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Maruuroontuaeckuit apdert Papajiess OmpeeisseTcs 3JIEKTPO-IUIOJILHBIMIA ¥ MarHATO- TUITOJILHBIME T1e-

pexojaMu B IPO3pAavyHOM MAarHUTHOM MaTepuaJie. B To ke BpeMs obparHblii a¢dpdexkt Papajies 10 CUX TOP

ONHUCBHIBAIN BBIPAXKEHNEM, KOTOPOE YUIHTHIBAET TOJIBKO JIEKTPOJAUIIOIbHBIE Iepexoabl. B pabore Teopermde-

CKM PacCMOTPEH MarHUTOIUIIONBHBINA BKJIa B 00paTHbIi adderT Papajiess U Ha IpuMepe IIJIEHKU deppuTa-

rpaHaTra MOoJIy4YeHa 3aBUCUMOCThL obpaTHoro adderta Papaess oT AIUHBI BOJIHBI B OJIMKHEM HHMPAKPACHOM

[HaIa30He, TJe MArHUTOIUIIONbHBIN BKJIA/T CTAHOBUTCS CYyIeCTBeHHBIM. [loKa3aHo, ITO XOTs 11T OMHOPOTHBIX

IIJIEHOK BCEria IPUCYTCTBYIOT 00a BKJaa B oOparubiit addert Papaiest, 11t MIIEHOK € IEPUOAMIECKON HAHO-

CTPYKTypoit ipu Bo36y:kaeHnn TE-BOTHOBOIHON MOIBI MPOSIBIISIETCST TOJABKO MarHUTOIUIONBHBIN O0OpaTHBIM

a(b(beKT (Dapa/:neﬂ, 9TO MOZKET IIOMOYb €ro O6Hapy)KI/ITB IKCIIEPpUMEHTAJIBHO.

DOI: 10.31857/S0370274X24080053, EDN: UAPVOX

O6parnbiit adbdexr Papages (ODP) upecrasis-
er co0oil siBJIeHre, TIPU KOTOPOM CBET € KPYTOBOIl IO-
ngpusanueil, nagaomuil Ha MarHATHBIA MaTepraJl, NH-
Jynupyer HamMaraundeHHOCTh. ODP ObLI TeopeTuYeCKH
upezcka3al B [1], u 4y Th 11032Ke 9KCIIepUMEHTAJILHO IIPO-
JIEMOHCTPUPOBAH B [2] ¢ HOMOIIBIO PyOHHOBOIO Jiase-
pa B obpasnax Eut?:CaFy, quaMarHUTHBIX CTEKJIAX H
HECKOJIbKMX OPraHMYeCKUX U HEOPraHUYEeCKUX KHJIKO-
CTSIX.

C mnosiBjieHneM (eMTOCEKYHIHBIX JIA3€PHBIX HUM-
myJsibcoB nHTEpec K ODP BO30OHOBUIICS, IOCKOJIBKY OH
[O3BOJIIET BO30YKIATH B MATHETHKAX CBEPXOBICTPYIO
CIUHOBYIO JUHAMUKY C IMOMOIIBI0 KOPOTKUX JIA3EPHBIX
uMITyJibcoB. [Ipu 3TOM, B OT/IMYME OT JAPYyI'HMX METOJOB
BO3JENCTBAA CBeTa Ha CIHWH, METOJ, OCHOBAHHBIIN Ha
O9®, umeer HETEIUIOBYIO MPUPOIY U HE Tpedyer Io-
IJIOIEHUsT cBeTa B Marepuasie. Biaromaps O9® yua-
JIOCh BO30YIUTH IIPEIECCUI0 HAMAIHUYEHHOCTH W CIIU-
HOBBIE BOJIHBI B MPO3PAYHBIX MATHUTHBIX JUIJIEKTPU-
kax — oprodeppurax [3,4]|, anTndeppoMarHuTHOM OK-
cuge Hukens [5] u deppurax-rpanarax [6-12]. Bosee
roro, O9® mMoxkeT ObITH MOAUMDUIUPOBAH IIyTEM CO-
3/IaHUs] HEOTHOPOIHBIX OMTUIECKUX MOJIEH B PA3TUIHBIX
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HAHO(DOTOHHBIX CTPYKTYPaX, COAEPKAIMX MATHUTHDIE
maTepuassl [13-15].

Mukpockonudeckasi npupoga O9®P cBsizaHa ¢ KOM-
OuHAIMOHHBIM (PAMAHOBCKUM ) PACCESTHUEM CBETa B Mar-
HETWKe, B PE3yJIbTaTe KOTOPOTro BO30YKIAIOTCSI MArHO-
bl [16]. DdderTHBHOCTD HAHHOTO IPOLECCca 3HAUNTE b
HO BO3PACTAET B PEKMME BBIHY 2KJIEHHOTO KOMOMHAIINOH-
HOT'O PACCEesTHUs, KOTOPOE CTAHOBUTCS BO3MOKHBIM JIJIST
KOPOTKHUX JIA3€PHBIX MMILYJIbCOB, CIEKTPAJIbHAS ITUPU-
HA KOTODBIX IIpeBbIIaeT 4acrory maruouos [17]. Tlo-
CKOJIbKY B Pe3y/bTaTe NEHCTBUS CBETOBOTO HUMITYJIHCA
BO30OYKIaeTCs COMHOBasi JuHaMuKa, To O9® moxker
ObITh omucaHn B TepMuHaX 3DMEKTUBHOIO MAIHUTHOTO
OJIsT, WHLyIMPYEMOTO CBETOBBIM MMITYJTHCOM U JIEHCTBY-
OIET0 Ha OCBEIEHHYI0 00JIaCTh MAIHETUKA B TE€UYEHUE
[POXOXKJIEHUST UMITYJIbCA Yepe3 MarHeTuk [18]:

o
H =——[ExXE* 1
IEF 167r[ X ]7 ( )

rie E u E* — HaAnps:KeHHOCTH JIEKTPUIECKOTO IOJIA
CBETOBOIT BOJIHBI YACTOTON W U €e CONPS?KEHHAs BEJIU-
YMHA, (¢ — MarHUTOONTHYeCKuil Kodddurument. Takum
obpazom, nojie Hipg (puc. 1) MakcuMaJbHO OpU KPyro-
as . _ _« 2

Boit mosgpuzarun: Hipg = mEO e,, riue Fy — amimry-
Ja BOJIHBI C KPYI'OBO! Iojidpu3alnueii, e, — ¢JMHUIHDLII
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BEKTOD BJIOJIb HATIPABJIEHUS PACIPOCTPAHEHHS CBETOBOI
BOJIHBI, 1 PABHO HYJIIO JIJIsI JIMHEIHOI II0JIApU3allim.

Jannast popMysia moJrydeHa ¢ y4eToM TOro, 9TO B3a-
UMOJEHCTBUE ONTHYECKOrO HM3JIYyYeHHs] C MATHETHKOM
OTIPEJIETIAETCS 3JIEKTPOUIIONBHBIME [TEPEXOJAMA U THU-
POTPOIIHBIC CBOICTBA MAIHETUKOB OIUCHLIBAIOTCA HeIUa-
FOHAJIBHBIMU 3JIEMEHTAMU TEH30Pa JUJIEKTPUIECKOL
IIPOHUIIAEMOCTH é: Eij = 65]0) — z'eijkgk, Tae €;jr — TE€H-
3op JleBu—YuBUTEI, ¢ — BEKTOpP THpaIH, KOTOPBIA B
obmeM ciiydae paBeH gp = ayy M), TIe ap; — MarHuTo-
ONITHYECKUit TeH30p, M; — BEKTOp HAMATHUYIEHHOCTH, &
JIJISI N30TPOIHBIX MAarHETUKOB U MarHEeTUKOB ¢ KyOude-
CKOll cumMmerpueii g = aMjy u 55;)) = 5(0)5ij, rie 0;; —
cumBoJt Kponekepa [19]. IIpu srom ko3 dunuent o cos-
nazgaer ¢ koabdunuenrom B dopmye (1).
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Puc. 1. (IIernoit onmnaiin) ODP B 1mieHKe

Oanako B Gmmkaem undpakpacaom (UK) nuana-
30HE CTAHOBHUTCS CyIIECTBEHHBIM BKJIaJ, OT MAarHUTO-
JIIIOJIBHBIX T1epexonoB [20], uro memaer cpemy Guru-
POTPOITHON ¥ NMPUBOAUT K HEOOXOJUMOCTH YUUTHIBATD
HeJIMaroHaIbLHBIE KOMIIOHEHTHI TEH30Pa MATHUTHOMN ITPO-
HULIAEMOCTH [i: fh;j = ,ul(-;)) — teik(gm)k, Tme (gM)E —
BEKTOD THpPAI|A, O0yCJIOBJIECHHBIH MATHATOIUIOIHHBI-
mu nepexogamu (gm)e = BrMi, Bk — Marauroor-
TUYECKUIT TEH30P, YUUTLIBAIOIINN MaTrHUTOIUIIONbHbII
BKJIa). Tak, yisi MaTepuasia TONIUHON |, HAMArHUIEH-
HOTO BJOJIBb Oocu z, yron Papajes, XapaKTepusyIOmuii
npsmoit apdext Dapaies, onpeneasgeTcs Kak:

7l
)\\/ ExxMlax

MarauTroaunosibHbI BKJIam B npsamoit adbdexkr Pa-
pajsies ObLI BIEpPBbIEe SKCIEPUMEHTAJIHLHO OOHADPYZKEH
B [21]. MozkHO npenoaokuTh, uto B Gumxkaem UK nua-

O = — (9 + gm). (2)

naszone OD® TakrKke MMeeT BKJIAJ OT MATHUTOIUIIOJb-
HBIX II€PEXOI0B. 3y4eHnIo 9Toro BOIpoca U IOCBSIIEHa
JlaHHas paboTa.

IIucbma B 2KOTP Tom 120 BRm.3-4 2024

Ddbdekrusnoe mose ODD mMoxKeT OBITH TOJIyUe-
HO muddepeHIrpoBaHueM 10 HaMarnudeHHocTd M ra-
MUJILTOHMAHA H, OIUCHIBAIOIIErO B3auMOIeiicTBIe CBe-
ta ¢ margetukoM: Hipg = —0H /OM. YareMm B raMuiib-
TOHHAHE HE TOJBKO HWICHBI, 3aBHCAIIAE OT 3JICKTPHYC-
CKOI'O II0JISI CBETA, HO ¥ WICHBI, 3aBUCAIINAE OT MATHUT-
HOTO TIOJII CBETA, W OIPAHIMYHNMCS JIMHEHHBIM 10 HAMAT-
HIYCHHOCTH BKJIA,IOM:

1
H= _16—7T(€§?)EZEJ* - ieijkEiE;aklMl + /ng)HZH]* -

—deg HiH By My). (3)

Torma momyamm, 1To 3¢pdeKTUBHOE MATHUTHOE TI0JIE
O3 onpejessieTcst ABYMsi BKJIAIAMMU:

i
(Hirg)k = _w—w(aklelijEiE; + Briewij HiH7 ).
st kybudaeckoro (eppoMarHeTuKa JTaHHOE BbIPaXKe-
HUE TPUHUMAET BUJI;

Hipp(w) = Hipg +Hipg | =

- —ﬁ(g(w)[E x B+ gu(w)[H x HT),  (4)

[EPBBII U3 KOTOPBIX IIPEJCTABJIAET CODOOI M3BECTHYIO
dopmyny mia 09D (em. yp. (1)), a Bropoii — panee
HE PACCMATPHUBAJICS U 00YCJIOBIEH MATHUTO/IUIIOIbHBIM
BKJIQJIOM.

U3 (4) crenyer, uro Besmunna O9®P u coorHomIe-
HUs JBYX BKJIAJIOB onpeessiorcs g(w) u gy(w) u, cie-
JIOBATEJILHO, 3aBUCAT OT YACTOTHI OIMTUIECKOTO U3JTyde-
Hus. IIoCKONBKY ¢ = i€5y U gM = fizy, TO JJIsl BBISAB-
JieHnsi criekTpasibaoit 3aBucumoctu O9D Heobx0IUMO
3HATH YACTOTHYIO 3aBUCHMOCTH HEJMATOHAIBHBIX 3JIe-
MEHTOB TEH30POB JIUJIEKTPUIECKON M MArHUTHON IIPO-
HUIAEMOCTE MarHETHKA.

Iyist GOJIBINIUHCTBA MArHUTOONTHYECKHX MaTepHha-
JIOB JIAHHBIE DE30HAHCHI (ARD) HAXOIATCS B BUJIUMOM U
6JIPKHEM YIIBTPagUOIETOBOM CIEKTPAIHHBIX JHAIA30-
HaX, B TO BpeMs KaK MarHUTOIUIIO/IbHbBIE IIEPEXOBI ANMD
naxonarcss B obsmactu CBY. Hampumep, B deppurax-
rpaHaTax 3JIEKTPOJUIIOIbHbIE Pe30HAHCHl (Agp) HaXo-
agarcesd B obsactu Agp ~ 300—550 am. [losTomy B GJtmK-
neMm VK nuanazone (JyinHa BOJHBI ONTHYECKOTO U3JLy e~
ausg A > 1200—3000 HM) MOXKHO CUUTATD, 9TO A > ARD
A << Ap-

[Ipeanonarass MArHUTOONTHIECKHE EPEXObI JTHA~
MArHUTHOTO Tuna [19], MOXKHO NOJMYYHUThH SIBHBIH BUJL
JUTs TIAaroHaJbHbIX [21-23| n HemaroHa bHBIX [24] a71e-
MEHTOB TE€H30POB IW3JIEKTPAYECKON W MAarHUTHOU IIPO-
Huraemocreli Marseruka (M. dopmyast (A.1)—(A.4)
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Puc. 2. (LlgerHoil onaiiH) DKCIepuMeHTAIBHbIE MATHUTOONTHYECKUE CIIEKTPBI UCC/IeayeMbIx 0bpasnos BOI' (cuaue Touku n
kpusble) u 2KUI' (kpacHble Toukn u kpussle). (a), (b), (¢) — Cuekrpsl kKoaddunuenra onrudeckoro npomyckanusi; (d), (e) —
criekTpbl yriua Papajiess, KOTOPbI U3MEPEH NPU MPUJIOKEHUH BHEITHETO MArHUTHOTO 1oJisa Beqmdaunoit 250 Mo o Hopmasn

K 0bpa3iry. CBer majjaer o HOpMaJIu Ha 00pasell. DKCIIEpUMEHTAJBHBIE JaHHbIE TIOKA3aHbI B Brjie ToueK. CIJIONIHbIE KPUBBIE

Ha (b)7 (C) u (e) IIOKa3bIBaIOT alllIPOKCUMAIIUIO IKCIIEPUMEHTAJIbHBIX JaHHbIX TEOPETUICCKUMU BbIDa2KEHUSIMU, HeO6XO‘HI/IMyIO

JIJIsT TIOA60Pa MarHUTOONTHIECKUX TapaMeTpoOB 06pas3ioB

IMpwioxkenust). YuurbiBasg Ayp > A > Agp U orpa-
HnanBasice B (A.1), (A.2) TOJBKO ONHMM 3JIEKTPO/IH-
HOJILHBIM PE30HAHCOM, KOTOPBIN JaeT OCHOBHON BKJIaJ
B bmmkaem UK nmanazone, mosryunM ciemyromnme mpu-
6mkenns ypasHeHuil (A.1)-(A.4):

2 2 2

SO SRS Lo L (KR R ER
Wgp  WEpD \WED

g =iegy(w) = (5b)

fw? 6r2  2A%\ w  2A [ w )’
=5 |{1-2t+3 + J
WED WED Wgp / WED WED \WED
sz(w) =1, (5C)
. 47 M~
amM = le'wy(w) = w (5d)

rze napamerpst f, wy, I', A, wo, v, M onpegensiorcsa u3
(A.1)—(A.4) (cm. Hpunoxkenue).

B pmanuom npubsmkenuun u3 (2) cieiyer, 9To yroJi
QPapajiest MOXKHO 3aIACATH:

ml a+£+i
Era A2 )47

rae koddbduiuestT a = 2—1\6“- OmpeJiesisieT MarHUTO/IN-
MOJILHBIN BKJIAJ, a KO3(pdUIUEHTb b,c ONpeJIessaroT-
csa BoipazkernsaMu (A.6), (A.7) u 3aBuCAT OT mapamer-
POB JIEKTPOIUIIOJIBHOIO Pe3oHaHca. Takum oOpa3oM, B
ommkaeM MK MarHuToqumno ibHbil BKJIa B 3hderT Pa-

(6)

Op = —

paJiesi He 3aBUCUT OT JJIMHBI BOJIHBI, YTO GBLIO TIOKA3aHO
paHee KCIEPUMEHTAIBHO B [21], a 9JIeKTpoAunobHbILIHi
BKJIaJI, yOBIBAET C JJIMHON BOJIHBI KBAIPATHIHO.
PaccMoTpuM  Terepb CHEKTPAJIbHYIO 3aBHCHMOCTH
BeJIMYUHBI 3P DEKTUBHONO MarHuTHOro moJist ODP. 13
(4) u (5) caeayer, uro ODD, co3gaBaeMblil ONTHIECKOI
BOJIHO# C KpPYyroBoil mossgpusarueit B Osmxmem WK-
JINANIA30He, MOXKET OBITh OMMCAH KAaK:
TTucema B 2KOTO 2024
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Hipp(\) = 45]02% (aX + b/ +c/\3). (7)

CiefoBaTe/IbHO, IIPU yBEJUYEHUN JJIUHBI BOJIHBI B
ommkaeMm VK-n1uanaszoHe MarHUTOMUIIONbHBIN BKJIAJ, B
O2® BozpacTaeT U CTAHOBUTCS ONMPEIEJISIIOIIM.

Pacemorpum 3aBucumocts O9® or JIMHBL BOJI-
Hbl Ha IpHMepe IUIEHOK (PepPUTOB-IPAHATOB JIBYX
tunos: xesezourrpuesniii rpanar (2KUT) YsFesOio
(3.5MKM) U BHCMyT-3aMelleHHbI  eppur-rpaHaT
(B(DF) Bil_1Y0_9LH1_0F€4_5SCO.5012 (21 MKM). B BoOI
MarHuTOONTHIeCKre 3(PDEKThI, 00YCIOBICHHBIE IJIEK-
TPOJUIOJBHBIMI  [T€PEXOTAMU,
BeJIMYIMHBI TTpeBbImaioT 3dpdexTol B ZKUI, uto cBazano

IIOYTH Ha IIOPpAI0K

Cc TeM, 4YTO J0DaB/ieHNe MOHOB BUCMYyTa yCHJIMBAET WU
CMEITAeT OMPEEIeHHbBIE MAIHUTOOIITHIECKUE TIEPEXO/IBI
B noHax Fe3T, a Taxike yBesmumBaeT UX paCIICIUICHHE
[25,26]. Kpome Toro, B BOT' Ha JyimHAX BOJH BBIIIE
500 HEM CTAHOBUTCS AOMHHHUDPYIONIUM PE30HAHC C OTPHU-
narejabHBIM yryioM Papajiesi, 9TO IMPUBOIUT K TOMY, 9TO
yrabl Qapanes g 2KV u BOT' npoTuBOoOIoKHBI
10 3HaKy [26].

g onenkn sddexkrunoro nojsg ODD, mpexje
BCEro, HEOOXOJUMO OIPEIE/IMTh U3 CIIEKTPOB OITUYE-
ckoro npoiryckanus u addekra Papajes (puc.2) na-
pamerpsl a, b u ¢, ucnosb3ys ypasaenus (5), (6) (cm.
ITpusoxenue):
aast 2KUT:

1
a=—-4.74-10""——, b=—-4.23-10"* mxM,
MKM

c=—4.35-10"° mxM®

u gy BOTI:
1
a=-147-107* —, b=1.35-10"2mkM,
MKM

c=4.75-107° mxm>.

SHak a omnpeneaseTcs 3HAKOM MArHUTOIHUIIOIBHOIO
Bkaaga B yroa QPapanes, mig BOI' u jpua 2KUTL on
onuHakoBbiil. B 1o ke Bpewmst, musa 2KWUD b,c < 0, a
it BOT' b, ¢ > 0, Tak KaK JIEKTPOIUIOIBHBIN BKJIA]
B BOT' u 2KUT' onpenensiercst pa3HbIMA PE30HAHCAMU.
Bugno, uro B jmamasone jumH BoJiH 600-1100 HM
yaesnbublit yroa Papanes mis 2KUT mouru B nsgTh pas
Menbirte Besumunubl yriaa Papages miaa BOI, ommako
OXKMJIAeTCsl, YTO OHM OYIYT CPABHUMBI JIJIsl JUAITA30HA
JUIMH BOJIH 0oJiee 2 MKM, IIOCKOJIbKY Ha TAKUX JJIMHAX
BOJIH BKJIAJT OT JIEKTPOJUIOJIBHBIX IIEPEXOI0B CTAHO-
BUTCSI HECYIECTBEHHBIM. MarHUTOIMIIOIBHBIA BKJIA/I
JJis obux oOpas3IioB MMeeT OJIWHAKOBBIN IMOPSAIOK U
cxomuTcs ¢ pesyibraramu paborsl [21].

IIpu HalitleHHBIX 3HAYCHUAX TAPAMETPOB a U b 371eK-
TPOJUIIOJIbHBIE U MAaIHUTOUIIOIbHBIE BKJIabl B 09D

IIucbma B 2KOTP Tom 120 BRm.3-4 2024

(em. yp. (7)) cpaBruBatorcst mpu Ay = 3.04MKM Jyis
ZKUT u mpu Ay = 2.97mkMm jyiss BOI. Ilpu sTom 3a-
sucumoct Hipg(A) miast beppuToB-rpaHaTOB JAHHBIX
aByx TunoB umeror Buj (puc. 3). Touku na rpadurax
nokaspiBaiorT Hipg(A1).

6 G

4 4

X
— YIG
T.xfl% 2' x5 '2

=0 . 0
En BiYIG
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Wavelength A (um)

Puc. 3. (Isermoit omsaitn) IloBenenne 3aBucumocTu 3¢-
dexTupHOro mojist O9P oT AJUHBI BOJIHBI

Hoseiit Briay, 8 O9® moxkeT OBITH OOHAPYKEH
9KCIIEPUMEHTAJIbHO, HAIPUMED, HUCHOJIB3ys demMroce-
KYH/IHbIE JIA3€PHDbIE UMITYJIbChI 110 METO/MKE “HAKATKA—
30HIUpOBaHKUE”’, B KOTOPOM MOIIHDIN JIA3EPHBIN UMITYIHC
KPYTOBOI MOJISPU3AINNN — UMILYJIbC HAKAYKHU, UCIOJIb-
3yI0T i BO30YKJIeHUsI CIIMHOBOI [INHAMUKH, & MEHee
MOIITHBIN JTUHEHHO MOJIIPU30BAHHBIN UMITYJIHLC 30HIUPO-
BaHUs — I ee perucrpanuu. [Ipm sTom umHA BOJ-
HBI UMITYJIbCA HAKAYKU 4 [OJKHA IIPEBBINIATH A1, T.€.
obITh OoJiee 2.5 MM it 2KWI u Gostee 2.7 MKM J1j1st
BO®TI'. Ha skcuepumente st mienku BOT oxxumaercs
VBHUETh UCYE3HOBEHUE BO30YKIAEMOI MPEIECCun IpU
JITUHAX BOJTH UMITYJIbCA HAKAYUKUA OKOJIO A1, & TAKXKe U3-
MeHeHue (a3bl CUTHAJIA HA 7 P MTPOXOKJICHUU JITHHBI
BOJIHBI A1, OJHAKO YaCTOTa Ipereccnu u Kodp uImeHT
3aryxanus ['mabbepra JIOKHBI OCTATHCS HEU3MEHHbI-
mu. B ciaydae mnenok 2KUI oxxumaercs moyauTs yBe-
JITYEeHNEe aMILIATYIbl IPEIeCCHd MPH JJINHAX BOJIH 0O-
jee .

Tem He MeHee SKCIIEpUMEHTAJBLHO BBIIBUTH MAar-
HUTOMUIONBHBIA BKIaL B ODP gamisgercs HempocToit
3a7a49ei, MOCKOJIbKY JJId IJIOCKOM BOJIHBEI C KPYTO-
BOil mosisipm3ariueii u H%IEED), H%AED ) IIPUCYTCTBY-
10T ogHOBpeMeHHO. OTHAKO CUTYAIMS KAPANHAJIBHO Me-
HSI€TCS B CJIydae, KOTJa B MAarHEeTHKEe BO30YyKIAeT-
Cs ONTHUYECKAas MOJA, HAIPUMEpP, BOJHOBOIHAS WU
ILIa3MOH-TIOJIIPUTOHHAas Moja. HegaBHO OBLIO ITOKa3a-
HO JIJ1si OOBIYTHOTO, JIEKTPO-/IUIIOJIBHOTO ITPUOIMKEHNS,
aro g TM moaspu30BaHHBIX ONTHUYIECKUX MO, -
deKTUBHOE MarHUTHOE I10JIe, XapaKTePU3YOIIee OITO-
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MarHOHHBIN 3 deKT, HAITPABJIEHO B IVIOCKOCTH 00Pa3Iia,
MIEPIIEHTUKY/ISIPHO HAITPABJIEHUIO PACITPOCTPAHEHUST OIl-
Truaeckoit Moael [27,28]. TlockoabKy y TM-Momp! ecThb
TOJIBKO JIAIb OJIHA IIOTIePEeYHAst KOMIIOHEHTA OITUYe-
CKOI'O MAarHuTHOTO IOJIs, TO 9Ta MOJA HE MOYXKET CO-
3/1aTh MArHUTO-JAUIOJIbHBI BKJIag B O9D u 1y Hee
HI(IEXIED) = 0. B 1o xxe Bpems gy TE-mompr, y KoTO-
POif eCTh JIUIIb OJIHA, MTOTIEPETHAS KOMIOHEHTA JJIEKTPH-
YeCKOTO I0JIsl, CATYAIUs JIOJI?KHA, OBITH JTHAMETPAIHHO
IIPOTHUBOIIOJIOKHA, — HI(IEED ) = 0, B TO BpeMsi KakK HUC-
creyeMast 31eCb MArHUTOIUIIObHAST KOMIIOHEHTA, TI0JIsT
O9® cymecrsyer. [JeiicreurensHo, u3 (3) ciemyer, 9To
TE-Mona, j1ijisi KOTOPO#i BBIITOJIHEHBI COOTHOIIIEHUSI:

E, = Epy(2)e !5,

. OF kx
HZ:_L_ Y :__Eya
wiy Oz w
= i 6Ey _ LaEOy ei(wt—kmz)

wp 0z wp Oz ’
rae ky = kong (ng — 9TO MOKA3aTEb IPETIOMIICHHST MO-

,HBI) NHAYIUPYET B MalrHETUKe BCI)(beKTI/IBHOB MarHUTHOEe

rosze O9P:

—_

Hypp — HME — kzgm OEo,

B 167 M (wp)? Y 8z ®)

Ciie1oBATEIbHO, YUCTHI MATHUTOAUIOILHBIH QDD
MOYXKET HaOJJIOJATbCA B IIPO3PAYHOM MAarHETHUKE IIPU
Bo30yx)eunn TE-monsgpu3oBaHHOl BOJIHOBOJIHON MO-
ae1. Takum obpazom, B paboTe MOKA3aHO, 9TO MATHU-
TOAUIOJIbHBIN BKJax B ODP pacrer Nnpu yBeJMIEeHUU
JIJTUHBI BOJIHBI, & TAK2Ke MOJTyI€HA OIEHKA, /IS SJIEKTPO-
JUIOJBHBIX U MArHUTOMUIONBHBIX BKIaIoB B 2KUI n
B BOT' gy npsimoro adbdexr Papazes u acpdbexkTuBno-
ro nojist OP. IIpu Bo3Oyxkneruu TE-mossspusoBaHHOi
BOJIHOBOJTHOI MOJTBI MOXKHO IIOJIy YU Th TOJIBKO MATHUTO-
JATIOJIBHBIA BKJIAJI.

Ilpnaoxkenune

MarauToonTHYeCKUe IIePEeXoabl TUAMATHATHOIO TH-
na, KOTOPBIE 3aK/IOYAIOTCS B IJEKTPOHHBIX IEPEXO-
JIaX U3 CHHIVIETHOTO OCHOBHOT'O COCTOSIHWSI |e4) B BO3-
Oy2KJeHHbIE COCTOSHHUsI |€4), pACIIEIUIeHHbIE 3a CYeT
CIIUH-OPOUTAJILHOIO B3aUMOJICHCTBUS Ha BeJaUIuHy 2A
(puc. 1A), npuBOsT K JUAroHAIbHBIM [21-23] u HeqMAa-
TOHAJIBHBIM |24 371eMeHTaM TEH30POB JU3JIEK TPUIECKOH
U MarHUTHOH IPOHHIAEMOCTEH MaTrHETHKa, KOTOPBIE
ONpeJIEISTIOTCS BhIPAZKeHUSIMU:

w}%D —w? +I?% — 2wl
(Wipy —w? +12)2 + (2wT)?

Exx = 1+w12)2:|:fi (A1)

202
’pr

Exy = TE:E X (A2)

y (1) fr w(wip — w? —T?) —il(WEp +w? + T'2)
(@Bps —w? + T2+ (D)2

(A.3)

WED+

Uow = 1+ 4y M X

wapwip — (1 — ad)w’] —iagwlwip + (1 + ag)w?]
[wip — (1 + ad)w?]? + dagw?wiy

iwwyp — (1 + a)w?] + 2acw?wvp
[witp — (1 + 0Z)w?]? + dagwwip
(A.4)

rie wp — IJIa3MeHHasd 4acToTa, WED+ £ A — Pe30HAHC-

Py = Ay M

)

HBIE YACTOTHI JJIEKTPOJUIOIBHBIX MEPEXOJIOB IS CBE-
Ta C JIEBOM U IPAaBOH KPYIr'OBOU IOJdpu3anueil, wgp =
= 2m¢/AED, WMD = 27¢/AMD — 9TO YACTOTHI PE3OHAHC-
HBIX 3JIEKTPOJIUIOIBHBIX B MATHATOIHATIONBHBIX TIEPEX0-
JIOB COOTBETCTBEHHO, w = 2mw¢/A — dacrora csera, I —
HOJIOBUHA, IIMPHUHLI JINHUK TIEPexX0/la MeXKy OCHOBHBIM
cocrosiareM (g| u BO30YXKIEHHBIMU COCTOSIHUSIMHU |€4 ),
fr=~(f/2)(1+A/wgp) — CHIBI OCIUILIATOPOB JIst Jie-
BOI1 M IIPaBOil KPYTOBBIX IIOJIAPU3AIINii, 7y — TAPOMATHUT-
HOE OTHOIIIEHNE, (/g — MapaMeTp 3aryxanus | uibbepra,
M — HaMarHTIeHHOCTH 0Opa3Iia.

)

8]

Puc. 1A. Cxema sHepreTndeckoil quarpaMMbl [ OZHOTO

pesonanca (He macmTabupoBana), rae (g| — OCHOBHOE CO-
CTOsIHUE U |e+) — BO3OYKIECHHBIE COCTOSHUS

B pabore uccienoBaancs TOHKHUE ILUIEHKU, BHIPAIIECH-
HBIE METOJIOM KHJIKOMA3HON SMUTAKCUNA HA ITOJJIOXKKE
rajosuHnit-rasmmesoro rpaara (I'TT). AMmumaryabrii
KO3 PUIMEHT TMPOIyCKaHusT U KOIPPUINEHT TPOILYC-
KAHWs B 9TOM KOHMDUIYPAIMH PABEH:

dnqnqetkzh

(n1 + n2)(n2 + n3) — (n2 — n3)(ngy — ny)e2ikzh’

ty =

T =0.89- % Ita2, (A.5)

1
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rae koaddurment 0.89 oTBevaeT 3a MPOIyCKAHUE TIOI-
goxku I'TT. ny =1, ny, ng = 2 — mokasaTesu mpeaoM-
JIEHUsI BO3JIyXa, IJIEHKH, IIOJIOXKKH COOTBETCTBEHHO.

Cuekrpor yria @apanest u mpormyckanusd mpu A <
< 1000 HM TOJTyYeHBI ¢ MOMOIIBIO TAJOTE€HOBON JaM-
IIbI, KOJIIMMUPOBAHHBIN IIyYOK CBeTa IOJISIPU30BaJICS
npusmoit ['mana—Teistopa, 3aTeM HOKycHpOBaJICS JIHH-
30it (dokycnoe paccrosinue 30 cM) Ha 06paser B MITHO
JuamMerpoM 250 MKM, CBET IaJ1aJjl IEPIIEeHIUKYJISIPDHO K
nosepxHocTu IteHkn. Obpazerr HaXoAUICad B 00JIACTH
marauTHOro moss (o 300 MTu) or TopomgaIbHON Ka-
Tymku. [Ipy 370M BeJiMurHa MATHUTHOTO IIOJIsI IIPEBbI-
IaJia, [oJie HACBIIIEH!UsI MArHUTHOM IIJIEHKH 10 HOpMa-
s K mreHke. [locjie mpoxoXKieHust 4epes3 IIEHKY CBeT
CHOBa KOJJIMMHUPOBAJICS U TIPOXOJIUI Yepe3 aHAJU3ATOD
(eme omuy upusmy Iiana—Teitiopa), nociae dero ¢o-
KYCHPOBAJICsl Ha BXOJHOW Ieu crekTpoMerpa. [loss-
PU3ATOD M aHAJIM3ATOP OBLIN CKPEIIEHbI Mo yrjaoM 45
IPaJIyCoB.

Bennunna yria @apanes B osmzxaem UK-nnanazone
IpU JUCKPETHBIX 3HadeHusx A > 1000HM ObLia mmo-
Jydena m3 rucrepesuca dpdexra Papajess odpasia B
HOPMAaJIbHOM MArHUTHOM I10JIe, KOTOPOe M3MEHSJIOCh OT
—0.3Tn mo 0.3 Tn ¢ ucnosb30BaHIEM OIHOKAHAIHLHOTO
doronpueMuuka. JlazepHslii Jiyd cBeTa IIPOXOIUI Yepe3
JIBa IOJISIPU3aTOPa, CKPEIEeHHBIX 10 yIJioM 45 rpaJy-
COB.

IIpn anmporcumarnum Ko3(HPUIMEHTA TPOITYCKAHNS
(puc. 2b, ¢) ¢ momompo ypasHeHust (A.5) ng ObL1 HalieH
no dopmyse (em. (5a)). B pesyabrare anupokcumanuau
TIOJTy 9eHbI 3HAUEHU €4, (\) = N3 (), 4TO 12710 BO3ZMOK-
HOCTb UCIIOJIB30BATH JIJIs AIlIIPOKCUMAIIMH CIIEKTPA YIJIa

Dapagies (puc. 2e) dbopmyiry

9 i ( N b I )
F=———=\a+5+

2 4
VExaxMlax A A
" HalTu Ko3dduimenTs a, b u c. B wactaoctu, Koad-
GUIMEHTHI b U € 3JIEKTPOIUIIOIHEHOTO BKJIAJIA OIIPEeIeJIsi-
IOTCs 9epe3 MapaMeTPbl, BXOSAIINE B JUATOHAJBHBIE U
HeMArOHAJIBHBIC KOMIIOHEHTBI TEH30pa €;; (ypaBHEHUs

(A1)~(A.2)):

w2 602 2A2

b= f2p (1 -3 + 3 ) AED, (A6)
WED WEp  WED
fwp 24 3

=" —(A AT

o wED( ED) (A7)

®dunancupoBanme padorbl. Pabora BbINOIHEHA
npu (HUHAHCOBOI TmO[IEPKKe TrpaHTa Poccuiickoro
mayuanoro donma # 23-12-00310.

KoudiukT nHTEepecoB. ABTOpbI 1aHHONE pabOTHI
3asBJISIIOT, YTO Y HUX HET KOH(JIMKTA UHTEPECOB.
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