainca HemaTuk 5CB ¢ Ae > 0. B aTom cayudae
IPUIIOKEHVEe BHELIHEr0 3JIeKTPUYECKOro N0d epIeHIu-
rkynapHo miockoctu HK-cnoa gomxHo 6b110 GBI MpUBeEC-
TH K cTabuinusanuy HadalbHOI [OMEeoTPONHOM opueHTa-
nuy gupektopa. Takum o6pas3om, 3Tu HabIIONEHUA AB-
nAI0TCA yOeQUTENbHON OeMOHCTpalueil J0KalbHOIO Me-
pexona @pesepukca B IIOCKOM CJI0e HEMaTHKa, 06y ClIoB-
JIEHHOT'0 [TePeKII0YeHreM IOBEPXHOCTHOIO CIEeMIIEHUA OT
rOMEOTPOIHOT0 K MIIaHAPDHOMY Ha MOJJI0MKE C DIEKTPO-
JIOM — aHOIOM.

Pa puc.3 npuBenens! (ororpaduu, IEMOHCTPHUPY-
Iolye 3aBUCUMOCTb ontudeckoit Tekctypsl MHK-cnos
OT BeIMYUHBI yIpaBifiomero mond. B panHoM ciy-
yae 00e MOJIOMKHN HaTHUPANTNCh M CKIaAbIBAIACH TaK,
YTO HaNpPaBIEHUA UX HAaTHpPaHUA ObLIM aHTHUIAapalielb-
Hel. Ppouecc nepeopueHTanuu, o6yclIOBIEHHBIN UOHHO-
cypbakTaHTHOI MoaubuKanueil TOBEpXHOCTHOTO CIEMN-

(b)

=0

(d)

Z

ITuc. 3. 3aBucumocts ontTuveckoil TekcTypsl ciofg 5CB ot
BelIM4HHbI 3aeKTpudeckoro mons U(B): (a) - 2.7, (b) — 3,
(c) 3.3, (d) — 4. OGosuauenus ananormussl puc.2; Ry,
R — HanpaBlIeHMA HaTUPAaHUA BEPXHEH M HUKHEH MOIIO-
#KeK COOTBETCTBEHHO

neHus, ABnAeTcA noporoBeiM. na nanuoit RK-aAueiiku
OH HauMHaeTCA NpUMepHO ¢ BenuuuHsl noiada U = 2.8 B.
Poporoserit xapakTep cBA3aH ¢ HATUYUEM KPUTUYECKOH
INIOTHOCTHU CJI0A afcopbupoBannbix noHoB CTA™, nume
KOTOpO#l yKe He MPOUCXOJUT DKPaHUPOBAHUA OPUEHTHU-
pyloliero neicTBUA MOTMMepPHOro NOKpeITUA. Ppu npu-
JIOKEHUU TOCTOAHHOI'O BIEKTPUYECKOro NoJfA K AYeiike
OolHA M3 MOIJNOMEK HauMHaeT OCBOOOMAATbHCA OT CJIOA
HNOBEPXHOCTHO-aKTUBHBIX UOHOB. Ppu mocTuKeHUN Kpu-
THYEeCKO! MOBEPXHOCTHOM MmIOTHOCTU (NP OmpeneieH-
HOU BelIMUYMHE NEKTPUUECKOr0 0JIA) HAaUNHAETCA MOJH-
¢uranua MoBepXHOCTHOro ciemnneHud. JlokanbHBIN me-
pexon ®penepukca HabnogaeTca B YHNCTOM BUJE B AHa-
nasone 2.8 < U < 3.5B. Ppu mocTuskeHun 3HaUYeHUA
U = 3.6B B cnoe K HaumHaeT dopMHUpOBaTHCA TEKC-
TypHasA KapTHHA [OMEHOB, BBITAHYTBHIX NPEUMYIIECT-
BEHHO NEPIeHJUKYIAPHO HalpaBleHNIO HaTHUpaHufA, Ko-
Topble orueTnuBo BugHbl npu U = 4.0 B (puc. 3d). Ppu-
yuHOU 06pa3oBaHUA AOMEHOB MOTYT GBITh pa3nUuYHbIE
IIOBEPXHOCTHbIE fABIeHUA [12], paccMOTpeHHE KOTOPBIX
BBIXOJUT 3a pPaMKHU TaHHON paboThI.

PaccmoTpeHHbBIE BbINle TEKCTYpPHbIE KapTHUHBI COOT-
BETCTBYIOT yCTaHOBUBIIEMYCA COCTOAHUIO MOAU(DUIY-
POBaHHBIX I'PAaHUYHBIX YCJIOBUU NPH BO3IEHCTBUU IIO-
CTOAHHOTO 3ieKTpuyeckoro noia. OgHako Haubomnee WH-
TepecHble 0cOGEHHOCTH ucciIexyemMoro sddeKTa IpofB-
naTcA B AuHamuke oTkauka MAK-cnos B obnactu me-
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penHero U 3agHero (GPOHTOB 3IEKTPUYECKOI0 MMIYIIb-
ca NpAMOYTOIbHOMN (opMmel (puc. 4). JTauTenbHOCTb UM-

i
17

L 115

U )

IMuc. 4. OcuuanorpaMMa ONTHYECKOr0 OTKIMKA ILIOCKO
M R-Aveliky Ha MMIYIbC 3IEKTPUYECKOr0 IOIA BEIUYHU-
Hoit 2.9 B. lluppamu o6o3HaueHbI rpPaHUIL] XapaKTePHBIX
BPeMeHHBIX MHTepBanoB. MacmrTab BpeMeHHOI pa3BepTKH
B JIeBOil M IpaBOil YacTAX PUCYHKa pa3nnueH

mynbca coctaBifana 10c. BenmumHa cBeTompomyckaHusf
onpenensanack kak I' = Iy /Iy, roe Iy — UHTEHCUBHOCTb
U3JIy4eHUs, Ipolleiliero nepBblii nondpusarop, I; — ero
MHTEHCHUBHOCTb IOclle BTOPOro mojispusaTopa. B cuc-
TeMe CHKpeIlleHHbIX [0JAAPU3aTOPOB IIPU I'OMEOTPOMHOI
opuentanuu KK nponyckanue 61usko k Hyno. OTKIO-
HeHUe AMpeKTopa OT HOopMalu B o0lleM clydae IPUBO-
JUT K IIPOCBETJ]EHUIO AYelKHU.

ClOoHYIO KapTHUHY OINTHUYECKOI'0 OTKIWKA MOHO
YCIOBHO pa3[eliTh Ha [0CleoBaTelbHOCTh BpeMeHHbBIX
MHTEpBANOB, B IIpefiellaX KaJ0ro u3 KOTOPbIX AOMUHU-
pyeT onpeneieHHbIi Gusnveckuit apdexT. Ppemae Bce-
ro cienyeT o6paTUTbh BHHMaHUe Ha 3aMeTHOe 3ala3fbl-
BaHue ONTHUYECKOr'0 OTKJIMKA OTHOCUTENbHO IepelHero
¢pouTa smekTpudeckoro umnyibea (712 = 0.09 ¢; HuK-
HUU MHJEKC yKa3blBaeT [Be TOUKU Ha puc.4, uHTepBal
MexIy KoTopeiMu paccMmarpusaercs). OHO o0bACHAET-
cA TeM, UYTO NPU BKIIOUYEHUU BHEUIHEro 3J1eKTPUUYecKo-
ro nons Ey noHbI He ciocoOHbBI MI'HOBEHHO GI0KMPOBATh
ero Bo3geiicTBue Ha 06beM JHRHK. CrnenoBaTenbHO, B 3TOM
uHTepBane paboraeT Kiaccuueckuii apdpert @Ppenepuk-
ca, KOTODbIl cTabuIu3npyeT I'OMEOTPONHYIO OpUEHTa-
uuio HemaTuka ¢ Ag > 0, ¥ CBETONPONYyCKaHUe 0CTAeTCA
Ha HyJneBoM ypoBHe. Bpemsa paspenenus noHHoro oGia-
Ka MOKHO NpUOIKEeHHO CUNTATh PaBHbIM TPAH3UTHOMY
BpemMeHM nmpoxofa noHoB uepes FRK-cioit [13]:

l2

T = 7
Uic -1’

(1)
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rge | — ronmuna KRRK-cnosa, Upc — HanpsAkeHue Ha cioe
MK, p — noxBumHocTh MOHOB. Hcnonb3ysa oA oleHKU
suauenus g = 10 %cm? - ¢ - B! [13], Urc = 1.44B
(paccunTaHO C y4YeTOM HAINYMA MOIUMEDPHBIX MOKPHI-
tuit) u | = 6MrM, nonyuyaem 7r = 0.25¢, 4ro ABIA-
eTcA BEPXHUM IMpeesioM BO3MOMHOTO NeficTBUA KIacCh-
yecKkoro sa¢derra @Ppenepurca. B peanbHOCTU OH BBI-
KJIIOYaeTcA paHblile, TP YMEHbIIeHUH AefiCcTBYIONUIEro
noii E.e = Eg + E; (rze E; — snexrpuueckoe mnoie
pasjelleHHbIX MOHOB) HIKE IOpPOroBoro 3uadenus. leii-
CTBUTEIbHO, BpEMA 3ana3[bIBaHUA T12 3aMETHO MeHbIIIe
TPaH3UTHOTO BpEMeHU Tr.

B momeHT BpemeHu 2 neiicTBHMe BHENIHEro 3JIeKTpPHU-
yeckoro moifd Eg B 0OCHOBHOM KOMIIEHCHPOBAHO IIOJIEM
nonoB E;. Cinoit niaHapHOro opueHTaHTa, 0CBOGOM IEH-
Helit oT katuoHoB CTAT Ha onmoit u3 moanomex, Ha-
yrHaeT moBopauuBaTh nupekTop sAK. PTo mpuBomgut K
pocTy cBetonponyckanua. KpuBasa T mocTuraetr MaKkcu-
MyMma okosio 67%, 3atem cHumaeTcA 10 33% ¥ BHIXOAUT
Ha HacbilmeHue. TaKoe mMoBeleHMe CBETONMPONMYCKaHUA
npecKa3yeMo B paMKax M3BECTHOTO COOTHomeHus [14]
IJIfl aHU30TPOIMHOM MIacTUHBI B CKPELIEHHBIX MONAPU3a-
Topax. C yuyeToM mapaMeTpoB Halllero sKCIepuUMeHTa
€ro MOMHO 3amucaTh B yNPOUIEHHOM BUJE:

T = sin® WM. (2)

3oech B YKUCIUTENe CTOUT MHTerpalbHasA BelUUYKUHA OIl-
THUYEeCKO pasHOCTH XoJa OOBIKHOBEHHOT'0 M HEOOBIKHO-
BeHHoro Jgyueil Ha Tonuuue fRK-cionA, a A — gnuHa Bon-
HbI Ja3epHOro uanydyeHud. [ud roMeoTpomHOro cios
HeMaTuKa uHTerpal B (2), a clleloBaTelnbHO, U CBETO-
HNpoIycKaHWe paBHbI HynO. [nA romeonnaHapHOro ciof
KK 5CB (n| = 1.7057, n, = 1.5281 mpu ¢t = 25°C u
A = 0.633mrMm [15]) Tommuuoit | = 6 MKM B npubin-
JKEHUU JTWHEIHOro U3MeHeHNA yTila HaKJIoHa JUpeKTopa
[0 TOJIIMHE Clofl 3TOT MHTerpal cocTaBUT 0.511 MKM.
Pro o3HauvaeT, uTO mpu niIaBHOM M3MEHEHUU OpPUEHTa-
nuoHHOU cTpyKTyphI FRHK oT romeorponHoii kK romeomnia-
HapHO# CBeTONpPOIyCcKaHKe, Bo3pacTas, JOCTUraeT MakK-
cuMyMa npu 3HayeHuu uHTerpana 0.317MKM u 3aTeM
yMenbInaeTcs no Beauuunbl T = 32%, cooTBeTCTBYIO-
meit BenuunHe uHTerpana 0.511 mrmM. Tawroil xapakTep
U3MEHEHUA CBETOIPONYCKaHUA HaXOOUTCA B XOPOIIEM
cornacuu ¢ HaGnomaeMbIM B SKcnepuMmeHTe. PocienHee
AIBIAETCA MOJTBepskIeHNEM 00pa30oBaHUA roMeollaHap-
HO{ CTPYKTYPBI 0] AeHCTBUEM 3IEKTPUYECKOrO IOJA.

Bpemsa BrIxoa Ha YyCTaHOBUBLIMICA PEHMUM Toz =
= 0.39¢c, no cyTu, ecTb BpeMA NepeKII0OYeHU I0BepX-
HOCTHOI'0 CLEIVIEHWA ILIIOC BPEMA pellakcaluyd Tr'oMeo-
TponHoi# KoHpurypanuu o6vema K k romeonnanapHoit
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ITuc. 5. CxeMbl pacnpeneleHUsA OUpPeKTopa M HMOHOB cypdakTranTa B cioe /AR B MoMeHTHI BpemeHH, 0603HaueHHbIe HudpaMu

Ha puc.4: (a) — 4, (b) -

5, (c) - 6,(d) -7

crpykrype (puc. 5a). Perakcanuonusie npouneccer B KK
OMKCBIBAIOTCA COOTHOLEHNEM [13]

yI?
7T2K’ (3)

Trel =

rae -y — BpamartenbHaa BaA3kocTh MK, K — cooTBeTCcTBY-
oMMl MOAYdh ynpyroctu. Bo3bMeM [AlA OLEHKU Cpel-
Hee 3HaueHne K = 6.3nP [16] u v = 0.09Pa-c [17]
misa K 5CB. Torma 7re1 = 0.05c. YBenunuenuwe 723 B
8 pa3 mo CpaBHEHUIO C Tyel, MO-BUAUMOMY, HIPOUCXOAUT
3a cueT cyMmapHoro 3¢deKTa IBYyX yKa3aHHBIX BhIIIe
OpPHEHTAaNVOHHBIX NPOLECCOB.

Eme Gonee cnoxHaAa KapTUHA U3MEHEHUA CBETONPO-
mycKaHUA HaOIIOJaeTcA IOcie BBIKIIOYEHUA yNpaBif-
IOLIero UMIYyJbca. 30ech B HEPBBI MOMEHT BpPeMEHU
M HK-cnoit okaseiBaeTcA mojJ JefCTBUEM IONA pasfieleH-
HbIX MOHOB E; = Ey. B 3TOM ciiyyae BHOBbL peanu3yeTt-
cA Knaccuyeckuit apdert Ppenepukrca, npoaBIAOmMMI-
cA B IepeopHeHTalUU BIOIb HoiaA Gonbuieil yacTu 06b-
ema R K 3a uckiIroueHNEM TOHKOrO clofl BOIN3YM HIMKHEN
nognoxku (puc.5b). 3a Bpems 745 = 0.01 c cBeTompo-
IycKaH¥e IPOXOJUT o0paTHBIi MyTh, BHaYale YBeIUUU-
Basfch 10 Tex xe 67%, a satem nagaa mo 11%. Poanoe
ramieHre HEBO3MOKHO U3-3a HATUUKA BBIIIEY TOMAHY TOU

IIPUNIOBEPXHOCTHON 06JacTH, rje HabupaeTcA HEKOTopoe
(asoBoe paccoriacoBaHue nydeil. Bpema BRIlOYeHUA
KIaccuueckoro s dexta @peneprica onpeenAeTCA Cle-
nyroweit popmyioit [13]:

o

Ton = — A 9 91 (4)

eoAcEIl?2 — 2K

rae Ae — aHM30TPONUA IUAIEKTPUUECKOI IPOHULIAEMOC-
TH HeMaTuka, F/ — HanpAMeHHOCTh JIeKTPUYECKOro 110-
a1, peiictBytomero Ha fRK. Bo3emem nna oneHku yka-
3aHHbIE Bbllle 3HaueHus v, [ u K, a takme Ae = 11.2
[18] u E = 0.24-10° B/m, paccunTaHHOe C y4€TOM Halu-
YUA MOTMMEpHBIX HOKpPBITUil. B pesynbTaTe momyuaem
BeIUUNHY Ton = 0.02c. Ona mpeBbillaeT 745, TaKk Kak
nponecc nepeopuentanuu MK mon meilicTBuem mond wo-
HOB B pealbHOCTY OCTAlCA He3aBepIIeHHBIM.

Pocne BrIKIIOUEHNA BHEIIHErO NMOJA ABa o0laKa pas-
IelleHHbIX UOHOB JBIKYTCA HaBCTpedy ApyT Apyry. Pto
npuBOOUT K yMeHbieHuto ciof sRK memmnpy vHumm, Ha
KOTOpBIiT pacnpocTpaHfeTrca fgeiicTBue monda E;, a Tak-
JKe K IOCTeNeHHOMY oclabiIeHHIO BeINYMHEI 11014 0 HY-
1. B To e Bpemd cloii HeMaTuKa, NpUIerammuil K
BIEKTPONY, OT KOTOPOr'o YXOOAT aHMOHBI GpoMma, GbICT-
po yBenuuuBaeTcA. 3leCh HAUMHAETCA BOCCTAHOBIEHUE
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roMeonllaHapHO# CTPYKTYpbl. aHHBIN mpomecc cTaHO-
BUTCA JOMUHUDPYIOUIUM B MOMEHT BpeMeHU 5 U AIUTCH
B TeueHue 756 = 0.32c. Po cymecTBy, Takasa nepeopueH-
TalKA aHalorMuyHa JOKalbHOMY IIepexojly B MHTepBaie
To3. BclencTBue aTOro yrkasaHHble BpeMeHHble HHTepBa-
7Bl GIU3KY [0 BeIUYKHE U JeMOHCTPUPYeT UIeHTHUUHbII
XapaKkTep U3MeHeHHA CBeTONpONyCKaHuf.

3aBeplileHue IIpoliecca HAUXHAeTCA B MOMEHT BpeMe-
Hu 6, Korga moBepXHoCTHO-akTHBHbIe MoHBI CTAT 3a
cueT AuG(PYy3un NOAXOAT K MOMJIOKKe C IJaHapHbIM
opueHTanToM (puc.5c). Ancopbupysach Ha Heil, OHM Ha-
4YypHAIOT (HOpPMUPOBAaTh I'OMEOTPONHO OPUEHTHUPYIOMUiL
cioii, Bo3Bpamasa opueHTanUoHHYIO cTpyKTypy /K B
ucxonuoe cocrosguue (puc.5d). Ppu stom xaparrep us-
MeHeHHUf CBETONPONYyCKaHUA MeHAeTcA Ha NPOTUBOIO-
noHBIA. Po3ToMy oTpe3ok ocnuaiorpamMMbl B UHTEp-
Balle Tg7 N0 (popMe ABIAETCA MNOYTHU 3epKalbHBIM OTpa-
JMeHNeM B TouKe 6 MHTepBala Tsg, HO PacTAHYTHIM IO
BpeMeHU [0 3HaueHud Tgy = 1.08 c.

3akaiouyeHue. PaccmaTpuBaeMmblil JOKaIbHBIN Ie-
pexon ®pengepukca BecbMa YYBCTBUTENEH K KOHIEHT-
panuy U CcoCcTaBy MCHONb3yeMbIX KoMIoHeHTOB. Oco-
60 cirefyeT OTMETUTb KIIOYEBYIO POJb NPOTEKTOPHOI0O
cJl0s, IPeNATCTBYIOLIEro NPpAMOMY BBIXOAY HOHOB Cyp-
t¢arxranta Ha ITO-snektrponsl. Ppu ero orcyrcTBuu B
HaIINX SKCIEPUMEHTAX, TaK e Kak u B [8], B Tpancdop-
Maluy OpUeHTaLlMOHHON CTPYKTYPbl JOMHHUPOBAJIO fAB-
nenue PI'/I-HeycToiiunBoCcTH, MpenAaTCcTBYIOIlee HabIIO-
neHuio 3pderta MoANPUKALNY T'PAHUYHBIX yCIOBUM.

Po cpaBHeHuio c¢ rinaccuyeckuM sddertom Dpene-
puKca, rjje OCHUIALUYU ONTUYECKOI0 OTKIMKA Ha Ie-
penHuit ¥ 3agHUN GPOHTHI NPAMOYTOILHOTO dIeKTpuyec-
KOI'0 MMIIyJbCa COBNAAaIOT N0 KOIMWYECTBY DKCTPEMY-
MoB [13], noranbHbril nepexon @pexepukca, o6ycaoBieH-
HbI 3JIEeKTpPOyNpaBifdeMbIM IepekiIioueHneM TpaHuyd-
HbIX yCJIOBHii, B o0LieM ciyyae NpoABifeT 0ojiee CIOM-
HYIO 3aBHCHMOCTb CBeTONIponyckanusa. Pamu mpoBeneH
aHalu3 OCLUIIOrpaMMbl OIITUYECKOr0 OTKINKA HCCIeny-
eMoil A4YelikM B paMKaX U3BECTHLIX TEOPEeTHUUECKUX MO-
Jejeli, oNKUChIBAIOMIUX AMHAMUKY MOHHBIX U OpHEHTalu-
oHHbIx nponeccoB B fRK. OH mo3Bonun BRIABUTH JOMMU-
Hupylomue ¢pusrdeckuie 3@GerTrl, HocIeIoBaTelbHOCTD
KOTOPBIX COMPOBOJAaeT mpouecc nepeopueHtanuu KK
3a cyeT HMOHHO-cyp(daKTaHTHOH MoJU(UKALUKU NOBEPX-
HOCTHOTO CLeNIeHuf.
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