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1. BBEAEHUE

B kBaHTOBO-XOJIJIOBCKOI JABYMEPHON JIEKTPOHHOM
cucreMe (2D 9C) MArHUTOIKCHTOHBI — ITO BO30YXK-
JIEHUST B 30HE IIPOBOJIUMOCTH, C(DOPMUPOBAHHBIE DJIEK-
TPOHHO BaKaHCUell Ha «HIKHEeM» ypoBHe Jlanmay, T. e.
nmzke yposaa Pepmu (B qasbHeiinieM [y KpaTKOCTUH —
depMu-IBIpKA) U 3JIEKTPOHOM B HEKOTOPOM JIPYTOM
cocrosiHUN (OPOUTATBHOM MJIM CHUHOBOM) € GOJbIeft
sueprueit. KsanToBo-xo/utoBcKuit m3014TOp OpMU-
pyeTcs IpU IMOJIHOM 3allOJHEHNN 3JIEKTPOHAMHU YPOB-
Hs1/yposreii Jlarmay: dbaxkrop 3anonnenus v = 2,4, ...
B kBaHTOBO-X0JLUTOBCKOM M30JIATODE C ¥ = 2 3JIEKTPOH-
HBIMIA BO30YXKICHUAME SBJISIOTCS MATHUTOIKCUTOHBI,
obpazoBaHHble BO30YXKJICHHBIM 3JEKTPOHOM Ha He3a-
[TOJTHEHHOM I1€pBOM ypoBHe Jlaumay u depMu-1pIpKoit
Ha TIOJIHOCTBIO 3aI0JHEHHOM HYyJIeBOM ypoBHe Jlammay
(puc. la). B cuexrpe Bo30ykK/eHnil KBAHTOBO-XOJIIOB-
CKOT'O M30JIITOPA MUMEIOTCs JIBa THIIA ITUKJIOTPOHHBIX
CIIMH-CUHTJIETHBIT MAarHUTOIKCHU-
TOH C TOJHBIM cuuHOM S = 0 U CHUH-TPUILIETHBII
MarHUTO3KCUTOH C 1MOJIHBIM ciimHoM S = 1. CruuH-cuH-

MaTrHUTOSKCUTOHOB!

* E-mail: gorbunov@issp.ac.ru
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IJIETHBIE MATHUTOKCUTOH €CTh He YTO WHOe, KakK
MarHUTOIJIA3MOH — OeCCIMHOBOE BO3DYIKI€HUE, y KO-
TOPOT0, COTJIACHO TeopeMe KoHa, SHeprus mpu HyJIeBOM
BOJIHOBOM BEKTOPE PaBHA OJIHOYACTUIHON IUKJIOTPOH-
woit smeprum [1, 2. TPUILJIETHOTO
CIOUHOBOTO 9KCUTOHA, JJIT KOTOPBIX MTPOEKIHNs CIIHHA
~1,0,+1,
9HEPreTUIeCKN OTIEJEHBI JPYD OT JPyTa 3eeMaHOB-
CKOI1 TIEJIBI0, TPUYEM [TPU HYJIEBOM BOJTHOBOM BEKTODE,

KommonenTsr

Ha HallpaBJIECHHNE MaIlHUTHOI'O IIOJIA SZ

g = 0, n jaxke UpH JAPYruX aKTyaJbHbIX 3HAYEHUSX,
qg <1/l (I \/ch/eB — marHuTHasl JJIMHA), BECh
rpumier B rerepoctpykrypax GaAs/Al,Gaj_,As
OKas3bIBaeTCsl HUYKe He3alloJIHeHHOro ypoBHA Jla-

Jay, T.€. UMEET SHEPrui0 HUKEe IUKJIOTPOHHON IIesn
Ha BEJMYNHY HEKOTOPOR JOIOJHUTE/LHONR «3HEPIUU
CBSI31», OIPEIEIIeMOl KYJIOHOBCKUMU KOPPEJISIUSIMUI
B 2D 9C [3-5]. OrpuriareabHbli «KyJIOHOBCKHUIT CJIBUT>
[IO3BOJISET CUMTATH KOMIIOHEHTY TaKOIr'0 CIUH-IHKJIO-
rpounoro skcurona (CID), coorBercrByIoONIyIO 3HAUE-
o Sz = +1, HE3MEM 110 SHeprun') Bo36YKIEHIEM
npu v = 2. CHMH-IUKJIOTPOHHBINA 3KCUTOH, B OTJIUIUE
OT MArHUTOILIA3MOHA, ONTHYEeCKH He akTuped. OH

mpeJicTaBiiseT cobO TaK Ha3bIBAEMbBIN «TE€MHBIN»

1) D10 KOMIOHEHTa C TIOJIOKUTEILHEIM 3HAMEHUEM MPOEKIIIHN
Sz Ha HalpaBJIeHHWe MarHUTHOIO II0Jis, TOCKOJbKYy B GaAs
g-daKTOp JIEKTPOHA OTPUIATETIEH.
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(dark) skcuTOH, TAK Kak €ro U3JydaresibHas PEKOM-
OuHAIMS 3allpeleHa Mo CIuHy. TeM He MeHee 1mocpe/-
CTBOM PE30HAHCHBIX MEK30HHBIX II€PEXO0JIOB, & UMEHHO
JIATIOJIBHO-PA3PEIIEHHBIX ONTHIECKUX TEPEX0/I0B MEK-
JIy JUCKPETHBIMU COCTOSIHUSIMU — TSIZKEJIBIX  JIBIPOK
BAJIEHTHOMN 30HBI (COOTBETCTBYIOMUX YPOBHsIM JlaHmay
¢ HOMepaMu nj, > 1) U COCTOSHHMSIMU 3JIEKTPOHOB
30HBI MTPOBOJMMOCTH, MOYKHO CO3/IaTh HEPABHOBECHBII
aHcaMOJIb TaKUX MATHUTOIKCUTOHOB [6]. OCHOBHBIM
kanajgoMm u3MeHenus cumHa 2D DC aBiaoTcs mpo-
IEeCChl TIEpEeBOPOTa CInHa (POTOBO30YKICHHON IBIPKN
3a CYeT CUIIHLHOTO CIIMH-OPOUTATIBLHOTO B3aUMO/ICHCTBHS
B BasienTHOU 30He GaAs. B mporecce nociemyrormeit
TpancdopMarmu hoTOBO30YKICHHON TAXKEION THIPKHI
U3 BAJIEHTHOW 30HBI B (DEPMU-IBIPKY 3JIEKTPOHHOI
CHCTEMbI, KOTOPasi IPOUCXOIUT BCJIEJCTBHE DEKOMOU-
HAIUU 3JIEKTPOHOB C HYJEBOTO 3AIOJIHEHHOTO YPOBHS
Jlanmay ¢ GoToBO30YKIEHHON IBIPKON BAJIEHTHOM
30HDI, HJEKTPOHHAS CUCTEMa U3MEHSIET CBOW pe3yilb-
Tupylomuii  cnuH. [loCKOBKY TpsiMasi pesaKkcarus
CIIMH-IIUKJIOTPOHHBIX 9KCUTOHOB (MX TaKyKe HA3BIBAIOT
cnui-dunn-skeuronaMu [4]) B OCHOBHOE cocTOsHUE,
COIPOBOXKIAIONIASICS ~ M3MEHEHHEM  OJJHOBPEMEHHO
OpOUTAIBHOTO M CIIMHOBOI'O KBAHTOBBIX UHCEJI, 3AIIpPe-
[EeHA, BPEMsl YKU3HM STHX BO30YKJEHWIl CTAHOBUTCS
upesBbruaiino GosbimM [7]. Eme ogus daxrop, 3aTpy/i-
asronuit penakcarmio CI9, cBa3an ¢ Tem 006CTOSATED-
CTBOM, YTO MUHUMYM KX JUCIIEPCUOHHON 3aBUCUMOCTHU
PACIIOJIOZKEH He TIPU HYJIEBBIX 00ODIIEHHBIX UMITYJIBCAX,
anpu g ~ 1/lp [3] (puc. 16), nosromy mjis pejakcanun
KpOMe SHEPriuu Hy>KHO OTJATH OOJIBITON UMITYJIHC, OKO-
a0 10% cm~!. B pesymbrare BpeMeHa pPeKOMOMHAIHHI
CI? npubmusurensuo B 107 pas mpeBbIIa0OT BpeMeHa
pekoMOunaimu GHoToBO30YKACHHON IbIpKH (B CTaH-
JapTHBIX nccieayeMbix 2D 9C orm cocTaBIIsIIOT OKOJIO
100 1ic). Boarogapst ¢ctosb 60IbIINM BPEMEHAM YKU3HU
MOYKHO CO3/IABATH BI:ICOKI/Ie IJIOTHOCTH HEPABHOBECHBIX
CID ez ~ 100 cr~? ¢ momomibio hoToBO3OY K IEHH
MaJIoif MotmHOCTH, He Teperpesatoriero 2D 9C.
CHMH-IIUKJIOTPOHHBIE 9KCUTOHBI SBJISIIOTCST 9HCTO
3JIEKTPOHHBIMU BO30Y2KJIEHUSIMU, HO MOI'YT OBITH Ha-
3BaHbl KOMIIO3UTHBIMU HO30HAMU, ITOCKOJIBKY OHU UMe-
FOT IIEJIOYMCJIEHHBIN CIIUH U (PAKTHIECKU IO IUHSIOT-
cst 003e-CTATUCTUKE — B OJHOM KBAaHTOBOM COCTOSI-
HUU MOYKET HAXOJUTHCS MAKPOCKOIMMIECKH OOJIBIIOE
quciio 9kcuToHOB. B komnektuBe CIID moxkHO OBI-
JIO OBl OXKUJaTh (POPMUPOBAHUSI HEPABHOBECHBIX 0O-
B0HHBIX KOHJIEHCATOB, AHAJOIUIHBIX TeM, 49TO (hOop-
MaJIbHO H3ydanauch eme B pabore [9]. Ognako u3-
BECTHO, UTO B JIBYMEPHBIX (& TakKyKe OJHOMEDHBIX)
IPOCTPAHCTBEHHO-HEOIPAHUIEHHBIX CUCTEMAX MPH JIIO-
00lf CKOJIb YTOJHO HHU3KOH, HO KOHEYHOU TeMIepa-

4 ZK9T®, B 4 (10)

-1/2

1 hmcﬁ 6 #1/2

0 093399353 -1/2
. SoooFepsas /2

Eg PO

333393p333 -3/2

Ohh
233D I3 +3[2

. 2 MarsutonnasmoH

e

s 1

w 0f----ioieeee oo %
=

S -04r

?E’ CnuWH-LMKNOTPOHHbBIN

™ 06} 9KCUTOH .

0.0 0.5 1.0 1.5

Puc. 1. a) Cxema 0fHO31EKTPOHHbBIX COCTOSIHMI KBaHTOBO-XO1-
NOBCKOro n30a5Topa npu (hakTope 3anosHeHus v = 2 B ycno-
BUAX BO3OY>KAEHUS TPUMIETHOrO CAUH-LMKJOTPOHHOrO Mar-
HuToaKcuToHa. CneBa ykasaHbl HOMepa yposHeli JlaHgay ansi
anekTpoHa B 30He nposogumoctu (Oc, 1c) u Tsxenolt abip-
ki B BaneHTHol 30He (0n), CMpaBa — 3HaYeHWUs NPOEKLUM
cnnHa S.. VIsornyTble cTpenkn — UnaCTpaums BUpTyaabHO-
ro MOrnouweHns 1 nepensnydeHnst boToHa MpU perncTpauum
®PO. E, — wupuHa 3anpeLleHHoli 30Hbl, e — LNKAOTPOH-
Hasi aHeprusi. 6) PesynbTaThl pacyera AnUCNepCUOHHON 3aBU-
CUMOCTUN ABYXHaCTU4YHbIX BO3by>xaeHunii B K5 wupunnoii 32 Hm
B MarHuTHom nose 4.2 Tn [8]

Type T TemoBble GIIYKTyalluu pa3pylialoT J1ajlb-
uuii nopsigox [10, 11]. Ilo sroit npuuune 6o3e-KoHIeH-
caT B TAaKWX CHCTEMAaX MOYKET CYIeCTBOBATH TOJIb-
ko nmpu T = 0, gro mmeer He 6ojee, GeM TeO-
permaeckuii maTepec. B 2D-ciryuae TertoBbie uryk-
Tyaruu, TeM He MeHee, He IIOJHOCTHIO Pa3pPyIIaioT
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JIAJBHU TIOPSIOK: MPOCTPAHCTBEHHBIE 3JIEKTPOH-3JIEK-
TPOHHBIE KOPPEJANIN COXPAHSIOTCA, XOTs U yObIBa-
0T C PACCTOSTHHEM He KCIIOHEHIMAJIbHO, KaK B ra30-
BOll da3e, a MO CTEIEHHOMY 3aKOHY. JTOI0 OKa3bIBa-
eTcsl JIOCTATOYHO JIJIsl TIepexojia B HOBYIO dasy, Ko-
TOpasi MOYKeT 00J1a/aTh CBEPXTEKYUECThIO P KOHEU-
Ol Temmeparype. dddeKT cBepxTekyuectu B 2D-cu-
cremax 0e3 obpazoBanus 603e-KOHIEHCATA OBLI IIPEI-
ckaszaH BepesuHckuM [12] n He3aBUCHMO, HO HECKOJIb-
ko mozxke Kocrepmunem n Taymeccom [13] (mepexon
Bepesunckoro — Kocrepsuna — Tayinecca — BKT). Co-
[JIACHO TEOPHH IEPeXOJl B CBEPXTEKYyuee COCTOSTHUE
npu 5TOM 06YCIOBJIEH (DOPMUPOBAHUEM TOIOJIOTHIE-
cKkuX J1eEKTOB: Tap <«BUXPb-aHTUBUXPh». K HaCTOs-
EeMy BPEMEHH YK€ UMEETCH JOCTATOYHO MHOI'O 3KC-
[IEPUMEHTAIBHBIX CBUIECTEIHCTB CYIIECTBOBAHUSA TI€Pe-
xoma BKT B pazamdHbix KBa3UIBYMEPHBIX CHCTEMAX:
B IUIEHKAX JKHUJKOrO resust [14], maccuBax jpKozedco-
HOBCKHMX KOHTAaKTOB [15]|, B OXJIa’KJI€HHBIX ra3ax aro-
MoB [16,17], B raze B3auMOmeiCTBYIIMX IKCUTOHHDBIX
nosispuToHoB [18].

Tlouck 603e-9MHIITEHOBCKIUX KOHJIEHCATOB — OJIHO
13 TEHTPAJIbHBIX HAIPABJICHUN COBpeMEHHON (DU3UKM
U, TpexKJie BCero, (pu3nMKu KOHJIEHCUPOBAHHOIO COCTO-
sung. HecMOTpst Ha TO, 9TO CYIIECTBYET MHOYXKECTBO
yKa3aHuil Ha HeTpUBHAJLHBIE (DA30OBbIE PEBPAIIEHS
B TBEPJBIX TejJax, KOTOPBIE MOTYT PacCMaTpPUBATHCS
KaK TIePeX0JIbl B KOHJIEHCUPOBAHHOE COCTOSTHUE, HAJTEK~
HO YCTAHOBJIEHHBIE Ciiydanm (HOPMUPOBAHUS 0O3e-IH-
MTEAHOBCKOrO KOHJIEHCATa HEMHOTOYUCJIEHHBI. KOoH-
JIEHCATHBIE COCTOSTHUS MOYKHO Pa3JIeIUTh Ha JBe (PyH-
JaMeHnTabHble rpynbl. OHa onpejessiercs Gha3oBbIM
[IEPEXO0JI0M B OCHOBHOM TEPMOIMHAMUIECKU PaBHOBEC-
HOM COCTOSIHWH, KaK, HaIIpuMep, B cBepxTexyueM *He.
B mocnennee Bpewmst, ommHako, ocoObIii mHTEpec IIpu-
BJIEKAIOT K ceDe TaK HA3bIBAEMbIE HECTAIMOHAPHBIE
KOHJIEHCATHI — CHCTEMBbI, BBIBEJICHHBIE U3 PABHOBECHUS
BHEITHUM BozjelicreueM. Hecmorpst Ha TO, 9T0 jeTab-
HOE paBHOBECHE B HUX HE HACTYIAET, CUCTEMY MOYKHO
pPa3IeUTh HA MAKpPOCKOIUYECKHE IOJCUCTEMBI, B KO-
TOPBIX HACTYIAET JIOKAJbHOE (JIMHAMUIECKOe) <«KBa-
3UPABHOBECHE», MPUIEM HEPABHOBECHBIE MMOJICUCTEMbI
MOTYT HaXOJUTHCS B «KBa3MPABHOBECHOM» COCTOSHUU
JIOCTATOYHO JIOJITO, ITOOBI MOYKHO OBIIO MOJIb30BATh-
cs TIOHATHEM TEMIIEPATYPBI, a B caMOil MOJICUCTeMe
MOIJIa, TTPOU30UTH 003€-IHIMTEHHOBCKA KOHIIEHCAIINS.
K kBa3smpaBHOBECHBIM MOYKHO OTHECTH KCHUTOH-TIOJIS-
puToHHBbIE KOHjIeHcAThI [19], 603e-KoHIeHCaT TpexMep-
HBIX MarHoHos [20], aromuble Go3e-KOHjEHCATHI [21,
22|, 6oze-koumencaThl 2D-marauTosKCHTOHOB [9, 23]
U MPOCTPAHCTBEHHO-HEMPSIMBIX JIUITOJISIPHBIX 9KCUTO-
HOB [24-26].
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OcCOoBHSAKOM B psiJly KOHJIEHCATHBIX COCTOSTHUI CTOSAT
KOHJIeHCAThl B (DEPMUOHHBIX CHCTEMaX, KOTOPbIE TaK-
JKe MOKHO pase/uTh Ha TepMOJMHAMHYECKH paBHO-
BECHBIE — 9TO CBEPXIIPOBOIHUKY ( BKJIIOUAsl BLICOKOTEM-
nepaTypHble cBepxmposogHuKn), SHe [27], cocrosue
¢ cyMMapHBIM (haKTOPOM 3alloJIHeHHus ¥ = 1 B JBOIi-
HBIX 3JIEKTPOHHBIX CJI0siX [28], u HepaBHOBECHDBIE, Ta-
KHe KaK KOHJICHCAT OXJIasKIeHHbIX aroMoB ‘0K, mexos-
HO nMerorux depmu-craructuxy [29]. B npencrapien-
HOM 0030pe 00CyKIaeTcs KOHAeHcanusa B cucrteMe 2D-
depmuonos (2D-371eKTPOHOB B 30HE IIPOBOJIUMOCTH ),
BBIBEJICHHOI M3 COCTOSIHMS paBHOBECHUS IIyTeM 06paso-
BaHMsA aHCcaMOJIsI JOJITOYKUBYIIMX CIIMH-IUKJIOTPOHHBIX
9KCUTOHOB — KOMITO3UTHBIX BO3OYKIeHUI ¢ 603e-cTa-
THCTUKOI. AHCaMG/Ib CHUH-IIUKJIOTPOHHBIX 9KCUTOHOB
JIOCTATOYHO GOJIBLIION IJIOTHOCTH B KBaHTOBO-XOJIJIOB-
CKOM m30JidTOope (¥ = 2) Ipu TeMieparypax HUwKe
1 K »sr0 eme ommn mpumep IIOTHOH 003€-CHCTEMBI
B BBIPOXKJICHHOM JIBYMEPHOM (bepMHU-Ta3e, JeMOHCTPH-

pyroreil KOJIJIEKTUBHBIE 003€BCKHE CBOICTBA, HADSILY
C 9JICKTPOH-3JIEKTPOHHBIMI Gucosmu [28].

BameTum, 9To IS PACCMATPUBAEMBIX YUCTO IJICK-
TPOHHBIX CIUH-TIUKJIOTPOHHBIX 9KCUTOHOB MMEET MECTO
3JIEKTPOH-JIBIDOYHAS] CUMMETPHUsI: MACCa U 3apsij BO3-
Oy 2K ICHHOT'O 9JIEKTPOHA PABHBI Macce U 3apaiy (¢ mpo-
TUBOIIOJIOKHBIM 3HAKOM) 3bdeKTuBHON hepMu-Iabip-
ku. Takum 06pa3oM, IPOCTPAHCTBEHHBI TIEPEHOC ITUX
MarHUTO3KCUTOHOB HE CBsI3aH HU C [IEPEHOCOM 3apsijia,
HU C [EPEHOCOM MACChl (B IIPOIECCE MEPEHOCA JIOKAJIb-
Hasl IJIOTHOCTD 3JIEKTPOHOB B IIPOCTPAHCTBE HE MEHSIET-
cs1), & TOJIBKO € TIEPEHOCOM SHEPIMU BO3OYKJIEHUIT U X
crimua. [Ipn Kommencarmm TakmxX BO3OYKICHUI B KO-
PEPEHTHOE KOJIJIEKTUBHOE COCTOSTHUE MOYKHO OYKHJIATDH
0e3/IMCCUNIATUBHOE PACIIPOCTPAHEHNE CIIMHA HA MaKpPO-
CKOMIYIECKUE PACCTOSTHUS.

2. METOUKA S5KCIIEPUMEHTOB

2.1. O6pasibl

WccnenoBaanch TEeTEPOCTPYKTYPBI, COJEPKAIITE
OJIMHOYHYIO, CHUMMETPUYHO JIETUPDOBAHHYIO, KBaH-
ropyto simy (Kd) GaAs/AlGaAs mmpunoit or 25
a0 35 HM € KOHIeHTpalmeil 3JieKTpoHoB B 2D-kaHa-

ae ne =2 210" eM™? m TeMHOBOW MOIBHIKHOCTHIO

pe = (10-20) - 10° cm?/B - c¢. Cummerpuunoe Je-
IUpOBaHUe HEOOXOJUMO, HTOOBl MHHUMH3UPOBATEH
NPOHUKHOBEHHE  BOJIHOBOH  (DYHKIMH  3JIEKTPOHOB

[IPOBOMMOCTA B 0apbep M YMEHBIMUTH BKJAM B pe-
JIAKCAITNIO BO30YKJEHHBIX 3JIEKTPOHOB  CJIYUIaiiHOTO
moTeHIaa Ha rereporpanunax K u mpumecHBIX
cocTosHuit B bapbepe. BLIOOD MUpUHBI KBAHTOBOM SIMBI
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obocHOBaH nByMs oOcTogTeabCTBaMU. bBojee y3kume
KBaHTOBble sAMbl (20-25 HM) He ObeCIeunBAIOT Tpe-
OyeMoii BBICOKOH TOBUXKHOCTHU JIEKTPOHOB, a Oojee
[INPOKKE KBAaHTOBBIE sAMBI (35-40 HM) He TO3BOJIA-
0T CO3/aTh XKEJAEMYI0 CTeleHb HEPABHOBECHOCTH.
Jlesio B TOM, 9YTO BpeMsi PEeJIAKCAIME HePaBHOBECHBIX
CIH-(DIIUT-9KCUTOHOB OBICTPO YKOPAYUBAETCS C POC-
TOM INUPWHBI KBAHTOBOM SIMBI W3-3a yMEHBITEHUS
IyOUHBI KYJIOHOBCKOI'O MUHUMYM& Ha JIUCIIEPCUOHHOI
kpuBoit [3] (pue. 16). OnrnmaibHasi MUPUHA KBaH-
TOBOW SMBI JjI CO3JAHUsI HEPABHOBECHOTO AHCAMOJIsT
CILD npu v = 2 nojydaercst IpU IMUPUHE KBAaHTOBOM
ambl 30-35 M. Bpems mx penakcamum mpu JIpyTrUx
[EJIOUNCJIEHHBIX  (DAKTOPAX 3aIOJIHEHUs HAMHOTO
kopoue (cm., mampumep, [30]). B Hacrosimee Bpewmst
CO3/laHNe KBa3UCTAIIMOHAPHBIX HEPABHOBECHBIX CHCTEM
CIIUH-TIUKJIOTPOHHBIX ~ 9KCUTOHOB C KOHIIEHTDAIIWS-
MH Ny 2 100 car? mpm memouncaenHbx daxTopax
3all0JIHEHUSI, OTJIMYHBIX OT ¥V = 2, IIPeJCTaBJISeTCs
HEBO3MOKHBIM.

2.2. JIlnarHoCTUPOBAHUE «TE€MHBIX»
TPUILJIETHBIX 9KCUTOHOB

Kak y»Ke ynmoMuHAIOCh, CIIMH-IIUKJIOTPOHHbIE IKCHU-
TOHBI ABJIAIOTCA «TeMHBIMI», T. €. He B3aUMOICIHCTBYIOT
CO CBETOM B JIMIIOJBHOM HPHUOJIMKEHUH. DTO 0OCTOsI-
TEJBLCTBO HE MEIaeT OOHAPYKUBATH UX CYIECTBOBAHUE
¢ nomortpio Heynpyroro paccesiinst csera (HPC) [4].
Opnako sxcepuMeHTs! 110 n3mepenuio HPC tpymoem-
KU U TPeOYIOT GOJIBINNX BPEMEH HAKOILICHMSI.

B sro0it cBs3u Obl1a oTpaboTaHa IKCIEPUMEHTAH-
Hasi MeToiuKa [6], ¢ IMOMOIIBI0 KOTOPOH MOXKHO BO3-
OyKJjIaTh CBETOM aHCAMOJIb TPAHCISINOHHO-UHBAPH-
aHTHBIX, T.e. cBobomubix CIID, koHTpoOsMpOBaTH MX
IJIOTHOCTD W UCCIE0BATH KHHETUKY PEJIAKCAIINN B OC-
HOBHOE COCTOsiHME (pedub UeT 00 M3MepeHUsiX 0e3bI3-
sygaresbaoro spemenn )usuu CL[D). Ipeoxennprit
METOJI, OCHOBAH HA U3MEPEHUIX PE30HAHCHOTO OTparKe-
HUSI B Pe3yJIbTaTe MPSIMBIX MEYK30HHBIX JIUTIOJIBHO-PA3-
PEIEeHHBIX [IEPEXO0JI0B MEXK/LY JIMCKPETHBIMU COCTOSTHU-
amu (ypoBaamu Jlaniay) TsKesbIX IbIPOK BAJEHTHON
B0HBI U JIMCKPETHBIME COCTOSTHUSIMU 3JIEKTPOHOB (YPOB-
Hamu JlaHmay) B 30He mpoommmMocTH (cM. puc. la).
Anpropu MOXKHO TIPE/IITOJIATATE, YTO B YCJOBUIX T€CTHU-
POBaHUSI XOJLUIOBCKOTO H30JIATOPa P (haKTOpe 3a10,1-
HEHUsl ¥V = 2 CUI'HAJ PE30HAHCHOIO OTPaXKEHMUsl, COOT-
BETCTBYIOIIUI MPSIMOMY TIEPEXOJLy C HYJEBOI'O YPOBHS
Jlanmay TSKETBIX JBIPOK BaTeHTHoi 30mbI (it = ()
Ha HyJIEeBOIl ypoBeHb JlaHay 9/IEKTPOHOB 30HBI IPOBO-
jqumoctr (ng = 0), JT0/KEH 0TCYTCTBOBAT, IIOCKOJIBKY
BCE JIEKTPOHHBIE COCTOSTHUSI OCHOBHOT'O 3JIEKTPOHHOTO

UKJIOTPOHHOTO YPOBHSI TOJTHOCTHIO 3aI0JHEHBI. [Ipu
BKJIIOUYEHUH ONTHIECKON HAKAYKY, KOTOpast BO3OY KA~
€T 3JIEKTPOHBI MOCPEJICTBOM JIMITOIHHO-PA3PENIEHHBIX
MEK30HHBIX PE30HAHCHBIX ITEPEXO/IOB HA BEPXHUE YPOB-
au Jlanmay (n§ > 1) npu 0CTATOYHO HUBKOH TeM-
meparype, €CTeCTBEHHO OXKuJaTh obpasoBanust CIID
¢ npoeknmeit cumaa S, = +1. menno srtu sxcu-
TOHBI SABJIAIOTCS BO30YIKJEHHBIM COCTOSIHUEM C HaH-
MeEHbIIIEH 3Heprueil B AByMEPHOI 3/IeKTPOHHO cucreme
GaAs/AlGaAs B marauraoM nosie. IIpomece dopmupo-
Banust CLD mosmkeH TPOSBUTHCS B YMEHBIIEHUN YUC-
JIa HE3AIOJTHEHHBIX COCTOSIHUI MEPBOTO 3JIEKTPOHHOTO
yposus Jlangay (n§ = 1) u B OAHOBPEMEHHOM BO3-
HUKHOBEHUU HE3AIIOJHEHHBIX cocTosHuil (dbepmu-ibi-
POK) Ha HyJIEBOM 3JieKTpoHHOM yposHe (n§ = 0). Coor-
BETCTBYIOIINE U3MEHEHNS B CIIEKTPAX OTPAYKEHUST €CTe-
CTBEHHO HA3BATH (DOTOMH LY TUPOBAHHBIM PE3OHAHCHBIM
orpaxenuem (PPO). B cmekrpax O®PO jno/mkHBI Ha-
OJIIOJIATHCS J[BA PE30OHAHCHBIX MHKa. [IUK, cOOTBETCTBY-
romuii onrudeckomy nepexoiy (0-0) ¢ HyJ1eBoro mukJo-
TPOHHOTO YPOBHSI TsZKEJIBIX JTBLIPOK ni = 0 ma Bepx-
HUI CIIMHOBBIN TIOYPOBEHb HYJIEBOI'O IHKJIOTPOHHOTO
YPOBHSI JIByMEPHBIX 3JIEKTPOHOB n§, = 0, J0JI7KeH OBITH
[OJIOKUTEJIbHBIM, a UK, OTBevaionuii nepexomy (1-1)
¢ HEPBOrO IUKJIOTPOHHOTO YPOBHSI TSXKEJIBIX JBIPOK
BaJICHTHOH 30HBI n}ih = 1 Ha 1epBBIl 3JIEKTPOHHBIIT
IIUKJIOTPOHHBIA yPOBEHb NG = 1, — OTPHIATEIHHBIM.
TTonokuTebHBII TUK OTBETCTBEHEH 38 BOSHUKHOBEHUE
7 POCT C HAKAYKON uucya hepMu-JIbIpOK Ha BEpXHEM
CIUHOBOM TOJyPOBHE HYJIEBOTO IUKJIOTPOHHOTO YPOB-
HA 3JeKTPoHOB n§ = (0, a OTpUIATEeJbHBIN IUK —
3a YMEHBIIIEHNE ¢ POCTOM HAKAIKHU JIUCJIa (HepMU-JIbl-
POK Ha TEPBOM IUKJOTPOHHOM 3JIEKTPOHHOM YDOBHE
ng = 1. Meron ®PO sgBisgerca HEIPAMBIM CIIOCOOOM
TecTupoBanus ontudeckn HeakTuBHBIX CIID ¢ ucmosn-
30BaHMEM OITUYECKH pa3penieHHbIX 1epexonos (0-0)
u (1-1) u3 BaJICHTHON 30HBI B 30HY ITPOBOJIUMOCTH.

OOBIYHO B IKCIEPUMEHTE yI00HEee M3MEpPSTh CJla-
ObIit curnan Ha HEOOJLIIOM (oHE, YeM MaJIyio pas-
HUILY MEXKJLy JBYMsI OOJIbIIUME cUrHaJJ amu. [losromy
B OOJIBIIIMHCTBE CJIy9IaeB KOHTPOJIMPOBAJIACH JIBIPOTHAS
cocrasysioniag CIID, HoO MMeHHO HM3MepeHue WHTEH-
cusoctu PPO st HoTOBO3OYKIEHHBIX IJIEKTPOHOB
[TO3BOJIAET KOPPEKTHO W C JIOCTATOYHO BBICOKOW TOY-
HOCTBIO OoreHnTh KoureHnTparmio CIID. B stom ciaygae
MakcuMa ibHbI curaaj; @PO, HabJtoaeMblii B paBHO-
Becun (IIPU BBIKJIIOYEHHON HAKAYKE), CJYZKHUT ITAJIO-
HOM JIjII CPABHEHUS C MAKCAMAJIbHO BO3MOXKHBIM UUC-
JIOM COCTOsTHUIT Ha 1iepBoM yposHe Jlanmay. Curaas ke
OPO s HEpaBHOBECHBIX (bePMU-IBIPOK HA HYJIEBOM
yposue Jlammay Bcerma HaOIIOZAETCS HA HEKOTOPOM
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doHe, aMILTUTY 18 KOTOPOTO OMPEJIEISIeTCs PAIOM (hak-
TOPOB, TPY/IHO O/JIAIOIIMXCS KOJIMIECTBEHHOI OIEHKE.

Eme omma cmocob meTeKTHpOBAHUSA —<«TEMHBIX»
CIuH-(DIIUI-9KCUTOHOB, OOHAPYKEHHBII B XOJ/E IKCITe-
PUMEHTOB, CBsI3aH C T€M, YTO IIPU CO3JAHUH B XOJI-
JIOBCKOM H30JIATOPE HEPaBHOBECHBIX BO30YIKI€HUIT
B crekrpax doromovunectennun (PJI) mosBisoTCs
JIOIIOJIHUTEJIbHBIE JINHUH,

OHHO-UHBapUaHTHBIMUA 3-9aCTUYIHBIMUI KOMIIJIEKCaMu,

CBdA3aHHbIE C TPaHCJ/IAIU-

noctpoennabivu w3 CIID u dhepmu-gapiprku HA HyIeBOM
astekrponHom yposue Jlammay [31, 32]. Dru swubun
SIBJISIFOTCSI CBOEI'O POJIA CUTHAJIBHBIMU METKAMH O II0-
SIBJICHUN B cucTeMe ciuH-GIun-3xkcuToHoB. [lonpobuee
[IpUPO/Ia ITOTO SABJEHUS 00CYyXKIaeTcd B paszd. 3.3.2
9KCIIEPUMEHTAJIbHBIX PE3YJIbTATOB.

2.3. CnekTpajbHbIe U3MEPEHUS

Obpaser ¢ XapaKTepHBIME pPa3sMepaMd 3 X 3 MM2
HOMeIIAJICs BO BCTaBKY C JKHAKHM °He, ocHaIeH-
HYIO CHCTEMOIl OTKa4YKH €ero mapoB. DTa BCTaBKa,
B CBOIO OY€PEIb, YCTAHABINBAJIACH B KPHOCTAT C YKUI-
kM “He u CBePXIIPOBOMISIINM COEHOHIOM. VCmomsb-
3yeMasi KpUOCHUCTEMa, [IO3BOJIsI/Ia BBIIOJIHITh SKCIIEPU-
MEHTAJIbHBIE WCCIEIOBAHUs, OIYCKAsCh 10 TeMIepa-
Typel 1T’ 0.45 K B marunTHBIX mOISX B BIJIOTH
g0 14 Tiu. Ounruveckue wusMepeHus, He TPeOyrOIIye

~
~

BBICOKOTO TIPOCTPAHCTBEHHOTO Pa3peIeHusi, TTPOBO/IU-
JIUCH C WCIIOJIb30BAHUEM JIBYX MHOIOMOJIOBBIX KBapIie-
BBIX CBETOBOJIOB juamMerpoM 400 MKM W C YHCJIOBOI
areprypoit 0.39. OauH CBETOBOJ UCIIOJIB30BAJICS JIJIs
0/IBOjIa. K 0OpasIily JIa3epHOro WM3JIydeHHUsl, a BTOPOii
CayKua Ui cbopa M3JydeHus OT 00pasla M IMocJie-
JIyIOIEeil ero 1epejadu Ha BXOJHYIO IEJb JIM(MPAKIT-
OHHOTO CIEKTPOMETPaA € PErUCTPUPYIONIEH OXJIaxKIa-
emoit I[13C-kamepoit. [Ipn m3mepennsx pe3oHAHCHOTO
OTparKeHUsl CBETOBOJIBI YCTAHABJINBAJIUCH CUMMETPUY-
HO, IO yritoM okoJio 10° K HopMmaJsm 00pasiia, Tak 9To-
OBbI HAITPABJIEHE OTPAYKEHHOTO OT 00Pa3Iia 30HINPYIO-
Iero JIa3epHOrO0 IyvKa COBIAJIAJIO0 C OChIO MPUHUMA-
I0Iero cBeToBoja. JIJist moiaBIeHusT BKIaa J1a3epHO-
IO CBeTa, PACCETHHOTO W OTPAYKEHHOTO OT MTOBEPXHO-
creit 06pasia u CBETOBOJIOB, HCIIOJIb30BAJINCEH CKPEIIEH-
Hble JINHEHBIE TOJISIPU3ATOPbI, YCTAHOBJIEHHBIE MEXK-
JIy TOpIIaMU CBETOBOJOB W obpasmom. B pabore mc-
[TOJTb30BAJIMCH J[BA, TIEPECTPANBAEMBIX IO JJIHHE BOJI-
HBl HEIPEPBIBHBIX Jia3epa C IMUPUHON Jia3epHON Jiu-
umm 5 u 1 MI'm: omun — st pe30HAHCHOTO BO30Y K-
nenns 2D 9C, a apyro#t — 1j1d u3MepeHus CIEKTPOB
DPO, doromomunectenn (PJI) n HEyIpyroro pac-
cesnug csera (HPC). Kpome Toro, B psjie sKcriepuMen-
TOB JIjIs HAKAYKHU UCIOJIH30BAJICS OTHOMOJIOBBIN J1a3ep-
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Hblil quoj (ayiuHa BOJIHBL A &2 780 HM), C IIOMOIIBIO KO-
TOPOTO 0DECIIEUYNBAJIOCh HEPE3OHAHCHOE I10/I0aphepHOe
(HEprUsi KBaAHTa MeHbIle IMUPHUHBI 3alPEIeHHON 30-
ubl B Gapbepe AlGaAs) doToBo3OyKieHne U3yIaeMOi
2D 9C. Pasmep nsTHa HAKAIKHI /30HMPOBAHUST COCTAB-
a1 dpymp ~ 1.5 Mm. Bo nzbexanue acpdexTon mepe-
rpeBa MOIIHOCTD JIA3€PHON HAKAYIKU, BO30YKIAIOMIEH
9JIEKTPOHBI Ha BBICOKO PACIIOJIOYKEHHbIE YPOBHU JlaH-
Jlay C KBaHTOBBIMH HOMepaMu n§ > 1, He IpeBblIna-
maa 0.3 MB1. MomuocTh BBOIIMOTO B TOT K€ CBETOBOJT
U3JIyYeHUs 30HIUPYIOIIEro Jja3epa ObLIa Ha MOPSIOK
Menblie. CleKTP pe30HAHCHOIO OTPAYKEHUsT U3MEPSLIICSI
C TIOMOIIBIO CKAHUPOBAHUS JJINHBI BOJIHBI 30HIUPYIO-
IIIET0 JIa3epa U PEruCTPAINA HHTEHCUBHOCTH JIA3EPHOI
simann [13C-kamepoit Ha Bbixojie criekTpomerpa. Jlud-
depennmanbabiii ciekrp PPO mosywasicss Kak pas-
HOCTB CIIEKTPOB PE30HAHCHOTO OTPAaYKEHUS IPU BKJIIO-
9EeHHOI PEe30HAHCHON JIa3epHON HAaKadKe u Oe3 Hee.

2.4. Namepenusi kuuetuku @PO

I[Ipu wusmepenusx kuunetukun DPPO  wuzmydenme
HEIIPEePbIBHON  J1a3epHOl HaKa4YKU MO/IYJIMPOBAJIOCH
BPAIAIONTNMCS
JUCKOM C paJuaJibHON mienbio. llepmosn ciremoBanms
JIA3ePHBIX MMITYJIbCOB COCTABWJI OKOJo 11 wmmimmce-
KyHJ, & JUIATeJbHOCTh — He Oojiee 3 Mc. 3a cder

MeEeXaHNIeCKUM IIpepbiBaTeIeM

GOKYCHPOBKH  J1a3¢pHOTO MATHA Ha  IIOBEPXHOCTH
JUICKA JITATEIbHOCTh (DPOHTA/Clajia JIa3ePHOrO M-
[yJIbCa YJABAJIOCh YKOPOTUTH MPUMEPHO 1O 2 MKC.
B HEKOTODPBIX KCIEPUMEHTaxX Jyisi POTOBO3OY XK IeHMsT
780 HM), TOK
KOTOPOI'O MOJYJIMPOBAJICS. C IIOMOINIBIO TEHEPATOpa
PSIMOYTOJIBHBIX MMILYJIbCOB C JITTUTENBHOCTBIO (DPOH-

~
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UCIIOJIB30BAJICS JIa3epHblil uom (A

ra/craga okoao 10 me. ljimHa BOJHBI 30HIMPYIOIIETO
Jlazepa  yCTAHABIMBAJIACH HA MAKCUMYM/MUHHMYM
B crekrpe @PO 11 3ammcu KpuBOil COOTBETCTBEHHO
yOblBaHUs /HAPACTAHUS CUTHAJIA [OCJHE OKOHYAHUS
nMIrysbca Hakadku. OTpakeHHOE OT IOBEPXHOCTU
obpasIa TeCcTUPYIOIee JIA3ePHOE W3JIydeHHe IIPOIyC-
KaJoCh dYepe3 Y3KOIOJOCHBIH WHTEePMEPEeHITMOHHbIH
cBeromwILTP (MIMPUHA IIOJOCHL OKOJIO 1.1 HM) s
OTCEKaHUsl CBEeTa Ja3epa HAKAIKKA U 3aTeM (POKYCHPO-
BaJIOCh Ha BXOJI KPEMHHEBOI'O JIABUHHOTO (HOTOHOA,
paboTaMero B peXKXWUMe PEruCTPAINNA  OJUHOTHBIX
doronoB. C TOMOMIBIO CHCTEMBI cUYeTa (HOTOHOB
C BPEMEHHBIM CTPOOMPOBAHUEM CHUI'HAJI PE3OHAHCHOI'O
OTpaKEeHUsT M3MEPSJICAd W HAKAIJIUBAJICA KaK (PyHK-
sl BPEMEHHON 3a/ep:KKA OT MOMEHTA BBIKJIIOUECHUS
BO30OYKJIAIONIET0 JIA3€PHOIO WMITYJIbCA — B PE3Yilb-
Tare PpEerucTpupoBasiach KpuBag 3aryxaHug (gubo
Hapacranns) PPO.
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MarHuTO3KCUTOHHBI KOHOEHCAT B XOJIJTIOBCKOM OUNSNEKTPUKE

2.5. Iamepenus ¢ IpoCTPAaHCTBEHHBIM
pa3penieHueM

Jljist m3MepeHuii ¢ MPOCTPAHCTBEHHBIM pPa3pellie-
HUeM OblTa M3roToBjeHa SHe-BCTABKA C ONTHYIECKHM
OKHOM, KOTOpas, B CBOIO OYepe/b, YyCTaHABIUBAJIACD
B *He-xpmocTaT cO CBEPXIPOBOIAIIAM COJCHOMIOM.
DKCIIEpUMEHTHI  IPOBOJIUJINCH IIPA  TeMIEpaTypax
or 0.55 K mo 1.5 K B marmurmom mose jgo 6 T,
HaIIPABJIEHHOM TEPIEHAUKYIApHO Tiockoctn KA.
st popmupoanusi ancam6iisi HepasHoBecHbIX CIID
n Bo30yxKnenns curtana @OJI wucnomb3oBasca o-

~
~

HOMOJIOBBIIT JiazepHblil puom (A 780 uMm), a misd
KOHTPOJISI PE30HAHCHOTO OTParKeHHs nepecTpa-

UBaEMbIil HeNpPEepbIBHBINA Jasep ¢ IIUPUHON JIMHUAN

1 MI'm. Buyrpm Bcrasku c¢ SHe 6bL1a ycTamoBiena
CBETOCWJIbHAS [IBYXJIMH30Bas IIPOEKITMOHHAS CHCTEMA,
C TIOMOIIBIO KOTOPOIl Jia3epHOe U3JjIydeHne (poKyCcupo-
BAJIOCh HA IOBEPXHOCTH HUCCjemyemMoro obpasma. s
JOCTUZKEHUS TOYHON (DOKYyCHPOBKH 00pa3er; IJIaBHO
[epeMeIrasics BI0JIb OITUIECKONH OCH ¢ ITOMOIIbIO y3JIa
MeXaHUJecKoi mogadn. MuHuMabHbIA pa3Mep IsiTHa
HaKa9KW Ha 00pasle COCTAB/A IMPUMEPHO 5 MKM.
C HOMOIIBIO TOM Ke MMapbl JIMH3 H3JIyYeHue PEe30HAHC-
HOro orpaxkenusi 1 @JI BBIBOJMIOCH HAPYXKY B BUJIIE
[MapauleJIbHOrO IIy9YKa. ¥ BeJIMYeHHOe u300parKeHne
obpasiia  (X23) IpoenupoBasoch JIIMHHOMOKYCHBIM
obbexTuBoM (f = 360 MM) Ha BXOJHYO II€JIb PEIIeTOq-
HOTO crHekTpoMmerpa ¢ oxjaxkmaemoit 113C-kamepoii.
M3zobpazkenne obpasma B cBere OJI Hadmoga/10CH TUO0
B HYJIEBOM TIOPSIJIKE PEIIeTKH CIEKTPOMeTpa, Jubo
C TIOMOIIBIO OTAeabHOM oxiaxkmaemoit 113C-kamepsr.
CrekTpajbHas CeJIEKINsl ITPOBOIUIACH C ITOMOIIBIO
IIOJIOCOBOTO MHTEPMEPEHTITMOHHOTO cBeTOMmIbTpa. s
[10/IABJIEHUsI CUTHAJIA OTPaXKeHUsI OT MOBEPXHOCTU 00-
pa3sa HCIOIH30BAIACH MAPA CKPEIEHHBIX JIMTHEHHBIX
[TOJITPU3aTOPOB, ITOMEIIEHHBIX BHE KPHOCTATA: OJUH
HA BXOJIe, B Jiyde 30HJMPYIONIETO Jia3epa, a JIpyroi
Ha BBIXO/IE, B OTPAYKEHHOM IIyUKe.

2.6. IsmepeHusi mpocTpaHCTBEHHOM
KOT€pPEeHTHOCTH

KosmvecTBeHHO IPOCTPAHCTBEHHY O KOTEPEHTHOCTD
MOXKHO OIIEHATH C IOMOIIbI0 HHTEPQEPEHINOHHOTO
CJTOKEHUS JIBYX BOJIH ¢ mHTeHcuBHOCTSMH 1 (1) 1 I(7),
KOTOpOE B 00IIEM CJIydae NPUBOAUT K PACIPEIETCHUO
Buza (cM., HatpuMmep, [33])

Lis(r) = I,(r) + L(r) + 2¢/Ti(r) L2 (r) g™ () cos ®(r),

rJie 7 — IPOCTPaHCTBeHHast KoopmHaTta, a P(r) — pac-
pejiesieHne pa3sHocTu (a3 MexK 1y nHTepdepupyonu-
vy BosiHamu. CTeleHb KOMEePEHTHOCTH OINPEIeIIsIeT s
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abCOJTIOTHO BEJIMYIMHON HOPMHUPOBAHHOTO KOMILJIEKC-
HOTO KOppesiaTopa tmepsoro mopsaaka, |g™ (r)], msve-
HSIOIEICsT B IIPe/Iesiax OT HyJisl (HEKOTepPEeHTHOe M3JTy-
Jenue) J0 eauHUnpl (KoreperTHoe usiydenue). Koppe-
JISTOP CBSI3aH COOTHOIICHUEM

V(r)(Li(r) + I2(r))
2 Il (’I“)IQ(’I“)

gV (r) =

¢ BUJIHOCTHIO WHTEPMEPEHIMOHHBIX I1oJIoC V'
= (Imax — Imin)/ (Imax + Imin)- 32BUCUMOCTD BEJIUIUHBI
lg(Y| or KoopAMHATBI T B TIOCKOCTH BOJHOBOTO
dpoHTa B 0O0IIEM ClIydae MOYKHO ONHUCATH (DYHKIIAEH
exp(f|:c| /§) TTonepeunast jyimHA TPOCTPAHCTBEHHOMN
KOTEPEHTHOCTH & CTPEMHUTCS K HYJIIO B CIydae HEKO-
FEePEHTHOTO MCTOYHUKA CBETa U K OECKOHEYHOCTH —
B caydae KorepeHTHOro. OJIHAKO, KaK y?Ke yHOMUHA-
JIOCH BO BBejiennm, B OJHOPOIHOM JBYMEPHOM Trase
B3aMMOJECHCTBYIONMX OO30HOB JIOJIXKEH MTPOUCXOIUTD
mepexon, BKT B cBepxmpoBomsmyto dazy, a mis
nee xapaxrepuo yowmamme |g(M)(z)| mo crememmony
sakoHy [12, 13|. CpaBHUTEIBHO HEJABHO Jisl KOHJIEH-
cara BHYTPUPE30HATOPHBIX SKCUTOHHBIX TIOJISPUTOHOB
OBLIO IKCHEPUMEHTAJIBHO 3aPETUCTPUPOBAHO CTEIIEeH-
Hoe ymenbinerne ¢\ (z) Ha pacCTOSHMSIX MPHMEPHO
110 40 MM [34].

B skcnepumenTax ucrosb3oBasics nHTEpdEPOMETD
Maiikenbcona ¢ HETOJIIPUIYIONINM CBETOIETUTETbHBIM
KyOMKOM U TIapaJIjieIbHBIMU Iy YKAME, B OJITHOM W3 ILJIEY
KOTOPOTO BMECTO 3epKaJja ycTanopjaeHa 90-rpagaycHas
npu3Ma, obopadnBaomas n3obpakenue. V3Bmeuertoe
U3 KPUOCTATA C ONTHICCKUM OKHOM YBEJUTIEHHOE U300~
pakenne o0pa3la B CBETE PE30HAHCHOTO OTPAXKEHUsI
[IPOETIMPOBAJIOCH B (DOKAIBHYIO IJIOCKOCTh MUKPOCKOII-
Horo ofbexTmBa X10 (f; = 20 MM) Ha BXOJe B WH-
tepdpepomerp. Bmecre ¢ obbekTUBOM fo 190 mm
Ha BBIXOJIE OHU O0OPA3YIOT IOMOJHUTEJHHBIA KacKa/l
yBeJuUIeHus, Koropoe jgocturaer x170. B mmockocTu
BBIXO/IHOT'O H300parkeHnsI NHTepdEPOMETPa OXJIazK/1ae-

mas [I3C-kamepa pernctpupyer n1Ba m300parkenusi 00-
pasia, pa3BepHyTHIE IPYT OTHOCUTEIBHO nApyra Ha 180°
U IIPOMOJLYIMPOBAHHBIE CJIEIKa NCKPUBJIEHHBIMU HHTEP-
(EepPEeHIMOHHBIMEI  TTOJIOCAMHT, TAPAJIICTHHBIMI Pedpy
npmsMer. Bugmoers momoc V(8) u xoppensrop g™ (6)
CUMMETPHUYHO YOBIBAIOT 110 00€ CTOPOHBI OT JIMHUU, CO-
OTBETCTBYIONIEH HYJE€BOMY CIBUTY MEXKJy H300parke-
ausmu, 6 = 0.

N3BectHOo, uTO NpHU TEepejiate M300paKEeHUsT MTPO-
C€KIIMOHHOM ONTUYECKON CHUCTEMOH azke B Caydae He-
KOT€PEHTHOT'O CBETOBOT'O WCTOYHWKA ITPOCTPAHCTBEH-
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HOE PACIpeIeIeHNe CTEIeHN KOT€PEHTHOCTH He Oy-
et jenabTa~pyHKIUeld u3-3a audpakiun Ha BXOJI-
Hoii ameprype [33]. Ilpum Kpyriom BXOJHOM 3pad-
Ke ammapaTHas (DYHKIHUS ONUCHIBAETCS BBIPAYKEHUEM
gV () = 2J1(v)/v, tme Ji(v) — dbyuxmus Beccens
[epBOTO POJIa W TIEPBOTrO MOpsiika, v = 2w sina/A,
a sina — YUCI0Bas almepTypa ONTHYECKOH CHCTEMBI,
A — nymHA BOMHBI cBeTa. llosioxKeHme mepBOro HyJIs
9TOi (DYHKIMM OIpesiesseT ONTHYeCKOoe pas3pelleHue
cucrembl [33]. Auneprypa OGumkaiimeir K obpasily Ko-
porkodokycHoit (f 15 mm) acdepudeckoii JTUH3BI
cocrapisiia sina ~ 0.5, T.e. pacueTHOe paspelieHue
IPUMEPHO paBHO 1 MKM.

IIpocTpancTBeHHOE pacHpelie/ieHIe KOppeasaTopa
gW(r) momydgamoch ImyTeM pErHCTPAIMH OTIEIBHO
pacupe/ieJleHnii MHTEHCUBHOCTH JIJIsI KasKJIO0T0 U3 ILIed
unrepdepomerpa, I1(r) u Is(r), cobcrBenHo uHTEp-
deporpammer  [;f(T) U HDOCTpPOEHHSI Ha HX OCHOBE
pactpenenenus g1 (r) cos ®(r). s nossimenus To4-
HOCTH M3MEpeHHuil Ha 3alucaHHON mHTepdeporpamme
BBIOMPAJICH YIACTOK, BHYTPH KOTOPOTO TOJIOCHI MOYKHO
cuMTaTh NPAMBIMH. B pesyabTare CyMMHUPOBAHUS
UHTEHCUBHOCTH BJOJIb TOJIOC IIOJYyYaJIUCh TPOMUIN
I (0), I1(8) n I>(6), U3 KOTOPBLIX U3BIEKATACH 3Ha-
korepevenas dyrkmas g1 (8) cos ®(8), ormbarormas
KOTOPOit 1 ecTh mckomas sasucumocthb g1 (§). Tou-
HOCTH €€ OIPEJEJCHUS MOBBIIACTCA IPH IEPEXOe
k mozymio: g™ (6) cos ®(6)].

st anaim3a KOrepeHTHBIX CBOMCTB PE30HAHCHO OT-
PaKeHHOTO CBETa HEOOXOUMO UCIIOIH30BATH HU3KOKO-
repEeHTHDI (B Uease — HeKOIePEHTHBIH ) HCTOYHUK U3~
JIYIEeHUSI, TIO9TOMY JIyY 30HIUPYIOIIEro jasepa (poKy-
CHPOBAJICSI Ha MTOBEPXHOCTH BPAIIAIONIETOCS MaTOBOT'O
CTEKJIa B MATHO, N300parkeHne KOTOPOTO ITPOEIINPOBa-
JIOCh Ha MMOBEPXHOCTH OOpasma. Paszmep maTHa 30HIU-
poBanus Ha 0O6pasiie ObLT paBeH MpUMepPHO 50 MKM, IIpH
9TOM ISTHO HAKAYKN PA3MEPOM OKOJIO b MKM HAXOJIM-
JIOCh B €ro 1eaTpe. s momasieHns BKJIaga B HHTED-
deporpamMmy OT KOTE€PEHTHOTO U3JIYUEHUs JTa3€PHOTO
JTI0/Ta, HAKAIKHN OTPAYKEHHBIN ITYyYIOK MTPOIYCKAJICS ‘e~
pe3 uaTepdEePEHITNOHHBIN CBETOMMIBTD C IMUPUHOIL IO~
Jiockl 10 HM # TIeHTpaJIbHOMN JiyTuHOM BoJIHBI 820 HM. M3-
MepeHHue aImapaTHol (QYHKIUN CHUCTEMBI B OTPayKeH-
HOM CBE€T€ 30HJMPYIOIIEro Ja3epa MPOBOMMIOCH IIPHU
MUHUMAJIbHON Temmeparype, I' = 0.55 K, u B myure-
BoM MarHuTHOM 1ojie, B = 0. Cjiejyer orMeTUTh BbI-
COKYIO 9yBCTBUTEIHHOCTb METOIMKY M3MEPEHUN K TOU-
HoCTH (DOKYCHPOBKM Ha TOBEPXHOCTH 00pAa3Ia: TOJIb-
KO TIpU ONITUMAJILHOH HACTPOIKE yIaeTcs TPUOTU3UTh-
¢ K TIPOCTPAHCTBEHHOMY PA3PEIIEHUI0 OKOJIO 1 MKM
(cM. HIZKe pHC. 3a).
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3. SKCIIEPMMEHTAJIBHBIE PE3VYJIBTATBI
N OBCY2KJAEHUE

3.1. Cuekrpbet PPO

BBIoIHEHHBIE 9KCIIEPUMEHTHI [6] MOJTHOCTBIO O/
TBEPXKJIAIOT U3JI0KEHHYIO Bbie cyTh Mmerojga PPO.
ITo cuekrpam @PO npu dakrope 3amnosHeHus v = 2
(cMm. puc. 2) ymaercs KOHTPOJUPOBATH poxkieHue (ho-
TOBO30YKIEHHBIX 3JIEKTPOHOB Ha TIepBOM yposHe JIan-
may (ng 1) u dbepMu-IBIDOK HA HYJIEBOM YDPOBHE
Jaunay (n§ 0) 2D 9C. Ha puc. 2 upeacrasien
TakykKe M3MEpPEHHBbI B Tex ke yciaoBusx crektp DJI.
Ha Hem oTueT/inBo BUIEH COOTBETCTBYIOIIUN 9JIEKTPOH-

HbM Trepexogam (0-0) IUpKy/IsSpHO-IOISPU30BaHHbILH
Jr

aybseT: 07 - U 0 -KOMIOHEHTHI. Benuanna my0seTHo-
IO PACIIEIIEHNsI COOTBETCTBYET CyMMe CIIMHOBOT'O Pac-
IMEIJIeHNsT B MAPHUTHOM [10JI€é OCHOBHOT'O IUKJIOTPOH-
HOTO YPOBHS TsKEITBIX IBIPOK BAJICHTHOH 30HBI N =
U CIIMHOBOT'O PACIIEIIEHUsI OCHOBHOT'O ITUKJIOTPOHHOTO
YPOBHSI JIByMEPHBIX JIEKTPOHOB 30HBI ITPOBOIUMOCTH
ng = 0. B cnekrpe ®PO B mogmOM COOTBETCTBUM C N3-
JIO?KEHHBIMU BBINIE OXKUJAHUAMU BUJEH TOJOKATEh-
HBI MK B 06JACTH 3JIEKTPOHHBIX Iepexoos (0-0),
a TaKKe OTPHUIATEJNbHBLIH MK B OOJACTH TEPEXO0B
(1-1). C pocTOM IIIOTHOCTH MOIITHOCTH HAKATKN HHTEH-

DJI

Oueprusi (M3B)

HWurencuBHoCTH (TIP. €1.)

(1-1)
1 1 1 1 1 1
1.524 1.528 1.532
Oueprusi (3B)

1.536

Puc. 2. Cnektpbl ®J1 1 PPO npu v = 2, namepentbie 8 K5
GaAs/AlGaAs wupunoii 17 Hm (g 5. 10° CM2/B - c,
ne =2 2.4 - 10" cm™?) B nepnengukynsprom nnockoctu K5
MarHuTHom none B, = 5 Tn npu Temnepatype 7' = 0.45 K.
OnTuyecknii nepexon (0-0) NpoucxoanT MeXay OCHOBHBLIMU
LMKAOTPOHHBLIMI YPOBHSIMU 3/IEKTPOHOB 30HbI MPOBOANMOCTH
(n$, = 0) n Tsxenbix ALIPOK BaNeHTHOA 30HbI (" = 0), ne-
pexop (1-1) — mMexay nepBbIMU LUKAOTPOHHBIMU YPOBHSIMU:
n$ =1 nn"" = 1. Ha Bctaske — cnekTp pesonancroro HPC,
U3MEPEHHBII MPU TEX KE DKCMEPUMEHTAIbHBIX YCAOBUSIX 1 NP
napasJiesbHoli KOMMOHEHTe MarHuTHoro nonst B = 5 Tn, eee-
LEHHOW A/t YCWUEHUS1 3€eMaHOBCKOIO PaCLUEnieHnsi CNUHO-
BbIX KOMMOHEHT 3KCUMTOHHOrO Tpuneta |S;S.)

~
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CHUBHOCTH 9THUX IIMKOB BEJIET Ce0sT COTJIACOBAHHBIM 00pa-
30M: IOJIOYKUTEJIbHBI UK BBIPACTAET, & OTPUIIATE b~
HBII yMeHbIaercsi. Takoe mosejenue cuekTpoB @PO
obycyiossieno obpazosannem CIID, cocrosmux u3 Jek-
TPOHOB IIEPBOI'O JIEKTPOHHOrO yposH: Jlanmay ng =1,
CBSI3aHHBIX C (DEPMU-IBIPKAMUI HYJIEBOT'O 3JIEKTPOHHOTO
ypoBHsA n§ = 0 (cM. parpaMmy IepexoJioB Ha puc. 1a).
Wexonst u3 3aperncTpupoBaHHBIX MAKCUMAJIBHBIX BEJTH-
YUH CHUYKeHWs] UHTeHcuBHOCTH curHasia PPO jyist 1e-
pexona (1-1), MOXKHO cliesIaTh BBIBOJ, YTO B IPOBOJIU-
MBIX 9KCIIEpUMEHTax 70Jisi HepaBHoBecHbix CLID, BO3-
Oy KJIEHHBIX B IIOTHOM aHcamoje 2D-371eKTpoHoB, J10-
cruraet 10-15 % oT ob1riero uucsia 3J1eKTPOHHBLIX COCTO-
sSHU Ha OJHOM yposHe Jlanmay.

Hecmorpst Ha To, uro Tpuiuterabie CIID He sBiis-
FOTCsl ONTUYIECKH AKTUBHBIME, UX CYIECTBOBAHIE MOYK-
HO YCTaHOBHUTH NPsiMbIM 0Opazom 1o crektpam HPC
(cM. BCTaBKy Ha pUC. 2) M C UX IIOMOIIBIO HEIOCDEI-
CTBEHHO OIIPEJIEJINTh BEJIMYMHY CUHIJIET-TPUILJIETHOTO
pacuieiienusi 9KcuToHoB [6, 35]. Cunrser-rpurieraoe
SKCUTOHHOE PAacCIelJIeHre U3MepsIeTCs KaK Pa3HOCTh
SHEPI'Uil CUHIJIETHOIO SKCUTOHA U IIEHTPA TI?KECTU K-
CUTOHHOIO TpuILiera (IIOJIOKEHUsI B CIEKTPE CIIUHO-
BOIl KOMITOHEHTHI ¢ S, = 0), HaOII0aeMOro B CIIEK-
tpax HPC. D70 paciierienne 0ka3ajaoch CpaBHUTEb-
HO GosbimM, okosto 1 MaB [6].

3.2. BpeMeHa 2KN3HU CIITMHOBBIX IMUKJIOTPOHHBIX
9KCUTOHOB

Ucnonwbzosanue Texuuku PO B uMIiysibcHOM pe-
xkume (eM. [6]) okasasoch odeHb 3bMEKTUBHBIM s
MCCJIeIOBAHUsI BDEMEH PeJIaKCaIluu T, T. €. BpeMeH K13~
v CIID B 3aBuCcHMOCTH OT TeMIepaTypbl 1, BeJIUYn-
Hbl MaruuTHOrO tosig B, mmpuast K4, u, aro ouenn
BasKHO, Ka4eCTBa IeTepOCTPYKTYP. Bpemena pesakca-
[IUU TPUILJIETHBIX MArHUTOIKCUTOHOB OKa3aJIUCh Upe3-
BBIYAHHO OOJIBIMMME: B CAMBIX BBICOKOKATECTBEHHBIX
CTPYKTYPax OHU JOCTHUTAIOT MACIITA0OB MUJIJIUCEKYH-
Jbl. VjutrocTpalinst KHHETUKY 3aTyxaHust curiajia PO
g aeyx K4 paznautanoit mupuHbl B 00/71aCTH ONITH e~
ckux 1epexoqos (0-0) upencrasiena wa puc. 3. Bui-
HO, 9TO KWHeTHWKa 3aryxaHusi curaajop ®PO — skc-
[OHEHIMAJbHAsI, 4 BpeMeHa 3aTyXaHus (I BpEeMeHa
CIIMHOBOI PeJIAKCAIUN) COCTABJIAIOT JIECATKU MUKPOCE-
kyun. Kunernka mapacranus curaaia @PO B obia-
ct nepexosioB (1-1) mpomcxoauT Ha TAKUX JKe Mac-
mrabax BpEMEHM, UTO YKa3bIBaeT Ha OOIIyI0 JTHHAMUI-
Ky PeJaKcallii SKCUTOHHBIX COCTOSHU, (hOPMUDYIO-
IIUXCA U3 JAEKTPOHOB Ha mepBoM (ng = 1), a dep-
ME-JIBIDOK — Ha HyJeBoM (n§ = 0) yposusx Jlammay.
DTa OOIIHOCTDH MPOSIBJIAETCS TAKXKE U B TeMIIePaTyp-

499

1500

1000

50 100
Bpems (MKc)

HNurencuBHocts ®PO (cuer/c)
500

100
Bpems (MKc)

150 200

Puc. 3. Mpumep kuHeTukmn 3aTyxanus PPO (cuHsis kpusasi)
U ANS CPaBHEHUst — annapaTHas (yHKUNS U3MEPUTENLHON Cu-
cTembl (KpacHasi kpusas). Ha BctaBke — B nonynorapudpmu-
YyeckoMm MaclwTabe KuHeTuKa 3aTyxaHus ana K9 wupuroii 35
(mnuHHas kuHeTuka) n 17 HM (KOpoTKast KuHeTMKa) npu v = 2
B none B, = 4 Tn. KonueHntpauyusa n, = 2 - 10! CM72,
ABVDKHOCTY fie = 15 - 10° CM2/B CCW fle =5+ 10° CM2/B -c,
COOTBETCTBEHHO

no-

HOMl 3aBUCUMOCTH CKOPOCTH PEJIAKCAIINH, TIPEICTABIICH-
woit ma puc. 4. Bunno, aro nmpu T > 1 K 3aBucumocts
CKOPOCTHU DPEJIAKCAIUU OT TEMIIEPATYPbI UMEET IKCIIO-
HEHIUAJIBHBII XapakTep

C XapaKTEPHBbIM BPEMEHEM T ~ 1 HC 1 BeIMUMHOI ax-
A

THBAIMOHHOM eI 1 11 K (kp — nocrosnnas
Bosbnmana). Takoe noBeenue oKa3bIBAET, YTO B JaH-
HOIl TemIeparypHOil 06JIaCTH CYIIECTBYET aKTHBAIM-

A

T NT) =t exp(——kBT

~
~

OHHBII KaHAJI PEJIAKCAIINN, BKJIIOYAIONNI B ceOs mpo-
[IECCHI TIEPEBOPOTA JIEKTPOHHOTO CIIUHA U3-38 CIIUH-OP-
OUTAJIBHOIO B3aUMOJIECTBUSI, YBEeJIMIeHNs] SKCUTOHHOI
SHEPIUH JI0 IUKJIOTPOHHON HEPIUU W IOCJIELYOIIle-
ro uciyckanusg hboToHa ¢ MUKJIOTPOHHON sueprueit [7].
B srux ycioBusix m3sMepeHHasi aKTUBaIMOHHASI IIEJIb
€CTh He UYTO WHOEe, KaK KYJIOHOBCKasl IHEpPrHUsi CBsI3U
TPUILJIETHOTO SKCUTOHA, PABHAS SHEPIUU CHHTJIET-TPHU-
[JIETHOT'O SKCUTOHHOTO PACIIEIJIEHUsI, KOTOPasi, B CBOIO
oYepejib, MOYXKeT ObITh M3MepeHa He3aBUCUMBIM 00pa-
3oMm 10 crrektpam HPC.

B muzkoremueparypnoii odsactu, T < 1 K, kunern-
ka @PO mnepecraer 3aBHUCETh OT TEMIEPATYPHI U Bpe-
M peJIAKCAIMU TIOCTOAHHO, T = To (puc. 4). B aroii
00JIaCcTH TeMIIepaTyp MPOUCXOIUT CMEHa MEXaHU3Ma
peJIaKCaIlil U 9TOT MEXaHW3M, C OUYEBUIHOCTHIO, YiKe
HE SBJIFETCS TEPMOAKTUBAIIMOHHBIM. 3JIeCh BEJINIHU-
HA T OIPEJIEISIeTCs] HCKIIOIUTETHHO KA9eCTBOM MeTepo-
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Puc. 4. MNosepeHne cKopocTu penakcauuy TPUMIETHLIX Mar-
HUTOSKCUTOHOB NPV N3MeHeHnn TemnepaTypbl B KA wupunHoii
35 Hm npu B = 4 Tn. Kpy>XKn — 3KCNepuMeHT, CrioLHas
JINHNS — annpoKCUMaLMs C YHETOM [BYX MEXaHU3MOB pefak-
cauMu: aKTUBALMOHHOIO 1 HE 3aBUCSLLEro OT TeMnepaTypbl

CTPYKTYPBI: Y€M BBIIIEe Ka4eCTBO, TeM JJIMHHee BpeMsd
CIIMHOBO peJIaKCAINU.

4. MATHUTOSKCHUTOHHBIN KOHIEHCAT

4.1. ®a30BbIil IEPEXO/T

Obnapyxennbie Oosbimue Bpemena kuzuu CLD
B 2D 9C, pekopanble [11si TPAHCISAITNOHHO-NHBAPUAHT-
HBIX CUCTEM, OTKPBIIA yHUKAJIHHYIO BO3MOXKHOCTH M3Y-
YEHUS MIPU JTIOCTATOYHO HU3KUX TEMIIEPATYPAX BBIPOK-
JIEHHOM (pepMUEBCKOIT CHCTEMBI, B KOTOPOIi ¢ TIOMOIITHIO
cBeTa BO3OYKJIECH IUIOTHBIN aHCAMOJIb JIOJTOKUBY X
TPUILJIETHBIX CHUH-(DJIAI-9KCUTOHOB, O TIUHATONIXCS
603e-CTaTUCTHKE.

Ha puc. ba u 6 npuBejieHbI Pe3yIbTaThl H3MEPEHUIA
cooTBeTcTBeHHO nMHTeHCHBHOCTH curHaita PPO (maud-
depennuana pezonancHoro orpaxkenus) I u BpemeHu
€ro 3aTyxaHus T B 3aBHCUMOCTH OT TeMmieparypbl 1’
npu (BUKCUPOBAHHON TJIOTHOCTH MOIIHOCTH OIITHYE-
ckoit HakauKu (Ppymp ~ 30 MBr/cm?), cozmatomeit o
CTaTOYHO BBICOKYIO I0THOCTH CIID, Ny ~ 1010 cm=2,
OKa3bIBAETCSI, ITO IPH MOHUZKEHUH TEMIIEPATyPBI B 00-
gactn T < 0.8 K uarencusnocts PO pesko Bozpac-
taer, Gosee weM Ha Hopanok (puc. 5a). IToporosbiit
XapaKTep ITOTO sIBJICHUSI YKA3bIBAET HA BO3HUKHOBE-
Hue HOBOi KoHAeHCcupoBaHHON dazbl CLD ¢ 66abmeit
[UTOTHOCTBIO (¢ GOIBITIME IHCJIAME 3aI0JHEHNS ). DTO
3aKJIIOYUEHNE TIOJTBEPIKIACTCS MMOBEJIEHUEM B TEX Ke
yenoBusx Bpemenn xkusnun CIID. B okpectrHocTn mo-
0.8 K, u mpm majgbHeleM MTOHMKEHUN

~
~

pora, T
remieparypbl curian ®PO Bospacraer maxke TaM, rje
7(T) ymenbmaercs (cMm. puc. 56). Iloporosas Tem-

mepatypa 1. nns Bospacranns PPO okazamacy ays-

500

CTBUTEJILHON K MHTEHCHUBHOCTH ONTUYICCKON HAKAIKIN:
IPU YMEHBIIEHUN Py, OHA CJBUIAeTCS B CTOPOHY
6osee HM3kux Temueparyp. IloBegenne mopora Bo3-
pacranus auddepenmuansa PPO B 3aBucumocTu oT
TeMIepaTypbl U HAKAYKU II03BOJISIET OIPEJenuTh (a-
30BYIO JMarpaMMy ¢ TpaHuIeil, pasjessiomnieii obJra-
CTH CYIIECTBOBAHUSI SKCUTOHHOTO Ta3a W HOBOI, 00-
Jlee TLIOTHOMU, KomJeHcumposauuoit daszer CIID, xoro-
PYIO JIOTUYHO Ha3BaTh MATHUTOIKCHUTOHHBIM KOHJIEH-
caroM [36]. DxcuepumenTaabHo u3MepenHas dhazoBas
JuarpamMma TpeJjcTaBjiena Ha puc. 5e. Ha Bcrabke
K pHUC. 56 MPOJIEMOHCTPUPOBAHO, KAK MMEHHO OIIpe/ie-
JISLJICSL TIOPOI' BO3HUKHOBEHMsSI HOBOIl 9KCHUTOHHOI (ha-
3bI: OTCUET KPUTHIECKOH TeMmieparypbl T, TPOBOIUI-
Cs1 HA [TOJIOBUHE BBICOTHI CTYTIEHBKH, HAOJIIOIAeMOI ISt
napamerpa f(T) = I(T)7(T'), nponopInoOHAILHOTO CU-
JIe OCIUJLIATOPA ONTHIeCKOro mnepexo/a (0-0).

N3 Toro ob6CTOATENHCTBA, UTO IPH HEM3MEHHO
IJIOTHOCTU 9KCUTOHOB IOHUKEHHE TeMIIepaTyphbl IIPU-
BOJUT K 3HAYUTETHLHOMY BO3DACTAHWIO CHUJIBI OCIIUJI-
JIATOPA, CJEJYeT, YTO B TOUYKEe (Da30BOr0O IIEPEXOJIa
PE3KO yCHJIMBAETCsI OTKJIMK Ha BHENTHEE 3JIEKTPOMAr-
HuTHOe Tojie Bxogdamux B cocraB CIID depmu-ibr-
POK Ha HYJIEBOM 3JIeKTPOHHOM yposue Jlammay. Peso-
HAHCHOE OTpaXKEHHe MOYKHO Pa3J/IeJUTh Ha JIBa IIPO-
recca: MOJIOMIEHNE U CJIeIyTOIee 38 HUM HCITyCKAHUe
PE30HAHCHOTO (POTOHA € TIEPEXOJIOM CHCTEMBI B MCXO/I-
HOE HadajbHOE cocTosiHue. JloCTaTovHO paccMOTpeTh
[IPOTIECC PE30HAHCHOTO MOIJIOIMIEHUS ¢ BO30YKJICHUEM
9JIEKTPOHA W3 BAJEHTHOW 30HBI B 30HY MPOBOIUMO-
CTH Ha BAKAHTHOE MECTO, BO3HUKAIOIIEE IOCJTE POXK-
gennst CIID: Ha depMu-IbIpKy Ha HYJIEBOM YPOBHE
Jlannay. Ecin maganbpHOoe cocrosame ancambias CIID
O TIUHAETCST OOJIBIIMAHOBCKOMY PACIPEIEIEHUIO U UX
YUCJI0 CYMIECTBEHHO MEHBIIE YHCJIA JEKTPOHHBIX CO-
croguuii na yposae Jlamgay Ny, TO HECJIO0XKHO IO-
Ka3aTh, YTO KBAJPAT MATPUIHOIO IJEMEHTa OINTHYE-
CKOrO Ilepexofa nporopuuonasner 1/N, u He 3aBU-
CcUT OT TeMmIeparypbl. B ciaydae ke xomjgencarnun N
CID B o1HO U TO K€ KBAHTOBOE COCTOSIHHUE KBAIPAT
MaTPUIHOTO JIEMEHTA ONTUYIECKOTO TIEPEX0/Ia TPOIIOP-
nuonaner N/N, [36]. Crporoe paccMmorpenue 3aaaun
O TIOIJIOIMIEHUHU CBETAa HEKOIEPEHTHLIM U KOTE€PEHTHBIM
aHCaMOJISIMK CIIMH-IIUKJIOTPOHHBIX MarHUTOIKCUTOHOB
B KBAHTOBO-XOJJIOBCKOM JINAJIEKTPUKE IIPOBEJIECHO B Pa-

Gorax [37, 38].

4.2. Pacrekanue KoHaeHcaTa

Pucynok 56 aeMOHCTpPHpYyeT XapaKTep HMOBEJCHUSI
BPEMEHH JKU3HU (BPEMEHH CIMHOBOW DeJAKCAIMN)
CID 7(T) upu dbukcupoBaHHON HAKAYKE U CHUKEHUU
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Puc. 5. TemnepaTypHble 3aBucumoctu: nnHTeHcusHoctn curiana PPO (a), spemenn xusuu 7(T') gna CLUD B ycnosusix cra-

UmoHapHoro hoToBo3bYKAeHNS NP Hakadke Ppyump ~ 30 MBT/cm? (6) n dasosoii rpanuubl, pasgensioueii obnactu cylie-

CTBOBaHUS HEKOrepeHTHoro rasa n koHgeHcata CLD (B8). Ha BcrtaBke — pemoHcTpaumsi cnocoba onpegeneHnst KpuTuHeckol

TemnepaTypbl T N0 NOAYBbICOTE CTyneHbKN Ajst cunbl ocumanstopa f(71') onTudeckoro nepexopa (0-0) npu drkcmposaHHol
MOLLIHOCTN HaKauKm

TeMeparypbl. Kak BUIHO, BEIEeT OHO CeOsS HEMOHO-
TOHHO: CHa4Yaja BO3PACTAET, YTO €CTECTBEHHO s
TeMIIepaTypPHO-aKTUBUPOBAHHOTO IIPOIECCa, a 3aTeM
HAYMHAET YMEHBINATHCSA, YTO BBINISIAUT COBEPIIEHHO
meoxkumaHabiM. CJI0XKHO cebe MpecTaBuTh, YITOODLI
[IpU CTOJIb HE3HAYUTETbHOM U3MEHEHUHN TeMIIepaTypbl
9KCUTOHHOTO aHcaMmbJist — Bcero jumb Ha 0.2 K — mor
KapIMHATHLHO U3MEHUTHCSI MEeXaHu3M peyakcanuu. [lo-
CKOJIBKY B IIPOBOJUMBINUXCs U3MepeHusix curnag @PO
coOUPAJICS HEITOCPEJICTBEHHO U3 001aCTH (hOTOBO3OY K-
JIEHUsI, TO TOpas3jo 60jiee PeATUCTUIHBIM BBINJISIAT
[IPE/IIIOJIOYKEHNE O MTOPOIOBOM YCKOPEHMH PACTEKaHUsI
9KCUTOHOB M3 00JIACTU IIsITHA HAKAYKH K IEHTPAM
pesakcaiuu  (peKOMOMHAIMU) 3a CYer, HAIpUMep,
YMEHBIIEHUsT BA3KOCTH B TOJICUCTEME HEPABHOBECHBIX

CIID.

I'umoresa 0 6GBHICTPOM pacTEKAHUN MATHUTOIKCUTOH-
HOT'O KOHJICHCATA HA MaKPOCKOIMYECKH OOJIbINNE pac-
CTOsIHUSI OBbLIA MPOBEPEHA IKCIEPUMEHTAJIBHO C II0-
MOTIIBIO TPOCTPAHCTBEHHOI'O PA3HECEHUsT CBETOBOJIOB,
HCIIOJIB3YEeMBIX JIJIsi BO3OYIKJIEHUsI U JI€TEeKTUPOBAHUSI
CIID [36]. Cxema 3KCIEpUMEHTa U DPE3YJIbTAT IKCIIE-
PUMEHTAJBHOTO HAOJIIOIEHNsT WJLTIOCTpUpyer puc. 6.
3jech I TOJBOJIA W3JIYUYEHUsT ONTUICCKON HaKad-
KH WCIOJIb3YeTCsl JIOMOJHUTEbHBI TPETHil CBETOBOJ
(ma puc. 6 ciesa). CIID Bo30YKIAOTCH B JIA3EPHOM
IATHE pasMepoM OKoJio (0.4 MM HEmOCpeJICTBEHHO MO
9TUM CBETOBOJIOM. [lapa JApyrux cBETOBOJIOB, YCTAHOB-
JIEHHBIX OOBITHBIM OOpPA30M JJIsi M3MEPEHUsT CUTHAJIA
®PO, cazannoro ¢ depmu-abipkamu B cocrase CIID,
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PACITIOJIATAeTCs Ha PACCTOSTHUY TPUMEPHO 2 MM OT [ep-
Boro (ma puc. 6 cupasa). [Toka Temneparypa OTHOCH-
resibHO BeicoKa (T > 1 K), naxe npu nareHcuBHOM (ho-
ToBO30y K 1eHnn curaaa PPO mis s;1eKTpoHHOTO TIepe-
xoza (0-0) HUYTOXKHO MaJs U TepseTcd B IIyMax, o0y-
CJIOBJIEHHBIX OCTATOYHBIM PACCESHHBIM CBETOM. llpu
MMOHUKEHUN TEeMIIePATyphl W MpU TOH Ke (DUKCUPO-
BaHHOI onTm4eckoil Hakauke B obmactn 1° < 0.75 K
CUTHAJ PE30HAHCHOTO OTPAaYKEHUsI PE3KO BO3PACTAET
TOPOTOBLIM 00pa30M. DTO HAOJIOJIEHIE, COIIACYIOIIe-
ecsg ¢ Ha30BOil AMarpaMMoil HAa pHUC. D6, TOKA3BIBA-
€T, ITO 3HAYUTE/bHAs 9acTh (POTOBO30Y K AeHHBIX CIID
B YCJIOBHSAX UX KOHJIEHCAIUU B (DEPMUEBCKOI 3JIEKTPOH-
woit 2D-cucreme pacrekaercs u3 00J1aCTu BO30Y K I€HUsT
Ha MaKPOCKOIMYIECKN OOJIBbIIE PACCTOAHNA Heauddy-
3UOHHBIM 00pPa30M.

Pacrekanne MarauTO9KCUTOHHOTO KOHIEHCATA Y A~
JIOCh BHU3yaJU3UPOBATH, UCHOJb3Ysl KPHOCTAT C OITHU-
YeCKUM OKHOM, TIO3BOJISIIONINAN BHJIETH 00pa3er; B CBe-
re ®JI smbo pesonancuoro orpazxenus [39]. Dxcuepu-
MEHT 3aKJI4aJicsi B perucrpaiuu n3obpaxkenuss PPO
¢ TOMOIIBIO MIUPOKOTO MSTHA 30HIUPYIONIEro Jia3epa
(2 200 MKM) IpH OITHYECKO HAKAUKE B IIATHO Pa3Me-
poM okosio 10 MKM, pacmojIOoyKeHHOe B IEHTPE MIATHA
30H/IMPOBaHUsI. BBIXOJI CIIMHOBBIX IKCUTOHOB U3 IISIT-
Ha BO30YK/EHUS He HADIOMAETCS 0 TeX IMOP, MOKa UX
IUIOTHOCTH MEHBIIIE KPUTUIECKOTO 3HAUEHUS It 00pa-
30BaHUs MArHUTOIKCHTOHHOTO KOHleHcaTa. 11saTHO Ha-
KadK1 Busyajau3upyercs ¢ momornsio OJI, coorBercrBy-
IOIeil ONTUYEeCKN PAa3PENIeHHOMY KaHAJIy PEKOMOMHA-
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HaKa4dka
+

PO 30HAUpoBaHue

HakKa4dka

CurHan ®PO

Puc. 6. Cxema skcnepumenToB no nsmeperuto ®PPO. Cran-
fapTHasi AByXCBeTOBOAHas cxema peructpaunu PPO (cnpasa)
U LOMOJIHUTENbHBIA CBETOBOA Hakayku ans nsmepenuii PPO
C MPOCTPaHCTBEHHbIM pasgeneHuem (cnesa). Ha BctaBke —
TemnepaTypHas 3aBucumocTb curtana PPO, sapeructpupo-
BaHHOIO Ha PacCTOSAHUM MPUMEPHO 2 MM OT MSATHA HaKayky

UK 3JIEKTPOHOB C HyJieBoro yposHs Jlaumgay 0. B 30He
[IPOBOIMMOCTH Ha HYJIeBO# ypoBenb Jlanmay 0y, Tsaxe-
JIBIX JIBIPOK B BaJleHTHOI 30H€e. COOTBETCTBYIOIIEE Bpe-
MsI pekoMOuHaIu cocrapjsier okosio 100 1e, u pasmep
JIIOMHHECIIEHTHOI'O IISITHA OCTAETCsl ITOCTOSIHHBIM IIPH
J0boii uccieayemoii remmeparype (puc. 7a). C yde-
TOM IIPOCTPAHCTBEHHOI'O pa3pelleHusl ONTUIECKON CH-
crembl JyirHa udQy3un B ra3e CIIMHOBBIX 9KCUTOHOB
He mpesbImaeT 2 MKM. Korma »Ke mpoumcxoauT haso-
BRI IIEPEXO/l B KOHICHCUPOBAHHOE COCTOSIHUE, IIJIU-
sbl 1ipobera CIID u3 msgTHa BO30YKJ/IEHUsS] CTAHOBSATCS
Makpockonudeckumu (puc. 76, 6). Ilpu srom paccros-
HUEe, HA KOTOPOE CIIH-(DJIUI-IKCUTOHBI PACITIPOCTPAHS-
0TCs 10 00pasIly, pacTeT ¢ pa3MepOM IIsTHA BO30Y K-
JIEHUsI W C MOIIHOCTBIO HaKa4yku. B gacrHOCTH, JJIH-
na npobera CIID, mokazannas Ha puc. 76, MPEBbIIIa-
er 200 MKM mIpu JimamMeTpe IdTHAa Hakadku 20 MKM.
Pacupenenienne CIID or kpasi msTHa POTOBO3OY K IE-
Hust K (DPOHTY MATHA UX PACHPOCTPAHEHWS HE OIU-
CBIBAETCsI M'ayCCOBBIM paclipejieieHrneM. BmecTo 3Toro
nabsonaercs wiaro wornoctn CID mo Bcemy msaT-
Hy pacupocrpanenus (puc. 72). Takum obpaszom, mnepe-
HOC CIUH-(DJIUI-9KCUTOHOB He siBjsgercs auddy3non-
HBIM 1porieccoM. [ToCKOJIbKY JIJIMHA PaCIpOCTPAHEHUsI
CIID zaBucur or TeMueparypbl (puc. 7d), MOXKHO JiH-
60 TIOJTHOCTBIO OJIOKHPOBATH UX PACIPOCTPAHEHHE, JIU-
60 pas3peIuThb €ro Ha OlPEICJIEHHOE PACCTOSTHIAE, M3Me-
Hsisl TEMIIEPATYPY B y3KOM jmana3one okoso 0.2 K.
Eme omnm cmocob amarHOCTHPOBAHNSA PACTEKAHUS
MarHUTOIKCATOHHOTO  KOHJCHCATA c
MSHYTBIME B pas3na. 2.2

CBA3aH yII0-
«CUTHAJILHBIMUA  METKAMU»
CIID, mabmomaembivu B crekrpax OJI. Kak 06nL10

nokazano B pabore [31], mpu MaJbIX KOHIEHTDAIIU-
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Puc. 7. Pacnpoctpaterune CLID Ha makpockonuyeckue pac-
crositusi. a) MsaTHo dboToBo3bYKAEHMS, Habntopaemoe B CBe-
Te PJ1 — ontuyecknii nepexog (0-0), 6), 8) 30bpareHns
B ceete PPO ogHoli n Toil xe obnact obpasua npu pas-
HbIX MOJIOKEHUSIX NATHA BO3DYXAeHNs1 (OpaHKeBbIi KPY>KOK).
r) CeueHusi nntencusrocteli PJ1 n PPO Baonb NuHwMii, no-
kasanHbix Ha (a) n (6). T ~ 0.5 K, Pyump = 80 MBT/cm?.
4) TemnepaTypHas 3aBucumocTb niowagmn pactekanus CLS.
Daz0BbI NEpexos B MarHUTO3KCUTOHHLIN KOHAEHCAT Mpouc-
XOANT MeXAY ABYMS MYHKTUPHBIMU JINHUSIMU

AX  CIUH-(DJIUI-MarHUTOIKCUTOHOB B crekTpe  DJI
JOMUHUDPYIOT JIB€ ONHOYACTHUIHBIC JIUHUU: OHA B IO-
JSpU3allud o, a Jpyras — B MoJdpuzaiud o
(cexrp (1) Ha puc. 8). DTH JUHUN OTBEYAIOT N3JIy-
qaTebHON PEKOMOMHAINN 3JIEKTPOHOB C IIPOEKITHE
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cimaa +1/2 m —1/2 ¢ TsKeIBIME JIBIPKAMHA C IIPOEK-
[USIMU CIIMHA COOTBeTCTBeHHO —3/2 m +3/2. Ilo Mepe
nakorieHust TeMHbIx CIID B ciekrpe @JI nosiBiisitorcst
JIBe JOIIOIHUTEIbHBIC JITHAN, OTBEYAIOIUe PeKOMONHA-
MY MHOTOYACTUIHBIX KOMIIJIEKCOB, COCTABHOM YacCThIO
KOTOPBIX OKa3bIBAETCs CHUH-(DJINI-MarHITOIKCUTOH.
Onna w3 stux juanit (muansg «Plns) npossiasercs
B 0 -LOJIAPU3AIUH U UMeeT 3HAYUTEIbHBIN SHEpreTH-
YeCKHIl CJBUTI' B CTOPOHY MeHBbINNX 3Hepruii. [Ipyras
JononHnTesnbHasg auHus (uHusa «T») Habmomaercs
T-nmogpuzanum M MMeeT 3HAYUTENHHO MEHbIHIA
SHEPreTUYecKnil CJIBUI' 110 CPABHEHUIO C OJHOYACTUY-
HBIM TIepexoioM. B pabore [31] 6bu10 TakzKe IOKA3aHO,

B O

9TO ONTUYECKUE TEPEXO/Ibl B TPEXIACTUIHBIX TPAHCIIsI-
[IMOHHO-MHBAPUAHTHBIX KOMILIEKCAX Pa3PeIleHbl, eCIu
9TH IEePeXoJbl UJIYyT B CUMMETPHITHO pa3pelreHHOM
kanajse. Omuaounas GOTOBO30OYKICHHAS —TsizKesast
JIBIDKA B BAJIEHTHOW 30HE CBA3BIBACTCS B TPHOHHOE
cocrostaue ¢ CIID, a 3arem B paMKax 0JHOMDOTOHHOTO
porecca Mepexo/IuT U3 BaJEHTHON 30HbI B COCTOSTHUE
depMu-IBIpKU Ha HYJIEBOM ypoBHE JlaHmay 30HBI Tpo-
BogumocTu. [Iporecc uer 6e3 m3MeHeHns] BHY TPEHHUX
crereHeil cBOOOJbI TPHOHA. KOHEYHBIM COCTOSIHUEM
rporecca  M3JIydaTeTbHON  PEeKOMOWHAIMY  sIBJISIETCS
JinbO CHHIJIETHOE IO JIbIPKAM COCTOsIHWE B O -TIO-
JISPUBAIIN, JUOO TPHUILIETHOC — B O -NOJSAPU3AIIN
(cM. cxemsl Ha puc. 8). Pasiudane B ¢BOCTBAX TPUOHOB
B JIBYX MOJISIPU3AIUSIX IIPOUCTEKAET U3 TOro (hakra,
9TO B 0 -IOJIIPU3AIMU CIIMHOBBIE KBAHTOBBIE YKCJIA
OHOM M3 PepMU-IBIPOK U BO30YKIEHHOTO IJIEKTPOHA,
COBIAIAIOT. B030yKIEHHBIN SJIEKTPOH MOYKET 3aHITh
cocTosinue (pepMu-JbIPKH, IepeaBasi U30BITOYHYIO
9HEPrUIO JIPYTOMY SJIEKTPOHY, & 9TO €CTh HE UTO MHOE,
KaK MarHUTOILJIA3MEHHbIE KOJIEOAHUT B MPUCYTCTBUN
JIOIIOJIHUTEIbHON  (DepMU-IBIPKM ~ WJIM  ILJIa3MapoH
(«Pln»). TpuiuierHoe 10 JBIPKAM TPEXUACTUIHOE CO-

crosinue B 0

-TIOJIAPU3AIINT sIBJIsieTCst TPHOHOM («T'»).
DJIEKTPOH, BXOJANINNA B TPUOH, HE MOXKET yIaCTBOBATD
B IUIa3MEHHBIX Kosiebanusax. Takum obpa3oM, HECMOT-
ps HA TO, YTO TE€MHBbIE TPUILIETHBIE IUKJIOTPOHHBIE
cuH-(hJIAT-MATHUTOOKCUTOHBI HE SBJISAIOTCS ONTHYE-
CKU aKTUBHBIMHU, UX HAJMYAE MOXKHO JE€TEKTUPOBATD
KOCBEHHBIM METOJIOM — Yepe3 MOIN(UKAIUIO CIIEKTPOB
®JI, orBeYaOMUX ONTUYECKN aKTUBHBIM KaHAJAM De-
KoMOMHAIK. VIHBIMU CJIOBAMHU, ONTUYECKUE [TEPEXOIbI
¢ ydJacTUeM TPeXYaCTUIHBIX KOMILJICKCOB SBJIAIOTCS
CUHUKATOPAME» TOSBJICHUS B 00JIACTH 30HINPOBAHIS
TPUILIETHBIX CIIMHOBBIX MATHUTOIKCUTOHOB.

B skcnepumenrtax [40] B KadecTBe MCTOYHUKA BO3-
oyxkienust 2D DC ucroIbp30BaICs HEIIPEPBIBHBIN OTHO-
MOZIOBBI J1azepubiil quon (A /2 780 HM), JIyd KOTOPOro
paszessiicd Ha Ba: HAKAIUBAIOMNNA U 30HAUDYIOIINA.
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1
1.516

1.514 1.518
OHeprus (3B)
Puc. 8. Cnektpbl ®PJI: wumnynbcHoe ¢oToBO3OYXAEHNE,
7 = 10 mkc, P, = 100 mkBT (1); HenpepbiBHoe oTo-

BO3Dy>KAeHME C ABYMsi PasHECEHHbIMN NsiTHaMU Hakadkn (2)

n (3); Pprobe = 3 MKBT, Ppump = 0 (2); Pprove = 3 MKBT,

Ppump = 150 mkBT (3). BBepxy — cxema onTuyeckux nepe-
XOf0B A5t ABYX HAMpaBAeHUN LMPKYASPHOA Noasipusanmum

Ob6a my4a GOoKyCHpOBAJINCH HA TOBEPXHOCTH UCCIIETye-
MOT'0 00pasia B JBa MITHA IUAMETPOM OKOJI0 20 MKM,
pa3HeceHHBIX Ha paccrosine okojo 200 mrm. Morm-
HOCTB HAKAYIKN Py, BAPHUPOBAJIACE B IHATIA30HE OT 2
0 200 MxBT, TOT/Ta KAK MOTITHOCTDH 30HIUPYIOIIETO JIy-
98, MOJJIePKABAIACH TTOCTOAHHOMN: Pprobe = 3 MKBT.
Temubie CIID co3maBainch B MATHE HAKAYKH, U WX
KOHIIEHTPAITHIO MOYKHO OBIJIO MEHATD, BAPBUPYS Fpymp-
IIpuxom stux CIID B siTHO 30HMPOBAHUST TTPOBOUIICS
0 U3MeHeHHIo B 9ToM MecTe criekTpoB OJI. Crekrp (2)
Ha puC. 8 U3MEPEH B OTCYTCTBUE HAKAYKU B IISTHE
doroBo3OyxkIeHnsa. B HeM BUIHBI nBe JIMHUW, OTBE-
JaroIe OJHOYACTUIHBIM ME€PEXOIaM, & TAKXKEe OTHO-
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curenbHo cnabbie uann «Plny m «T», Bo3umKaromme
3a CYET IPHUCYTCTBHUS B 00JIACTH 30HIUPOBAHIS HEHOTh-
moro kosimdectBa CIID, poxkaeMbIX caMUM IIyIKOM
3oHaupoBaHus. [Ipn HU3KOM ypOBHE HAKAYKH B IIATHE
doToBozdyKAEHUA, PYymyp < 6 MKBT, bopma n nnren-
cuBHOCTH criekTpa PJI B nsiTHE 30HIMPOBAHUS IIPaK-
TUYECKN He M3MEHsIach. 1akmM 00pa3oM, B JAHHBIX
yenoBusax ancam6sb CIID, cozmannbix B msitae HoTO-
BO30YIK/IEHUsI, HE OKA3bIBAET MPAKTUYECKU HUKAKOTO
BJIUSHUSA HA COCTOAHWA B IsiTHe 30HIupoBanmda. O-
HAKO C MOBBIMIEHNEM WHTEHCUBHOCTU HAKAYKU B IATHE
BO30Y K 1eHUsT (DOPMA CIIEKTPA M3JTyIeHUsI, H3MEPEHHO-
ro B IsITHE 30HIUPOBAHUs, MeHsieTcsl. JIMHUMU, CBsI3aH-
HbIE C ONTUYECKUMHU ME€PEXOIAMU B MHOTOYACTUIHBIX
komiutekcax (muann «Plny m «T»), pactyT mo mHTEH-
CHBHOCTHU U CTAHOBSTCsI JIOMUHUDYIOIME (crekTp (3)
ua puc. 8). Takum 06pa3oM, U3 Pe3yJIbTATOB, IIPEJICTAB-
JIEHHBIX HA PHUC. 8, OJHO3HAYHO CJIEIYET, UTO MO Mepe
yBenmdenns nakadku temubie CIID n3 naraa horoBos-
Oy2KJIeHUsT TPUXOAAT B O0JIACTH 30HIMPOBAHUS, IIPE-
0/l0JIeBast IIPU 9TOM MAKPOCKOIUYECKN OOJIBIIIOE Pac-
crosinue, okoJio 200 MKM.

4.3. Kuneruka pacTeKaHnud CIIMHOBBIX
9KCUTOHOB

DKCIIEPMEHTBI 110 U3YYEeHNUI0 KUHETUKU PaCTEKAHUS
CIIMHOBBIX 9KCUTOHOB [41-43] MPOBOIIINCE ¢ TTOMOIIBIO
JBYXCBETOBOJHOW MeTOIUKU. B KadecTBe MCTOYHUKA
boTOBO3OYKIEHNS UCIIOJIb30BAJICA OTHOMOIOBBIN JIa-
3epHbIit o (A & 780 uMm). MomysmpoBanue ToKa Jin-
0J1a, C TIOMOIIBIO T€HEPATOPA MPSIMOYTOIbHBIX WMITYIIh-
COB TIO3BOJISIIO H3MEPSITh T — BPEMs YMEHbITEHUs CUT-
vajga @PO wu3 nsgrHa GHoToBO3OYKIEHUSI TIOC/E€ OKOH-
JaHWUs UMITYJIbCA HAKAYKHU. Y BeJINYEHUE JIJINTETbHOCTI
IMITyThCa HAKAIKH Tp, JUOO ITHKOBONH MOMIHOCTH P,
NIPUBOAUIIO K Bo3pacTanuio miaornoct CIID, makauyusa-
eMBIX 3a OJIUH UMITYJIbC. [leproJ ciie/IoBaHusT UMILYJIhb-
co T}, BEIOMpaJCA TaKMM, ITOOBI TIPEBBICUTH BCE Xa-
pakKTepHbIE IEPEXO/IHbIE M PeJIaKCAIMOHHBIE TTPOIECCHI
B HCCJIEyEeMOIl cucTeMe, U COCTABJISII JECTKI MUJLIN-
cexkyHz. Cremyer OTMETUTH, 9TO IPU ITUX M3MEPEHU-
SIX HEJIb3sl OIPEJIEJINTh, 38 CIET 9ero yObIBAET CUTHAJ
®PO mnocjie OKOHYaHUsI MMILYJIbCA HAKAYKUA. DTO MO-
2KeT OBITh CBSA3AHO KaK C PejlaKkcalneil HepaBHOBECHBIX
CcruH-(hIINI-9KCUTOHOB B OCHOBHOE COCTOSIHUE 38 Bpe-
MsI T, TaK U C UX YXOJOM U3 IsATHA (POTOBO30Y XK IeHMs
38 BPEMSI Tprop. B TOM U JIPYTOM CIIydastX (PUKCHPYeT-
Csl YMEHDBIIIEHNE B IIATHE HAKAIKU /30HIUPOBAHUS TUC-
Jia pepMu-JIBIPpOK, BXojadamux B cocras CIID.

Pesynbrarsr namepennit BpemeHn yObIBAHWS CUTHA~
ga ©®PO 74 B 3aBUCHMOCTH OT JJINTEIHHOCTH WMILYJIh-
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ca HAKa9IKN T, TP (PUKCHPOBAHHOM IMTHKOBON MOIITHO-
ctu P, npusesiensl Ha puc. 9. Ha KpuBoil MOKHO BbI-
JIEJINTh TPU XapaKTepPHBIX ydacTKa. [lepBriii cooTBeT-
CTBYeT HU3KOMY YPOBHIO (POTOBO30OYKICHUS CUCTEMBI:
konnentpaiusa CII cocrapisier Menee 1 % ot 1mioTHO-
CTH KBAHTOB MarHUTHOI'O IIOTOKa. B 3TOM cirydyae Bpe-
Ms T4 CJIA00 3ABUCUT OT JJINTEJBHOCTH UMITYJIbca (Ho-
TOBO3OY K IeHusI, cocTaBiisis okoio 600 mkc. Ha BTO-
POM ydacTKe HaOJIOTaeTCs POCT Tq NPHUOIU3UTETHHO
ma 300 MKc, & Ha TpeThbeM — Pe3Koe TaJIeHHeE.

1000 [ —— T —
B
3 800
=
600‘...'3. ol e el .
10" 10° 10°
T, (Mkc)

Puc. 9. Bpemsi cnaga curnana ®PPO kak dyHKuusi gnutens-
HoCTM mMmnynbca hoToBo3byxaeHus 74(7p). Ha BcTaBkax —
cnekTpbl PJ1, namepentsbie npu 7, = 10, 30, 100 n 1000 mkc

Henocrarkom meroma ®PO gpistercss To 00CTOSI-
TEJIbCTBO, UTO PErUCTPUPYETCs JIUIIb ODIlee KOoJImde-
CcTBO (POTOBO3OYKJIEHHBIX (DEPMU-JIBIPOK U HEU3BECT-
HO, KaKoii 00001menubiit mmmyabe nmeor CLID, B cocras
KOTOPBIX 9TH JIBIPKU BXOJAT. DYHKIUIO pacipejelie-
HUS CHUH-(DIUN-9KCUTOHOB 110 OOOOIIEHHBIM WMITY b
CcaM OKa3bIBACTCS BO3MOXKHBIM OIIPEIEIUTH U3 CIIEK-
TpoB DJI TpeXdacTUIHBIX IKCUTOHHBIX KOMILIEKCOB
B 2D 9C. Ilpu sTroM, KakK yKe YIIOMHUHAJOCH, JHED-
Mg TpHUOHA He HeceT UHOpPMAIIH 00 0O0OIIEHHOM
nMirysbee Bxoggmmero B Hero CIID, a worencmBHOCTH
smann «T» yunreiBaer, pakTUIECKU, JIUIIb [TOJHYIO
KOHIIEHTPAIIAIO CIIMH-(DJIMI-9KCUTOHOB. B TO 2Ke Bpemst
criektp PJI wrasmapona, HAIPOTUB, HeCeT WHMOPMA-
nuto Kak o mojiHoM gucse CIID, tak u o pyHKIME pac-
[peJleIeHns] JIa3MAaPOHOB 110 SHEPTHsIM, W3 KOTOPOIi,
B CBOIO OY€PEIb, MOXKHO U3BJIeUb (DYHKIMIO PACIIPEIe-
JIeHUsI 110 0OOOIIEHHBIM UMITYJIHCAM ¢ BXOIAIINX B ILJIA3-
mapon CIID, KoTopyio OHU uMMem K MOMEHTY (op-
MUPOBaHUS TIJIa3MapOoHa. ATOOBI MOHATH TPUPOIY IO-
BeJIeHNs COUH-(DJIUI-9KCUTOHOB B IgTHE (POTOBO30Y K-
JIEHUsI B 3aBUCHMOCTU OT HaKaYUBAEMOIl SKCUTOHHOM
IUTIOTHOCTH, OBLIN TIPOBEIEHBI OJHOBPEMEHHBIE M3MEPe-

uug cuekrpos OJI 2D DC [43].



MITP, Tom 162, Beir. 4 (10), 2022

MarHuTO3KCUTOHHBI KOHOEHCAT B XOJIJTIOBCKOM OUNSNEKTPUKE

Ha BcraBkax puc. 9 BUJIHO, YTO B YCJOBUIX MAJIBIX
mwroTHocTeil poroBo30yKpeHust gucyiao CID ¢ 60sb-
MUMEI 0O0OIIEHHBIME UMITYIHCAMI MaJIO: JIUHUS T1J1a3-
MapoHa oTcyrcrByer. [lpm yBeawdeHun 3KCUTOHHOI
IJIOTHOCTU HAYMHAETCS TPOTIECC PACCESTHUST POXKJIEH-
vbix ceeroM CIID ¢ mmmynbcamu ¢ 0 B obsacthb

~
~

MUHUMYMa, JTUCIEPCUOHHON 3aBUCUMOCTH. B pesyibra-
Te JmuHuA wiasMapona ¢ uminyascamu CID ¢ ~ 1/lp
pacrer ObICTpee, YeM JIMHUS TPUOHA. 1I0CKOIBKY 3TOT
IPOIeCC HAYMHACTCA C HEKOTOPOU KPUTWYECKON IJIn-
TEJIBHOCTU WMILYJIbCA HAKAYKH (T.€. ¢ KPUTHIECKON
wiorHoctn CIID), ecTecTBEHHO NPEINONIOKATE, HUTO
CIUH-(DJINI-9KCUTOHBI 32 BPEMsl KU3HM HE YCIIEBAIOT
TEePMAJIN30BATHCS U 3AII0JTHUTD SHEPreTHIECKUAE COCTO-
sIHUsI BOJIN3W MUHUMYMa JINCIIEPCUOHHON 3aBUCUMOCTH.
DTO JlaeT OIEHKY CHU3Y Ha BPEMsl BHYTPHUIOJUHHOIM
penakcaru CID — nme menee 600 mre. I[Ipuwumna Ta-
KOY MeJIJICHHOIT BHY TPUIOJIMHHON pejlaKcalun COCTOUT
B HEBO3MOXKHOCTH OJIHOBPEMEHHO Y/IOBJIETBOPUTH 3aKO-
HaM COXPAHEHUs SHEPTUN U UMITYIbCA IPY UCILYCKAHUN
akycruaeckoro pornona. Konkpernsre 3nadenns Bpeme-
HU peJIaKCallui CBSA3aHbI C IapaMEeTPAMU IeTePOCTPYK-
TYPBI.

IIpornece paccesuus CIID B HuM3mIee sHEpreTmYe-
CKO€ COCTOSIHHE COIPOBOXK/IACTCH MOABJICHIEM B CITEK-
tpax OJI quHNN mrazMapoHa, ITO CUTHAJIM3UPYET O 3a-
[TOJTHEHUY MArHUTOSKCUTOHHBIX COCTOSIHUI BOJIU3HM MU-
HUMyMa JUCIIEPCHOHHON 3aBucumocTu. [Ipu sTom Bpe-
wms pesgakcaruu CIID B ocHoBHOE cocTOsiHUE, M3MEPEH-
Hoe ¢ nomonpio PPO, yesesmuuBaercst (Bropoii yua-
CTOK Ha 3aBUCHMOCTH T4(Tp), puc. 9). DTO OUeBUHBIIT
pe3y/IbTaT, TaK KaK B IPOIECCE PETAKCAIINA B OCHOB-
HOE COCTOSIHUE CIUH-(DJIUI-9KCUTOHBI JIOJI?KHBI, TOMU-
MO 9Hepruu, OTAaTh GOJbINOH nmIyibe g & 1/1p. Han-
boJtee UHTEPECHBIM SBJIsieTCs moBeeHue crieKTpoB DJI
B pexume, korga CID maumnpaor yxomuTb u3 msAT-
Ha BO30yXKJeHUsI. B 3TOM ciiydae BpeMmsi T4, U3MepEH-
woe ¢ omorpio PPO, pesko ymenbmaercs. OmgHoBpe-
MEHHO HabJIIoIaeTcst ancOaIanc B o0ImeM Tucye HaKa-
quBaeMbIX B ISTHO BO30yxKjeHusi CIID, u3mepsiemom
C TIOMOIIBI0 MHTEHCUBHOCTHU JIMHUU TPUOHA, W YUCTIE
CIID ¢ 0606meHHbIM UMIYJIbcoM ¢ = 1/lp, u3ameps-
€MOM C IIOMOIIBIO JINHUU ILta3MapoHa. OOlee 9mcio
nakaauBaembix CIID pacrer, a gucio CIID ¢ umiryib-
caMU TOPsIKa OOPATHONH MArHUTHOW IJIMHBI yMEHb-
maercsa. O4UeBUIHO, 9TO U3 IsITHA BO30YXKJIIEHUS yXO-
J4T He Bce (POTOBO3OYKIEHHDBIE CITMH-(MDJIATI-9KCUTO-
HBI, & TOJIBKO YKCUTOHBI C OOOOIEHHBIM HMILYIbCOM
q ~ 1/lp. CkopocTb, KOTOPYIO OHU HPUOOPETAIOT IIPU
BBIXO/IE U3 [ITHA HAKAYKU, MOXKHO IpybO OIEHUTh KakK
Ve R dpump / 2Tprop- MUHNMATBHOE 3apPETHICTPHPOBAH-
HOE B dKCIlepuMeHTax Bpems craga curHagsa PPO co-
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craBuo okoso 30 Mkc [41,42], Tak 9TO OIEHKa IS
MaKCHMAaJIbHON CKOPOCTH pacTeKaHUsl JaeT 3HAYEHUE,
paBHOe TIpUMepHO 25 M/c.

Kak Obu1o moKazaHO B IPEABIAYINEM pa3ele,
B 9KCIIEPUMEHTaX C I[POCTPAHCTBEHHO-PA3HECEHHBIMU
[ISITHAMUA HAKAYKU U 30HIMPOBAHUS IIPU yBEJIUIECHUN
IUIOTHOCTH  MOIMHOCTA  (DOTOBO3DYK/I€HUST ~WHTEH-
CHUBHOCTH JIMHUM ILIA3MapoOHa B YJAJEeHHON 06JacTh
pacTer JI0 TexX Iop, [I0Ka UHTerpaJjibHast UHTEHCUBHOCTH
JINHAW IJIA3MAPOHA HE TMPUOJM3UTCS K WHTErPAIbHOMN
WHTEHCUBHOCTH JIMHUU TPHOHA. DTO O3HAYAET, UTO
[IPAKTUYECKU BCE CIUH-(DJIAN-9KCUTOHBI, TPUIIE/ I
B 00JaCTh pErucTpanud ©u3 MIATHA BO30YKIEHUS,
UMEIOT ODODIIEHHBI UMITYJIBC ¢ 1/lp. Boruuras
¢ coorBercTByOmuM BecoM criekTp PJI paBHOBecHOiT
2D 9C u3 cnekrpos @JI B ynajseHHO 001aCTH, MOYKHO

~
~

MOy IATD PacIpegeseHne Mo 0000MEHHBIM UMITYIhCaM
HEPABHOBECHBIX MarHUTOIKCUTOHOB [43]. U3 mpuse-
JleHHbIX Ha puc. 10 dyrknuii pactnpeaenerns ngcr(q)
B OTCYTCTBHE W TIpW HAJUINHN YIAJEHHOTO (DPOTOBO3-
Oy XKJIEHUsT CJIETyeT, ITO UMEHHO CHUH-(DJIUIT-9KCUTOHBI
C UMIYJbCAMHU TOPs/IKa OOpaTHOW MAarHUTHOM JIIU-
HBI B

OIPpUHUMAIOT MarHATOKCUTOHHOM

TPpaHCIOPTE.

yJacTue

n PLN
OHeprua (K)

0
AHeprus (maB)

Puc. 10. Pacnpegenetune nnasmapoHoB no sHeprusim (Hux-
HSAS WKana) n uMmnynscam (BepxHsis wWKkana) Ans AByX pe-
XKUMOB HenpepbIBHOro hoTOBO3OYKAEHNS, COOTBETCTBYIOLLMX
cnektpam 2 (4epHasi kpusasi) n 3 (kpacHasi kpusasi) Ha puc. 8.
ToHKas IMHUS — ANCNEPCUs TPUMIETHBIX MarHUTOIKCUTOHOB,
paccuMTaHHas B COOTBETCTBUM C pesyabTaTamu pabotsi [3]

W3-3a HEBO3MOXKHOCTH YIOBIETBOPUTD 3aKOHAM CO-
XpaHeH!d SHEPTUN U UMITYJTHCA OJTHOBPEMEHHO B aHCaAM-
0Jie HepaBHOBECHBIX CIHUH-(DJINI-3KCUTOHOB HE ITPOUC-
XOJUT TIOJTHON TepMau3anuu. Pejgaxcaiis B HUIIIEE
SHEPTeTUIEeCKOe COCTOSHIE MPOTEKaeT 3a CUYeT JIByX-
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9KCUTOHHBIX IIPOIECCOB [44], KOTOpbIe CTAHOBATCS 3a-
METHBIMHU 10 JOCTUZKEHUIO HEPABHOBECHBIM aHCAMOJIEM
MarHUTO3KCUTOHOB HEKOTOPON KPUTUYIECKON IJIOTHO-
cru. BesencrBue CBEPXIMHHBIX BPEMEH TepMaJsIn3a-
nun ancam6sb CIID sBisiercst CymecTBeHHO HEPaBHO-
BecHbiM. OJIHA €ro YacTh IpejcTaBser coboil ra3 mar-
HATOSKCUTOHOB C OOOOIMEHHBIMU UMITyIbcamMu ¢ =~ 0.
Wx nosst ompesesisiercss He TOJIBKO BHEITHEH TeMIepa-
TYpOil, HO U JUHAMUKON (POTOBO3OYIKIIEHUS, JIBYXIK-
CUTOHHOU BHYTPUIOJIMHHON pesakcanueil 1 TpaHCIOp-
TOM CHOUH-(DJIUI-9KCATOHOB W3 MATHA BO30YXKIEHUS.
Hpyrast gwacte — 370 CIID ¢ uvmnyascamu g ~ 1/1g,
KOTOpbIe (DOPMUPYIOT MAIHUTOIKCUTOHHBIN KOHJIEHCAT
U yYACTBYIOT B 9KCUTOHHOM TPAHCIOPTE ([IePEeHoCe CIIu-
HA) Ha MaKPOCKONNIECKHUE PACCTOSTHMUSI.

4.4. KOI‘epeHTHOCTL MaAaroHmTO3KCUTOHHOTI'O
KOHJeHcaTa

IIpu wucciieoBaHE TPOCTPAHCTBEHHON KOI'epeHT-
HOCTH MarHUTOIKCUTOHHOTO KOHJjeHcara [45,46] cpas-
HUBAJINCHh WHTEPGEPOrPaMMBl B CBETE€ PE30HAHCHOTO
oTpaxkeHusl Jisi onrudeckoro mnepexosa (0-0) mex ity
COCTOSIHUSIMU HYJIEBBIX ypOBHEN JlaH1ay TsizKebIX JIbl-
POK BAJIEHTHOW 30HBI M JIEKTPOHOB 30HBI ITPOBO/IU-
MOCTH, TIOJIy9YeHHbIe 0€3 ONTHYECKON HAKAYKUA U IIPHU
BKJIIOUEHHON Hakauke. B wmieasbroit 2D DC-cucreme
B oTcyTCTBUE (POTOBO3OYKICHUS CUTHAJ PE30HAHCHO-
0 OTPayKeHWs OT KBAHTOBO-XOJIOBCKOTO M30JIATOPA
npu v = 2 HabJHOIAThCS HE JIOJI2KEH: IOIJIOIIEeHNEe pe-
30HAHCHOIO (POTOHA U €r0 IOCJIEIYIONIEe IEPEr3IIy de-
uue (T.e. PE30HAHCHOE OTPAYKEHNE) HEBO3MOXKHO, II0KA
Ha HYJIEBOM 3JIEKTPOHHOM ypoBHe JlaHjay He MOSBUT-
cst pepMu-JIbIpKa. B peajibHOCTU CKpelleHHbIe JIMHET-
HbIE TIOJIIPU3ATOPHI HE TOJABJISIOT OTPAYKEHUE ITOJTHO-
CTHIO ¥ KAKOE-TO HeDOJIBIITOe KOJIMIECTBO CBETA TOIa 1A~
er B uHTepdepomerp. BKitoueHre HAKAYKU ITPUBOIAT
K BosHukHoBenuio curnana PPO (orpazxkenue Bospac-
TaeT, o Kpafineli Mepe, HA MOPSAIOK BEJUUUHBI), YTO
cBHjieTeIbCTBYeT O nosiBjienun B 2D 9C maxpockomu-
YeCKOIr0 YKCJIa HEPABHOBECHBIX CIUH-(DJIUI-9KCUTOHOB.
s popMupoBaHms MATHITOIKCUTOHHOTO KOH/IEHCATA
Heobxo Mo, yTodbnl CIID Hagamm s3ddpeKTUBHO 3aI101-
HSITh COCTOSIHUS BOJIN3M MUHUMYMa, JTUCIIEPCUOHHON 3a-
BUCUMOCTH 1IPU Grnin ~ 1/lp. MakcumasbHas uHTeH-
CHBHOCTH TIOJIOCHI ILTA3MAPOHA OTHOCUTEIBHO JIMHUIH
TPHUOHA CJIy?KUJIa KPUTEPUEM IIPU [I0I00Pe TIapaMeTpoB
9KCIIEPUMEHTA: HAIPSIKEHHOCTH MATHUTHOTO ToJyisd B
7 MOTITHOCTH HAKAYKH Fpymp. BBIACHIIOCH, 9TO HHTEH-
cuBHOCTL qmHUN «Plny cpaBruBaercs ¢ junumeit «T»,
a JIMHUS OTHOYACTIUIHOTO IIEPEX0a, HadIroraeMast, Kak
7 IJIA3MApPOH, B 0 -TIOJIIPUBAINN, TPAKTUIECKHU HCIe-
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3aeT IPU UHTEHCHBHOCTH HakKadku He 6osee 10 Br/cm?
u daxrope 3anoauenus v 2, 2. Cuexrp ®JI ¢ unTeHCHB-
HOIi JIMHUEH TIa3MapOHa 3AIIUCHIBAJICS HEIIOCPEICTBEH-
HO TI€pe]T perucTpanueil naTepheporpaMMbl 1 KOHTPO-
suposaiics mocite. IIpodums g™ (8) cos ®(8)| B orcyr-
crBue GOTOBO3OYKICHUS IPUBEJIEH Ha puc. 11a, a npn
BKJIIOYEHHON HaKadke — Ha puc. 116.

Ha puc. 1la cuHuMM 1BeTOM IIOKa3aHa allapar-
Hast (DYHKIMS, HAUTYIIIAM OOPA30M  ONUCHIBAIOMIAS
HeHTpasbublii K npu 6 = 0. 31ech Ke IpUBEJIEH
pe3yJbTaT CBEPTKHU allllapaTHOW KpUBOH M (yHKIMN
exp(f|:c| /§) ¢ mapamerpom £ = 0.4 mrm. MozkHO Tipe;-
MIOJIO?KHUTEH, 9TO BBICOKAS CTENIEHh KOTE€PEHTHOCTH U3JTy-
YEHUS 30HIUPYIOIIEro JIa3epa IIPU PACCEAHUE Ha MATO-
BOM CTEKJIE TepsieTCs He MOJHOCTHIO. BOo BCAKOM ciry-
qae, nepsblit Hyab Gyuknuu |2.J1(v)/v| B upoduse no-
JIOC IBHO HE HAOJIOAETCA U PE3YJIbTAT CBEPTKH OJIMKe
K 9KCIIePUMEHTY.

[IIupuHB! HEeHTPAJIbLHBIX TMKOB Ha puc. 11a u 6 pas-
JIMIAIoTCA MaJjo. [JIaBHOE pa3Jmdue COCTOUT B TOBE-
nernu |g™)(8)| mpur Gombiix capurax. Xots B 9TOi
obmactu § Bocrpomssommmocts |g(M) (8)| or m3mepe-
HUA K U3MEPEHUIO OCTABJISIET YKEJIATh JIy9IIero, HO ca-
MO TIOJpacTanme «KpbLibeB» pacrpenertenns |gh) (8)]
pU BKJIOYECHUN HAKAYKH BOCIPOU3BOJIUTCSA HAJEIK-
no. Ha puc. 116 upusesen npumep, KOTJa 3TOT -
ekt makcnmagen. 3asucumocts g™ (8)|, nmpusenén-
Hylo Ha puc. 116, Huxaxoit ceeprxoit exp(—|z|/€) ¢ an-
napatHoit dbyHKIEE MoJyIuTh HEBO3MOYXKHO: TIPH Ta-
KOl MHUpHUHE NEHTPATHHOTO THKa yObIBAHUE KOPPEeJIsi-
TOpAa ¢ pACCTOSHIEM OYIET MPOUCXOINTE TOPA3I0 OBICT-
pee. KauecrBeHHO KapTHHA OOBACHAECTCA B IIPEJIIIOJIO-
JKEHUH, ITO NMEIOTCS JTBA HE3aBUCUMBIX MCTOTHUKA W3-
gydenus: nekorepentuniii (§ < 0.1 MrM) u gacTud-
HO KOrepeHTHbIH ¢ mapamerpom { < 10 MM (TouHee
OIIPEJIENIATH 3/1eCh HEBO3MOXKHO). Pesysnbrar cyMMupo-
BaHWs annapaTHOi (GyHKIUM W €€ CBEPTKU C IKCIIO-
nenroit exp(—|z|/¢) mpu & = 10 MKM ¢ Becom coOT-
percrBerHHo 0.8 m 0.2 mokasan Ha puc. 116 3ejeHoi
KPUBOIA.

Basucumocts |g1)(8)| na puc. 116 ouens moxoxa
Ha Ty, 9TO BIEpPBBIE HAOJIIOJANACH JJIsI BHYTPUPE30-
HATOPHBIX SKCHTOHHBIX TIOJSIPUTOHOB B pabore [34].
B ToMm ciay4ae HEHTPaJbHBINH UK XOPOIIO OIUCHIBAJI-
¢S TAyCCHAHOM, MIMPUHA KOTOPOTO HANPAMYIO CBS3a-
Ha C TEILUIOBOIl JeOpOIeBCKOIl JINHON BOJHBI A¢p,
jocrurapireii 56 MKM OPU BBICOKOI MHTEHCUBHOCTH
ontrnueckoit Hakauku. Macca CID ropasmo 6osbire
(mscr =~ 0.13m,), nosromy ja mero npu T = 0.5 K
BenumuanHa Agp ~ 0.3 MmxM. [TockobKY pasperienue nuc-
MMOJIL3YyEeMON ONTHUYECKON CHCTEeMBI He JydIne 1 MKM,
TO B HAINEM CIyJae UMEHHO OHO OIPEJENSAeT MIAPH-
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Puc. 11. OLl,eHKa CTENEHN KOrepeHTHOCTN MArHNTOSKCUTOHHOINO KOHAEHCAaTa. KpaCHaﬂ JINHNA — I'IpOCbI/Iﬂb VIHTepCbepeHLI,I/IOHHbIX

nosnoc B ceeTe pesoHaHcHoro otpaxerns |g (8) cos ®(8)]. a) Poump = 0, Pprobe = 5 MKBT; cunsisi nunnsi — annapatHas doyHk-
pump P

umns |2J1(v)/v|, Hanny4wmrm obpasom onnchbiBatoLas LEHTPasbHbIZ MMK; YepHasi JINHUSE — pe3y/ibTaT ee CBEPTKM C byHKLMeR
exp(f|5|/£) npu & = 0.4 MkM. 6) Ppump = Pprobe = 1 MKBT; 3eneHast kpusasi — pesynbTtat cymmuposatusi ¢ secom 0.8 u 0.2

COOTBETCTBEHHO annapaTHol chyHkuMu n ee ceepTky ¢ exp(—|8]/€) npu & = 10 Mkm; YepHas kpuasi — dyHKLMUS (0.18/|(5|)0'6

ny nuka npu § ~ 0. Onucanue MoBeIeHNsS KOPPEIATO-
pa Ha OOJIBIINX PACCTOSIHUSIX CTEIIEHHO 3aBUCHMOCTHIO
BHUIA (b/ |z|)a IPOIEMOHCTPUPOBAHO Ha puc. 116 gep-
Hoit kpuBoii. ToOUHOCTD OIpee/IeHnsT TOKA3aTE s HEBE-
JINKa, HO BCE YK€ MOYKHO yTBEPK/JIaTh, 9T0 a ~ 0.5-0.7.
Corsracio Teopun BKT B komaencare 2D-6030H0B
3HAYEHNE TOKA3ATE IS CTEICHN MMOMIMHACTCS YCIOBUIO
a < 1/4 (12, 13]. B skcuepumenTax [34], riae TouHOCTD
U3MEpEeHuil ropa310 BbIle, OBLIN [TOJIyYeHbl 3HAUEHUSI
a =~ 0.9-1.2. Tlocnemyrormue mCCaeTOBAHAS TOKA3AJIM,
40 GBICTPOE YOBIBaHHE KoppesaTopa g1 ¢ paccrosn-
€M CBSI3aHO C BO30YIKJIEHUEM OJIHOBPEMEHHO HECKOJIb-
KUX IPOCTPAHCTBEHHBIX Mo, [47]. Jlumb upn nakadke
JIA3EPHBIM IIY9IKOM C TayCCOBBIM IOMEPEIHBIM TpOdhu-
JieM, BO30YKJIAOIINM OJ[HY HU3IIYIO 110 SHEPIUU MO/LY,
[IoKa3aTeIb CTEIIEHN COBITAIAeT C TEOPETUIECKIUM BOJIU-
3u mopora BosunkHoBeHns BKT-kommencara m crano-
BUTCSI eIlle MEeHbIIIe C POCTOM UHTEHCUBHOCTH (POTOBO3-
Oy nenHust [48].

5. SBAKJIFOYEHUE

MaruuTOSKCUTOHHBI KOHJIGHCAT — 3TO IIEPBbIil
9KCIEPUMEHTAJIBHBIN TPUMEP KOHJICHCAINH KOMIIO3HT-
HBIX OO30HOB HE B OOBITHOM NPOCTPAHCTBE, KaK B CJIy-
9ae 3JEKTPOH-JBIPOYHON KUJKOCTH B OOBHEMHBIX 110~
JyIPOBOAHNKAX (49|, 1 He B OOBIMHOM HMITYIbCHOM
NPOCTPAHCTBE, KAK B CJIydae aTOMHBIX 0036-KOHIEHCa-
ToB [50], a B npocTpaHcTBe 0GOBIEHHBIX UMITYIHCOB —
BEJIMIHH, 3aBUCAIINX KAK OT IIPOCTPAHCTBEHHBIX KOOD-
JIIHAT, TaK U OT WX rpajaueHToB [51]. Marauroskcu-
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TOHHBIN KOHAEHCAT (POPMHUPYETCS M3 TEMHBIX ITHKJIO-
TPOHHBIX CIIUH-(DJINI-MArHUTOIKCUTOHOB C JIUIIOJIbHBIM
MOMEHTOM TOPSIIKA MATHUTHON JJIMHBI, YMHOMKEHHOM
Ha 3JIEMEHTAPHBIN JIEKTPOHHBIN 3apsa. V3-3a HeBO3-
MOXKHOCTH yJIOBJIETBOPUTDH 3aKOHAM COXPaHEHUsI SHEP-
MMM W UMIIYJIbCa OJHOBPEMEHHO B aHcambJie Hepas-
HOBECHBIX CIUH-(PIUM-9KCUTOHOB HE MPOUCXOINT ITOJI-
HOI TepMam3aluu. BeiregcTBre CBEPXJIMHHBIX Bpe-
MEH TepMaJIu3alui aHCAMOJ/b CHUH-(DJIUI-3KCUTOHOB
ABJISIETCS  CYIIECTBEHHO HepapHoBecHbIM. OH coCTO-
AT W3 ra3a MATCHUTOIKCUTOHOB C OOOOIIEHHBIMHU KM-
[yJIbCAMU  ( 0 (uX J0JIs1 OIpENEeNsAeTCsl TeMIle-

~
~

parypoii, auHaMUKO# (HPOTOBO3OYKICHUS, BHYTPUIO-
JMHHOII pejlakcaryeil M TPAHCIOPTOM MaTrHATOIKCHU-
TOHOB W3 IISITHA BO30OYKIEHWs) M KOHJEHCATA MAar-
HUTOIKCHUTOHOB C HMIIYJIbCAMU ( 1/lp, xoTOpBIE
YIACTBYIOT B OBICTPOM SKCHTOHHOM TPAHCIIOPTE, CO-

~
~

[TPOBOKIAIOIIEMCST  TIEPEHOCOM CIIMHA, HA MaKPOCKO-
nudeckue paccroguus. Takum obpazom, hoTOBO3OY K-
JIeHHas CHUCTeMa CHUH-(DJIUI-3KCUTOHOB CYIIECTBEH-
HO OTJINYAETCA OT CHCTEMbl HENPSIMBIX B HMILYJIbC-
HOM IIPOCTPAHCTBE KCUTOHOB B OOBEMHBIX IIOJIYIIPO-
BomHUKAX, Takux Kak Ge m Si, rme A0JToXKuUBYyIIne
SKCUTOHBI TEPMAJU3YIOTCS HA MarlTadax WX BPEMEH
»ku3Hu [52]. TIpumepom HepaBHOBECHOI 603e-CHCTEMBI,
O/IM3KOIl K cucTeMe IUKJIOTPOHHBIX CIUH-(DJIAI-MAr-
HATOSKCUTOHOB, CJIE/[yeT PacCMATPUBATHL HapaMETPU-
JecKU HaKadnBaeMble 603e-35iHIIITEiHOBCKIE KOHIEH A~
Thl MAIHOHOB B IIJIEHKAX KeJIe30-UTTPHEBOrO I'paHa-

Ta [20].
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