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BBEIEFUE

Onritka - paapgen ¢uaMkH, HaYuamusll 38XKOHOMODPHOCTH CBETODNX
ABneHnil (mpesoMneHue, OTPa¥eHue, NOTJONEHME M DACCEeAHHe), BOBHH-
KopuMx npW B3aidoneflcTBUH MBJMYUEHUA C ponecTBoM, Oco6oe sHays-
HHE ONTHKNW SAKIVUAGTCA B TOM, UTO NPU BIaMONelCTBHKM HANLyueHuA
%t BEMECTBA MOABJNAETCA BO3MOMHOCTb (osee IIyGOKOr'0 NMPOHWKHOBEHUA
B retanu duarueckoll npupoos oTHX SBYX fopM MaTepmu. B wupoxom
CMHC/I@ CJIOBA ONTHKA ~ HAYKA O P3arMonefiCTDHM C BEIeCTDOM DJIeKTpO-
METHHTHOrO M3MYUEHUA MOOHX 4acToT, B GoNee Y3KOM -~ HAMYUEHUR On-
THYECKOI'0 QMBNAJ0HA, BRINYENmero B cela MnoaaManasoHm yiauTpaduo-
neropux (0,01-0,4 mMmu), pummmx (0,4-0,7 MxM) n MHODEXDACHHX
(0,7-2‘103 MKM) Jyyel.

OCHOBHO® BHVMEHHME B AEGHHOM YueGHOM NOCOGUX ynendeTcA Boam-
MoneHcTBHD € MOJYIPOBONHYKAMK M3NMYWSHHUA ONTHUSCKOrO AMANE30HB.

B T0 #e PpeMA nNpoBefeHO PACCMOTPEHME NPOLEeCCOB NOTACWEHWA YUOHWU-
anpyomet panraunu MoJynpOBOAHNWKAMH, MCMNOMb3YEMLX HA MPAKTHKE B
n83epax C HAKAUKON BIEKTPOHHEM NYUKOM U T.M.

OnTnueciue KCCNENOBEHHA HayaTye C U3YUCHUA CMNEKTPOB Mo~
rromeHuA (¥ WANYyueHUA) WBONMPOBAHHHX ATOMOB, OHAM YPE3BHUAAHO
NNOQ0TBOPHMMH, CNeKTPH NOracmMeHMS ¥ M3NYYEeHUA MIOJKPOBAHMEX ATO-
MOB M MOHOB COCTOST M3 OUEHb DE3KMX JMHWUMN,MIMH& BOJHH [OTJ0WAe-
MOTI'0 cBeTa 0 HMM MOXeT OuThb OfpeneseHa ¢ OUeHb BHCOKON TOUHOC-
Tb0,.CnenoparTenbHo, C TEKOW K@ TOUHOCTbHO OMpPeIeNAeTCA 3HEePreTH-
yeckHl CnexTp Mayuaemwx OOBEKTOB (aTomos, MoHoB). Pezepfopn or-
Meuasl, YTO CIEXTDH - STO ASHK 8TOMOB, DoJbmoe KOAXYeCTBO TOUHKX
CNEXTPOCKONNUBCKUX JBHHHX [JIA MOHOB M &TUMOB,HAKONJEHHHX B Te-
UEHMe NpOWIOr0 M HAYANe HACTOALEro CTONeTHR, MOCHYXWIX OCHOBOH
DJIA HEURIBLHOI'O DA3BKUTHA K MOCAGLYONEro YCOBEpPHOHCTBOBAHWUA KBAH-
TOBOR Teopun U aToMHOR PHUIKKH.

MonexkynApHHe CREXTpH MeHee pPe3Kne, YeM GTOMHHe, ONHAKO f10-
JIOXOHMA CHEeXTPaNbHHX JWHKMR B HuX OHIM OMpejelieHH ¢ ROCTATOUHOR
TOUHOCTHD ¥ MOrYT OHWTb MCNONbIOBAHH ONA MPOBEDPXH KBAHTOBO-MEXA~
HUYBCKUX DACUETOB BJIOKTDOHHOWR CTPYKTYPW MOREKyn.



YenelHoe ¥CMONb30BAHWE ONTHYECKUX CHEHTNOB WU3ONWDPOBAHHLX
ATOMOB 4 MONEKYN JUIA U3YUGHUA UX DJIEKTPOHHON CTDYHTYDH CTIMY-
JYPOBANO M3YUEHHE ONTHUUSCKUX CAEKTPOB THOPOLX TN, JTOUuHeHUe
npepcrasnesuil o6 DNeKTPOHHOR CTDYKTYpe ToCpUMX Tenl NpencTasii-
eT ocodnlt uHTepec, TAK KAk HeceT uHDopuauun 0O BagxuonelcTBAM
Goavmoro uuena wacTul, OnHAKO neppHe ®e DKCMepYMeHTaNbHUE HC-
CRefOBEHUA CMeKTPOB NOrJIOWEHUA TDEepOHX Tel o6HADYXUIU 3HAUNTEeNb-
HOE OTJIMUME MX OT CMEKTDPOB W3QNMPOBAHHLX ATOMOB: CMEKTDH COC-
TOSTY M3 WHPOKUX PAIMBTHX MONOC, UEM'IX CNeKTpalbimx oblacreit
MOTJOUWEHUA, Wiy AGNAN0 WX HBUHTEDPECHEMK C TOUKK 3DSHAZ UCMOTb-
30DaHUA LJIA TOYHHX PACUeTOD BNEeKTPOHHOR cTpyKTypu. Mexopa ua
mpegcragaenut «30HHOR TEOpUU TBEPAOr'0 TeNa, MOA0GHNE WIMEHEHAE
CTICKTDOB MOTJOWEHUA NPU N2PEexXOfe OT M30ANDOBLIHLX aTOMOB X

a Prc. 1 6
JHepraTuiectut CneKkTp IjNenr-
DOHOB B MBONKPOBAHHOM ATOME

() m reénnom rene (6)

TSSPNLM TenaM MOHSTHO U Nerko
06bsacHaMO. [LeAcTBHTENbHO,eCcaH
BMECTO OACKDETHOT'O 9HCPreTH-
UYeCKOI'O CMEKTDa 2JIEKTDOHOB B
uaomupoBaHHoM aroue (pic.l,a)
B TBeDLOM Tele,lT0CTDOEHHOM U3
N -aT0MOB,3HEepreT HUeCK1H
CMCKTP NMDEeACTaBNAETCA uepeno-
BAMICM 30H DA3PETEHHNX ¥ 3a-
npemeHHux oHepru?t (puc.I,6),
TO A norjgomarscA GyayT KBEBHTH
cpera He ogHoll vacroru (Hampu-
wep, Aw, wim hwz ), Ho ueno-
ro Hagopa uacTo? (Hampwvep,
ﬁw,’_ﬁw,' wn Kah' - had ).
HouereHue SHepreruueckoro
CNEKTpA DNEXTPOHOB B TBepLHX
Tenax Mo CPABHEHWD C WM30JUPO-
BAHHEM 8TCGMON OGYCJOBAEHO B3a-



MMOfefiCTBUEM BNEKTPOHOB DA3NMUHHX BTOMOB IPYrM C ADYTOM H
aroMHuMit AnpaMit, Yem crnaGee 9To BaawmopeficTsue, TeM MeHbme
"pacmipeHite” COOTBETCTEYRUErO JUCKPETHOrO BHOPreTHYBCKOro
YPOEHA NpH 06pasoBadHul TBEQRNOrO Tens, "yxe" 30HH pPaspeleHHHX
syepruft, "yme" o6nacTu MOrnOWEHMA B CREKTDPE NOrJOMEHUA TBEp-
Ioro Tena W GoJblle CXONCTBO CHNEKTPCB MOMJIOMEHMA Y30NMMDPOBaH-
HOrO aToMa W Tpepmero rexa, Kax ussecTro, HauGonee cnadoft
CBA3bK B TROPIHX TeJax ABNAETCA CBA3b Bax-nep-Basnsca, npe-
ofnanaKman B MONEKYJSPHHX Kpucrannax. PaHHWe uccrenopaHus
CNEKTPOB MONEKYNAPHHEX KPHMCTAANOB, onucaxHHwe B 1907 ropy
Bexxepeen, o6GHapyXunu CXOLGCTBI UX CO CHNOKTDEMK MOrJIOGEHUA
U3IONMDOBEHHNX MONEKYM,

[locnepyoumite 3KCNEPIMEHTAIbHHE MCCAEA0BAHUA OMTHUSCKUX
CBO/ICTE TBEpOMX Ten NPOBOAMIMCDL HA IUIEHKAX UOHHLX KPUCTANOB,
Bonvuwoft anexTpoHHOR NROTHOCTLY TBEPALX Ten ofyclnoBreHo Gonb-
I0€ NOrROMEHHE M3AYUeHUR KDPUCTANIOM D NPHNOBEPXHOCTHOM cige.
L1 u3yueHus CNCKTPOB NOTNOIEHUHA HaNo Oua0 TOTOBUTL OYEHb
TOHKMe 00pasiid. rOHHWE KDUCTANIN B CWIy GOnbuioft MOHHOM cBsan
B MOJEeKyJe XODOWLO WCIapADTCA B BUAE MOJEKYJN, MJdTOMY B pe-
3YNbTATE CyCAuMMaUXK MX HA [IPO3PAuHOR NORJIOMKe nonyuénu TOH~
kve o6pasun. 3 xorue 20-% rofoB OLAK WUCCNENOBAHW CNEKTPH
NOrA0MEeHUA CYSNMMUPOBAHHEX NJIEHOK MEeN0YHO-PaNOIHEX coeaMiie-
Hufl, B aTHx cnexTpax NMDOABKAMCH HEKOTOPHE OCOGEeHHOCTH,Momo6-
HHE OCOGEHHOCTAM CNEKTPOB M30AMPOBAHHHX ATOMOB rasnorexa,.Tax,
Ha6oonanoch [acmenyieHye NUKa ROTAOMEHHA - Ay6vieT, MpOfBIM0-
uuiica ¥ D CNexTpe aroMa ranoreHa, ofycnoB/ieHHuRt pacmenieHueM
CreKTPaNnbHX TeD03 BCACACTBME CMUH-OPOMTANBHOrO B3aimMogeficr-
BUA.

B 30-x rogax Guna co3gaHa KB&HTOBAA TEOPUA MOLJIOLEHUA
CBeTa, PA3BUTH MReACTEBNEHUA 06 8KCUTOHe cnafolt u cunbHoOlt
CBA3K,

B Hauane 50-x ropos 6uiau paccunTaHu Gopuu JAuHMA, oTBe-
YaoMX NpPRMELd ¥ HENDAME NMepexonad,u BAWAHNE H& HWUX SKCHTOH-
HOTO BaainMonefcTBUA, OOHBKO RO cepeauHn S0-x rogoe npakTuuec-



KK He NMpOBOAMAOCL COMOCT&BJEHHA BKCMIEPIBAEH™QIbHHX OITUUECKIX
CMeKTPOB MOrJIOMEHHA KPUCTAJIIOB C pacueTamMi UX 30HHOR CTDYKTYDU.
B TeSu vy 1995 ropax NOABMAMCH PAGOTH, [10¥AOHBAXIME, UTO HA-

IMEHbIHA BKCMePHMEHT ANbHHE 3HauyeHUA Ko3GPUUMSHTOB MOTAOUEHHA B
repManun o0yCHOBAeHH HENpAMEMM Nepexonaru. lo3gHee GWO0 nposene-
HO MOMeperue noraomeHns B 06A8CTH NPAMLX ONTAUSCKUX NEPexXofos.
JTH OMTUUSCKME MCCAELOBOHHUA MOATDEPRAANH TEOPETAUSCK S PACUSTH
30HHON cTpykTypH repMasna. [locae atux pator nopoChue comocran-
JEHUA JaHHHEX ONTHUYECKHX WCCNEAoBaHMR M pACuUeTOB 30HHOR CTpYKTY-
Pu Ouny NPOBENeHH ANA MHOI'MX KPHCTANN0D CTPYKTYDHHX TUMOB amda-
3a ¥ uMHKoBoR oOMaHkxu. U B HacTosmee Bpema aHanuas dormMu Kpas
COGCTBEHHOTO NOTNOMEHHT HOBLX CHHTE3MPOPAHHLX MONYNPOBOLHHUKOBNX
KPUCTANIOB IMPOKO MDYMEHACTCA ANA ONpPefeneHUA NapaMeTROB 30HHOM
CTDYKTYPH OTHX KPUCTANNOB ¥ COMOCTABICHUA C TEOPeTHYeDK pac-
ueTaM¥ 30HHOR CTP. TYDH.

OnHako MeTOOR UCCNENODBAHMA TIOTAOMEHAR LABAMM MHOORAALMD
RHUb O COCTORHMAX BOGAX3HM ACCOMOTHHX DKCTDSMYMOB, BBHLY BTOTO
MCMONL3I0BANCA AAA DACUSTOR WL HeGonbwoR yuacTOK CnexTpa
- Kpail norioueHva, 38 KOTOPNM BCREACTBMe OueHb GONbmoro Morjao-
meHin oGHADYRATbL HeGonbTHe OCOCSHHOCTH HA (OHe GOAbION0 TOrO-
GeHus OwNo HeBso3MOXHO. B NAHHOM CRenTpalbHOM MNTepBane Leleco-
o6pasHese MaMepATh OTPAXEHWE CBOETA OT NOBEPXHOCTH MCCNEeLYEMOTO
ofpasua. Meronw MaMepeHUA MHTEHCHBHOCTH O DAXEHHOTO MONAPHIOBAH-
HOPO H3NYUSHKA MDY HOPMANbLHOM (M HAK/IOHHOM) NENEHAW OKA3ATHChH
BECHMA UHPOPMATHBHMMHM., OTH MCCHELOLBHUA N&DANH POMOXHOCTH NN
NPOBOPKN TEOLSTHUECKMX DACUETOB 30HHOWH CTPYKTYDW NOTYTIDOBORHH-
ROB, DAcCMaTpHBADUKX OCOOEHHOCTH J0HHOR CTPYKTypw BRamy or a6-
COMOTHWX BKCTPeMyMop. B pesyasrare aTvx paGoT ynantoch 0fFBACHHTD
PAl OCOGEHHOCTGH B CMEKTPAX OTpaxeHMA, NDOABAAOGMXCA B DacCMarT-
prBREMOfl CNeKTpaibHOl o6nacTH, OZHAKO BO3MOXMOCTHM MBHHNY METO-
AOD Orp&HUYEHH, TAK KAK CMEKTPH COREPXAAF pAajMWTHE MONOCH, Hana-
repmueca Ha GeCCTDYXTYPHHA §oH.

Honne BOaMOXHOCTY IR M3YUEHHA ONTHUECKMX CMEXTPOB B pac-
cMaTpupaeMoft cnexTpasibHoll OGNACTH MOABHAMCH MOCHEe OMYyGIMKOBAHMA



B 1965 rozy paGoTd MO M3YYEHWO OTPaREHUA CBETA OT MOBCPXHOCTH
PEPMEHKUR B MOMEHADIMEMCA SNeKTPUUECKOM rone. JToik padoroit Gun
OTKPHT HUDWI METOR MCCTEROBAHMA OMTTWUECKUX CBONCTB TBEDIMX Tex,
HA2BAHHRI MOAYMAUMOHHONA cnexTpockonuell, B pasauuwkx BapraHTax
9TOr0 METOLE M3MOPAETCHA He NMPOCTO CMEeKTp MpormycxaHuA (uau oTpa-
ReHMA), & NPOM3BOAHAA MPOMycKaHus (MAM OTPakeHHA) MO JOEOMY U3-
MeHAoTeMyCcs napaMeTpy (TeMnepaTypa, NabneHue, DIEKTPHUECKOS
none), BAKARDICMY HA 30HHYO CTDYKTYDY NOAYNPOBONHWKa. TeopeTnucc-
KK TIOKA38HO, UTC HAIKUWe KDHTHUECKMX TOUEK B SUHHONH CTPYKTYpe

- ocoGerHocTelt Ban-Xopa - NMDHBOAWT K PEIKUM OCOGEHHOCTSM B ULC-
TOTHHX 38BMCYMOCTAX NMPONIBONHOR nponyckauius (uau o7paxeHus) no
HEKOTOPOMY napameTpy. [lonoAeHue 9Tux ocoleHHOCTeli NMO3BONAET Of-
PenenyiTh DHEPreTHUECKUA 3a30p, OTBEUSOMUA NaHHOK KDyTIUecKOH
TOuie B 30HHOM CTPyxType. Bce mapamerpu (Temneparypa, napieHyue,
ONKOOCHOE W I'MAPOCTATHUECKOE, DNEKTPHUECKOE, MATHUTHOE MORE,...),
KOTOPYE BHOLBANT U3MEHEHHEe DHEePreTHUeCKOr'0 CNEeKTDpa 3NeKTPOHOB
KPHCTANNA, MOrYT OWTb WCNONb3OBAHNW AJA MOAYIAALMK CNexTpa.

Taxws oGpa3om, WCCNEROBaHVE OMTULECKUX CMEKTPOB B TOI Crexr-
panbHoil o6nacTv, TAe IPY NOIVIONEHWM KBAlT4 CBETA& MPOUCXOAKT ne-
perod BNEeKTPOHOB MeXAY 3eNONHEeHHOW ¥ cBOGOMHOR 30HEMW, DnAaeT VH-
dopMauvpo 0 30HHOR CTPYKTYDE NOJYNPOBORHHMKA.

B cnyuse peanbHHX NMOAYNPOBOAHMKOB BO3ZMOXHO NOIVIOUEHME che-
Ta, 3HEPrua KPAHTA KOTODOTO MEeHbIE DACCTOAHWA MeIy BaleHTHOR
30HOA ¥ 30HOM NPOBORWMMOCTH (MeHblle UMPHUHH BanpemeHHoft 30HH).B
L8HHOM CIIeKTDE&JbHOM MHTEDBale BOIMOXHO IOIVIOmMEHKE CBET& NpA
BR&MMOLCHCTBMM C MPYMECHHEMW LEHTPaMM WAA CO CBOGOLHEMK HOCHTE-
AsMM, TOTA& M3 ONMTHUECKNAX CMEKTPOB NOMyvaeMm MudopMauyp 06 sHep-
reTUUECKOM [OJNIOXKEHHY MPUMECHHX LEHTPOB, O CEUEHWM 3aXBaTa MMu
KBaHT& CBeT& AW60 O CBOGOLHHX HOCUTEAAX, ONpefe’tdAeN KOHLEHTpa-
uMo cBoBoLKHX HocuTeneHd, 3fpeKTHUBHHE MACCH, MEXBHWU3MH paccedidd.,
B VK-nuanasoHe posMoxHO B3amonelficTBUe CBETA C KONEGIOIMMKCH
QTOMBMU KDUCTANNMUECKOR DEWEeTKH, U3 ONTUUECKHX CMEKTPOB KOTOPHX
B [8HHOM CNEKTPANIbHOM MHTeDpale MOTYT GHTbL OmNpedefeHH XapakTe-
pucTuueckue uactora PoHOHHOro cnekrpa. Tbepanwe Tena, Kax M U30-
NAPOBaHHEE ar0db, B OMPEAGNEHHHX YCIOBUAX MOTYT M3Iyuarb CpeT.
HccnenoBaHue CNEKTPOB M3NMYUSHWA TBEepOWX TeJ TOXe MO3BONAS6T Of-
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penenUTh BAXHNLE MAPAMETDH 30HHOMO CMeKTPA U MPUMECHHX lEHTPOB
uayuaeMex O0TLEPOB.

BomuocTbh HeenepnoneHu omruueckux cBoftcTe TBepimX Tesn 2a-
KJ0UaSTCs1 He TONbKO B Gonbmwol MHDOPMETHMBHOCTH, TOUHOCTH W Ha-
JEXHOCTH ONTAYECKUX MEeTOHOoB, HO M B TOM, UTO OHH cnocobCTayoT
fonee riyGoxkomy noHuMaHuo (yHNBMeHTa)IbHED CBOMCTEB TBERUHX Telnl,
O0COGSHHO JHEPI'eTHUECKOrO CMBKTDA DNIEKTPOHOB W DJIEKT POHHWX [1pO-
ueccos, NPOTEKANUMX B TBEPALX TeNaX MpH PA3NMUHEX BHEMHIX BO3-
nedcrnusx. OMTUUECKME ABJNEHUS HBXOOAT BCE BO3pACTANMee MpHMeHe-
H¥Ye B DA3MNUHEX o6nacTax TexHuxd. [lorjaomeHue ceera ucrnonbsyeT-
¢ B CBETOMABTpPAX, BHCOKOUYBCTBHTENbHHX oTonpueMHukax ¥ mnpe-
06pa30BaTeNAX UINMYUeHHA, B npudopax, Ympasnfe: X cseToM, Cpeus-
HUe, BOICYXIEEMOe JNEHTPUUECKVM NOoJeM, WCIONb3IYeTCA B OJYIPO-
BOMHMKOBLX UCTOUHMKAY CbeTA U jasepax. HeawmiefiHue onrtrueckue
agdeicr, DOSHMKaLUWEe NP BO3meflcTBUM Ha KpACTann cseTs GoabmoH
MHTCHCY.BHOCTH, YCMeWio UCMNOAb3YDTCR DNA CO3NAHWA MOAYJNATOPCE
npeoGpasoparenell ceera, ycTpodcTB AnA 3amucu undopuaumn, [Ipri6o-
Dhl, B OC{0BE KOTODHX NEXAT B3AWMONEHRCTBUE WATYUGHHA W DJNEKTPO-
HOB TBEJNOrO TeA&, nprHajaexaT K UHDOKO WCIONbIYEMOMY Knic-

CY ONTOANEKTDOHHMKX MpUGOpoB. Ycnmexy ONTOI/NEKTDOHMKM CTANH BOIMOE-

HH MMEHHO Onarogapsf WMPOKOMY HUCCARILOBAHUD ONTHUecKux caoflcTs
TBEPOLX Tel,



TadaBa 1
OUTWHLCKAE NOCTOAHHME BLLECTBA

I.I. GnTiyeckne NOCTOAHHLUE, MX CBRA3IE MOuAY COCOH
# C AU3NEKTPIYSCKINI NOCTOAHHUMI BelecTsa

(Ipy pacNPOCTPAHBIINY BUEKTPOMBIHUTHLX BOJH B Pa3JiyHEX CpB-
A8X MOTYT !I3MEHATBLCA HANDABJAEHIS, SNMMILIYAR, ANMHA BOJNHU M uxX
noipusauua. Ontrideckue nocroanuke cpeas (n, 2 , & , R , T)
_ONMCLBANT 3T MSMEHEHMA i 38BUCAT K3K OT CBOLCTB Cpejt, %ax n
0T LJLME BOJHL M3JdyuYeld.
I. lounnerchuii NOKA38TEAD MuENOMIIEHUS

SHSKTPLYCCKIL MEKTOP NJIOCKO: 3JIeKTPOMATHHTHOM BOJHH, pac-
NPOCTPAHANYUEHCE B BAKYyYMe B HAnpaBJEdsl 0CH X, NMPOACTABIASTCA
clenyvuizs 00pasou:

F = Fexplico(t-2)). (I.1.I)

Shecr &, - aunauTyza, ¢ - CXOPOCTH CBETA, W - KPyrosasg yac-
rora, t - Bpema.

Ecnu BONHa BXORET B CDSAY, RBINNLYWCA ANCANBHLM RA3TeKT~
pikox (6 = U), HSMEHAWTCA CKOPOCTb 4 HARP3BJGHIE PAaCNPOCTPale-
Hua BOJME, & HODMA BOJMU COXDaHAeTCH

> - . [ X

Z-%, explin(t-2)) . (I.1.2)
rpe U - CKODOCTEL DAChPOCTPaHeHin BOJHu B Cpeje, paBHas U=g/n,
{pn 3TOM NOKABATEJL NDPENOUNIOHHA N HBAAETCA NEHCTBHTO/BHON BE-
JUYKHOL,

Ozadake eChl cpela X3PaKTEPM3YETCH OTAMYAON OT HYyJd HDO-
BOAMMOCTEK, i3MEHAETCH ¥ (OpMa8, M HAMDPABJGHHUE PacnpocTpaHeild
BOJMHH, B 3704 CJUyyse NOxXa3aTeNb NPEJAOLJBHIIA OHA3WBAETCH KOMI-
J6KCHOY BOJUYLHOL

n*=n-ie , (I.I.3)

~CLCTBUTE ™ HAH Y8CTDL KOUNACKCHOTO NOKA3ATeJ.,. NPeJouieHin
Ha3uBaeYCA NOUK834TeNCN NPEJOMNEHNA U XapaKTepu3yeT 13MEUBHIE



HONpaB.JeHitA DOJHH, & MHLAd JaCTh HI3LUPAETCA NOKABATOJEU MO~
TAOUCHLA WD KOQQQMLKBHTON KOTHHKLMM .

iioacrasis 3 (I.1.¢) Bupazeius (I.1.5),7erko yGeZuTHCA B
TOM, 9T0 NCKAIBTCADL NOTNOLEH:fl XKAPAKT=PA3YyeT KauMelneHMe ¢ KOOp—
ANHSTHOA BMAONATYAH 3AGKTPUYECKOrO0 BEKTOpA J/AEKIPOUATINTHOK BOJK-

HH :
£=¢,exp {-wae/c)e:tp(iw(t-icﬁ-)). (1.1.4)
2. iuHedEH{ KOI(EUUIIGHT NOrIOmEHMA
y liycTs B TOYKE X = U(puc.1.1,1)
p ,D X NJAOTHOCTb * SHePrUY BONHY |
0 X

paBea P, (NA0THOCTL NOToKa
KBHTOb LOHOXPOLUTIYECKOTO
X0 X X M3TYYSHZA), 3 HE DPACCTORUKM
Pac. I.I1.1. Creua x gopuyae % Ory pudHa Py . Juensieiic
(1.1.5) MUIOTHOCTH DHEPIMA ¥ CLO2 TON-
EAEOM T RPONODUI0iu TBHO
fACTHOCTA NOTOKA KBAHTOB H TOMUHE IIOIOLAKHETC CJOA

~dry =« Pxdz. (1.1.5)

1.CY A MLIICHT (IPOMOPL/CKA.BIU0CT & HA3LBAETCH MHE.HLY i i~
LACHTON NOTROLEHNA. LHTEIPKPOBaiue BhpaseHis (I.I1.3) ¢ yueTou
TPadM4HoOr0 YCMOBLA Z3eT !aBECThUd 33KOH byrepa-.suCepra

Py =P exp(-&x) : (1.1.6)

43 KcTOporo, kak v ua (I.I1.5), pajmto, 4TO &« X3D3KTEpHIYCT
JLUEHSWEHIe 9HePIrMM BONHE BCAEACTBUE MOINOUEHHA HA_EANHILE ANt~
Hit (L ). PaauepHOCTh XOO{y@HUUEHTA NCIIQueHts L "', 0 GuYHO L
H3MEPAETCA B OOpaTHUX CEHIMMETPEX (cu—I). 4aCTO HCNOAB3YETCH
BEJuiME, o0paTHad &K , HasuBaerana aQQEKINBHON DNIyOiHOi RPOHitK—
HODCHMA MaNYuyeHuA M NOKA3LPINUAA PRCCTOARLS, LA KOTOPOM nROT-
HOCYb 3HUGDPTVH WOIYYEHR youbaeT B € D43. 3aBucaMocTh £ (W)
2t ok (A ) HBOLBELT CHEKTPOM LOIJIOUEHISA .

ADON® JIHEMHOT0 KOOG[NILiIeHTa NOTROUEHME HCNOMB3YKT &TCMYLE,
ONEETPOHHUL, WBCCOBNi xon¥funueHTH MOrJFOMeHKd, XANIKTEDAIvNIHe
JueHBbo L ni1€ HEpI.LIl 3UUEHKS B DUCULTE HG OLHH Q10M, JJASKTDROH
1AL TOANs Nos v aKndell Cpesk Lu0TLcTCTREUHO.
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Jierko yCTaHOBMTH CBABER JMHEHBHOIO KOI(HUUMEHTE MODLJIOMSHMA
C II0K&SaTeJed NOTNoWeHUA & . [loOKOALKY OJAOTHOCTH HEPIMM BOJHH
NPONOPUMOHANBUE KBAADATY €6 aNnAMIyaM, 70 43 (I.1.4) u (I1.I1.6)
JISTKO YCTAHOBUTDH, YTO

3. KoaONOUeHT OTpaxeHusn

Ha rpansne pasgena ABYX CPeR G Pa3JMYHHMH NOKA38TONAMM ipe-
JIoMziesns (N, , N, ) MPOMCXOAMT DB3JEASHME NaZakuei BOJHH HA OTpE-
EEHHYN ¥ NDEJOMJIEHHY®. AMNJLITYZH nexavmefl & W OTpameHHOH &
BOJ4 CBA38HH C YIJOM nafenud Y u YTAOM NPeAOMJIEHHA P GopNy~-
8K QpeHens:

£l =g, MO0 npcosy' __ sin(v-v")
n n, ¢0$YP + ny cosY' sin(y+9)’

1.1.8
¢ = ¢ Dacos-nycosy' g (p-v") (519

P N, cosy + nycosy tg (v TN

B (I.1.8) usnexe P COOTBOTCTBYOT BOMHE, MJIOCKOCTH MOJAPU3A-~
1144 KOTOPOH COBNAZAET C IJIOCKOCTHL 66 MAZOHHA, 8 MHABKC N -
BOJHE, NJAOCKOCTH NONAPHIALMH KOTOPOH NePNeHAMKYJNApPHA HJIOCKOCTH
nggeHun, lpsa aTom ZAa DOMyYeHMA Gopuyn QpeHesd UCMOMBLIVBAHO
BHDOEEHHS ANA 38KOHA OpeJIOMJABHHMA

nsiny =ngsiny',

OTHOweHWe NMOTHOCTH OHEpPIUK bn‘pazeuuon BOJIHE HA3HBAGTCA KOadgun-
OMEeHTOM OTDaXSHHA R . Tak kuk nAOTHOCTSH JHepIrisy BOJHH NPONOpLUM-
OH&JbHR KBaApaTy GMLIAATYIHW BOJHH, TO

1R ‘e
13
Rn = & ! Rpsz%

{ipy HopMaNBHOM NBIEHWM HANyueEuA (Y = ¥ = 0) xoaQduuMedT OT-
p8EOHHA paBeH

(nz'ni)
R=Rp, =Rp= r

1.1.9)
+n1) ( /

Jina cryvas norJomapuged cpess N, = N +i® # N,= I pupaxe-
ne (I.1.9) nepenuueTcA B BALS

Tr



(n 1)+ 2?
RO
34BUOUMOCTD KOSG(QHUIMEHTE OTPAXEHHUA OT ANMHH BOJHH (414 4ac2O-
TH) HA3HBAETCA ONEKTNOM oTpaxenud: R (A ), R (w).

4. KosdpdumesdT nponycKauua

OrHomeHHe NAOTHOCTH sHeprdu BOAHH, NpomeAmel Yepea olpasey
( P ) x nunoTHOCTH BHOPTMM nazsclied BouHH ( P, ) HaauBaeTCA KOaf~
QUUABHTOM NPORJCKAHMR UAM NpPOCTO mponyckauueu: 1 = P /P, .
S8BUCANOCTET(w ) MM T (A ) HAasHBAGTCA CNEKTPOU MNPOMYCKAHMA. LIA
X0PAKTOPHMCTUKRY NOIJIOWATEIBHON CNOCOOHOCTH 00paaus BBOZATCA BOLA~
g A =1 - (R +7T ).

5. B3aMuMOCEABDH ONTUYBCKAX BOCTOAHHHX

Conexypd npoOyCKAHMA M OTPAXeHMA MOI'YT OHTDL WM3MepeHH 3KCOepU~
uesTagpHo., 48R R (w) # T (w ), 8 TaKEe CBA3b HX APYL C APYTOM
¥ AddedHbM KO3GQUUUEHTOM NOTNOUEHAA, MOXHO PACCUATATH Ba8BHCUNUECTD
(W), N (W), (w). Caexyer oTuaTuTh, 4YT0 (GOPUYyIu, CBA3HBA-
DIke ONTUYECKH® NOCTOAHHHE, M3MEHAWICA B 3I4BHCLMOCTH OT yCAOBAZ
3KCNepiMenTa: TOJWMHM OOpaaua, 06GpaGOTKM 6r0 NOBEPXHOCTH, MOHO-
XPOMABTHYHOCTH u3Ay4yeHHA. [loxaxem 9TO HA PAZG NP4N3POB.

AONYCTHM, 4TO Ha o0pasel, TOJNMHA KOTODOIO B HanpaBAeHWHM
pacnpocTpadends CBeTa d wxHoro Sonnue 3{PEKTUBHOR PAYGUHH NMPO~
uukuosshus caera (d >> /X ), nagser MoYTH HOPNAIBHO CDETOBASA
BOMHE G DJOTHOGCTBED sHepruu P, . lpeanozaraeu, YTOo OTpazeHHeM
CBeTa #a IpaJULEX pasiela BosAYX-0dpasel MOxHO npeHedpets ( R =
=0 ). Tor"a MoxdG 8an4CaTh BLP3XEHME AAA 0PO3PAYHOCTH B BHLS

T =P/P, =exp(-4d). (I1.1.10)

JTO causa npocras dopuysa, CBA3HEAWLAA NPONYCKAHME 4 IMuoKHHY
KO3 JuLMedT NOTIAOKEHAMSA.

(uHEKO JTO JMAb YACTHHR cAyyai, Ecau oTpameHuew CBETa Mpe-
HeOpa4yb Heldb3fi, TO NOAbSUBATLCA Qopuylod (I.I.I0) Axa Buuucne-
WA cnekrpa & (CJ) HeoNyCTUKO. lipy sanuyuu orpamenus (puc,I.I,2
MIOTHOCTb 2HEPrMM BOJHY B T04Ke A Gyaer pasda Py (I -R ).
Sa cuer NOTAOLEHHA HA PACCTOARM  MAGTHOCTH SHOPLMM yMEHBUMT-
cst »eiphed) pas 4 B Touke B oyner papua Py (I -R Jexpldd), a

T2



IJIOTHOC T, BUEPTHY BHUEAUETO i3
odpasna cserTa papia P =
= R (I =R Juplad) (I -R ),
TIe NOCJEeAHWUK MHO¥MTETD YUHTL-
BaeT OTpaxeHie cpeTa Ha 3TOPOH

L///,, ﬁ; Tpanule pasiens cpex.
Takuu oGpazou, nomyuaen

Py
. ;;:::::56 T = -g- =
C preme— __m:’-’ 2 0
/,A B p’
5 = (I =R pbad)(I.1.1T)

‘B ¢opuyne (I.I.II) He yuTeHo
d X MHOTOKPETHOE OTpaxeHue CBETa
BHYTPK 00DA3U8, KOTOPUE CYWECT—
BOHHO mp¥ d<< {/d 1 MOmET A8TDL
Brasg B P
AR BUBOAS (ODMYNH C yYeTOu

NHOTOKPATHOIO OTPSXEHUR CBETA BHYTDPY OCPASLA OUDATUMCH K CXeMe
'H8 puc. I.I.c. UCOaHayuM IUIOTHOCTH NOTOKOD KBAMTOB JNyya y Ne-
peasen M salHeX rpasedl cooTseTcTBeHo yepes P u P , a P,
P, , Py, ... - NROTHOCTH MOTOKOR KBAKTOB BHUEAW:IX 43 00pas3ua
ryyet I, 2, 3, ... . Torza

Puc. I.I1.2. Cxemus x
Basoxy (I.I1.I2)

Py =P,(1-R), Pp=P,(1-Rlexp(-4d);

P=PyR=P,(1-RR expl-dd), P=Plexpl-dd)= B, (1-R)R -exp(-24);
B =RR =R (1-RIRexpl-24d), P =P cxpl-dc)=R(1-RIR exp(-3u4d);
B =Py (1-R) =P, (1-R Fexpl-dd); pz=D;(1-R)=po(1-re)222~exp (-3d).

t (] U [}
Taxuu xe oGpasow,Bupaxas Pp , Pe , Pp , Pe , nomywm

Py =P, (1-R) Rexp(-5akd) " oT.L.

Cpasnupan Beawamau Py, P, | Py, Bupuu, w10 nueeu reousTpuye-
CKyu Lporpecctnw (a,,0,,0; ), 3HGMeHATONEM KOTOPO. ARJACTCA q =
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=p!e1p(—?-*d). Bocnoasaosapmuch FOpMyJNIOA CyMMH M ~YJEHOB IEOMOTDM-
ueckoi nporpeccun S =(0,-0m0)/(1-0), mOMYTUM ANA NACTAOCTM NOTOKS
9HUPryi NPOWOALET0 46Des 00Da3ell Ayua CAGAYDLEe BHPAZOHUE:

P, (1-R)exp(-4d)

PaPy+Ppt. . +Py= m' (1-R2merp('2ddm)>.

m
lipy CoimuKX BHAYEHUAX M BOJMYHHA Re‘xp(-%dm)«h TOIrZ8 p =

2
=P°(:'?ex (-ti)d ) ¥ MOIyu8eMd OKOHYaTSJEHOE BHPBZEHWE
- R%xpl-

_ (1-R)?eaxp(-4d) ,
T= {-R¥exp(-24d) (I.1.12)

¥3 supazeuna (I.I.IZ) npu R = O nomyuseu (I.I1.I0), & npau

R # 0, uo dd >> I noayvaew (I.I.II). Y9oT uKTep{epesnxy aydyeh
B 06pasue OPUEOIMT K eue 00Jee CHOXHOMY BLHPALEH#W ANA CROKTpa
NPOUYCKAHi, KOTODLY MH DHCCMOTDHMM B CJISAyWELEM Dapsrpage. fipu
HEC1POTO) MOHOXPOLATHYHOCTH M3JMYYEHHA AAA 00pa&lOB, TOMUMHH KO-
TOPbLX BEJiK4 MO CPABHOHMD C ANAHON BONHH MaFydYeHNA, #HTopepeH-
L¥0 MOAHEO HE YYATHBE b M NpU PacyeTe CHNOKTpPa NOTIJIOLEHUA MOIHID~
BaTbhCcA Jopuyzauu (I.1.I1I0)~(I.1.12).

6. D538.WO0CBRGL ONTHUYECKNX ¥ AHMILSKTPUYECKUX NOCTORHHHX
PacnpocTpadedie H3MYYeHHMA B CPBAS ONMCHLBAETCA YPABHOHMAM
Maxcsenns, KOTOpHE RJA CPOZN C OTHOCUTOABHHMH AM3NOKTDPUYECKOA #
MATHWTHOH) IPOHKUIBKOCTAMM E u /.l y IIPOBOAMMOCTED 6 HMET BUJ

- L
“’t“‘}‘/‘oa_t'

- - ry
wtH= 06 +&6& gt; (1.1.13)
divi= 0 H
div = 0 ,

rne & # ﬂo-coorneynegyo RHDAGKTPUYECKAA M MATHHTHEA Opo-
HALaOMOOTH BaKyyua; & # H = DAEKTPUYSCKAN ¥ MATHHTHHM Bex-
TOPH BAGKTPOMdTHMTHON BOAHM. [lapamerTpH cpeid & v Mo ] 38BUCAT
OT YacTOTH UBAYYOHMA M B CHJIY QHM30TPOOHM MOHOKDPHCTAJIOB ABAA-
DTCA TOHBOpHLHMM Beauuuuauu. OAHAKO OpU DPACCMOTDEHKM ONTHUYEC KMX
CBOUCTB KyOMYOCKMX KPMCTELIOB MpH OTCYTCTBAM BHOUHhX noJeft,
Kpoue cragore nosa 3JeKTPOUBIHATHON EOJHH, MORHO CYMTATh & .f-l .
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§ CraNApHHMM BENMYMEAMM.

Nipumeiinn onepauug w0t x NepBoMy YPaBHEHUN CHCTeLH (I.1.13)
K NOACTABAAA COOTHoWeHue zaAd ot H | modyuaed BOZHOBOE ypasHe-
Bii@ INA SJEKTPUYECKOrO (WJil U3ATHATHOIO) BOKTOPA | OZHMM M3 DPo-
WeHkii KOTOpPOTO i ABIAAETCA BHpazedue

€=F, exp(iw(t - x/v)),

rae U YAOBJETBOPAET YCJAOBUK

Al L5/u/uo/w.
lpH pecnpoCTpaHeHdy u3IyYeukn, TA6 BHNOINHAKTCH CJOLYWLAE
coorhowerua: 0 =0, &=1I, A=1, V=c, nomuasy Mo& =
= I/c". Tax k8K GOADLUWMHCTBO nonynponoxwmcog ABAARTCA HGM&[‘HL""-
HEMA MaTephasaM ()n 1), nomyuaeu N* __c__ £ - tL-(n- tR)
BN 2 2
n -2 =£&.
(I.1.1%)
2ne = 6/&,00.
CooTHOwedMs (i.I.I4) BWDazawT CBASD MEEAY ONTUYECKIMA ¥ Aki-
BIEKTPUYECKiIM TOCTOAHHELL BeuecTra. TaK KaK BCe BXOAAuME B
(I.I.14) nocTosAHEHe ASAALTCA QYHKUMAMM YacTOTH, TO, €CTECTBOH-
HO, CONIOCT@B/IEH.ie 3T4X BEJMYKH CJHEAyeT OpNii3B0IMTH Ha O4HOH va-
CTOTE. WH3ACKTDUYECKME M ONTUYECKK® NEPAUOTPH BOLECTEA ABAAWT-
CA pPEaBHOLCHHbMK, W M3MEDOANEe OZHUX [APAMETPOB 4 BHYUCABHAS C
nouonsl cooThowedad (I.I1.I4) LZpyrux ONPELOAASTCH MUMERINMLCHA B
pPACHOPAXEHUK JKCIEDHMEHRTATODE METOAMIALMK.
UyTew HECIOZEHHX apu¢uMeTHYeCKix NpeoOpasosaHuft ¥3 (I.I.I4)

MORHO NOJNYYUTh ClHeLywuue BHDazedua Axd N 4 € 3

2= (gf2)({1+(6/e,0) +1);

2= (Uﬂhm -1). (I.1.15)

U3 (I.1.I5) caenyeT, YTO i RAEBIDHHOIC HU5J/OKTPLKE (5:0)
%=0 1 B 3ToM Ciyuas n?= & (W).

bpena C OTJMYHOX OT HYJA NPOBOLIMOCTLW xapamep.ujerca Hou-
'

NI6KCHON AU3JEKTPHYECKOk NpoHunaeuoctsn & = & ~1& - , Zak-
CTBMTEREHAA Y&CTH KOTODOM COENAAGET C CTHOCHTEIGHOR LiuleKIpu—~



] I
4eCKOW NpoHMLAGMOCTEN £ = & , a8 &' = 0/iw.
Taxuu oGpasou, n? - ®t =¢',
"
ne=2¢
4
CileZoBaTEBHO , &' (W) u & (W ) ABJAWICA BBAUMHO CBA3AHHH~
Mi BenuyMHaMU. €' , X8paKTepUIYA MOJLIPMBELMK CDOAH, onucuBae?
CMBLBHNE Y CTATHYECKOE DAC/PEle/iOHMe CBABAHHLX 38DHLOB; & npo-
nopumosansa § ¥ xepakPepusyeT MpOBOAKMOCTE. ECTECTEBOHAO, 4T0
npoTexakne TOKA (MopemeusyMe 3a8PAKA) 38BMCUT OT NPOCTPAHCTBEH-
HOIO pacnpefieleHUs 3aPANA U HAOCOPOT. MaTeuarTuyecvas CBASHL Mex-
1 ] .
Ay &€ (W) #u & (W ) ycranopnena Kpauepcou it KPOHAIOM C HCMOTB-
30B8HMOM NMPUHUANODR ODUUMHHOCTY M CYNeDHOIALUAA B Bu7A6
°o i
. 2 we' W) d
5(‘00) = 1"'7{‘ P -w Z

Oeo (1.1.16)
w25

Ma COOTHOWEHNH npauepca—hpouura cnsjpyeT, 4TO, B8HAA CAGBKIP
E (W), 4OXHO BHYMCIHTH € na qucupcnauﬂon yactoTe W n 280~
GOpPOT ~ MO W3DBECTHOMY cHeXTpy & () MOXHO paccyuTaTs et (w,).
Tono0KHe ze COOTHOMGHMA CBAIHBENT W ONTUYECKUO KOHCTAHTH N ¥
2y ONpeussANLMe xouxmeucﬂun NOK8 33T/ MpPeJCUICHHA

n(w(,)_nf;fgz%?—dw,

2w0e T R@) (1.1.17)
2) =22 [ 2 4o -

Honcabaya cBash & K & M Nepexois 02 W k A, uMOKHO NOAY-

= 1 J 02

n(30) =1+ 577 | ToAY (1.1.18)

i3 pupagesus (I.I.I8) ocuaexyer, 4TO HA NOCTOAHHOM TOKe (A,-+oo)

RNUMHHOBOMHOBHY NOKA3ATBJB NPBNOMJISHMR R, ONPENSAASTCA NAONAZLD
rp xkpuBolt £ (A ), HO3ABHMCHMO OT TOI'0, B KaKOW CHOKTpPAIBHOR 06-
JacTH NPOMCXORMT noraousHue

LR
ﬂa" 1+2_x?7§ .(ﬂd?\.

%



I.2. MeTOZH SKONODIMEHTANBHOIO OnperelieAua
ONTAYECKUX MOCTOMLHUX

Tax ke¥ ONTMYeCKH® NOCTOAHHHE BOMECTRA 338UMOOCBASGRH, AOCIA-
TOYHO OKCLODIMEHTAJBHO ONPELEMTD 0CHe IBO U3 HUX, OCTANLHHE
MODYT OHTH DACCYKTANN. fauGOJes pacupPOCTPAHEHHHMM RBIAALLCH ME-
TOAH M3YEDCHIAR CNCKTPOB OTPEXCHUA M NPONYCKAHMA, KOTOTU® Onpe-
nenAKT N, X , & .

Oanaxo B DasIiyYHHX CNOKTPAMBLHEX OCNECTAN NPEANOYTEHHUS OTZA-
6TCA M3MOPEHLD PE3HHX OATHYECK:X NOCTOAHHNX.

I. 00x8CTs BHCOXOH NPOSPaYHOCTH

B Tof cnexTparnrofl 00s8CTH, D16 ODOIJIOWEHKE KaJ0 Qzl<<n?),
M3 H3MepedMA CNeKTPa OTPIXeHMd MJi NDONYCKEHMA MOxXeT OHTH puc-
CUMTEH NOX43ETCHbL NpeJoMNedua. LolicTBATENBHO, WA paccHMaTpiBa-~
euo} cnexTpamstol odnacTy swpaxerue (I.1.9) npeoCpasyerch K nu-

by
- A2 2
R=(n-1/(n+1)?, (I.2.I)

8 ANA XO3CMUMEKTA OpONYCHAHIA B GOOTBETCTBAM C (ODUYIOLH
(1.1.12) oprd~0 nenyu:M

(1-R* _ {-R _ 2n
= rY - == 2
{-Re {+R  ne+d
NeToz drTepgepculMOHHENX nonoc
Ecy TOJNIMHG NJNOCKONSDAJLONLHOR NABCTHHAYM (NJEHKH) GOXYUDO-
BOZHMKS CPa8BHIE C A1:HOA BOJUH CBOTB, T0 BOSHRNKAUT AiTEDApeH—
uMA. lpH HODUAABLHOM nareHaAM Jyyefl Ha WCCJeAyeMyD HemoIJIOonauigyp
naedxy ( 2= 0, A = Q) nponyckan4s BHPExaeTCA {opuyroit

(1-R}
{+R%-2Rcos

rze § = Uxnd/A( d - romuwss nnesxu, A - Amra BOMHH).
Tak K8X pacCuaTDXEBGTCA HENOTNOLAKUAA B JGHHCU CREXTPaNBHOM
WHTOpBANE MI6HKA, TO CHELTP KOB(GPMUKEHTR OTPENEHUA 13 38KOME
COXDAHGHUA 34ePIiM MOXeT OHTH BUPAXeH Yepe3 CNEKTP NPONyCKAHMA

R(A) =1-T(A). (I.2.4)

MaKcuualBHOEe NDONYCKBEM® | max = 1 MMeeT meoTo npu 050 = I,

T= (1.2.3)
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KOI'A3 6 = mu¥, rpge m ~ Yerros UMONO, &8 LAuHH BOJAH, lPU KOTO-
PHX NpONYCKaHWe MAKCLHMAIBKO, paBid

J\:a‘ =hnd/m. (1.2.5)

MuHUNaZIBHOO 3HBYOHME NPO3PAYHOCTH COOTBETCTBOHHO pPABHO
(-R¥.  _ (1-R),
Tmin = T RTr 2R = (1+RE’
7\::4" = f{nd/m
W HMEET MeCTO npu 6§ =mn , The M -~ HeyeTHOE YACLO.
kcmi oGosdeyurs T - pponyckaHue B TOQ CHeKTPATBHOA 0GAACTH,
TZe He HeGNLLBETCR WHTepPEepeHLLA (007acTh GoJbmMX A ), TO B OT-
cyTcTsde nornouesus T onpezendcTea gopuynoh (I1.2.2).
Tawms oCpasoy, peiudrea T, = Tp. CnexTp nponyckanus aaa
PaCCMaTPABAELOrO CAyYas NpeacTasieH H3 pxc. I.Z.1.

fr

(I.2.6)

Puc. I.¢.1. Cxeua uuTeLfepellxOEHCI0 CIGKTDA
TOHXUl HENOrnouALUeH NieHKA

L OKU3BTEIL MPENOLNCHAN N ONPOLEALNTCH #3 NOJOREHUA ABYX COCeL-
HiX MBECHUYMOB (AZNd MMHMMYMOB) NDPOMYCKAHUA

2
n }\:in' }‘z;l
Qd(]‘:‘n '7‘:\;%. (1.2.7)

JiozoGHLM ze O0pPa30M MOXHO DACCYMTATD NONOAEHME MMHAMYMOB 4 MAK~
CHUYMOB OTpaxeHMA. OAHaKO YCAOBUA Rmgg COOTBOTCTEYNT YC.IOBUAM
Tmin» @ Rmin OyZGT MMETH MOCTO NPK AN:..iAX BOJNH, OTBOYALWAX
MaKOMMYMaM NPONYCKAHHA.

Buge paccMorped Cxay'lafl McBOCOLHOA" NAGHKH, OAHBKO Godee pac~
NpOCTPaHEHHbHM ABIASTOA CHyYall, KO8 NIGHEA MONYNPOBOZHMKA Ha-
HeceHa Ha MOZNOXKY. B aToM oXyyae TAKED HACADLASNTCA MEHHMYMH K
UAKCHUYMH B ONGKTPEX MPONYCKAHHUA, OAHAKO UX NONOEEHUE 3QBUCHT
M 0T ONTMYECKHX CBOROTB NOAALOXIH.
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LeTOL HAHMEHBWOTO OTKIOHEHHS

Hanbosee TOUHKM MOTOZOM HSUEPSHHMA HOKA3STSNA NPENOMIOHHA B
2TOA CRlexTpanbLol 00na0TH ( 2 << N® ) ABAAGTCA LOTOL APHIMH
(puc. I.2.<). da KcCleAyeuoro NONYLPOBOLEMKA M3COTABIMIYEGTCH
npiasMe ¢ upenosiAiuyu yraos A. Onpo-
ZEIABTCA YTON HAKMSHBWSTO OLKIOHOUUA
ayya § , DNWSAWSTO M3 NpUSKE N0 OF-
HOLGHMN K MEJaHWOMY Ha Npuasy Jyuy.
JTO Mu8ET MECTO MpPH DABOHCTBE YIAOB
nazesus (¥ ) i npenokienas (') Ha
BNXOZe u3 npuaus (¥ =¥'). Las avo-
ro caIyyan

_ sin(A +8min)/2
T sinAf2 ©o(I.2.8)

Fuc. I.2.2. MNeTox apn3uu

2. 06RACTH CPERHErn ¥ CHJBHOLO NOTIOLGHUA

B peaMBHEX KOJYNPOBOZMMKAX 00/1aCTH AJduH BOJH, IA8 HODTJODEHM-
64 NMOZEHO NpeHeCpeydb, B COLBOMHCTBE CJIYYaeB Maja. KpoMe TOro,ia-
£00Nee UHEOpR2THBHEM ABIAGTCA T0T CNEXTPAaZbHHA MITSDB&J, B KO-
TOPOY HM3LyYeHxie B3A@:UGIEHCTBYST C NCAYNPOBOZHMKOM. ONTityeckns
NOCTOALHHE B 3TOM CHEKTPAJBHOM UATEDBEJE PACCUUTLBANT M3 ClEK-
TPOB NpPONYCKAHKA # OTPaZeH¥sA. B MPHHIMNE BCE ONTMYECKKE NMOCTO-
fAHEHE WMOZHO ONpeReaMTb, HWMesa OJMH 00pasel KHCCAEZYeMOI'0 I0AYNpoO-~
BOZHHKa. CHAYasa OOJMPYLT OFHY LpaHb TouLLToro odpaoaus (d>>1ﬁi)
¥ CHLEMEXT CHEKTD OTPAxCEMA. JaTew 00pasel, YaCTHYHO cowlfoBHBE-—
ET, YZ00H MLOZHO OLNO H3MEPATH UHTEHCHBHOCTH NPONERLBI'0 Yepe3d Hero
c3eTa, ¥ MCCAGAYET CHEKTP NPONyCkhaHMA. B 38BHONMOCTH OT COOTHO-
uehus 0 % 1ﬁi (sksa R (W) u T (W) paccyiurupanT & 1o gopuy=
ne (I.I.1I1) (B o6asctu T < I0 %), auco no (I.I1.12) ana T > I0%.
3H8a & , & CJAELOB3TEAbHO, K ® , N0 QOPMYAEM QpEHOLA PICCHATH-
BaYT N . HeoGx0ZMMO 3aMeTHTh, YTO BeAMYMUa R OUNBHO 383XCKT OT
COCTOHHUA HOBEPXHOCTX 00paana. [l0BepxHOCTH NOMYNPUBORIUKOLHK
06pa3L0B OGHYHO NOKPLTA CNOeN CKACIAE, TOJNAHE KOTOPOTO uOMET
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COCTAEJATE AOCATKA aurorper. Cioft okucna npoapadeH D BUAAMOR 4
v é-o0nacTAX ¥ OCHYHO HenmpoapaueH n MK-oGnacTu. [loBepxuocTi 0G-
pasuos, 4CnoNb3yeMbx AJMA OfpenelleHMA ONTUYECKUX napemerpos, Io-
TOBITCA CNOUUAABHNM OCPA30M, GUPAGOTKA 38KAHUYABASTCA XUMMIECKOH
NOMAPOBKOM, CHEMAbLUE) NOBOPXHOCTHHY HapyueHHU{ clol. Ecim B
PacROpAxXeHus IHCNEpUMEHTaTOpa eCTh Aba 00pas3La, M0ZHO CIPaii-
YUTHCH MILEPOHMEM JAWb CNeKTDa NMPONYCKAHAA. B CNEXTPaibHOR 00~
nacTH, A6 AJIA DACCMATDKBAGLAX ©6pasuoB ToAUMHOR d, 4 dz BJno;'l-
uAeTcA yonosic & dy > I u dd, > I, noxdo moXyyuTs ¢ yueTou

(1.1.11)
- efL(Ti/T-)J .
(d, - dy) (I.28 )

S3ag L , T , MOXHC xaJes paccyurusarh R . Ecau 3suauenie road-
dunsenTa oTpaxenus i:3secteo, npu T > I0 % xoadduuuexT norJous-
HJA MOXHEO ONpeAeJuTh MO Tabl¥Uau MJLt HOMOrpauMaM, NOCTPOEHHHY
(nIu DNYKCTEHHHY) Ha ocHOBe gopuym (I.I.IZ). B oGaactu campHOR
3aBUCEMOCTH JMHENHOrO KO3QUuMEHTa OOIJOLEHWA OT YacTOTH {(4an-
pLMep, B OJXACTH XDAA COCCTPOHHONO NOIJIONESHAA, T8 & A3MeHReT-
CA Ha MECKONbX0 MODAZKOB) ZAA OlpgAsJeHdd A (W) HeOGKOZ:iM H8
Gop 0Cpe3stoB PasHOf TOJWMHH.

B O0JACTU CKABHOTC NOTJOWOHMA MBJYYEHHA AJA OOpeLeteEus of~
PUYSCKLY, DOCTOAHHHX WUCNOMB3YETCA M3uEeDeHHWEe CNeKTPa OTPIZIHEA,
LMDCKO NPMMEHANTCA NONAPUMETPUYECHHMS METOLH M3VEUEHMA UHTEHCHB-
HOCTH ¥ NONAPHIBNOAH OTDAREHHOTO CBOTA.

Koa¢yuumnedTy OTPAZOHMA ANA DA3TLIVHHX MONAPAIN4Y CBe?a8 pas-
HU

sin? (9-9") tg* (- ")
anma QP = taa(‘?'*?‘) : (I.2.1D)

Mpz v +y' =90°, QP =0, a yron Y paBeH yray bpuwcrepa
¥Ys (puc. I.2.3). llokaaaTe/b NpEiOUIASHUA UOKHO ONDPEAENKTH, Ha-
JADABIAA HA NMOBEPYHOCTH LJJEKTPUKA NYYOK NJOCKONOJAAPHIOBEHHOTO
¢BeTa (C 9JMEKTPUYECKWM BOK'TODOM, NAapajjelbibu MIAOCKOCTA Naje-
4.8) M M3MepAA YIOJd, 1pd KOTOPOM OTPSXEHUE HMIMYYOHMA MUHAMATH-
$0. iBXOAML BeJMYMHYy n OO yILJIy DPHCTEpPS, KOTODUA ORPELeA&TC).
43 coordouwenua y¥g =n . JindA nosynpoBL HKKa ¢ b £0 1
3aBUCAKOCTA R (¥ ) AueeT MECTO MuMHMMYM npk yraax § + 9 = agf,
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R
gls/ "
0 | N S I T I | 4
£ ) ZZIDOC?, ”J ;0
.’lglc, 1
// i :
- &) 7
v -, abpi 1
{90° T N
/77 N

/ ' y) ?
I / 7 y
// Puc. I.2.4. 3HaBuCHMOCTH KOSG~
GHUUEHTOB OTPAXGHUA 4 yI-
Puc. I.Z.3. Cxena, DoAc- 103 cABura a3 OT yIiA
BAOLAA GCUSUYECKMH CubCH yraa NMuACHIA KIMYUOHLA AAA pag~
Bpxcrepa JLAYHLX NOJAPNSaLis

Ha puc. 1.2.4 npusenpens reoperdyecxue kpushe Rnl)uRply). xax
BUNHO M3 DPUCYHKA, R, MOHOTOHHO YBEJIMYUBAGTCHA C YBOMMYCHMSW yI-
N8 nazelus OT TUMMYHOrO 3davyeritqd 0,3~0,4 OpM HODUAABHOW NAane-
Euu R0 I; RP YyMEHBNAETCA C YPOIMUeHueM Y , NPOXOAMT Yepes uu-
HuMyu npu yrze ¥ =5 . Tak xax Ry = I/2 (Rpy + Rp ), TO aMma
00NECTH BHCOKOH NpO3pauHoc?y (PAe npeuesSperaes MOTIOZEHNOM)

=1 -1/2 (R, + Rp ) Oczscrs peakoro Boapacraid (Rn +Rp)
M yusennuedna T xuéer mecTo BOAM3M yria bpucrepa, a 1o Herod npo-
OYCKAHY® HONONRPH308BHOI0 U3TYy4YeHMA He 3aBUCUT OT yI'JIa Nafe-
HHA (ruc. I.2.5).
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e Zttm)
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Fap 20T
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Puc. I.2.5. 3asucuxocts x03(diinedra
npospaysocTit KpucTeala GaAs o
yraa najiled4A UB/LYLeHuA

I.3. 1J8cCHdeCKan # KBOETOB4A TeO0DuM
AACTNEP KK ONTAYECKMX NOCTORHEHX

PaccuaTpuBas B3aiLoneliCcTBHE M3AYYEHUR C NOLYNDOBOAHIIOM,
MOLHO DHAONUTS 0C6JaCT# CRexTpa, LZe 3TOT NPoUecC uozeT CHTH
ONKCAH B DPaMXax xA3ICCLYECKUX Npexcrasledslt (HeceleKTABHOE OO~
rioledine CBET3 CBOOOZHLMM HCCLTENRMK, NOTJVIONBHHS KOJOOAOIIMU-
CA 8TOMEMI KPACTANILMYeCKOW pereTK4). OZHaKO CJLeCTBYLT M Takde
CheKTpalbhhe OCNACTH, ILO K DPACCMATPHBAGMHM [POLSCCAM BOBMOZ6H
TOALKO KBAETOBO-LEXEdWUeCKMi NMOXxoj (Hanpauep, 003acTs ColOCT—
BEHEHOTO NOIVIOUGHMA, CEJABKTHBHOE NOINIONGHME CBETE& CBOGOLALLM
HOCUTOMALY) .

I. Knaccuyecxss TeOpUA AMCHEPCHH

B KIBCOHMYBCKOR 3XeKTPOHUOW TEOpUHM Ta JL08 TENO paccuaTphaa-
O0TCH KaK COBOKYOHOCTH CBASLHHHX ¥ CBOOOLHLX 38DAA0B, NpeAcTaB-
JIANLAX COCO# HaGOp HOB3EBMMOLSUCTBYOIMX OCIUAIATOPOB, COBSPUL3K-
LMX BUHYEAOGHHHO 3aTYyX8WMHe KO0Je0aHus UpY B3aMMOIBUCTBMKA C 376-
KTPOMATHMTHO{ BoJmHOA. Kaxzouy COpPTY 38pAA0B GOOTBETCTBYST COpPT
OCLMAA™0POB, XBPAKTOPH3YeMHRt COOTBOTCTBEHHO UACTOTOH W, wmac-
coil m , xonuontpaunet N ¥ KO QQUUMEHTOM 38TYXaHHA g .
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Cuelekie 5apRTOB, BH3BEHHOE B3AULOZGHCTBMOM C INEKTPOLATCHMTUOHN
BOMOH Eocxpwt,osycnasmmae? noNApusalME, KOTOPAA ONPeASAAeT Ay~
SNOKTPHUYECKYI) NPOHAUAEKOCTD ZAHHOT'O NOJIYNPOBOAIMKA. CMOLOHME
84pPAZA K-COPTA TO4 JedCTBHOM BOJHH YSCTOTH W paBHO

x = Troexpwt . (1.3.1)

AJif HAXOEJGHUA GMIJLTYAN ChelWelUs ‘xo YDPADHeUM® LBAFSHUR
8apRaa Qg

e d'&
mx d.tz =0 éce:’cpa)t) mtwox"'x MGy ~GE K

(I.3.2)
liepabil 4a0H ONpBLERRETCA BOMAYHHON NPUAOKENHOTO INEKTPUYECKOTO
noan. Bropo# yaes npasoff wacTu ypamnenna (I.3.<) npercTaBIRET
coCHMi ynpyryn Citiy, BO3BPAWSLIYD 38pAL B NOKOXEHHS PABHOBECHE,
C i10CTOAHHOH fn » OnpezenAsuoy YaCTOTOH COOCTBEMHLX KONeOaANnA
Wk ={fﬂ/n1‘. Tperuit ¢aed B (I.}.Z) aHajoruuey CAIe TPOhKA.
logc.apnaa (I.3.1) B (1.3.2), HaXonuM aunJUTYAY CMOUSHNA 3apAza
K—COpTa

50 q,(/m

Gt (139

Tho =
Cuerexue N¢ sapancs Ha Bemmaﬂy__'lx OnpeneNAeT IJAOKTDUYECKILL
LOMEHT efiHiild oCbeua Kpucralia P x (BEKTOp M0JRpa3aLAM), 00~

YCAOBJEHEN) Cuedenield 3apPALOB K-COPTa: q> =q.
Cyuran BEABA 38PALOB BCEX COPTOB B nonﬂpuaauun auzT ULy (D= "‘“”)

noxny4qeed Clopyk.dee Bhmdaxedie ZJA1 AUINGKTPUYECKOL IPOHILGENOCTH ¢

* 5 ‘li N&/mn -

_“?6_‘1 2 (0 ~ W)€, (L.3.4)
bZETAR ROMCTBUTEIBAYL ¥ MHAMYD NACTif, NOIYJitd
QxNg(wo‘ - 0?) 2
_1 +5§ me Eol (05 ‘wz)z‘*g w?]~ n2- 2% (I.3.5)
2

w -
5“‘ > I N g - —onz. (1.3.6)

xom&, [coo‘ ~we)* T
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lloryyenyns BUDB®ERMA NO3BOMAKT HAUTH YACTOTHHE 33BACHUOCTH
llokasaTeNGH npenouneuns u norJomeHur n (w ) 4 ® (W ). OpHaxo
CNOAYOT J8UGTHTH, UTO MAPAMETDH OCLUMIIATODOB ey, ¥ Q¢ HE MO-
YT ONTB MONYYSHH DACYETHUM NyTeu U TPeCylT AR CBOEI'O Olpexne-
JIOHNA BKONODAMOHTAND {LX AAHEHX.

Pacysr no gopuynam (I.3.5) u (1.3.6) norasusgeT, 4TO OGNACTH
4yaeToT, COOTHETCTBYNIME MAXCUMYMAW KOIGHANMEHTE NOLJNONSHAA #
NOK43aTENA NPOJOMISHMA, OTIAYANICH HE3HAYWTENBHO. lipU aTOM AMC-
nepcus AM3NEKIPUIECKON NDPOHMUAEMOCTH ¥ MONB38TEJNR NpesoulleHia
OnpeLeliaWICRA OXAHA3MOM NOJAAPM3ANUK [ONYNPO3OIHKHKE & N0Je INeK-
TPOLETHHTHOK BOJHN, 8 [ODLJIOWEHMS =~ NEPEexoLamu 3JMeKTPOHOB 43 Of-
HOPO 3Eepr'6THIECKOIO COCTOAHMA B APyroe. JwUOA ¥exauusu nOLNo-
oeditd AGET BXIAR B NMOJAPHAANARD M OPHBOMMT K LiCNEDCHK [0X333Te-
A npeJousleduA. HHuuu cilopaMit, AMCIIepCHY NOKA3aTeld NpPeJoNJI9HUsH
5l QOTNCWedKA HEePa3PLBHO CBA3aHH Mexiy CoJoit.

e puc. I.5.I9 mprBejeEN 3aBUCIMOCTHU M0:(QABETENA NDLTOMIEHIHA
p Of vacToTu. OTueTHM, YTO NPH NPOXORAEHAX YeDe3d MaKC/Myu
NOIIOMCHUA (4YEDPEea DS30HEHC HE HACTOTE (), ) 3eauduuHa N Loxy-
YueT Np/APameHke AN CO CTOPOHH MEHBIMX YacTOT.

" BCAM B CNEKTPe dieeTCd HECKOLBXO MOJOC [OIJOUEeHUA, TO [OK4-
36TeJb NPENOMJIEHAA MONYY3oT NDUPAWSHMA MDA NPOXOZLEHHM YeDnes
KAaELYyW loJocy uoraouedus (puc. I1.3.10).

Ar1A 3/eMeHTapHEX NOJYyNpO-
n* 7 BoZuuKOB (Tana Ge wam 54 ),
HB 4SKUAX DOXOC UOTJIONEeHAd B
AHHPAKPACHO! 00ZaCTH, BeMuYy~
H&8 NOKA38TBNA NPEJIOMIBHUY,
HafACHHAR H3 ONTIYECKUX H3ME-
Jedult, X0pouo COrjlacyeTcs ¢
AWINGKTDAYECKO NPOHiInaenoc—
ThD, M3NEPOHHON HI pazioyac-
rorax (& Yw)= n*(w). B 10
%€ BpOMA QNA GUHADPHNX COoafu~
Heuup (GaAs ,InS8 , InAs &
T.M.), YUeRIMX NMOJOCK NOIJ0-

Puc. 1.3.1. MOKHA HE TPAMALS ORTHLELKOTQ
44CTOTHHE 38BUCYMOCTYU ¥ peLEOLMaNa30Ho3, Hao.nnzxaf'i‘c?
noxkasatTena NpesoMIeHud 3aMOTHO6 PABAMYMS MeXLY N~ (W)

¥ &€ (Q) (racm. I.3.1).

24



Tacdanua I.3.1

matepnan | n{o) nA(w) &(0)

Si 3.42 11,69 | 11,7
Ge 4,0 16,0 16,0

GaAs |3,34 II,I15 | 13,13

InS8 19,5 15,7 17,88
InAs {3.4 11,56 | I4,5%

2. KBaHTOBHR NOAXOA B TEOPHH AMCNEDPCHHM ONTHMYECKMX KOUCTAH?

{Ipit B3a:WOAGHCTBEH 9/IBKTPOMAIHUTHON BOJHH C BeMOCTBO¥ Y8CTh
SHOPI'HY BOJHH NOII0NAETOA W lePejaeTcs HocuTelAr sapsia. Beau-
YMHY NEepensHHON HOCHTENAM 38DAZA 3HEPIUL MOXHO BHDA3WUTE CJERY-
pOUM 06pa30oM:

Q=<?E>=6<£2>=%’65§, (1.3.7)

rae ] - [JIOTHOCTS BO3OYwJEUOI'0 BOJHOR TOKE; g =E°exp(iwt)
SIEKTPAYECKIAA BEKTOP 376KTPOMAIHMTHON BOMHH; 0§ =- MPOBONMMOCTS
BemecTBA; { ) - yCpepHesue NO BPEMEHH 33 06DMOA SNGKTPOMATHAT-
HOJl BOJIHM.

[ornouedne 3HEprMM UOCATENAMM 33APAZE C TOYKM 3PEHUA KBAHTO-
BOR MOXaHMKK OgH&GYaeT Mepexo’ MX B COCTOAHMe C GOJBULGN 3HEepru-
et (43 cocromuus By B cocromuus Ej ). Beamurly nornomsuuon
Ip4 TAKAX NEPEXORAX JHEPIHHM MOXHO HBUTH, CYMMIDYA SHODILUM BCEX
nepexonoB, AONYCTMMHX OPU ZIBHHON 3HEDriM KBadra (Ej - Enguol

0 =>T“ (- Edwi fE[1-F (], (1.3.8)

azech £, - oHeprua Haue.ssHOro cocToAmMn smextpoua; £y - suep-
TUA KOHEUROrO COCTOAHMA, Wij = BGPOATHOCTD OPEXORA Ha COCTOA~
uua E; B cocronsue E; B edunnuy »peuenu; f (E;) u § () -
dyH LM pacupeAeneunﬂ YYMTHBALDME CTENHD BaMOJHIHMA cobron-
Huft 3jlexTpOHauM.

UZHOBPEMEFHO G NEpexOuauy anexrpouon us cocronuun Ey B Ej
Bosuozus u ovpatue nepexois (Ej — Ei ), conposoxgamumecs uc-
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NYCKOHKON HMBNYYOHMA. licDyckaewas B eAMHMLE 00HOME B SIMHMLY
BPOLOHHY 3HEpIus pasHa

Qg =?—?(Ej-EOW¢j f(i‘:j)[i-f(&-‘ﬂ. (1.3.9)

Taxuu 06pasou, pesyibTUDYNLMEe NOTODK IHEPTHA dNERTPOMETHAT—
HOA BOJIHH BLDAJATCA [A3BHOOTBD Uy M Q_a

D-=Q-d~‘@-£=Z(Ej‘Ei)Wtj[f(Ei)‘f(Ejﬂ. (1.3.10)

L,J
A3 (I.3.7) 4 (I.1.I4) ncayyaeu CRELYLGES BHPEXEEMO :
gl=f . 2 (1.3.15)
W Ele,w
zuan €' , uomHO HALTH 2 & - 2nz Yudk

2% _2w &' 2]
I C R (Sg'fonc \i.3.12)

A=

Takuu 0CpaaoM, r actapaas B (I1.3.I2) @ us (I.3.I0), woxdo
NpOK3BECTA KBAHTOBHN TGCHET ONTVYCCHMX KOHCTAHT pemecTss,
Moy wenoABIN=aNKY COOTHOMENKT Kpauepca-KpoHATa, BO3MOZEH pacHeT
BOOMYNHE AGHCTDUTEIHHOR Y4CTH LM8NEKTPAYECKOE NPOHKLAGMOCTH & .

JWTEPATYPA

Yxaros D.¥%. Onruyeckus CBOWCTBA NOAYNPOBOXHUKOB.-M.: Hayxa,
1977. - 355 ¢. ‘

Bonu-Bpyesnu B.J.,Kanamunkor C.T'. Quauxs noaynpoBOAHMKOB.-
M.: Hayka, 1977, - 672 c.

Mocc T.,Rarrea I'.,%nnuc €. [ONYNPOBOZHUKOBAR 3NEKTPOHHKE .~
M.: Mup, I976. ~ 432 c.

Bopounosn B.0.,Xeswwu Y., Hauau JI, ONT4YECKH® CBOHCTBE DOXy-
npoBoZEuKOB.-0zecca - Meg-so OIY, I98I. - I8 c.
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I. Eca Mnpu BaaUMOZGHCTBUM MATYUOHNsl O KPHOTAJLIOM MOMYyHIPCBOZHN-
K& NPOUCXOAMT OOIJIOUGHMe KPAHTE CBET&, TO 3 PO3YIBTATE BTOrO
yBEJMUMBAETCA SHEPT'MA NOJNYNPOBOZHHUKA ~ JMOO KPUCTAJUIMYECKON Do-
meTKH, MHOO Gro "5NEXTPORHOH NOACHCTEMH". C KaXMMM ACTUUAMM
BIGHUMOAENCTBYET KBAHT CBOT&, HE8 YBOJIMUGHME BHEPTUM KAKNX YAOCTHL
MIM Ha KAKOR NpPOUGCC 3aTPAYHBAGTCH 3HEPTKR NOTIOLEHKLX KBAHTOB
- 3T0 ¥ onpejeaAeT BUX M4 MeXaHH3M OOTIJNOREHAA.

JCNOBHO BAEKTPOHU B ROJNYNPOBOAHMK® MOEHO D&GAJATH Ha CABRY-

FaabBa 2

HOLVIOLWEHVE CBETA B OO I[POBOLHMKAX. COSCTBEHHOR

[JOrJIOUEH M

2.I. Bigu mornomednsr. ilpasuia 0TGOpa, NPRMHO W HEMpAMHe,

Da3pelledHHe i 3aNpemeHHHe ONT#YeCKAe NEPexojau

DEME TIpYnnAe:
1, 37eKTpOHE BHYTPEHHNX 0GOJOYBK,
2) B&JEHTHLE 3JEKTPOHH,
3) B3J6KTPOHH, NOKBLA30BAHHHE B NPUMECHHX (MJIM AOJEKTHHX) CO-~
' CTOAEMAX (H8 JOKAJbHHX YPOBHAX),
4) CBOGOZHHE 3/MGKTPOHH (M AHPKM).
o+
ne
3 3 — 'L — OQI}J Ee
fw fiw ho |hw hw oF
F Y i 8 a
[ [-] r.) Ey
o) 5 VN ) e)

DNEKTPOHR BHYTPEHHUX BJEKTPOHHHX OCOJOYGK 8TOMOB NpHHIMAWT
yYacTse B Npolieccax B3auMOASUCTBMA C BHCOKOAHOPLETHYECKIMH 43—
Ty9eHMAuM (PEETrEHOBCKME it T ~IyQH, BHCOKODIHEPTETHYOCKAS BREK-—

TPOHH

BaauMozeicTBME M3MYUEHMA C BAAGHTHHUM I.EKTPOHAMH, NPNEOAA-
ee K Nepexoiy Mx B CBOOOAMOE COCTOAHME (B 30HY NPUBOLMNMOCTH),

Prc. 2.1.1. Cxeug8 onTHYECKAX NELSXOZ0B B NONYNPOBOLLMIKSX

HO NJYEN M APYTHE ALSPHHE MBIYYSHUR).
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OnpeJe/AeT NOIIOWEHMA, HABUPAEMO6 COOCTBeHHUM (M4 OCHOBHLL( ONl-
TAYeCKuu) nmorioueHues. Kak acuo u3 puc. 2.1.1s, 2T0T BUL norio-
meHus mueeT MecTo npu fw 24E . Ecnu ameprun xmguTa hw <aB
TO DO3MOXNO BOBOYXAEHWE® a8TOMA: KEAHT CBATA BaAuuOZLeilCTaje? C Ba-
JGHTHLL 2JIOKTPOHOM, 7TZ8DAA CBOK IHEPrLK Ha MNEpeRrRoj INeKTPOHE
Ha CJAEAyDUYW OPJUTYy, COOTEETCTDYHLYW BOBOYXLEHHOMY COCTORHAD
arTona -~ 5T0 aKCUTOHHOe NOoraodeuus (puc. 2.I.lp).

BaamuogelicTBue UINYYOHMA C 3NOKTDOHAUL (M4 ANDHEMX) HA 1O~
KOJBHHX YPOBHFYX, OCYCNOBANBAKXTOS 3INEKTPOHHRZA NEDexXOf MEexXY JOo-
XaJbLyl COCTC HAMeM M OAHMOM 43 30H ([POBOZMUOCTY MU BAJIEdTHON),
8 TLK2B MOXLY JOKANLMLMM COCTOAHMAMY B LOMIJIEKCE, OIpeAeliveT
NOr.I1048HAe CBETA JIOKAJbHEMN COCTOAHMANMA (MUl NDAMECHDS ROIA0me-
ugs) (puc. 2.I1.18,0,4). STOT BMA MOIJIOUGHNA RJOAMINETCH % OSria-
o Fw <At .

HexoHew, KBAHTH CBETA MOTYT B3QMMOZENCTIOBITL CO C50CONALMH
HOCHTENAMYA 38PALA B NOMYNDOBOZMMKE — 3TOT DiY TOIJIOUEHUR TaX H
1a3uBRYTCA - NOIJOWOYHE CBOTA CBOCOZMLMI HOCLTE AuM 2A0Ape
(pic. 2.I1.1e). ’

AC14 B pe3yJAbTET NOIVOLGHMA KBAHTE CEERE TOMSHO YBEIINifEH~
@TCH YLCJO GOHOHOB, TO MOINONEHLE® CEETA HABWB3ETCH DeU6TOUHLM
~ [OIJNOuCHME CheTa KOJeONowiiuHCA GTOMAMK KDACT3.LIMYECKO: Domer-
KA.

CH3UYSCRUL CMUCH IMHeJHOI'0 KOIGYUUMEHTA MOTZO.sHuA 23¥yve-
Hug &, BEEJEHHOTD Npi BHBOAE 38KOHA JiANCepTa~5yreps, UOXHO [0~
¥a3aTh CJeAyouuu 00pa3om. heau uepea §; 0003HAUMTL ceueHye 3a-
%BaTa (OTOHE NOTJIOLANIM UEHTPOM i ~COpTa, KOHUEHTPANAY LE4TDPOD .
ogo3Hawuyy N, , 44CJIO PA3/LIYHHX COPTOB LGHTDOB, 53a8MMOZOUCTBY—
OLHX C L3ayueHditeM, ~X , TO

[3 K
(W) =._5_.: i (W) =121 6, () N . (2.1.1)
is - .

Buparedue (2.1.1) yuiTupaeT cywumapuui (8AAMTHBUUL) BKI8A B nolX-
HEll KOIDYUUMEHT NMOrNOWBHIA ok Pa3NMYHEX COPTOB LUSHTPOER NOrJIOme-
#ug o, (W), BIaHMOAGUCTBUE KOTOPHX O M3NyYoHHeu npeoCianaeT B
Tox MU MHOM CIleXTPRJIBHOM MHTEDBGIE,

Benuquaiza ceyeHMA 38XBITA QOTOH3 38BMCHT OT NPUPOAN BOHTPA K
YacIoru u3NyueHuA. ECIM NOYOEXUTH CEYEHUS 3aXBATA (OTOHA DEBHHM
(no LOPAAKY BeJuMHH) CedeHuw atoua O; = 10710 cu?, o BUAHO,
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970 oL} (W), XapakrepdsynEull COOGOTBOHHOE NOLAONEHHO, HB HECKOMb~
KO NOPAAKOB NPEBOCXOAMT, HENPUMED, KOIDIMIMOHT, ONMONBADMUM NMpy-
MO0HO8 nornomeuge. BBMay TOro, YTO NOJNHO® Y40JO ATOMOB POWOTKA
cocraBaner 5.10° 4.8 uMoa0 npuuaonux arouos - J0-"-10 e
4 cobers = 10 16 .5 zoéza 5.10° cu~I, '
& mpm = 10718(101%+1018) = (1072410%) cu~l.

JTOT IpyOuil K3YecTBeHHHEH PACH6T CJYXMT UAAOCTPRIMER BTOpPOIO
Ha8BAHKA COCCTBOHHOTO NOIJIONSHMA — OCHOBHO® NOIJIOMEHME, HA (OHE
KOTOPOTO APYT#e BUAH NOPIONEHHMS HE NPORBARVICH, 6CHM ASXO OHM
HMENT MECTO B ASHHOM CNEOKTPRIBHOM HHTSDBALS.

Ha puc. 2.I1.2 cxeuaTHYeCKY DPEACTABIOHA 3@BHCHMOCTH KO3d4-
OMEHTE NOTIOMEHMA OT AIMHH BOJHH M HAYBAHH UOHTPH, ONpOAGAANLAE
NOrXOWGHHe B DA3JNUUENX OCABCTAX CNEKTPa.

& npIMNE NepeXos!
Mrosnwt nplwdu /' o
foRenrmwny W//gl
I Cumoni, /
sbolodwwe
- R —- Hocumeay
cdaaems  colomBisNoRo o
M2ACUAEnsd A
Puo. 2.I.2. CheKTp ODOrJOMGHHA PE8IBLHOIO

DONYHOpPOBORHMKA

2. lpu onTHyecEuX O6PEXORBX, MPOUCXOAAMNX B peay.lbTaTe NOII0~
RouKA 9HEPTuK KBeHTa ARG, KX M B APYrux QUSHYECKKX NPONECOsX,
ZOXIXHH BHIOJNHATHCA (JYHAEMGHTANBHNG BAKOHH: 33XOHH COXPOHOHMA
SEEDPTHM U MMNYIBCE. ECI4 OCOIHBYAM DHEPIUN BAGKTPOHE M MMOYNL-
c& {ANA SNEKTDOHE B KPUCTALLG KBA3MMumymbca) uepes £y u Ps , 8
10CH6 B3GUMONBHCTBHA C HBAyYeHUeM COOTBETCTBOHHO Ej i j» o

Ej‘EI ‘TUAJ;
Pi~ Pi=Pi (2.1.2)
B (2.1.2) hw H'E - OOOTBETCTBOHAO OHEPIMA K UMNYLBC KBAHTE

CBE™a. ilpM PACCMOTPEHUM ONTMYECKMX O6PEXOAOB B.€KTPOHOD KPMC-
Tallg Yaue kc10b3yeTCHA SOHHAA AMSrpeMMa B Buje B(K), rae ¥ -
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BOJHOBOW BEKTOP BJIOKTPOHA, CBII38HHHA C KBA3MMMNYJHCOM H3BECT-
HuM cooTHoweHMoM p = AX . B arom clyuge 3IKOH COXPAHOHHA MMIY TS~
C8 38NMCHBAROTCH B BHLO Tperbeit cTpoyku B (2.I.1), IAe vepes Ke
0003484YeH BONHOBOfl BOKTOP KBAHTA CBET& (YaCTOTM & ). LaAa pac-
CMETDNBAECMOTO B JAHHOM KYypOs AJMH BOJH ONTKYOCKOIO AuanasoHa
(044 -~ 10" uKu) BOCONNTHOS BHAYEHME BOJNHOBOIO BEKTODP3 (OTOHA
MHOIrO M6HBWO GOCOJNTHOIO BHAYOHMA BOJHOBOFO BEKTODE 3J6KTPOHA.
llelicTBUTENBHO, NOJBTEA, HANDUMEDp, A = I MKM, éiw/= 2n/a=10"0u,
8 LAA 2JEKTPOHOB NOJYNPOBOAHUKA Ki— nopaska I0” cw (koHewHas
9aCcTh T /o, TA@ O.- NOCTOAHHEA KPACTEAIMYGCKOW pemeTRu), T.e.
Rl << /f“/, /?j/. CnenonaTosibHO, A PACCMATPUBASMOrO CIJYaH
38KOH COXPBHOHMA MNOYALCA UPHBOAWT K COOTHOWEHWD

-K.j""zi. +-|Zw' -ilc-l‘('\ (2.1.3)

JaKOHH COXpaHeH:'s PHEPrud 4 MMNyJIBca, OOPONSNADWUNG NPSERIA
oT0opa npH oOTHYeCKUX Nepexozex B Bume (2.1.¢) (umn 2.I1.3),
MOXHO 11OJTYYATH, DACCMOTPMUBAR BepOﬂTHOOTBjV“.,’ nepexona 3JASKTpPO-
Ha 43 cocroasua E; (Ei) B COCTOAHMUE E,‘ (xj) 0A BO3uYOA DM
LeiCTBHeM 3NEKTPOMAIsKTHOR BOJHN 4acTord w (€ =& epliwt)

Wy =(22/m)(g €, /2me)IM; F8(e;-Ei-fw), (2.1.4)
Irne M"] - KOMIIOLG6HTA MATDPHWAOI'O DJJIGMOHTE ONTHYECKOIr0 O0pexona:
My =jwf(2) HY; ()d’A, (2.1.5)

Wi.(:" ) q/j (1) - BomiOBHO (YHKUMM, ONMCHBADNME HAYAIBHOE A
' KOHOYHO® COCTOAHME 3NEKTpOHA, W oneparop H
NpeACTaBMM

i1 iR .
Wi)=ux,(z)e‘ .wj*(e)=ufj (A)e M PRTLE S,
lipeodpasyeu ¢opuyny (2.1.5) o yverou Bupamesmit (2.1.6) Kk Buzy
Maj=3u:5(i) H'U;\('T)exp[i,(ﬁt-zj+Zw)7t]d5?'=

= g)l.j (%) G(Zj-gr?.w). (2.1.6a)
Taxuu 00pascv, BOPOATHOCTD N16PBXOA8 OTHMYHE OT HYJAA NPR BH-
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NOJHGHI CReiyDUHUX yCaAOBUfl:

1. 8 =(E;(X}) - B (i) - hw) 0,
-~ - -

2. 0=(K; - ¥y - Kw) +0, : (2.1.7)
3-@-;,1'(2)*0

lispBue AB3 yCICBHA B COOTBOTCTBUM CO GBOUCTBON O ~QyHKUMH
ONUCHBANT 30KOHH COXDAHOHMA BHOPIAM M MMOYNBCE ~ IKBUBAJIOHTHH
(2.1.2) 1 (2.1.3). Tperbe YCNOBHE HBKINAZNBEET Or'paHuyeHye Ha
CUUMETPUD BOJHOBHX QYHKUMH BJGKTDOMOB B COCTOAHMAX, MEXLY KO-
TOpHMH OCYWeCTBRACTCA nepexon Ans cocrToaHud BGmian 2UCTpONyUA
( K = Ka ) B 3oie BpuimmsHa ﬂ“j (K) 4OxReT OBTH NPEACTABASH B
BAL® CXOLAWSIOCR DAKA no creneHaM (K - xo)

Pij () = P (Ro) + (R~ Ko)gwd & (2.1.8)

B pasnoxeuny (2.I1.8) xaxanit nocnenywmuﬂ YJI0K 3HAYMTEJBHO
KOHI"2 OPEAHAYLETr0, [08TOMY, 6CJ Qﬂj (#,) # 0, BCO 0CTalBHLe
uness pAAa onyckawrca: ¢, (x) =€Pq (kg) = tonst . Taxoid mepexox
Ha3LB3¥T DPAa3peLeHHuu. Ecnu‘QRj(xo) = 0, TO nepexon HA3LB4ETCA
3aMpsueHHtM, HO 380DP6T Nepexoia He 03HAuaeT 616 DPaBOHCTBO HYAD
BELOATHOCTH NEPEXOAs. B DTOU CIyvyae HEOGXOAUMO yYeCThb BTOpPOH
ylnei B paajnoxeHad (Z.I1.8). lips aTou BEpPOATHOCTD NEPIXOAI BHAYK-
TENbHQ, yUCHBLAETCA 4 NOARBAAGTCA BABUCHAMOCTH OT BOJHOBOTO BEK-
ropa: W, ~1PlE ~ (k-KoP . B Y8CTHOM cIy%ae, KOTA@ DK~
CTPEMYM HBXOAMTCA B LeHTpe 30HH Bpuanwaug (k, = 0), BeDOATHOCTH
3aNPeLBHHOr0 NEpexon8 OKasHBEETCH IPONOPUMOH3NBHON KBazpaTy
BOJ:HOBOTO BELTOD&.

OnTuyecKue NEePEXOZH, B KOTODHX NPHHMWIADT YHACTHO TOJIBKO ABE
YaCTHiH, HalNpH4ep, KAK DPacCCMOTPeHO BHUE, OUHH 3IJEKTPOH H ONLH
foToH, HABHBAWICH NPAMLMM NepexoAaMit. EC/L1 ¢ H3NyWeHieN B38UUO-
ZeiiCTByeT H30AHPOBBHHHI B8TOM, TO BOSMOXHH TOJBEKO Takiue "iByXxua-
cTiudne" nepexoaH, TaK Kak OAHOBPCMOHHOG D3diuMOZeiCTBuE OXHOTrO
QOTOHA C ABYMS 2JEKTPOHSMU HEBO3UOXHO. Tarwe OUOHh M3NOBEDPOAT-
HO (B paccuaTpu4BaeubX YCNOBMRX JHHEHO} ONTHKM) B33AMOZOHCTEMO
OZHODO 3AEKTPOHA ¢ XEyMA orToHauu. Opu8KO npid BIAHMOZOHCTBY
4BJAYUYGHMA C KPACT&NTOM BO3MOxKH MPOLECCH, B KOTOPEX y4aCTBYyer
Gombae LBYX 4Y2CTHL, TBK KAX HOBOSMOKIO M30JLIPUBATd 0T YyH3CTAA 3
OOTJNOLEe My CBGIA pELETHY. b uTOM CAYy4Yae B OLTAYSCKOX !POuUECCE
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Kpous QOTOHS 4 DINEGKTPOHE yYacTByeT eue (GOHOH (MIM HECKOIBEO
dononon). Takue onTMYeCKUe NEPOXOAH UABHBAKT HeONpAMHMA. JuaCTuUe®
B pouecce NOrJoueuua MarydeHinA (OHOHOB, BOJHOBO{ BEKTOD KOTO-
pux uMoxeT OUTH N0 NOPAAKY BOJAYMHH CPABHMU C BOJHOBLHM BEHTOPOM
yyacTBY0uero BO Ba&.':OAGHCTBMU BIGKTPOHA, NPUBOAUT K H3UEHBHUD
GOpuH 38NUCH 38KOHOB COXPAHEHUA 3UEPIUN M UUMYJECE

E, (Ij) - E‘(EJ t E(p =‘F\w;

25 - E{ pd 2? ‘-'-Ew . (ZIQ)
CoorHouesur (2.I1.9) sanucaHu BJA HENpPAMOTO NEPSYOLS C JISCTHEM
ozHoro GoHoHa, npudeu sHAK “+" OoTBeyseT UCmyckasup, a "-" -
noraouenun HoHOHAE (OTUOPY OT peusTHM KBAHTA 3JHEPIHM KOZeGaTein-
HOI'0 ABMEEHMA 8TOME KDUCTAJUIMYECKOR peudeTku). B olleM Clyuas
(GOHOHOB MOXE6T ONYTh HECHOJBKO M C DASJAYAUMN 3Hepranaud. OaHaro
M3BecTHO, 4TO Ycu COJLES YMCAO YacCTiL, yYacTBywmax B Opouecce,
TCM OH NMeHee BSDOATOH, [0ITOMY DACCUATPADAEMd B OCHOBHOM "OZHO-
{cHoHyHe™ npoueccH.

4T3y, BAaKOHM COXDAHEHAA BHOPIUM W MUNYJISCO B CAYYAs NPAMEX
4 HEMPAMHX MGPEXOAOB AIA PACCMATPUBEEMOTO CMEKTPAIBHOIO MHTEp-
Ba’a ( Ko< K K, ) uMewT BUR

E,’(?j) - Ei(Ky) =hw, K| =K§ (npsuue mepexomu );

2.1.10)
Ej(Kj)‘ E.l(z.‘) ':E‘P=f\w, Ej :R,-,t?? (senpaune nepexoxs).

Iis AMHEwHOTO XodMruMenta norsomenna ¢ yierow (I.,3,12), (2.1 .8)
u (2.1.6) noayvyaeu CaABJyLLee BHPAXSHMA :

0 /P e
%=, 6 (amo)zwcni [fﬁi)'}(ﬁjﬂ. (2.1.1I)

ilpy BHBOJE (Z.LII) yuTeno, 4To
a=z:xe.-s-)wq[af(a)-f(&-)}=
2}“7( 4Co ) Z’:(E] -)lq’p 3 6(& -Ky- KQH(E{)-f(E,’ﬂ.

2m,w OGosHayan
22 (Ej-E))- 6(R,- K -¥o)

R
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