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[image: image1.jpg]OIIeKTPOHHO-BIPOYHAA Hapa MOKeT PeKOMOHMHHPOBATH GesbI3Iy-
qarenbHo. BespizlydarenbHas PeKOMOMHALUS SBIAETCS SOMEHHDYIO-
UM IPOLECCOM BO MHOFMX NOJymnpoBogHuKax. Tak, Hampumep,
BEPOSATHOCTh M3JIydYaTelbHHIX HEPEXOLO0B, PACCIUTAHHAA [JIA YHCTOIO
repMaHus U3 cooTHomeHus BaH Pyc6pexa — Ilokam (cM. § 1 riu. 6),
COOTBETCTBYeT H3IydaTeJbHOMY BPEMEHH JKU3HH HODSAKA ORHOM
CeKYH/BI, TOTAAa KaK HM3MEPEHHOe BpeMs JKU3HU caMmoe GoJbmiee Io-
pPAAKa MHJUIMCEKYHAB, & 49acTo MeHbIIe MHEKpPOCeKyHsl. Wrax,
npornecc Gesb3IydaTeJbHOE DeKOMOMHAOUM B TepMaHHH HO Kpaii-
neil Mepe B THICATY pa3 Golee BePOATOH, 9eM HBIydaTeNbHEE Iepe-

XOJIHI.
§ 1. OKE-DODEKT [1]

Ilpm ome-adexte sHePrus, BHCBOOOKaeMas PEeKOMOMHUPYION AM
3JIEKTPOHOM, HEMEJJIEHHO HOIVIOMAeTCs JPYTUM 3JeKTPOHOM, KOTOPHIH
3aTeM paccemBaeT 3Ty HSHEPrHI0 myTeM mcuyckanus ¢onono. Cierno-
BATENbHO, IPM TAKOM TPeXJaCTHIHOM CTOJKHOBEHHH, B KOTOPOM
Y9acTBYIOT [BA OJIEKTPOHA H MBIPKA, He IIPOMCXONHUT MBIyIeHHA
¢orona. BoamoskHO GoJIBIIOE KOJHIECTBO DPA3TUIHBIX THIOB OKe-
OPOIECCOB B 3aBHCHMOCTH OT BO3MOKHBIX IEPEXOf0B M KOHIEHTPAINH
Hocureleit B momynposopHuke. @ur. 7.1 mimocTpupyeT HeKOTOPHIe
u3 9TMX mepexomoB. Ilpomeccs @, 6 Ha ¢ur. 7.1 oTHOCATCA K MEK3OH-
HBIM HepexofjaM: BTOPO# 3JIeKTPOH TpaHC(HOPMUDYET SHEePTHI0, BHITe-
JIAOMYIOCA DU PeKOMOHHANAA [EePBOTrO 3JIEKTPOHA, B KAHETHIECKYIO
9HEPruio, BO30YKAasch Ha BHICOKAH ypOBEHb B 30HE IPOBOXMMOCTH

a |6 ¢ le |0 e |ouc |3 uxﬂ[wEH
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® ur. 7.1. CxemaTHuccKoe N30GPaKEHUE 07Ie-IPOIECCOB I IPOLECCA Pe30HAHC-
HOTO NOTJIOmEHAs (K).

TIpCAnoIaraeTcs, YT0 MPOLCCCH @, 6, 2, €, u M % MOTYT UMETh MECTO B IIOJYIPOBOAHMKAX
m-ruma, a Opoueccsl 6, 9, ¢, 3, 4, M — B MOJYIPOBOAHIKAX pP-THOA.




[image: image2.jpg]B Clydae MaTepualla n-THIOa HJIH I'NIYOOKO B BAJIEHTHYIO 30HY B MaTe-
puaie p-tmma (B IOCJeRHEM Clydae HY;KHO PacCMaTpPUBATh NPOIECC
CTOJKHOBEHAs ONHOTO 9JIEKTPOHAa ¢ .ABYMs ampxamm). Ilpm mpo-
neccax 6, ¢, 0 Iepexoi NPOHCXONAT C [OHOpPA B BANEHTHYIO B30HY;
9HEPTusl PeKoMOMHAIWU MOKET 3a6HpAThCA DIEKTPOHOM HA APYTOM
JIOHOPE WM BIEKTPOHOM M3 30HE HPOBOLUMOCTH JIUG0, €ClIM UMEeTcs
MHOTO ABIPOK,— BTOpPOHl Apipkoi# (mpouecc 0). Osxe-addexTs, cBsA3aH-
HbIe ¢ mepPeXOofaMi M3 30IE IPOBOMUMOCTH HA AKIENTOP, WIIICTPH-
PYIOT /marpaMMBl e, 2, 3; Te jKe CaMble IIPOIECCH NPH JOHODPHO-
aKIEeNTOPHHIX IIePeX0faX HOKa3aHhl HA [HATDAMMAX U, K, 4, M.
3aMmeTnM, 9TO HU NIPH OZHOM M3 HTUX IPOLECCOB DIEKTPOH, Hep-
BBIM y4YAcCTBYIOmAil B CTOJKHOBEHUM, He BO3BDAILLAETCsI B IpeIiee
cocroanne. IToxasanumiii Ha ¢ur. 7.1 mpoumecc H He ABIACTCS Oske-
adeKToM, TaK Kak BTOPOI BJIEKTPOH MOMKET PACCeATh CBOK IHEPTHIO
H3TY9aTeqbHO. ITOT MPOLECC HABHIBAGTCS PE30HAHCHBIM IOTJIOLEHNEM .
O9eBUHO, YTO IPOIECC, KOTOPHI 3aBACUT OT B3aUMOJEHCTBUA MEKIY
HOCHUTEJISIMH, JOJKEH CTAHOBHTHCS BCe 00Jiee MHTEHCHBHBIM IPH BO3-
pacTaHnd KOHIeHTpanuu Hocureied. CliefoBaTeIbHO, KOTA TeMIepa-
Typa yBeJIMIMBAETCS W KOHOEHTPAmus HOCHTeNeH Bospacraer HpOmOp-
nuonansHo (kT/E g)*2 exp (—E /kT), coOTBETCTBEHHO NOIKEH YCH-
nuBaThCA U OKe-3pPext. OMHAKO IPH 3TOM JOJIKHK GHTH COGIIONEHB!
3aKOHHBI COXPaHEHHs KaK DHEPTHH, TAK I AMOYJIbCa. Y4eT oTEX addex-
TOB IPHBOJHT K TeopeTHIecKoMy BEBOAY [2] o ToM, uTo BpeMs sxm3nm
3JIEKTPOHHO-AEIPDOYHBIX HAp T, NPOHOPIAOHAIBHO

Eg\% 142M E,
TAN(kT) exP( T 77 kT)‘

rage M — oTHOIIEHHe SJIEKTPOHHOE M [AHIPOYHOHE 3PeKTHBHEIX Macc:
M = my/m}, ecniu m, <<mp B T4 ONPEEIAETCH IEKTPOH-IEKTPOH-
HEIME CTONKHOBeHHAMH, B M = my/m,, ecin my <m, u T, ompe-
[eNSeTCS CTONKHOBEHUAMI MEKIY IBIPKAMH.

BepHremcs k TOMY, 9TO mpOLecG, KOTODPBIA 3aBACAT OT B3aMMOJeH-

CTBHA MeEKAYy HOCHTEJAMH, MOMKeH YCHJIMBATHCA IPH YyBEIHICHHHA
KOHIeHTpanun HOCHTEIEH. DTa BABECHMOCTD MOKET GHITH clegyrmuM
O6p830M BEIpaKeHa 4Yepe3 BpPeMsdA KH3HH HEOCHOBHBIX HOCHTEJIEH T:

(7.1)

i:Anp—!—Bn“,

T
1
T

(7.2)
= Anp+ Bp?

COOTBETCTBEHHO JJIsI IOJIYIPOBOAHUKOB 1~ ¥ p-THIa. B paBencTsax (7.2)
n A p — KOHIEHTPAIAN 3JIEeKTPOHOB U AHPOK. llepBEil wieH B IpaBoil




[image: image3.jpg]9acTH (POPMYJI ONMCHIBAET Mepefady d9HePTHH HEOCHOBHOMY HOCHUTENO,
B TO BpeMs KaK BTOPOHl WiIeH — IIOIIOMEHNe 9HePTAN OCHOBHEIM HOCH-
rexeM. K coskanennio, ucciefoBaHne BPeMEHH JKA3HH HOCHTENEH Kak
GYHKIUM WX KOHIEHTPAOUH HE MOKET CIYKHTb J[OKa3aTelbCTBOM
CYIMECTBOBAHUS OjKe-IPOIecca, MOCKOIbKY HM3JIydaTelbHas PeKoMOH-
HaIUs TAaKKe MOKeT HOXYAHATHCH CTATHCTHKE, OMUCHIBaeMOd opMy-
namu (7.2). IloaTomy mccllegoBaHMe BpeMeHH JKH3HM HOCHTENeH [0k~
HO €OYeTarThCs C M3YYeHHEM KHHETHKHU U3IYIeHHS.

Kax moxasmiBaer Bripaskenme (7.1), B y3KO30HHBIX HOJYIPOBOJ-
HHOKax, Takux, Kak InSb, oske-mpomecc [OMKeH CHILHO 3aBHCETH OT
TeMIepaTyps. B mMPOKO30HHEIX jKe MaTepmalax OKe-IpPOLece [OJI-
JKeH 3aBHCETb OT YPOBHsA JIETHPOBAHASA W CTAHOBUTHCS CYIIECTBEHHBIM
B BEIDOKAEHHBIX INOJYIPOBOAHUKAX. JPPeKTHBHOCTH HH3KOTEMIEpa-
TypHON (OTOTOMUHECHEHIMA OOBTHO PE3KO majaer, KOIJa KOHIEHT-
panua HeATPaJIbHHX [JOHOPOB WM AKIENTOPOB B IOJYIPOBOSHHKE
ImpeBHIaeT HEKOTOPOe Hoporosoe sHadenme. Tak, B GaP moporosas

rounentpanua N, cocraBiaser okoxo 10 c¢m~3. Ilpm HusKEX KOH-
IeUTpausAX MpEMecell ¥ BIVIOTH [0 3Ua4YeHHil /Np KBAHTOBBIA BLIXOJ
ITIOMUHECHeHI[IN TOCTOSHEeH, HO Ipu Koumertpamun 10 cm~2 addex-
TUBHOCTD JloMuHecHennuu najgaer B 10* pas mo cpasmennioo ¢ ee 3Ha-
9geHUeM NP HH3KUX KOHIeHTpauusx [4].

Ilpm KoHmeHTpanuaAx, IPEBbILIATON[UX Ny, BOXNOBBE (YHKIMH
9JIEKTPOHOB HA COCeJHHX NIPUMECAX HePeKPHBAIOTCH, IPH BTOM
NPOUCXOJUT eNOKAIMBANMS NEKTPOHOB (MM ABPOK) ¥ BO3pacTaHue
BEPOATHOCTH 07Ke-BO30YIKAEHNUA HeJIOKATN30BAHHOIO HOCHTENsA. JHEp-
THA BO30YKIEHHOTO HOCHTENsI JOJKHA OBITH paccesHa IPH KAacCKaj-
HOH dMHCCHU OLTHYECKMX (OHOHOB, 4TO obecHedwBaeT COXpPAaHEHUE
9HEPruyM ¥ HMIYJIbCA.

Ilpm oxoHuUaTenbHOM aHalIm3e «Ge3BI3AydYaTeNbHBIX» IOTEPb yBe-
PEHHEIM B CYIECTBOBAHNHM OKe-PEKOMOMHAIMU MOKHO OBITH TOJNBKO
TOrfa, KOTJ]a MMEIOTCS YeTKMe CBUIETEJIHCTBA CYI[ECTBOBAHUS IOPS-
9uxX HOCHTeNeH.

§ 2. IOBEPXHOCTHAA PEKOMBUHAIINA

IloBepXHOCTH — 3TO CHIBHOE BO3MYINEHHE DENIeTKH, CO3JAMLICC
MHO?K6CTBO CBOGOJHBEIX CBsI3el, KOTOPbHle MOIYT COGHpATh MpPEMECIE
u3 okpyskaromux obmacreii. CiemoBareibHO, 3[ech MOMKET WMeTDh
MECTO BBICOKAs KOHI[EHTPAIUsA MEJIKUX ¥ MNIyGOKEX ypoBHei, KOTOpHIe
MOTYT JeHCTBOBATh KaK PeKOMOMH3NHOHHEIE NEHTPH. XOTA He JOKa-
3aHa OIPEJeIeHHO OTHODPOJHOCTh DPACHpPEeHeNeHHAs IOBEPXHOCTHEIX
COCTOAHMI 1O B3HeprusaMm, sHadeHme N, (E) = 4.10* cm~2.3B-1,




[image: image4.jpg]IOJIy9eHHOEe B IPeANOJIOKeHHH (9] OMHOPOOHOCTH HX pacOpeneeHHsd,
HaXoOguTCsA B XOpomeM corjacmm C

£ SKCIePEMEHTAIbHHME OmeHKamu [6].

Jona Ha ¢ur. 7.3 moxasama mopens

nposodumocrm JJIs CIy9as HENPEPHBHOIO pacupe-
Banex#mHag

s = @ ur. 7.3. Mopgens s ciydas Hempe-

0 NIE PHBHOTO pacOpefesieEdd NOBEPXHOCTHHEIX
(E) COCTOAHMM.

HeJleHNs COCTOAHMA 1O SHEPTHAM HA IOBEPXHOCTH HOIYIPOBOSHEKA.
Ouesmpno, 9T0, KOTHA DJIEKTPOHH M [NHIPKE HAXONATCA OT HOBEPX-
HOCTH Ha PAacCTOSHHHE, MeHbIIeM NuddysmoHHOHE [IMHE, OHE peKoM-
GEHEPYIOT I COOTBETCTBYIONME TEePeX0jbl Yepes HempepHBHHA HaGop
COCTOAHEI CKOpee BCero — Ge3bI3lIydaTeNbHEe. OTa MOTENb MOKET
OHITh IPUMEHeHA K PACCMOTPeHHI0 BHYTPEHHHX IOBEPXHOCTeH, KOTO-

psie ME GyaeM HaseBaTh AePeKTaMy HIHM BKIIOYEHMAMHE.
12.6. TEMOEPATYPHOE TVYIIEHUE JIOMUHECUEHIHUH

MOJ1YIPOBOAHHKOB

Y noaynposoOHuKo8 UHMEHCUBHOCMb UBAYHEHUS YMEHOUIQemes npu
noBbLUEH UL Mmemnepamypsl, m. e. Habaodaemes memnepamyproe myuie-
Hue atomunecyenyun. Ecnu yepes P, 0603HAYHTh BEPOSTHOCTH H3Jyya-
TeJNbHBIX MEPeXOf0B, KOTOpas MNpEANoJNaraercs He 3aBUCSINEH OT.TeM-
nepaTypel, a yepes P, — BePOSTHOCTb Ge3bi3/yyaTe/bHLIX MEPEXOJIOB,
TO KBAHTOBBIH BBIXOX JIIOMHHECLEHIHH 1) ONMHCHIBACTCH BhIPAXKEHHEM

P,
=t (12.19)

BeposiTHoCTb P,, 3aBHCHT OT TeMIepaTypbl _
Por=Ppre—E*RT. . (12.20)

B srom Belpaxenun E* — sHeprus akTHBauuH; P, — KoauuHeHT,
He 3aBucAmMI OT Temneparypsl. CiejoBaTeNbHO, TeMnepaTypHas 3aBH-
CHMOCTb KBAHTOBOTO BBIXOZA H3JYUYEeHHS HMeeT BHA:

1
g (12.21)

n=

rie C = P,,o/P, — KOHCTaHTa.

Tymenne MOHOMOJNEKYJNSPHOrO CBEUEHHsI TBEPABIX TeJ, KOria no-
[JOWEHHe H M3JYueHWe CBETd NPOHCXONSAT B OJHOM UEHTPE, MOXHO
0GBACHHTD CJefylomuM o6pasoM. [IpH MOrJOmEHHH KBAHTA CBETa 3JIeK-
TPOH NEHTPA, NEPEXOAs HA BO3GYKIEHHbIH YPOBEHD, MOXKET NPH BLICOKOH
TeMrepatype IMOnacTh HAa Ko/Ie6aTeJbHLIH SHEPreTHYeCKHH YPOBEHb,




[image: image5.jpg]COOTBETCTBYIOIHH O/HKAHIIEMY PAaclOJOKEHHIO TMOTEHIHAAbHBIX RPH=
srix Uy u Uy (Touka a Ha puc. 12.1). 3ateM on Gesbi3nyyaresbHbIM CIIO-
co6oM mepefiieT B OCHOBHOE COCTOAHHE. IDTOT NEepPexoi Ha pHC. 12.1
NOKa3an MyHKTHPHOH cTpeskol. JIs Takoro MexaHH3Ma Temneparyp-
HOTO TYIIEHHS BHIXOJ JIOMHHECHEHIHH OyleT OMHCHIBATBCH thopmyioit
(12.21). B stom cayuae E¥ ectb 3Heprusi aKTHBalMH, neob6xoaumas s
NepeBojia JEKTPOHA B BO3GYMHIEHHOM COCTOSIHHH B TOUKY 6aMKaHIEero
PACIONOMKeHHs NOTeHIHaAbHbIX KpuBhiX Uy H Us. '

TemnepatypHoe TyIIEHHE JIOMHHECIEHUHH TMOJNYNPOBOIHHAKE, 06-
YCOBJEHHOH pexoMGHHanuell cBOGONHBIX HocHTesell 3apsia uepes Jo-
KaJIM30BAHHbIH [IEHTP, TaKkKe OYJeT ONHCHBATHCHA COOTHOIECHHEM (12.21).
HanpuMep, LEHTp CBeyeHHS DPacHONOXKeH Ha HEKOTOPOM DAacCTOSHHH
OT INOTOJIKA BaJeHTHO# 30mbl. (puc. [2.11, 6). Tako#t nenrp, morJomas
KBAHT CBeTa, MOXKeT BO3Gyxmartbes (eM. puc. 11.31, e). 3aTeM MOHH30-
BaHHBIA UEHTD 3aXBATLIBA€T JEKTPOH M3 BAJEHTHONH 3OHEL Tenepb
3JI€KTpPOr, COPBAHHBIA C NEHTPa BO3OYXJIAIOLUIHM CBETOM, HE MOXET
H3JyyaTeNbHBIM MyTEM BO3BPATHTHCS HA LEHTP, a BBIHYXKIEH HEKOTOPOE
BpeMs IuGQyHAUPOBATL B 30HE NPOBOJMMOCTH, MOK2 He IpPOPEKOMOHHHU-
pyer 6esbl3/1yuaTeNbHO C IBIPKOH BAJEHTHOH 30HHI. Hanpumep, 6e3nisay-
yaTenbHbIe MEPEXOAB! IPH YYACTHH Meld B TépPMaHHH HMEIOT TEPMUUECKYIO
sHepruio aktupanuyu E* = 0,14 3B.

B cayuae H3JIyuaTeqbHOH PEKOMGMHAIHU CBOCOJHEIX S/EKTPOHOB
H CBOGONHBLIX ABIPOK TEMIEPATypHOE TYIIEHHE JIOMHHECLEHIHH MOXHO

onucarb dopmyaoi

1
n=re (12:22)

rie Cu O — KOHCTAHTLI. E




42.
[image: image6.png]§ 5. CKOpOCTb IOBEPXHOCTHOH PEKOMOHHALHH

ToBepXHOCTHBIE YPOBHY SHEPTHH, TAK XK€ KaK H JIOKa/JbHbe yPOBHH
IPHMECHBIX ATOMOB B OObeMe, MOTYT YYacTBOBaTb B PeKOMGHMHALUH
M TeNJIOBOH reHepauyy 3JeKTPOHOB H JBIPOK H NO3TOMY MOTYT CHJIBHO
BAMATL HA MX BpeMEeHa XXH3HH. BinsHie NMOBEPXHOCTH HA KUHETHKY
3/IeKTPOHHBIX NPOUECCOB NPHHSTO XapaKTepH30BATL CKOPOCHLbIO NOGEPX-
HocmKol pexomOunayuu. K 3TOMY TIOHATHIO Mbl IDHXOJHM CIEAYIOWHM
o6pasom.

Ilycts R, €CTb CyMMapHEI TeMll peKOMOGHHALHH JIbPOK Ha NOBEpX-
HOCTH, T. €. PA3HOCTh TEMIIOB 3aXBaTa M 0GPATHOrO TENJIOBOro BHIOPOCA,
PACCUNTAHHBIX Ha eJMHHIY TOBEPXHOCTH H euHuiy BpemeHu. O6O3HA-
YHM, faJlee, uepes p, KOHIEHTPAUHIO BIPOK Y TIOBEPXHOCTH B CJI0€ 00beN-
Horo 3apsina (puc. 10.18). B paBHOBecHHM, KOT12 Ps = Pso» Rps =
Torjia, aHaJ0rMYHO TOMY Kak MBI IOCTYNIAJIH, PacCMATPHBast TeMN 00BeM-
Holt pexomOuHaunu (§ VIL.2), dopmanpHO MOXHO HAmMHCaTh

Rps = 5;7 (s — Pso) = 51'7 ops. (5.1)




[image: image7.png]AHaJoruyHo, 1151 CYMMapHOro TeMmia MOBEPXHOCTHOH pPEeKOMOMHALNH
3JIEKTPOHOB MOXKHO ITIOJIOXKHUTb

R, =55 (ns— fg) =S, Ons. 5.2

OTH COOTHOIIEHHS MHOIJA PACCMATPHBAIOT KAK MepBble UYJAEHBI pas-
NOXKeHHsT GYHKUHI R, U R,s MO CTemeHAM rnepemeHHBIX 8p; n Ong
cooTBeTCTBeHHO. OnHaKO (aKTHUeCKH Kaxabill M3 KO(PUIMEHTOB Sp
¥ S, MOXKET CaM 3aBHceTb OT 00enx mepemeHHnX 8p, u On;. :

OnHako BeIpaxeHust VIst R s B R, TPHHATO 3aNHCHIBATH HECKOJIBKO
uHaue. PaccMOTPHM HEKOTOPYIO MJIOCKOCTh x == 0, Jexamyio BOJH3H

rpaHHupl cJosi OOBEMHOrO 3apsija, HO

b L 3a ero mpeaenamMu (Tae 30HB! yxKe He HC-
! f KpuBJeHs), H obo3Hauyum uepes p (0) u
n (0) KOHUEHTPAUYH ALIPOK U 3JIEKTPO-
HOB B 3TOM ILtockocTH (puc. 10.18). Tlo-
JIOXKHM, YTO TOJUIHHA CJOA OOBEMHOTO
3apsifia (mopfiika JJIVHBI 3KDaHHpOBa-
Hug L,) meHbwe MIMH Aubdysvn fAbl-
pok u 3nekTpoHoB L, u L, Torna
HPUGNHKEHHO peKOMOHHALHEH BHYTPH
cjlost OOLEMHOTO 3apfia MOXKHO TIipe-
HeGpeub. D10 ycOBHE OOBLIYHO BHIMOJ-
HAETCH A TeXHHUECKH BaXKHBIX MO~
Puc. 10.18. K onpefiesiennio no-  JIyIpOBOJAHHKOB — T€PMAHHA H (me-
HATUSA CKOpOCTg NOBeP XHOCTHOH CKOJIBKO Xy)Ke) erMHHﬁ (XOTﬂ B lle'
pexoMOHRatas. rdX IOJYTIPOBOJHHKAX OHO MOXKET H

He umeth Mecta). [lycrb, dallee, Temn

|
1
1





[image: image8.png]MOBEPXHOCTHOH pPeKOMOMHANMH ABIPOK R,s HAMHOrO MeHbllie KaxJoro
H3 MOTOKOB — Au(xpysuM H jpeiida ALIPOK Y TOBEPXHOCTH. To ke
camoe OyleM mpeinojaratb CHOpaBelIHBBIM H IS 3JeKTPoHOB. IlpH
3THX YCJOBHAX MOXKHO CYHTaTh, 4TO TOKH AHDdY3HH M TOKH npeida
B c/ioe OOGBEMHOTO 3apsjaa NpUO/IM3HTEJBHO YPABHOBELIMBAIOT ApYT
JpYTa, T. €. YTO B AHIPOYHOM H 3JIEKTPOHHOM rasax umeeTcs Auddy3non-
Ho-jpeiiposoe pasuosecue (cp. § VII.3). B stom crydae mexy KOHUEHT-
pauusamu p; 4 p (0) cymecrByer OJHO3HAYyHadA CBSA3b, TaKas XKe, KAK
H B YCIOBHAX paBHoBecHfl. B 4acTHOCTH, AJIA HEBLIPOXKIEHHOTO IOJY-
NPOBQAHHKA MBI UMeEM

pszp(()) e ys' ns=n(0) eys. (53)
Torpa Bmecto (5.1) u (5.2) MOXHO HaIHCATh
Rps =$5p [p (O) - Po] =S$p ép (0), Rps=8n [n (0) - ”o] =8, 6n (O), (54)

Tie po Y 1y — PABHOBECHBIE KOHUEHTpauuu B oGbeMe MOJYNPOBOAHHKA.
KosdpruuenTs! s, ¥ S; UMEIOT Pa3MEPHOCTb CKOPOCTH H OOBIYHO BLIpA:
*awTcst B cM/c. OHM TOMYYHTH HA3BaHHME CKOPOCTH MOBEDXHOCTHOM
peKOMOMHAIHH AJI51 JBIPOK H, COOTBETCTBEHHO, JJIst 3/EKTPOHOB. BesH-



 [image: image9.png]YIHbI S5 .U S, B OOUIeM CJyuae HE PaBHBI Apyr ApYyry. Kpome toro, oH#
MOTYT CaMu 3aBHceTb OT 8p u 6n. Takum o6pasoM, Mp¥ BLINOJHEHHH
YKa3aHHBIX IBYX YCICBUH Mbl MOXXEM IIOJ «NOBEPXHOCTBIO» TMOJYIIPO-
BOJIHHKA MOHHMMATh COOCTBEHHO €ro MOBEPXHOCTb H NpUJerawuui K Hei
cnofl 06BpeMHOTO 3apsja.

Eca# nosiynpoBoJHHK HAXOAMTCH B CTAIMOHADHOM (HO HEPABHOBCCHOM) COCTO-
SIHHK ¥ HapylleHHe DaBHOBECHS Masio, TO MOXKHO BBECTH HEXOTOPYIO €NHHYIO CKO-
POCTb NOBEPXHOCTHOH PeKOMOGHHAUMH S, He 3aBHCAWYI0 or Op u On. HelicTBuTeabuo,
B CTAaNHOHAPHOM COCTOSIHHHM Mbl HMeeM

Rps=Rps=R;=5,8p (0)=s, 6n (0). (5.5)

C apyrofl cTOpOHE!, paccMarpHBas peKoMOMHAaLio B o0beme, mbl pumen (§ 1X.6),
YTO TEMN 00BeMHOH peKoMOuHauuK R ~ (pn — pong). B § 8 mbl yBuaum, yro anano-
THYHBIA pe3y/brar CIpaBelTHB H 1 PeKOMOHHAIMU yepe3 IOBePXHOCTHLIE YPOBHH,
a nmeHHo R ~ (n (0) p (0) — nypy) (cp. dopmyay (8.4), s. koropo#t npu L, < L
MOIKHO 33aMEHHTb B YHCJMTENE neps Ha n (0) p (0)). [losromy MoxHO HanHcarh

. (0) p (0)— nypy
Ry=s o+ Po

/e $ eCTb HEKOTODHIH Kos(ubuuuent, MMEIOUIMH Pa3MEPHOCTb CKOPOCTH NOBEpXHOCT-
Holt pexoMOunauun. Iloiaras 3pece n Q)= ny+ 0n(0), p(0)=p,+ 8p (0) u
JHHeapH3yfl 3T0 BBIpAKEHHE, HMeeM

’ (5.6)

ny Po
— O 0 — P08 (0). 7
R; S p (0)+s lpoGn() (6.7
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B nonynpopogHnke n-THNA, KOTAA BHINOMHSIOTCA YCAOBHSA flg 3> Po, Sty > SpPos
Mbl UMeeM S == 5,. Tlpn 570M BTOpHIM cltaraeMbiM B Gopmy.ie (5.7) OCBIYHO MOKHO Ape-
HeGpeub. HanpoTHs, B NOJYNPOBORHHKE p-THIA H NPH YCJAOBUAX Py S Ny, SpDp >
>> Sufty MOJYYBETCH § == S, H, KDPOMe TOTO, Nepsoe ciaaraeMoe B dopmyse (5.7) Mand
N0 cpaBHEeHHIO c0 BTopuiM, CrenoBatesibHo, B OGOHX C/yuasix § COBMAJAET CO CKO-
POCTLIO MOBEPXHOCTHONR PEKOMOHHAUMH HEOCHOBHBIX HOCHTe]el. JTOT peayabrar
HMeeT fIPCCTOd (H3MuecKHiA cMbicsl. PexoMCHHAUHS 4Yepe3 NOBEPXHOCTHEE YDPOBHH,
TaK ¥e Kak U Yepe3 o0LeMHbiE YPOBHH, eCTb LBYXCTYIEHYATHI NPOIECC, COCTOSIMM
H3 3aXBaTa AbLIPKH M 34XBaTa SMEKTPOHA. «Y3KHM» MeCTOM Npouecca spjifercs 3a-
XBaT HEOCHOBHHIX HOCHMTeJIeH, KOHUEHTPAlHs KOTOPHIX IPH MaJoM YPOBHE BO3GYkKne-
HHSl OCT2ETCS OUEHb MaJol N0 CPAaBHEHHIO ¢ KOHUEHTpalHel OCHOBHBIX HOCHTeJeH, U
NOSTOMY TEMINl PeKOMCHHALHH ONpeNe/sieTcsl TEMNOM 3aXBara HEOCHOBHBIX HOCHTE.el.

ITonoxnm Teneps, YTo MO, BAUSHHEM KAKUX-JTHG0 BHEIIHHX BO3AEHCT-
BHil, HaNpUMep IPH OCBELEHHH IO YNPOBOAHHKE CHIIbHO TIOTIOUIAEMbIM
CBETOM, NPOMCXOAUT TOBEPXHOCTHAS TeHepanya 3JeKTPOHHO-LEIPOY-
Heix  map. IIpH 3TOM, roBops O «IOBEPXHOCTHOH  reHepanuu»,
Mbl ¥iMeeM B BHJY, 4YTO TeHepalHs NPOHCXOAHT B TOHKOM CJjloe BOIH3H
[OBEPXHOCTH, TOJMIHMHA KoTtoporo & <C L, (puc. 10.18). IlycTs Temn
HOBEPXHOCTHOH IeHepalHy ecTb g;. JIIs ciydasi ONTHYECKOH reHepanuy

GN—;—, gs=]V,



 [image: image11.png]rae y — Ko3(ppHuueHT NOTJOWEHHs CBeTa, { — OCBEUIEHHOCTb, a v —
KBAaHTOBBHIH BhIXON BHYTpeHHero ¢otoaddexta (§ VII.4). Ecnn Bee
(OTOHBI YCTIEBAIOT NOIVIOTUTBCA B €/10€ OGBEMHOro 3apaja (KOTOPbiH
MBI BKJJIOY2eM B TIOHSITHE «TIOBEPXHOCTB»), TO g5 HE 3aBMCHT OT y. Toraa
yciosue Gananca Ui HEPABHOBECHBIX HOCHTeNieH 3apsja, HanpuMep
ISt IBIpOK, Y TOBEPXHOCTH Jaet

g =1, (0) 45,80 (0), (5.9)

rae j, (0) — IIOTHOCTb JBIPOYHOTO TOKA y TOBEPXHOCTH. AHanoruyHoe
COOTHOILEHME CNPaBeyINBO LJI HepaBHOBECHHIX 3JeKTPOHOB. IlIpu sToM
NOTOK YACTHUL CUHTAETCS TIONOXKHTENbHBIM, €C/TH OH HANIPaBJIEH OT IOBEP X-
HOCTH BrayGb nosynpoBoasuka. Eciu g 5= 0, 10 j, (0) > 0 u, cienosa-
TeJIbHO, BO3HUKAET IIOTOK YacTUL OT moBepxHocTH. IIpu g, = 0 Mbt HMeeM
j» (0) << 0. B 3TOM cityyae mosiBjisieTcst OTOK, HANPaBJIEHHBbI K MOBEPX-
HOCTH, PaBHBI TEMITy MCUE3HOBEHMS YACTHIL BC/IEJCTBHE PeKOMOHHALIKH.

B § VII.8 mul Buenu, uto coBmectHble Audipysus u npeiid HepasHo-
BECHBIX JBIPOK U 3JI€KTPOHOB OMPEJE/AIOTC HEOCHOBHBIMH HOCHTEJISIMH
3apsina. Ilosromy coortHouieHHe (5.9), HanmkcaHHoOe JJsi HEOCHOBHBIX
HocHTeel 3apaja, onpejiesieT rpaHHUHbIE YCJIOBHSA 331244 O BBIYUCIEHUH
pacrpesie/IeHHst HEPABHOBECHBIX JABIPOK H 3JEKTPOHOB B MOJYIIPOBOA-
HHKaX KOHEYHBIX Pa3sMepoB.

[oBepxHocTHAs peKOMOHHANMUS TPOABJSETCS, XOT M B pasHoH
CTeNnEeHH, BO BCEX HEPABHOBECHBIX 3JEKTPOHHBIX HponeccaX. Hixe
PacCMOTPEHEl HEKOTOPHIE TIPHMEPHL.
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Ws6biTouHpie 3MeKTPOHBl An H AbIpk# Ap, CO3haHHBIE ONTHYECKOH
reHepaunei, MOryT MMeTb SHePTHU, 3HAYHTETbHO GOMbIUNE, YeM CpelHss
SHeprusi PaBHOBECHBIX HocuTenel 3apsifa. OAHAKO B PeaysbTaTe B3aHMO-
JeicTBHA ¢ HOHOHAMH M Ae(PeKTaMH KPUCTAIIHYECKOH DeLIeTKH SHEeprus
HEPABHOBECHBIX HOCHTENeH 3apsiia 3a Bpems okoso 107°—10722 ¢ npu-
ofpeTaeT Takoe pacnpejefneHHe NO SHEPTHAM H KBA3HHUMIYJhcCaM, Kak
y PaBHOBECHBIX HOcHTeseii. [To3TOMY MOABHKHOCTb HEPABHOBECHBIX HO-
cuTeneli 3apsna He GyleT OTJHYATHCS OT- NOABUIKHOCTH DaBHOBECHBIX
HOCHTeJeH, C.ne}xosa're.r[bﬂo, noJiHag MpoBOAMMOCTbL  IONYIIPOBOAHHKAE
onpeieNsieTcs PaBHOBECHBIMH HOCHTeNSIMEH 3apAja fy, Ps H (OTOHOCH-
TenamMr An, Ap w pasna:

) o= e[(ny + An) pn + (po + Ap) 1) (13.5)

Tak Kak TeMHOBasi NPOBOAMMOCTh Oy = Oy == € (Aoln + Polbo), TO
(OTONPOBOAMMOCTL MOJNYNPOBOANNHKA, OOGYC/JOBJEHHAR HENOCPEACTBEH-
HbIM JIeHCTBHEM H3JyYeHHH, eCTh

Oy =0 — o= e(Anp, + Appy). (13.6)

EcrecTBeHHO, YTO KOHLEHTPaLU} H3OBLITOYHBIX HoCHTeed 3apsana An
W Ap 3aBUCAT OT MHTEHCHBHOCTH M JVIHHBEI BONHH cBeTa. [1ycTs Ha ciol
BelleCTBA TOJUWMHON dx, uMelollero KoaQdHLUHEHT NOTNOIIEHHs «,
najaer cBeT MHTEHCHBHOCTH /. TOrza KOJMHYECTBO CBETOBOH 3SHEPruu
noryouiaemol B eMHUIY BPeMEHH B efHHHUE 0ObeMa 3TOro BellecTsa’

al
L ——
= al. (13.7)
CnenoBarenbio, NpH NOIVIOWEHHH KBAHTOB CBETa SHEPTHM Av B eau-
HHlle oObeMa MOJNYyNPOBOAHMKA B €IMHHIY BPEMEHH A 06JacTH cob-
CTBEHHOrO MNOIVIOUIEHHsI OOpasyloTcsl H3GLITOYHbIE enempox-m # ABPKH

B KoJHyecTBe
= Pal/hv, (13.8)

3necs KoadxpunHent nponopuuﬂanbuocm B,
KOTODhiHl OGWYHO HA3bBAOT KBAaHTO -
BEHIM BHXOAOM (GOTOHOHH3A-
Il ¥ H, OnpejenseT YHCIO TNap HOCHTeJeH
3apajga (WJIH YHCIO HOCHTeJNell 3apsifa NpH
NpUMecHO#l (OTONPOBOXMMOCTH), o6Gpasye-
MBIX OJHHM IOIVIOIEHHAIM (OTOHOM, eCJ]H Puc. 13.5. Mweue“"'esos
HHTE€HCHBHOCTb CBETa H3MEPSTh YHC/IOM KBaH- Me;;( KoRuERTpaLHH Hoc"';:_
TOB B CEKYHAY Ha €AMHHIY MOBEPXHOCTH.  1epjsapana, BOSGYKIeHHkx
OnHako cpasy rMocje HauaJa OCBelle-  cBeToM





[image: image13.jpg]HHSI QOTONPOBOJHMOCTD TOJYINPOBOJAHHKA

He JOCTHraeT MAaKCHMaJbHOrO 3HayeHHs, HO0 N0 Mepe YBeNHYEHHst
KOHIEHTPallHH HEPaBHOBECHBIX HOCHTeJeH 3apsija HapacTaeT Ipolecc
pekoM6HHaLHH. [IOCKOMBKY CKOpOCTb TreHepalHH HEepaBHOBECHBIX HO-
CHTeJIeil OCTaeTCs! MOCTOSHHOH NPH HEH3MEHHON HHTEHCHBHOCTH CBETa,
TO yepe3 KAaKOH-TO IPOMEKYTOK BPEMEHH HHTEHCHBHOCTb DPEKOMOHHAIHH
JIOCTHTHET HHTEHCHBHOCTH TeHepPalHH, H yCTaHOBUTCS CTalHOHAapHoe
COCTOSIHHE, XapaKTepH3YIOleecs! NOCTOSHHBIM 3HAYEHHEM KOHLEHTPalHH
¢oToHocHTesel 3apsifa Ang, W Ape, (puc. 13.5).

CrannoHapHhle KOHUEHTPAIHH H3OBITOYHEIX HOCHTEJIEH 3apsaia MOXKHO
ONpEJIe/INTh, €C/H BOCNOJB30BaThCsl YPABHEHHEM HENMPEPLIBHOCTH, B KO-
TOPOM TeHEpALHOHHBIH YieH 3anucaH B Buze (13.8) B mpeanonoxenuy
ofiHOpPOAHOM reHepanuH. Ilostomy

Angy = Gyvp = Bl Tpihv; (13.9)
Aper = Gyt =Paltp/hv, (13.10)

a crainHoHapHas (OTONPOBOAHMOCTb PaBHa:

> 1
O, cr = B0t (aTn -+ HpTp) 55 - (13.11)

OrHoeHye (OTONPOBOAHMOCTH Gy K HHTEHCHBHOCTH cBeta [ ofpe-
jefisieT yAe€JAbHYI ¢GOTOYYBCTBHTENAbHOCTDH TOJy-
NPOBOAHHKA

Sp=0g/l. . (13.12)

Ecan oaun H3 4JeHOB B CKOGKax coorHoweHus (13.11). 3HaunTe/IbHO
GosiblIe APYTOro (3a CYeT Pa3HULbI B 3HAUEHHAX MNOABHMKHOCTH HIH
BPEMEHH KU3HH 3JIEKTPOHOB H ABIPOK), TO (OTONPOBOAUMOCTb OTfpefie-

IAeTCsl HOCHTEJISIMU 3apsifia OJHOTO 3HAKa H ee Ha3blBAlOT MOH O MO -
nApHOIH. B arom cayuae

/
Op, v = efotp—. . (13.13)

BuipaxeHyue [Jisi CTAalHOHAPHOTO 3HAYeHHs IJOTHOCTH (OTOTOKA
GyJeT HMeTb BHJ: ;

T 5= 0p,0x8 = B (1T + %) S - (13.14)
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Pyc. 13.6. 3aBHCHMOCTL KBAHTOBOTO BBIX0Ja (UHC/IO BO3GYXKAEHHBIX SJIEKTPOHOB Ha ONHH
10TVIOMEH b (OoTOH) oT suepruH orToHa B repmanuu I' = 300 K (a) u xpemuuit (6):
! — 100 K; 2 — 300 K; 3 — 400 K

Ho w,& =v,, a u,& =vp, Hu ecau uyepes ! 0603HAUHTH pasmep
MOJyNPOBOJHUKA B HaNpaBJIeHHH NOJsI, TOjBpems apeiipa ¢, = l/v,
u tp = /vy, C yuerom storo (13.14) samumercst Kak

1l .
. o= (- j:) e (13.15)

Ecau BeqnuuHpl, BXoisuue B (13.15), u3BecTHHI, To, H3Mepsas Jg,
MOXKHO ONpeleJuTh KBaHTOBb BmXO# PB..Ha puc. 13.6, a npusenena
CrIeKTpaJibHasA XapaKTePHCTHKA KBAHTOBOTO BbIXOAA HJISl FepMaHHA H
kpemuusi. Buano, uro npu 300 K Bnsiote 1o 2,7 3B aasi repmaHus
BIUIOTh 0 3 3B y kpemunst p = 1. Ilpu jpanbHeliieM pocTe SHEPTHH
(POTOHA KBAHTOBBIH BBIXOJ PE3KO YBEJHYHBAETCHA. ITO MNPOHCXOAHT
OTOMY, YTO MOIJIOLIeHHe (POTOHA CTO/b GONMBLIOK 3HEPTHH COMNPOBOX-
laeTcsi BOSHHKHOBEHHEM <«TODSIYHX» HOCHTeJel 3apsana, o6/ajaiouux
SHEpTHeH, J0CTaTOYyHOH JJs 06pasoBaHHs BTOPHYHBIX 3JIEKTPOHHO-
NBIPOYHBIX Map nyTeM yJapHOH HOHM3aLuH. IIoCKONBKY LIKDHHA 3ampe-
INEHHOH 30HBl KDEMHHSl YMEHbILIAeTcsi NPH NOBLILEHHH TeMIepaTyphl,
TO rpaHHLia POCTa KBAaHTOBOTO BBIXOJA, KaK ciaenyer u3.puc. 13.6, 6,
CMellaeTcsi B CTOPOHY MEHBINHX 3HEPTHI.




[image: image15.jpg]Io, . : Puc. 13.8. 3aBHCHMOCTS CTaUHOHAPHOrO hO-
MKA 7 TOTOKA OT MHTEHCHBHOCTH OIBENCHHS AR
4001120 CEPHHCTOrO BHCMYTa:

1 — caaGoe OCBelleHHE; 3 — CHALHOE
300 00

80
200} 60
40

100
20

1 1 L
0 20 40 60 80I,nx Puc. 13.9. Kpusne penakcauun ¢otonpo-
1 1

L L BOJMMOCTH NpH OTCYTCTBHH (/)] H HaAHUIHH
400 800 1200 1600  (2) nentpos 3axsara

Takum 06pazoM, (OTONPOBOAHMOCTL 3aBHCHT OT HHTEHCHBHOCTH
cBera. IIpH JMHefiHOM 3aKOHe PeKOMGMHAUHMH CTalHoHapHas ¢doTonpo-
BOAMMOCTb coryiacHo (13.19) mpomopuHOHanbHa MHTEHCHBHOCTH CBeTa,
T. €.

oy ~ l/hvn Jo ~ Ihv. - (13.23)
Ipu KBanpaTHYHOH peKOMGHHéunn u3 (13.22) cnenyer, ‘gto -
do~ Vo nis~V L  (1324)
B ofimem cayyae MOXHO cqma'rb,.q‘ro
0¢~—£\b7. (13.25)

IIpu b =1 ¢orope3ucTuBHbI# 3pdeKT Ha3bIBAIOT JHHEHAHBIM, NPH
b <1 — cy6auneitneiM. ClIe0BAaTeNbHO, 3a8UCUMOCMb CMAYUOHAPHOZ0
(pomomoKka noaynposOOHUKA OM UHMEHCUBHOCMU céema OOANCHA Umemb
0éa ywacmka; npu caaboi oceeweHHocmu — Aurelnoul, a npu 60abuwiol
oceewgernocmuy — cybaunedinowi (puc. 13.8).
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[image: image18.png]§4.1. Onipenenente NapameTpos NOAYNPOBOANNKOD
NIyTeM HaMEPENHS CTAUHONAPHOR (OTORPOBORMMOCTH

Craunonapnas GoToNpOBORNMOCTS. HI3MeHEHHE SAEKTPHIECKOrO CO-
NPOTHBACHHA WM TIPOBORMMOCTH NOAYNPOBOANHKE, O0YC/OBEHHOE
JEHICTBHEM ONTHUCCKOTO H3NYWEHHS W HE CBASAHHOE ¢ €10 HATpeBaii-
M, HASWIBAIOT OTOPESUCTUENEM IPipeRToN. JLANNIOBONOBAR TpaH-
L' COBCTBENNOTO (BOTOPEIHCTHEHOTO (PheKTA, CBIANIOND ¢ MEK3OH-
HBIMH 1IEPEXORAMH 31EKTPOHOB, COBNANALT ¢ KDAEM COGCTBHHOTO NO-
FAOULHHA 1 A1 MHOTHX NOAYNPOBOHHKOB, TAKKX, KAK KDEMHIR, rep-
Maniil, coenunenns THna A'BY, waXonuTe B Mudpakpackoi u simNOf
o6actax cnexrpa

TIpH WaZuuHK HSOWTOUNOR KOKUCHTPALNH SAEKTPONOB AN 1 AMPOK
AP A€IbaR NPOBOLHMOCTE NOAYNPOBOAKHKA

(k)

TA€ ni=rig-+An, p=po+Ap — NEPABHOBECHNE KOHIEHTPAILHH HOCHTE-
el aapana. POTONPOBOOUNOCTL Ac ONPEETSIOT KAK PAINOCT MEHIY
SHANNMAMH YACALHON IPOBOANNOCTH TIDH OCBELIEHHH I B TEMHOTE:

e(Anpyt-Bpw,).

TTORBIKHOCTH HEPABHOBECKEIX HOCHTEnEH SaPALa CHNTAIOTCH PABIHMII
NOABHKHOCTAM PABHOBECHBX HOCHTeNEH 3apsna.

Ag=a—g
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[image: image20.png]METoAKKA u3Mepenms cTaumonapuol  Qoronposoammocrw. Yacro
ANR WIMEPEHIR CTAUMOKAPHOR (OTONPOBOLHMOCTH H NAapaMeTpos, ee
X8pAKTEPHIYIOUINX, HCTIOABIYETCH YCTAHOBKA, CXEMa KOTOPOR  mpen-
cTannena wa puc. 4.5. Ona w3 MOBEPXHOCTER NOAYNPOBOANNKOBOTO
06pa3La, NMEIOWETo GOpMY NPANOYTOMLHOR NAGCTHNH, OCHEMLZETCH
MOy HPOBAHNEIM CBETOM. CBETOBOM NOTOK NPOXOAT Yepes onTwue-
€ky0 cuctemy OC, MONOXPOMATOp MX W NpEPWBACTCH MOZYARTOpOM
M. Do1oToK, H3MensIOUHACA ¢ SACTOTOR MOAYARWNI CBETa, COSnAET
HanpsKEHHe Ha PEINCTOPE R., BKAIOYEHHOM NOCAENOBATENLHO C 06Pas-
LOM. 370 HANPAKEHHE YCHIHBACTCA yCHANTEAEM Y W H3MepHeTCR
31EKTPOIHBIM BOIETMETPOM NEpeMeHHOro ToKa V.
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Tlo SKCNEPHMEHTANLHLIM JLAKHLIM CNEKTPAALHON 3aBHCHMOCTH (o~
TONPOBORHMOCTH HECTOKHO WARTH OTHOWICHHE PASHOCTH (OTONPOBO-
aumoctn AG(a)—AG (o) B HTepaase, riie GOTONPOBOANMOCTS YMeHb-
IACTCH TP YORTUNENIN. G, K €€ TPEAEALHOMY 3uauEuiio AG ()  no-
erpoury rpadnk — TR Gy xospguunenTa noraoue
s (puc. 4.3). Coraacuo (4.15) u (4.16),

4G (e0) 4P () 0,

G- a0 ~ w@—ar —w, (el 1)

C.1eA0BATEIbHO, Ha FOPHSOHTAARHOA OCH 5Ta NPAMAR OTCEKAET OT-
Pesok a=—L,, a a BeTHKaAbKOR OcH— 01pe3ok D/ (sLy). Taxitn
06pa30M, 110 CTIEKTPAALHOMY PACTPEAEAEHHIO GOTONPOBOHMOCTH MOXK-
Ho onpesieaNTs AMYYSHOKHYIO ATHHY H CKOPOCTL NOBEPXHOCTHOR pe-
KoMGHHALMH, €CH KOSQOUIHERT AMDPYIUH HEOCHOBKHX HoCHTEAeR
Sapana wspecren. Hyxio OTMETHTL, uTo B BHpaxenne (4.17) ne Bxo-
LT CKOPOCTE CHEPAILHH HEPABHOBECHX HOCHTEAE IPaAA, a IOTOMY
DOTONPOBOAKMOCTE BHPaXEIT B OTHOCKTEAbHHX exnHHLAX. KosddH-
WHEHT NOTAOUIEHNS MOKET GuTh HSMEpEH N0 TPOTYCKAHNIO TOHKHX
oGpasuos (cu. § 6.2)

Ocuonise yeaosus npumenuwoct (4.18) sakaouaiorcs, so-nep-
BHX, B HATHNHA NPANOAMHERHOND yuacTKa Ha rpaduwe AG (a), ceune-





[image: image22.png]Puc. 4.3. umwewocn, orio-
wenn  AG(e0)1AG (@)~
—AG(e)] or xospdunenta

norsomers
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AG (o), W, BO-BTOPHX, 0 MO 3aBHCHMOCTH KosbdmurienTa oTpaNe-
HHA OT XapaKTepa 0GPAGOTKH NIOBEPXHOCTH H AIHHB BOTHH B HCTIOTb-
3yeofi 06naCTH CrieKTpa. 3aBHCHMOCTS KosdpHLNENTa OTpaXeHHs OT
crioco6a Tpanenns 06PaINA OCIOKHAT NPAKTHIECKOE HCTOTbIOBaKHE
werosa.

BOCTOML30BABIINCH TPAQHKON CTEKTPATLHON 3ABHCHMOCTH (OTO-
TIPOBOTHMOCTH, HECAOXHO HaliTH OTHOILIEHHE (POTONpOROMIMOCTeR 06~
PASUA KA ABYX AIMHAX BOAH, JUTS KOTOPHX BHMOAHSETCH YCOBHE N0~
BepxHOCTHO renepaun HocTenel 3apasa. Ha Toro oTnouwein ¢
yuetom (3.16) noayunm

40 0y)
LT )
2, “™™ " "hday sap

G0 " a0a)

. €. A1n pacuera s focTaTouno snath Dy

HaMepHn crexTpanbiylo 3aBicHMOCTS (OTONPOBOAMMOCTH Ha Of-
HOM 1t TOM e 0Gpasiie NpH ABYX PA3MUHBIX IHANCHHAX CKOPOCTH NO-
BEPRHOCTHOR PEKOMNALIN 5 } 5y, 1S TPadukon AG (a) onpeneane

/81, Dofsa, b, ha. c L18) yF = e =

Do/, Dafss, h ha. Coraacro (418), L= M=l . Korna
o6pasei TonxmA w<2L, n cth w/ (2L,) ~2L,/w, 10

o m—ty w
1
msi/Dp—hsalDy

CaCAYET OTMETHTD, NTO WAOMKENHE AHCe MCTOAM OnpCACACHIS
N1apaMETPOB NOYNPOROAKNKOB C TIOMOLLKIO CTIEKTPANbX XapaKTepH-
CTHK (OTONPOBOAHMOCTH TOAYYEHb HA OCHOBE AHANMIA (OTONPOBOAH-
MOCTH TIPH BLITIOAHEHHH YCIOBHS S1EKTPOHEATPAILHOCTH KaX B O6BEME,
TAK 1 WA NOBEPXHOCTH 0Opasua. [Ipyrii CoBaMH, IpH anaause npex-
TIOATaI0Ck, 4TO OGAIATENBHO CYWECTRYIOUs NOANIN NIOBEPXHOCTH 0O~
Pasua 06CTL, NPOCTPANCTACHNOTO 3APAAA HE OKASHBACT CYLLECTACH-
HOTO WINANIA Ha PEKOMGHHALMIO HOCHTEAE 3apAna i (OTONPOBOAH-
MOCTL, @ COCTORHHE TIOBEPXHOCTH MOJKHO XAPAKTEPHIOBATE CKOPOCTBIO
TIOBEPXHOCTHON PeKOMOHHAMY. BRenenHe CKOPOCTH —TNOBEPXHOCTHOM
PEKOMGHNAWIN NPEATONATAET HATHWME KNAINPABHOBECHA MENAY HO-
CHTE/AMM 3aDANA Ha TIOBEPXHOCTH M B O6BeMe NoaynposoaHika, s
@HANH3A CIELYET, YTO CYMIECTBOBAHWE NPHIOBEPXHOCTHBLIX H3IrHGOE
SHEDIETHUECKIIX 30K, SHAUHTENBHO NPEBHILAIOWLIX CPEANION TENIOBYIO
SHEPrHIO NoCHTeell 3apANa, HADYIACT TaKOe paBHOBECHE YK pH
HHKHX HHTEHCHBHOCTAX NPONECCOB PEKOMOMHALNMN Ha [OBEPXHOCTI.
D70 MPHBOLNT K KAUCCTBEIHM HMCHENNAN XaPAKTEPHCTHK (BOTONPO-
BORHMOCTH.





