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HHCTRTYT KpRCTaRROrpaWRR AKa~eMRR HaYK CCCP, MOCKBa 
o BRRHHRR rRAPOCTaTRqeCKOrO AaBReHRH Ha WOTOrrpOBOARMOCTD 

rroRyrrpoBoAHRKOB 
~.M. ~PWnK~H R H.A. TWXOMWPOBA 
V·A-t . r("' i p\'., ' \'1 ·w.A. "T1~I;,O'>\I("C(c.... 

BRRHH~e BhlCOKOrO r~~pOCTaTRqeCKOrO ~aBReHRH Ha WOTOrrpO-

BO~RMOCTD rroRynpoBo~HHKa (~R~ ~RSReKTp~Ka) MO~eT 6hlTD 06YCROB
ReHO ~3MeHeHHeM BpeMeHR mR3H~ ~R~ rrO~BRmHOCT~ HepaBHOBeCHhlX 

HOC~TeReH. COrRaCHO (1, 2) ~RH MOHOKpI.fCTaRROB cepbl ~ cepHRcToro 

Ka~M~H ~3MeHeH~e rrO~BI.f~HOCTH sReKTpoHoB C ~aBReHHeM He BHOCRT 
cymecTBeHHoro BKRa~a B saBHC~MOCTD WOTOTOKa OT ~aBReHI.fH. HRme 

MbI rrOKalKeM, qTO Ha OCHOBe rrpocToi1 !f)eHoMeHOROrRqeCKoi1 Mo~eRR 

POY3A (3) MomeT 6blTD rroRyqeHa 3aBRC~MOvTD BpeMeHR ~RSHR HepaB

HOBeCHbIX Hoc~TeReH OT ~aBReH~H • 
. 3~ecD MbI paccMoTpRM qaCTHbIti cRyqai1, Kor~a ~Ba YPOBHH pe

KOM6RHaURR, sReKTpoHHbIH C SHeprI.feti aKT~BaU~R Er1 , R ;lUlIPOqHbIH 

C sHeprReti aKT~BaURH Er2 , pacrroRomeHbl B6RR3R cooTBeTcTBYIDmRX 

~eMapKaURoHHblX YPoBHeti C sHeprHHMR COOTBeTCTBeHHO E
dP 

R Edn • 

CorRacHo (3) BblpaJKeHHH ~RH BpeueHR JRH3HR sReKTpoHoB 'l:n R ~blpOK 
'l: B STOM cRyqae RMeIDT BR~: 

p 

'r P = 't
po 

exp (Edn - Er2) 
kT . 

(1) 

(1' ) 

ECRR KOHueHTpaUR~ SReKTpOHHbIX R ~bIPOqHblX YPOBHeti peKoM6RHauI.fI.f 

paBHbl, TO Edn = Efn ~ EdP = Efp ' r~e Efn H Efp 3Hepr~R KBaSR
YPOBHeti tPepMR COOTBeTCTB8HHO ~RH SReKTpOHOB ~ ~blPOK. COOTHO
llleH~fl (1) R (1') ~oRmHbI 6blTD ~OrrORH8HbI Bblpam8HRHMR, CBH3aBaIDmRlIm 

KOHueHTpaURR n R p CB06o~HbIX SR8KTPOHOB R ~blpOK C rrOROlK8H~eM 
COOTBeTCTBYID~RX KBa3R-YPOBHeH <l>epMH: 

n = N exp (_ :~n)= f'Ln' 
oln'Cn aEfn --= c oP kT ap (2) 

exp (- :~p)= 
a In,. aEfp p = Nv f't"p' ---E. = 

oP kT ap (2') 
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3~eCD f Bos6y~~eHHe, P ~aBneHHe, npHqeM S~eKTHBH~e rrnOT

HOCTH COCTOHHH~ Nc H Nv no rrpe~nono~eHHID He saBHCHT OT ~aBne

HHH P. VlsMeHeHHe lllHPHHbl 3anpe~eHHot1 30Hhl E C ~aBneHHeM MO-
g 

~eT rrpHBeCTH K HSMeHeHHID paCCTOHHHH Me~~y ~eMapKa~HOHHhlMH YPOB-

HHMH (HnH KBaSHypOBHHMH ~?pMH) H YPOBHIDJH peKOM6HHauHH H, cne
~OBaTenDHO, K HSMeHeHHID BpeMeHH *HSHH HOCHTeneH. llPH STOM co1'
naCHO (1) H (2), a TaKllCe (1') H (2') ~OnllCHbl6b1TD BCeI'~a BblrronHe

Hbl COOTHOllleHHH: 

a Efn + aEdp = aEr1 

ap ap oP 
(3) 

oEf aEdn oEr2 
::..:EQ. + -- = -- (3' ) 
elP 'OP ap 

C01'naCHO (3) SHep1'HH KBasH-ypoBHH ~epMH H ~eMapKa~HOHH01'O 

YPOBHH CBHsaHbI cne~YID~miH COOTHOllIeHHRMH: 

- kT In (~) - 3 
In (~) I 

Edn = Efp 2 kT (4) 

EdP = Efn + kT In ( ~ ) - ~ kT In (~) I 
(4') 

r~e CeqeHHH peKoM6HHa~mlj ~hlpOK sp H aneKTpoHoB sn ' a TaRiKe 
swweKTHBHhle MaCChl ~b1pOK IDp H sneKTpOHOB IDn no rrpe~nono~eHMID 

He aaBHCHT OT ~aBneHHH. li1s (4) H (4') HaxO~HM, qTO 

aEfn _ 3Ecip '0 :fp ClEdn 
OP - 'aP H P = -:ns-

nO~cTaBnHH STH COOTHOllleHMH B (3) H (3) M rrpHHMMaH, qTO 

'OE 1 3E 2 3E r ..., r _~ 
~ -"TP - ap I 

rrpe06pasyeM (2) K cne~YID~eMY OKOH'tlaTenDHoMY BH~Y: 

() In "'n ClIn'rn 1 ~ 
ap = --n.r- = - m- ap' 

r~e "'n WOTorrpOBO~MMOCTD, o6ycnoBneHHaH sneKTpOHaMM. AHanOI'Mq

Hoe Bhlpa~eHHe MOllCeT 6hlTD HarrMcaHO ~nH ~hlpOK. 


