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§ 1. COOTHOUIEHNE BAH PYCBPEKA — IIOKJHN [1]

B paBHOBecMM CKOPOCTH ONTHYECKOH IeHepaluy 3JEKTPOIHO-ABI-
POUHBIX IIap PaBHA CKOPOCTH HX MBIYJaTeNbHOU peKOMOMHAIUM —
TaKoBa Impocras (OpMyIMpOBKA CcOOTHOIeHHs BaH PycOpexa —

Ioxn.
Eciam pus pasinyueix 9acToT (OTONOB Vv COCTABUTH ETATBHBIH

famanc sTHX IIpo1IeccoB, TO MOKHO HamucaTh, 9TO CKOPOCTb M3JIyde-
HUA Ha 9acToTe Vv, Jnexaneil B nHTEepBaJie d'V., paBBa

R(v)dv=P(v)p(v)dv, (6.2)

rpe P (v) — BeposATHOCTD moruomenus oTona ¢ suepruei Av B eguHu-
1y Bpemeny, a o (v) dv — mI0THOCTH OTOHOB ¢ YACTOTOH v B MHTED-
Base dv. IlociiefHIo0 BeJIMYNHY MOKHO TIONYYUTH M3 3aKOHA M3JIyde-
nus Ilnanka (mpegmosarast G MPOCTOTH, 9T0 KOB3POUIMEHT MpeloM-
JeHUsT N He BAaBHCHUT OT Vv):

8nvznd 1 .
P dv=—— e =1 ¥ (6.3)

BeposiTHOCTh mOrJIOmMEHMA CBsS3aHA CO CPEJHMM BpEMelleM JKU3HI
T (v) doToHa B MOIYNpPOBOJHMKE:

P(v)= —

T(v)

Cpennee BpeMs »KHM3HM MOMKHO paccYuTaTh M3 CpPEHEro CBOGOJ-
Horo mpobera 1/a (v) mia ¢orona, ABMIKYIIEroCsH CO CKOPOCTHIO v =
= ¢/n (onATh-TaKM IpeamoJiaras Ko3QUUMEHT MpPeJoMIenys MOCTO-

STHHBIM):
1

T(Vv):= T
CuenoBaTenapbHo,
P(V)=a)v=a)—. (6.4)
Iopcrasasas (6.3) m (6.4) B (6.2) momygaem
P(v)dv = —p a8t (6.5)

c2 [exp (hv/kT)—1]

PagenctBo (6.5) mpencrasisier co6oit gyHgaMeHTaNIbIIOe COOTHONUIEHHO®
MeKIy HaGJI0aeMbIM CIIEKTPOM IOTJIOMIEHUS W OKU/(AEMBIM CIIEKTPOM
maaysenns. Ckopocts usnydenus (6.5) Mosker GLITH BBHIpaskeHa gepes
Koappumuent srcturumm K (v). Hamommmm, uro, cormacmo (4.7),
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o(v) = AmEC) (6.6)
St 32n2k (v) n2v3

RO dv = e =1

dv. (6.7)
O6mee ancio R aKTOB peKOMOMHALMM B eJUHHUIE 00beMa 32 CEKYHIY
IOJydaeTcsA OyTeM WMHTErPUPOBAHMSA [0 BCeM TacTOTaM (OTOHOB.
Has sToro yao6Ho crenats 3ameny nepeMeHHolt u = hv/kT. 3ameTum,

910, coriaacHo (6.6),
h

c
U= (V) ey W

O3TOMY

8nn2 (kT)3 T o (v) u2
c2h3 eu—1

R= du. (6.8)

0

OTMeruM, 9TO CKOpOCTh M3iIydeHus (6.5) MokeT OHITH BEIpaykeHa
gepes U CJIELYIOmUM oﬁpaaoM:

(ﬁ) nio (v)

R(v)dv = -

du.

QopMya cOCTONT U3 ABYX COMHOKHTENEl, n? 1 a (v), XapaKkTepusyo-
MMX AANHGIA DOTYIPOBOAHMK, ¥ MIOJKUTENsS, He BaBHCALIETO OT XU-
MHYECKOIO COCTaBa BeNIECTBA

Sn(kT 3 2
) eu—1 °

Ecun ;e ncnonbaosats k BMecto o [2], To MHOMHATeNEM, He 3aBHCAIMM
OT NPHUPOAB BEmecTBa, Oymer

v =22 (%)"eu“_ —1,785.1022 (m)k—eér

CrnenosaTenbHO, B NMPUHIMIE BO3MOJKNO IS IOJYIPOBOJHUKA C W3-
BECTHBIM KO3(QUIIMEeHTOM IIPeJOMJIeHUs 7 TPAHCYOPMUPOBATH CIIEKTP
DOTJIOMEHUA B OKMAEMBIl CIEKTp MH3JIyJeHHs (CM., Hampumep,
$ur. 6.1).

Pasencrtsa (6.5) u (6.8) ycranaBimBaoT QyHIaMEHTAIbHYIO CBA3D
MEKIy CKOPOCTHIO peKoMOMHAIMM ¥ KOdPPHIMEHTOM HOTIOMEHMS.
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® mr. 6.1. Bapucumoctn k = ca/4nv, U’ u P (v) p (v) or suepranm Aias

maunsa mpu 300 K [2].

rep-
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Tlpouecce pekomOrHauMH yno0HO pas3iaenuTh Ha aBa Kjiacca: 1) nps-
MYI0 DEeKOMOMHALHIO 30Ha — 30Ha M 2) peKOMOHMHALMIO C ydacTHeM
npumeceil ¥ gedexToB. B nepBoM ciyyae cBOOOAHBIH 3JIEKTPOH H3 30HBI
NIPOBOJHMOCTH PEKOMOHHHPYET €O CBOOOXHOH JbIPKOH B BaJIeHTHOH
30He B OJIHOM 3JIeMEHTapHOM aKTe. B mpoiueccax BTOpOro kjacca CBo-
GozHble 3JeKTPOHBI PEKOMOHHHPYIOT €O CBSI3aHHBIMH AbIPKAMH Ha TpH-
MecAX WIH Ae(eKTax, a CBOGOAHbIE JbIPKH — CO CBSI3aHHBIMH 3JI€KTpPO-
HaMHM. Mbl OCTaHOBHMMCSl CHAayaja Ha NPSAMOH pPeKOMOMHALMH 30HA —
30H4.

Ilpu mepexose 3/7eKTPOHA M3 30HBI IIPOBOAMMOCTH B BaNeHTHYIO
30HY BCETj@ JNO/KHBI BHIIOJHATLCS 32KOHBl COXPAHEHHS 3HEPruH
i KBasuuMnyabca. [Tostomy ecn E' u k' — 3Heprusi 1 XBa3HBOJHOBOH
BEKTOP 3/eKTPOHA B HAYaJbHOM COCTOSHHH B 30HE IPOBOAHMMOCTH,
a E u k— BX 3HaueHHS B KOHEYHOM COCTOSSHHH B BaJIeHTHOH 3olHe,
TO JOJKHBI BBHIOJHATBHCS COOTHOLIEHHS

E'(k')=E (k)+AE, (.1
7K' =nk -+ Ap. (1.2

3nece AE u Ap — s3Heprusi, ocBoGoxkIaeMas B 3JEMEHTAPHOM aKTe
peKOM6HHauHH M, COOTBETCTBEHHO, H3MEHEHHe KBasHHMIyAbCa 3J1€K-
TpoHa npu nepexoze. ITocKoNbKY KBa3HHMIYJIbChl B HAYAJIbHOM H KOHeY-
HOM COCTOAHHAX CHCTEMBbI NOJIKHDBI JIeXKAaTh B IIpelienax nepsoﬁ 30HbIL
Bpunmosna (§ 111.3), npaBas yacth ypaBHenus (1.2) MoKeT cozepRaTh
ewe cjaraeMoe b, XoTopoe Mbl He BbimHChiBaeM. IIpsimas pekomGuHa-
UHs 3JMEKTPOHA H JBIPKH BO3MOXKHA TOJBKO B TeX CJyuasx, KOrAa
OT 3NeKTPOHA MOXKeT ObIThb OTBejeHa OCBOGOXKHAlomAACH 3Heprusi AE
1 0BecreueHo u3MeHeHne KBasHHUMITyJbca Ap, onpelensieMble 3aKOHAMH
coxpanenusi (1.1) u (1.2).

IMpoueccl, obecrieyrBaiollie BHINONHEHNE 3aKOHOB COXPAHEHHS,
MOTYT ObITh Pa3THYHBL. DTO MOKET ObITh HCIyCKaHHe KBAHTA 3JEKTPO-
MAarHHTHOTO H3/Y4eHHs — (OTOHA ONpeJe/IeHHOH YacTOTHl ®, TOrAa *)

AE=ho, |dp|=T2. (1.3)

B 3ToM cityyae Mbl TOBOPUM 08 usay4amenrvroil pexombunayuu. Vabbi-
TOYHbIE SHEPTHsl H KBAa3HHMMIIYJbC MOLYT ObITh MepefaHsl KoJeGanwusm
pelueTKH, HJIH (oHOHAaM. K3BeCTHBI M mIpolecchl, HPH KOTOPBIX 3HEp-
THf ¥ KBasHHMIYJbC, OCBOGOXKAaEMbIe IPH PeKOMGHHAIMH, TepeiaoTCst
TpeTbell CBOOQJHON YacTHIE — 3/JeKTPOHY (B SJEKTPOHHBIX NOJIYNIPO-
BOAHHKAX) HJH IbIpKe (B JBIPOYHLIX MOJMYNPoBOMHHKaX). [Tpoueccsl
TAKOTO THNA MOJYYHJIH Ha3BaHue ydapuoil pexomburauuu (unu Oxce-
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pekomourayuu). OueBHIHO, YTO BEPOATHOCTb TAKHX IPOLECCOB BO3-
pacTaeT Npu yBe/JHYeHHH KOHUEHTPAIMH HocuTesell 3apsja, ¥ MOITOMY
yAapHas peKoMOMHAIHsI TIPOSBJIACTC OOLIUHO B CHJIbHO JETHPOBAHHBIX
NONyNPOBOAHHKAX. [IPHHIMIHAJIBLHO BO3MOXHBI H ADYTHE THIbLI 3Je-
MEeHTapHbIX aKkToB pekomOuHauuH (cM. § XVIL.9). B caywasx, koria
(OTOHBI HE YYacTBYIOT B OOMeHe SHepruell U KBa3HHMIIYJbCOM, FOBOPST
0 0836l AY4aMeAbHOL peKomOurayuU.

BeposiTHOCTD pas/iHUHBIX THIOB 3JEMEHTapHBIX aKTOB 3aBHCHT
OT 5HEePreTHYeCKOH CTPYKTYPHl KPHCTAlJa, a TaKkKe OT KOHLUEHTpauuH
3J1eKTPOHOB M IBIPOK. IIpH 3TOM mpouecchl pasHOro THIA MOTYT COCY-
I[ECTBOBATD.

Kondurypanumonnas nuarpamma (Pur. 6.3) usoGparkaer d1mepraio
OCHOBHOTO U IE€PBOT0 BO36YKAEHHOIO COCTOSHHUS aTOMa KaK (yHKIHMIO
£} ero MOJOKeHAS, NpPAIEM HTOT

aToM MOKeT OBITh WK opumec-
HBIM, HJIN COOCTBEHHBIM aTOMOM
pemerKu. OTMeTHM, 9T0O B OCHOB-
HOM COCTOAHHUM PAaBHOBECHOMY IIO-
JIO}KeNn aroMa COOTBETCTBYeT
MUHUMYM 9HEpPruu. Jra MUHE-
MaJIbHasg dHepPrus eCTh paBHOBEC-

L__ == _, ®ur. 6.3. Honpurypauuonsas pu-
x, z arpamma.

Hasi 9HEPTUA BIEKTPOHA B OCIOBIIOM COCTOSIHMM, KOTJIa aTOM HeIoJBH-
JKEH B CBOEM DABHOBECHOM I10J10KeIINY B HENOABUKIION pelueTke (TaKas
CHUTYaIMsl BO3MOKHA IIPH 09eHb HUBKOMU TeMneparype). OgHaKo Bo30Y K-
JIEIIHOe COCTOSIHUE MOYKEeT MMEeTh MHUIMMAJIbIYIO d1ePTHIO IPYU HECKOIb-
KO [pyroM mouo:sennu aroma. Clie[l0BaTeNbHO, IPH BO30Y KIEHIN DIIEK-
TPOHA M3 OCHOBHOTO COCTOSIHMA BCA CHCTEMAa YaCTHYHO peaKcupyer
B COCTOstHHME c. ITO 03Hagaer cMeuleHue aroma Ha Az. B aTom npouecce
BO30Y)KICHHBI SJIEKTPOH TepsieT HEKOTOPYIO 9HEPTHIO, KOTOpas pac-
cenBaeTcs B BHAC ATOMILIX CMeLeHHi, T. e. B BuAe GoHONOB.

Ilpn Bo3Bpamenmu sieKTpoila B OCHOBHOe cocTosume (Touxa d)
He0GXOANMO HOBOE CMEIeHIe aTOMa, IS TOTO 9TOOLI CHCTEMA IIPHILIA
K CcBOeil namGoiee HM3KOH duepTuM B ToYKe a. ITO cMemeHue d — a

TaK)Ke MPOMCXOMUT NYTEM HCIycKanus domoHa.
dueprus, usiyyaeMas IpPH mepexofe ¢ — d, MeHbIIe 9eM SHeprusd,

moriomaeMas npu nepexoze @ — b. Pazuuny aTux AByX sHepruil Hasbi-
paror «casurom @panka — Konponar. Boobme ke n060e ymenbmenue
ONTHYECKON DHEPruMM HA3BIBAIOT CTOKCOBCKHUM CMEIIEHUEM.
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Hue awmurecyeryuu. Ecau depes P, 0603HaYHTh BEPOSATHOCTD M3Jyua-
TeNbHBIX NEePexoioB, KOTOpAast NpEANONaraercs He 3aBHCAUIEH OT.TeM-
nepaTyprl, a Yepes P, — BEPOATHOCTh Ge3bi3NyuaTe/bHbIX [EPEXONOB,
TO KBAHTOBBII BLIXOJ JIOMNHECIEHIIHH 1) ONHCHIBACTCS BEIPAXKEHHEM

pl‘
=g (12.19)
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9JIeKTPONHO-AbIpoYHble mapel. GHagajla paccMOTpUM (yHIamMeHTalb-
nble Iepexojibl, KOTOPbie NPOMCXOAAT NPU dHEPTUN, PABHOM mupune

3aNpemeHHOd 30HBI MJIHM OJNNBKOH K Heil.
a. CBOOONHBIH IKCHTOH

Ecau BemecTBO [OCTATOYHO YHUCTOE, TO IJIEKTPOHB M ABIPKU CIa-
PHUBAIOTCA B 9KCHTOH, KOTOPHII 3aTeM PeKOMOMHMDYeET, U3IyIasd Y3KYIO

® ur. 6.4. IxcuToHUAS peKoMOMuIANUA:
a — npamas; 6 — HempAMas.

CIeKTPaNbHYIO JUINO. B mOJynpoBoinuKe ¢ MpPsMO 3ampemeninoit
30110}, IJe coXpamenue MMIYJIbCA BO3MOKHO HpPH IPOCTOM M3Jyda-
TenbHoOM nepexoge (fur. 6.4, a), sneprus usiaydenHoro oroHa pasna

W =E;—E.. (6.16)

B .1 § 4 ra. 1 Mu Busiesin, 9TO DKCHTOH MOKET MMETh IOCIEe0Ba-
TeJBHOCTD BO30YIEHHBIX COCTOAHMIN, SHEPIMA HONM3ALMUE KOTOPHIX
B n? pas MeHblle, 9eM DHEPTHsA MOHMBAIMH OCHOBHOTO COCTOSHHSA
E ., COOTBETCTBYIOMErO N = 1. CiegoBaTenbHO, N3IyIeHU® CBOGOLHO~
TO HKCUTONIA MOTJIO GBI COCTOATH U3 CEPUM Y3KUX JNHMI, HATMHAKOMIAX~
cq opu E; —Ey u NPOJOJDKAIIIMXCA  IPH  JHEPruaAx
E, — (1/n*E,,. Opnako WHTEHCUBHOCTh NHKOB Gojee BBHICOKOTO
mopsnka 6ricTpo ymensmaercs [6] (a umenno xak n=3), u B npucyTcTBUR
OCHOBHOTO Tlepexo/ia TPY/AHO HAGII0aTh JpyTie U3IydaTelbHble IHepe-
xozsl. B GaAs o6napyskenst csobopusie sxcutonsi c n=1un = 2 [7].

B monynpoBopHuKe ¢ HempsAMO# 3ampemeHHO# 30H0# coXpaHeHNe
HMITyJabca TpebyeT, 9T0GHI mepex o GBLI JOIOTHEH MCITyCKaHueM QOHO-
na (¢ur. 6.4, 6). Torga sHeprusi usdaydennoro orToHa paBHA

hW=E,—E,—E,,

rge E, — omeprus ydacTByiomero B Iepexofe (omHOHA.

OrMeTuM, 9T0 TP AMBIE IEPEX OBl TAKIKE MOTYT IPOMCXOMUTD C UCILY-
ckanueM oiHOTO Mau Gosee onoHos ($ur. 6.5), HO IPU DTOM BEpOAT-
HOCTh Iepexona VMeHbHIaercsa. JleACTBUTENBbHO, PACCMOTPEHHUE
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2. Ilepexoxpl «30HA IPOBOXMMOCTH
— BaJeHTHasA 30Ha»

X0TsA BKCUTOHHBIE COCTOAHUA IPEACTABIAAIT co60il HauGoee HA3-
KODHEPreTUIecKue COCTOAHMSA IS DIEKTPOHHO-ABPOYHEIX Iap, SKCH-
TOHBI JIETKO 06Pa3yOTCA TOJBKO B CAMBIX YHCTHIX MaTepHaiax M OpH
IIM3KHEX TeMmeparypax. B ofmeM ke caydae HEKOTOpas 9acTh BO3OYK-
NEHHBIX 3JIEKTPOHHO-JBHIPOYHLIX IAp COXPAHAETCH B BHAE CBOOOJHLIX
HOCUTeJIedl, 3BaHUMAIUX COCTOAHMA B 30HAX. VIMeHHO Tak oGcromT
memo mpu Temmeparypax, xorma kT > E, a Takike B MeHee IHCTHIX
U MeHee COBePIIeHHEIX KPMCTANIAX, I/e JOKAIbHEE HOJA CTPEMATCS
paséurs srcuTOH Ha cBoGogHele HocuTenu. CBoGomHble HOCHTEIH
MOT'YT 3aTeéM pPEKOMOMHHDOBATh W3JIYIaTENbHO, COBEPINASA MEPEXOMb
«30HA — BOHAN.

a. HpﬂMble nepexoast

B momympoBofnuke ¢ npsaMoil 3ampemennoil 3010 mepexXoLl ¢ Co-
XPaHEHHEM HMMIYJIbCa CBASHIBAIOT COCTOSHHs, MMEIONINEe OIUHAKOBHIE
suavenus k (¢pur. 6.14). CiaegoBaTens-
HO, KaK U IPH COOTBETCTBYIOMUX 1IPO- {e
neccax uorsgomenus (m. 1 §1 ra. 3),
CIIeKTP MBIYYeHUsI ONMCHIBAETCH BHIPa-
SReHUeM

L(v)=B(hw—Eg "2,  (6.17)

@ ur. 6.14. IpsAMele WaTydaTeIbube mEpe-
XOIBI «30HA — 30HAY.

B KOTOpPOM K03(duument B Mo:xeT GHITH paccauTan mo gopmyie [22]

242 (m*)%/2

B= % , (6.18)
rae mj — npuBegennas macca: 1/m} = 1/m¥ 4+ 1/m}. Cneuosa{enb-
HO, M3JIydeHUe JOPKHO HMeTh IIOPOT CO CTOPOHH HUSKHX SHEPruil mpu
hv = E,. Ilpm BO3pacTaHWm CKOPOCTH BO3OYIKIEHHsI, & TAKKe LOPH
YBeIUYeHNH TEMIEPATypPH B3aMOJHAIOTCA 00jiee BHICOKME COCTOAHUS
B 30He, 00YCIOBINBAA H3ITydIeHue IPH Goee BEICOKAX dHEPruAX HoTo-
uoB. TakuMm o6pasoM, i peKOMOMHAIAM CBOGOMHEIX HOCHTeJeNH
XapaKTepeH 3aBUCAMMUIT OT TeMIepaTy Pl BHICOK0dHePreTHIecK Ui XBocT,
B TO BpeMs KaK HIBKOIHePTeTHUeCKUi Kpail cmexTpa KpyTo ofpesan
upu sHeprud kv = E 4. Ilpn cnaboM BosOysxIeHNH HOTyMEPAHA CIIEK-
Tpa waaydeHus paBHa mpubausurensHo 0,7 kT (TakoBo moBemeHme
nuka E, Ha ¢umr. 6.9).
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0. HenpsaMeie nepexojbl
B moxyopoBomHWKe ¢ HempAMOR BampemeHHON 30HON Bce 3amoJ-
HeHHbIe BepXHHe COCTOSHUA B3auMOAeHCTBYIOT CO BCEMU HUKHUMA Iy C-
TEME cocToaHEAMA. OJIHAKO B IEPeXo/1aX JOJKHbI IPUHAMATD YIaCTHe
OPOMEKYTOYHEE TPOILECCH, KOTOPHE 06ecHednmBalT COXPAHEHHE
umnyabca (¢ur. 6.16). HauGonee BepoATHHM IPOMEKYTOIHBIM IPO-
1eccoM sBIsAETCS aMuccusa QoHoHA. [ pyroi \E
COXPAHAOMUA UMIYIbC IPOIECC — MOTIO0-
menne (oHOHA; OH 006pasyer JErKo pasiu-
YEMYI0 CTPYKTYDPY B CHEKTPaX HOTJIOMEHHS,
HO CTAHOBUTCS HECYIIECTBEHHHIM DU H3IY-
vermn. Kak Mu Bumenn B m. 3 § 1 ru. 3,
9ncI0 YOHOHOB, KOTOPHE MOIYT OBITH HOIJIO-
IMEeHbl, MAJ0 M GHICTPO YMEHBIIAETCHA ¢ MOHMA-
JKEHMEeM TeMIepaTyphl, B TO BpeMs KaK UCILy-
ckaHme POHOHOB JIEKTPOHAMH, YiKe HAXOIs-
MUMHUCA B BHICOKO9HEPTETUIECKOM COCTOTHUH,
BechbMa BeposATHO. Kpome Toro, omrmueckmit

@ ur. 6.16. Hempsamble n3iydare bHEe IePeXOjib.

Tepexoi, CONPOBOYKAAEMbIH MCIyCKaHHeM (OHOHA, HMeeT MEHBIIYIO
9II6PruI0, YeM WIMPHHA 3AMPEICHHON BOHH, Avyyy = E, — Ep, Torga
Kak IpW HOrIomeHuy (OHOHA BOSHHEKAaeT GOTOH ¢ Ooxee BHICOKOM
sueprueil, me Mempmeit weM £, + E,, KOTopH# MOieT GHTb BHOBbL
JIETKO HOTJIOMEH II0JTYIPOBOJHUKOM.

B marepuaiie ¢ HempsaMOil 3aIpemeHHON 30HOH IPH BHICOKUX yPOB-
HAX BO30YysKAeHUsA, KOTJa YBeIUINBACTCS HACEIEHHOCTh 30H M KBA3H-
yposuu DepMu cMemaTes riay6ke B B0HH, CIIEKTD M3JYUSHHS BKIIO-
9aeT BCe BO3MOKHLIE IEPEXOMIE MEKIY JIOOHIMI IBYMS COCTOSHMAMH,
OTCTOAMHUX HA JAHHYI BEJIUYUHY AV, 1IeCMOTPS Ha pAasHHUIY B UM-
IyJIbce MEKIY HadaabHLIM M KOHEYHBIM cocTossHusMHU. CirefoBaTenbHo,
CIOEeKTP M3JIYyIEeHNUsI OIMCHIBAETCA BEIPaKEHUEM

L(v)= 5 B'n(E) p (E)dE,
Eg“Ep
KOTOpOe 1O aHAJOTHH C BHBOZOM AJfA K0d(dUI[HeHTa MOTIOMmEeHHs

[popmyna (3.12)] m B npeamonorKeHNH O eAUHITIHON BEPOATIOCTH [JIA
(OHOHHON HMUCCUN MOYKHO IIepe-
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nucaTb B BHUE

L(v)=B'(hv—E,;+ E)*.

(6.19)

2 2
9 ®ur. 6.17. CpaBHenue MHTEHCHBHO:
creil WPAMBIX U HeNPAMEX NePeXOOE.
1 — npsaMble nepexomusl; 2 — HenpsMBbIE

- TePEXOMBL.

Eg-Ep Eg i
CpaBHeHHe IPAMHIX M HENPAMBIX IepPeX0l0B IOKa3bBaeT, 4TO Hemps-
MBIe IIepeXo/Isl HapacTaloT ¢ YBeIMIeHHeM 9HepPTHH BHIIIe I0POTa H3Iy-
9eHHA Topasgo GbcTpee (CTemeHb 2), YeM IpPsAMbIe TePeXOfbl (CTEIeHb
Y,) (¢ur. 6.17). Onmaxo BepoaTHOCTH mepexoma B’ ropasmo Menbime
s HEOPAMBIX IepeXofoB.

B. Camonoraoumenne
Camonormomenue BimseT Ha (OpPMYy CIeKTpa maiydenus. Eciam

cueKTp L, (V) SMATTUPOBAH B HEKOTOPOH TOUKe Ha pACCTOSAHUH d OT I10-
BEPXHOCTH ¢ KOd(uIeHTOM oTpaykeHus R, uepe3 KOTOPYIO BHIXOIUT
usIydeHre, a KO9(QPUIHeHT NOTIOMEeHHsA paBeH o (V), TO H3IyTaeMbli
CIIEKTD [aeTCsl BbIpasKeHHEeM

L (v) = (1—R) Ly (v) e~ %), (6.20)

Ecau jke uaiayuarenpHas peKoMOHHALMA TIPOUCXOMUT OIOPOLHO
BHYTDH BCeTo 00pasiia TOMMUHOM ¢, TO HBJIYICHHLIN HAPYIKY B OXHOM
HaNpaBIeHNA CIEKTD ONMCLIBAETCS BBIPAsKEHHEM

t
L) =(1—R) L8 | e-arda,
0

1__8—!lt

at

L(v)=(1—R)Lo(v) (6.21)

TFepmaumii — mOXYyIPOBOJHEK C HENPAMON 3ampemeHnoll 30HOH.
Onmaxo ero 30Ha IPOBOJUMOCT M MMeeT IPAMYIO TOMHHY, PACTIONOMKEH-
nyio na 0,15 B Brimme gna caMoil Hu3Koi goamHEl. MoskHO, Bo36ysxmasn
BIIEKTPOHH B 00€ JOIHHH, IONYIHTH TAKHM 06Pa30M IPAMYIO H Hemps-
MYI0O HM3NIydaTelbHYI0 pexomOmmanmio (¢mr. 6.18) [24]. Hecmorps
Ha TO, YTO BJEKTPONH GYAYT GHICTPO peIaKCHPOBATh K HAMHH3IIAM
9HEPruAM, T. €. B HEIPAMYIO HOJMHY, ¥ HECMOTPA Ha CHJIbHOE TIOTJIO-
menue QOTOHOB ¢ BHICOKOM 9HEPrued Ipu IPAMEIX Iepexoax, B 09eHb
TOHKHX 06pas3nax MoKHO 0GHADPY/KUTH HEKOTOPYIO MO0 BEICOKODHED-
reTHIecKoro m3nydenus. Habuwomenme npAMBIX IepeXogoB IPH TaKHX
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HeOJIaTOIIPHUATHBEIX yCIOBHAX BO3-
MOJKHO TOJBKO M3-38 OTHOCHUTEIH-
HO BBICOKOH BepOATHOCTH MJIA
npsaMeix mepexomos. @Dur. 6.18
IIOKAa3EIBaeT TAK)Ke, KAK IOIpaB-
Ka Ha CaMOIOIVIOMEHHe IPH MC-

@

)

>

® ur. 6.18. 3aBHCHMOCTD HHTEHCUB-

HOCTHM M3JIy9enms, BHIIEAMCEro u3 06-

pasna repMaHuA ToxmmHod 1,3.10-%
CM, OT AJIUHHL BOJHH [24].

Kpupasg 2 — sKCoepuMEHTaJIbHAA. Kpupas
1 nojyyeHa M3 KPUBOM 2 OyTeM BBENEHNA
TIONPABKK HA ICTJIOMIEHMEe B o0pasue.

n

N
1,9 2,

A, MEM  —
noias3oBanuu popmyasr (6.21) BoccosgaeT OKMHaeMBIt IS IPAMBIX
TepexomoB MUK u3jJydeHuda npu 1,5 MEM.

FHEPEUA USNYHOHUR, OMTH. €0. —

o
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1. Visnysenme npm B3aumopeiicTBum ¢ HocuTedeM [25]
@ur. 6.20 mwnmocTpupyer oGpat-

HBIl IIpomecc: IEPBHIl HIEKTPOH COBEPIIAET Iepexoj B BEPTYaJbHOE
cocToAnne @ ¢ MoTeHnuanoM Ha AE HusKe 30HBI IPOBOIUMOCTH U BO3-
GysaeT IpyToil HIeKTPOH B Goilee BHICOKODHEPTETHIECKOE COCTOAHAE
BHYTPM 30HHl (O[HOBDEMEHHO 3TO BHI3HIBAaeT H3MEHEHHEe HMIYIbCa);
[epBHIl IeKTPOH 3aBepmiaeT IEePeXOof U3 COCTOSHASA @& B BANEHTHYIO
30my, u3iaydasa oron ~Av. OTMETHM, 9TO BAaKOH COXPAHEHHsI MMIYJIbCA
leJlaeT 3TOT IPOLecC TPYAHO HAGIIOZaeMBIM B 9HCTOM IIOJYIPOBO/IHE-
Ke ¢ OPAMOIl 3aIpemeHHOH 30HOH, Tak Kak [JIA HETO MOKET HOTpe-
GoBaTbCsl fi00aBOUHEE (oHOH (Kak mokasaHo Ha ¢ur. 6.21); Torma
Tepexoj CTAHOBUTCHA TPEXCTYIEHYATHM IIPOIECCOM, MMEIOIUM OYeHb
NMHU3KYH0 BEPOATHOCTH OCYIIECTBIEHAs. B MeHee WHCTHX MaTepmaimax
Apyrue mpomecchl GYAYT MacKHpOBaTh TaKHe IEPeXOfsl.

B momynpoBoAHMKe jKe ¢ HeOpPAMOM 3aImpemeHHON 30HOHE yice
OOBI9HBIA M3IyYaTeNbHBIH IIepexoj IpeAcTaBlIgeT coboil AByXcCTy-
neHYaTHi mporecc, CIef0BaTeIbHO, B3ANMOAEHCTBHE ¢ APyTUM HOCH-
TeJIeM YMEHBUIMT BEPOSTHOCTH Ilepexofa 10 Bce eme HabaogaeMoro
YpOBHSA. \E

I

® ur. 6.20. Uanygenne doTomacrie- @yr, 6.21. BaanmopieficTBue TpeTb-

tuutom omeprun AE = hv — gg“P" ero MOpANKA IPH PEKOMGUHALMH B IO-

pasorpese anexTpoHa 10 kT, =AE [25]. MYDpOBORHEKe ¢ MpAMOH BaTpemeH-
HOM 30HOM.

Kax gemoncrpupyer gur. 6.22, pexoMOGmHApPYOMURA dIEKTPOH pa-
30T'peBaeT APYroi SJIeKTPOH B 30HE MPOBOJUMOCTE U TaKHUM 06pasoM
usMenseT ero sHeprmio Ha AE, a mMmmyasc — ma Ak. Urobm 3a-
BePIIKTH IIePeXO0f B BAJIEHTHYI 30HY, PEKOMOMHUPYOIINEA BIEKTPOH
uamygaer Goron hv u goron Ey, ompefedseMbli KPUBBIME JAHCIED-
cun piaa ¢ouounoB. (Ha ¢ur. 6.22 paccmarpuBaerca aKkyCTHIECKHUI
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§ 5. HIEPEXO/IbI MEJKI1Y 30HOM 1 NMPUMECHBIM YPOBHEM
1. Meaxue nepexopun:

Menkne nepexopsl, IpPH KOTOPHX IPOMCXOAMT HeilTpamusamus
HOHM3UPOBAHHBIX JOOPOB WK AKIENTOPOB, H306pasKke Ll Ha Qur. 6.24.
ITH IepexOfsl MOTYT HPECTaBIATh COGON M3IydYaTeNbHbIe TEePeXOMIbl
B pmalexoil uuppaxpacHoit obmactu. Iasa ux ob6Hapy;keHus OblIm
IpoOBeJieNH cHenuaibise Tonkue nameperus [26—28]. Ogunako meruu-
1OCTDH IIOJYIeHHbIX Pe3yJIbTATOB 0CTaBaJach L0J cOMHeHueM. Bompoc

@ ur. 6.24. Menxue mepexofm.

61, Kasalochl), pemeH mocje pacueTa BePOATHOCTedl IePexojoB
¢ memyckanmem ¢oTonoB m ¢oHoHoB [29].

BripajkeHme [isA cedeHUs 3aXBaTa IPU Iepexofie ¢ U3JIyIeHHEM
¢orona mmeer BHJ

o =1,71.107182 (l)

m*

2 E;
T
3pech o; BEIpasKkeHo B ¢M?, a E; — B aiexrponBogbrax. [las repma-

una n-tnoa npu 4 K o; = 41071 cm®
Ceuenne 3axBaTa IS MePeXONOB C MCIVCKaHHeM (GOHOHOB MOKHO
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paccauTaTh mo gopmyie
_ 256:E%h5cd

On="pewgs kT *

rae E; — peopManuoHHHI NOTEHNHAN, ¢; — NPOHOIbHAA CKOPOCTH
3BYKa, 0 — IUIOTHOCTD HOJNYIPOBOXHUKA i a¥ — ddderTuBIBIA paguyc
nepsoit GopoBcKoit opGurs. Benwauna ¢, QA repManus n-TUNa IpH
4 K pasua 6-107%° cm?. Taxum oGpasoM, pe3yibTarhl pacgera IOKa-
3LIBAIOT, YTO BEPOATIOCTD IIEPEXO/0B ¢ UCIYCKaHNeM POHOHOB 3HAYM-
TeJIbHO 60JIbINe, YeM BEPOATHOCTh M3IYyYaTeNbHBIX MEepPeXOmoB.

2. T'nyGoxue mepexomst

«I'myGoxkuMu» Mbl GyeM HasbBAaTh NEPEXOIB U3 30HHI IPOBOJEMO-
CTH Ha AKLENTOPHBI yPOBEHb MIH IIEPeXOfH C JAOHOPHOI0 YDPOBHA
B BaJleHTHYI0 30HYy (¢ur. 6.25). Ilpu npamMeix nepexomax usiydaerca
¢oron c smeprumeit hv = E, — E;, Tpu HeNpPAMEX Iepexojax —

¢ omeprueit hv = E, — E; — Ep, rpe
¢ E, — sHeprus ¢oHOHA, YyYACTBYIOMEro

D B peKoMOWHAIVH.
A @ ur. 6.25. NanrygaTe bHE® IePOXONE MEKLY
v 30HO 1 IPAMECHRIM COCTOSHUEM.
+~ B cayuae mepexooB «I0HOpP — BaJNeHTHAS 30HA» R
1 /5 2720 | Py |2
= 64) Znn L0 o 0y (6.27)
Ty 3m? (mcEp)™/?

B clIydJae MepexXOf0B «30HAa HPOBOJEMOCTH — aKIENTODP»

L:GZ;]/Enn”_W“’_’PT%pA, (6.28)

Tng e3m? (maL 4)

rae P,. — cpejHee 3HaYeHHe MATPUYHOTO dJIEMEHTa OmEPaTopa MM-
IyTbca ST Me)K30HHHIX TIepexonos, £, m £, — 3HepruE MOHH3AIUK
NPUMECHBIX IIeHTPOB, Np H P4 — COOTBETCTBEHHO KOHIIEHTPAIlHU

9IEKTPOHOB Ha JOHOPAX M MBIPOK HA aKmenTopax, m., — 3ddexTms-
Hasg Macca 9JeKTPOHOB B 30HE IIPOBOJAUMOCTA U M, — DKBHBAJEHTHASA

a¢pdexTMBHAA Macca AJA AHPOK HA AKIENTOPaX, MPEBHIUIAIMAA M,
B 5—10 pas. Jaa mocmTeneit ¢ Gomee BEHICOKOH dmeprmeit (k == 0)
BEPOATHOCTH IEePeXOofoB Membme, dem mpm k = 0.

B cayuae GaAs supakenus (6.27) m (6.28) mawor
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T
Py T
Jlnsa BEIYMCIEHAA BEPOATHOCTH MEK30HHHX mepexonos [30] memoan-
3yeM dopMyIy 1 16ng20
Tn o omh IPDG [ (6.29)

Iaa GaAs pacuer mo 3roit opmyie maer 1, = 0,31 He.
§ 6. JOHOPHO-AKIIEITOPHBIE NNEPEXO/1bI

Qunr. 6.38, ¢ mIITIOCTPEPYET HOHOPHO-AKIENTODPHbIE IIEPEeXOJIH.
B § 5 rm. 1 MB BUzenH, 4TO ecIM B MOJYOPOBOSHHUKE NPUCYTCTBYIOT
7 [OHODHAs, W aKUEeNTOPHAas HPUMECH, TO KYJOHOBCKOE B3amMmopieii-
CTBHE MEKAY JOHODAMH K AKLENTOPaMH M3MEeHSeT WX JIIePTUM CBA3H
(0 cpaBHEHMIO CO CIydYaeM M30JIMPOBAHHBIX IpuMeceil) Takum o6Gpa-
30M, 9TO DHEPTeTHIECKHH 3a30D ME)KAY CIAPEHHBIMH OHODHBIM
M aKnenTopHsM ypoBuamu (dur. 6.38, 6) cocTaBACT

i

hv:Eg—EA—ED%—?. (6.30)

s ypameHnsIX map KyJOHOBCKHIL WieH O9eHb Mal UM TPH COOT-
BETCTBYIONIMX Tepexojax M3IydanTrcs OTOHHI ¢ CaMoil HUBKOIL U3 BO3-

MOSKHBIX DHepPruil (HCKI0Yast, KOHEYHO, CIydail, KOTga TPOHCXOIUT
HCIOycKanue q)OHona)

,I[Jm npumeceil, pasfeleHHbIX PacCTOsHNEM, 60abmuM dem d3PPeK-
THBHBE GOPOBCKMI pajuyc, IEPexofbl CONPOBOKTAIOTCSA IIPOLECCOM
TynHeaupoBanus. Ilepexon Mesxny yaaleHHBIMH IapaMu Melee Beposi-
TeH, 9eM Iepexoj Me;kay GoJiee GIMBKUMH NapaMm; CJIeZ0BaTeldbHO,
MITEHCHBHOCTh UBIYYEHHs [OJKIIA BO3PACTATh 10 Mepe yMeNbIlelus
paccrosinus B mape r. OgHAKO 4MCIO TAKHMX map majgaeT IpU yMeHb-
mennn r. IlosToMy HITEHCHBHOCTH MBIYYeHHS [OJKHA HPOXOLUTH
gyepe3 MaKCHMyM IIpH H3MeleHHH paccrosHus r. Tak xax r MeHsercs
JHUCKPETHBIM 006pa3oM, CIEKTP W3JIYdeHAsA [O0J/KeH HMeThb TOHKYIO
cTpykTypy. lpu Goxbmux r (r > 40 A) JIuHUM U3TyYeHUs NepeKpH-
paroTcsi, 06pasysa mupokuil cmexkrp. [lucKperHas CTPYKTypa JHHHI
MoyKeT GLITh paspemieHa [JIA Iap ¢ paccTosHmeM B guanasome or 10

10 40 A, v

Ep—— Eg“
9
D
hy

o4+

a 6
D ur. 6.38. ¢ — KOHOPHO-aKLENTOPHEIE IIEPeXOAE; 6 — BIUAHZE KYJIOHOBCKOTO

ll3aHMO}leﬂCTBHﬂ Ha OHEpPrui0 M3IJTYyYCHHA.
7 — PACCTOAHUC MEKIYV IIOHODPOM M AaKIenTopoM B Iape.
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TlpH aHaiHae NpOLECCOB DEKOMGHHAIMU HOCHTEleli 3apsia uepe3
NOBYLIKH YUHTHIBAICA 3AXBAT SEKTPOHOB H ABIPOK JIOBYWIKAMH H TeN-
11080 386pOC 3aXBAUENHBIX SMEKTPOHOB 1 ABPOK C JIOBYLIEK B COOTBET-
cToyioue 30HsL. Tlpu SToM ABIeNHE TENJIOBOTO BOICYKICHHsS 3aXBadel-
HbIX HOCHTe/Ieli 3apsi/ia ¢ YPOBHS JIOBYUIKH MPHBOLNT K YBETHUCHHIO Bpe-
MeHH JKH3HH, 4 CIeIOBATEIbHO, K YMHbIUEHHIO CKOPOCTH PeKOMOHHA-
1. OHEBHAHO, COOTHOWICHHE HHTEHCHBHOCTE! STHX MpOLECCoB 3aBHCHT
OTF NIONOKeHHS SHEPTETHUECKOTO yPOBIs JIOBY LK.

-"Ha puc. 7.10 n3oGpaxeia siepreriueckas cxema MoynpoBOMIHIKA,
CONEPIKAIEro JIOKAdblbie LEHTPhl, XaPaKTepH3YIOMHECH Da3THYHBIMH
YPOBHSMK B 3anpeilienoit 3ome. ECAH IMEeTCA CoCTOsIHHe, OTHUIHOE
OT TEPMOLIHAMHUECKOTO PABHOBECHS, KOHIEHTPALITH CBOGOAHHIX HOCH-
Teqeli 3apsia ONPEAETAIOTCA MOJOKeNHENM KpasiypoHed Depyi A
neKTponOB F, M 1bipoK F. ECTH SHEPTeTHUECKHH ypoBeHb MOByuIK
pacnonoen GIH3KO K Aty 30Hb! IPOBOIUMOCTH, BEPOSITHOCTE TENIOBOI
HOHH3AWAN HOCKTE/EH dapsita Bedika. TaKie LCHTDH! HAXOASTCS B CO-
CTOSIHHH HEUPEPLIBIOTO OOMeHa SIKTPOHAMH ¢ 30O MPOBOZMMOCTH
W 1€ BHOCAT CYIIECTBRINOTO BKAAXA B NPOILECCH PEKOMBHHAIH . DT0 10~
BYWIKH 3aXBaTa il NPIIHNANNA IEKTPONOB. BONIH BepXHErO Kpas
BATEHTHOl 30HB DACHNONATAIOTCS YPOBHH LEHTPOB 3aXBaTd ABIPOK.

Y 7l0ByWeK, KOTOpbIe OCYLIECTBIISIOT 3AXBAT SICKTPOHOB  ABIPOK,
B pesyibTaTe Hero NPOHCXOHT HX PEKOMOHHALNS, Tenopoit 3a6poc
HocHTeqeli 3APsAA B COOTBTCTBYIOIHE 0B MATOBEPOSITCH, MOSTOMY
DPEKOMOHHAIHOHHBIE JIOBYUIKH AOMKHB XapaKTepu30BaThCA SHEPTeTH-
UECKHMH YPOBHSIMH, DACIOIOKEHHbIMI AOCTATOURO NIYGOKO MOA AHOM
30b1 NPOBORKMOCTH

OXapaKTepH30BATH COOTHOUIHE NPOLECCOB 3AXBaTa W PEKOMOH-
HLHH KOTHUECTBEHHO MOKHO, BBEAst KOS(IUHENT £, Brlpaaiomi cc-
Goli OTHOWIEHHE BEOSITHOCTH 3aXBATA HOCHTES 34PN MPOTHBONOON-
HOFO 3HAKA K BEPOSTHOCTH TeLIOBOTO 3a0POCA HOCHTEIIs! 3APSAR OCHOB:
WE,«

Uenmpss npununanus
dn¢ snexmponod anexmponwsid
Ean  Genaprauonnsid
polens
Lenmpsi
pexombunasuy
Asiponsid
Uewmpsr pununanus Eop  demapraaonnsid
ferpox “ypobens

R T Y

Puc. 7.10. TlonynpoBozunKk, CofepRautifi UCHTPH $aXBaTa H PeKOMOHHALHORHME 10~
ByuwKa
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HOTO 3HAKA ¢ JIOBYUIKH B COOTBETCTBYIOULY!O SHEPTETHUECKYIO 30HY.
TIpHMeHHUTeNbHO K SMeKTPOHAM 30HbI MPOBOAUMOCTH R, GYIET paBeH OT-
HOWEHHIO BEPOATHOCTH 3aXBATA OTPHIATENbHO 3aPSKEHHO! JIOBYIIKOH
ABPKH K BEPOATHOCTH TEIIOBOTO 3a6poca SIEKTPOHA H3 JOBYIIKH B 30HY
npoBogumocH. Kak caenyer us (7.70), CKOpOCTS 3aXBata JOBYIIKOM Mbi-
POK onpesensiercss 3Hauennem y,Nifp. WHrencmsuocts mpornecca
TENIOBOTO  BO3BYAKJCHHA SMEKTPOHOB M3 JIOBYWEK cOracho (7.69)
paBHa Y, Nifiny. 31eChb Va, Y, — BEPOATHOCTH 3aXBara 3JEKTPOHA R
ABPKH COCTBETCTROHNO; [, — HEpaBHOBECKas dyHKINA PACTDEACTCHHS
A 37EKTPOHOB, HaXOALWXCA Ha JOBYIIKAX; p — KOHUCHTDALMSA He-
PABHOBECHBIX ABIPOK B BATEHTHO! J0NC; Ny — PABHOBECHAs KOHIEHTPa-
IIHs 5JEKTPOHOB B 30HE NPOBOJMMOCTH B TOM Cllyyae, KOTAa ypOBeHb
epMu COBNAZGeT ¢ YDOBHEM JOBYLIKH.

YuntbiBan 310, 1A KOSPPHIEHTA K, NOJYYAEM CIEAYIOULEE BHPA-
KeHHe:

(7.101)
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Llentpbi, A5 KOTOPBIX EBEPOATHOCTb pekomOHHAlUH Oosbime Be-
POATHOCTH TeILTOBOTO OCBOBOMKAGHNS, T. €. ky > 1, GYAYT pexombiia-
LHOUHBIMH JMOBYIUKAMH, a JMOBYIKH ¢ k, < | OTHOCATCA K LeHTpam
saxpara. JHepiemuneckui YposcHs A0BYWKY, KOTODHIH XapaKTEPHIYETCH
sHauenuem k, = 1, T. €. 043 KOMOPO20 GepoRMAOCTL peKoMGUHAKUL U
menaoaozo 0cs0Goxdenus Hocumenell 3apada u3 A0GYWER OOUHAKOG,
HA3WGaIOM 31EKMPOHHELI IeHaPKALUONHLLM YpoBHes Egn. ETo momoxe-
HHe MOXKNO HAHiTH U3 YCAOBHA

NPT

VaNoe™ (Fe=Ean)liT, (7.102)

— Fy—kTIn “:{‘
oy
M3 noNydeHHOro COOTHOWeRHsA CAEIYET, YTO ROAONEHUE IACKMPOH-
H020 QeMApKayuoHHO20 Ypoans Eg, SaBUCUM OM wupups Sanpeusernot
30HbL, NOAONCCHUR KOaBUYPOGHS Depmu OLpOK, SppexmusHol  Maccol
SAEKMPOKOB U OblpOK, NAPAMEIMPOB A0BYUICK (Y, ¥p) U MEMNEPAMYPoL.
C yBesnueHHEM ypOBHS BO3GYXKIEHHS, NPHBOMSIIETO K POCTY KOHIEH-
TPAILHH JBIPOK, YNEHBLIZETCH PagROCTh Fp— E, H SMCKTPORNL feMap-
KaloNIbi YPOReHh MPHGMIKARTCA K AU1Y SOH! NPOBOTAMOCTH. B 5T0M
coiygae GyAET OCYWECTBAATHCS MEPEXOL LEHTPOB 3aXBaTa B PEKOMOH-
HalHONHHE JOBYIIKH. C POCTOM € TEMTIEpATY Pkt AEMapKAIHOHTBL ypo-
Bellb CABHTAETCA K CepeAHHE SATPEUICHNOf 30HbI H PEKOMGHHAIHOMHHE
JOBYWIKH GYAYT NEPEXOMHTh B LEHTPhI 3aXpara.
Tl peKOMGHHAIHORHBIX JOBYLICK H LHTPOB 3aXBata, YpOBHH KO-
TOPLIX PACTIO/IONElbl BOI3H BEPXHETO Kpas BaTKTHON 30HB, MOKHO
BBECTH Kos(pHiHenT

(7.103)

Yot
R (7.104)
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Ha ycaosus ky, = 1 naiizeM NoJoxeHHe ALIPOYHOTO jeMapKaiHoH-
HOTO yPOBHS:

pNee™ CFalT oy B Eag)PT (7.105)
wan
Egpe=Ee %EV—F"——kTIn—:’# 7.106)
o

Takim 06pasoM, eCaU SHepemuueckuii ypoGeHs A0BYWEK  aeHui
6ottiLe SACKMPORKOZO OeNAPKALUOHROZO YPOBHA, GHU ACATIOMCS. BCHMPANL
Baxoama a2eKmpoHos. JI0BYWKIL, KOMOPYIE UNCIOM YPOGHIU IHEPELL HUDKE
FLpOUHO020 OeMADPKALIUOKHOZ0 YPOGHS, AGASIOMCS YEHMPOMIL Saxeama dbl-
pok. MKy MM ACIOAArAIOTCH SHEPTETHUECKHE yPOBHH PEKONGH-
HaUHOHHbIX 0By HICK (cM. prc. 7.10). HeOBX0uMO OTMCTHTD, 4T0 TaKas
KAACCHOHKAIMS  SHEPICTHYECKHX YPOBHEH JIOBYIIZK ABIACTCH BECHMa
yenosnofi. [Ipi ee NpOBeACHUH, B MACTHOCTH, CYHTEIOCH, UTO OTHOUI:-
HHE KOS(QHIEHTOD 3aXBaTa Y, N V) H3MEIASTCH ¢1a60 NPH MepeMele-
HHU YPOBHA I0BY LieK. LeHTpEI 3aXBaTa MOTYT TaK2 e BHOCHT HEKOTOpLLH
BKIAL H B IPOIECCH PEKOMOHHAUMH, KOTOPELii CTAHOBUTCS OCOBEHHO 3a-
METHBIM, €CJH B NOJYNPOBOAHUKE OTCYTCTBYIOT JedexThl, faoulie SHep-
TETHUCCKHE YPOBHH B CPEAHEH HACTH 3ANPEUCKHOU 30HbI.




