
K.PoApHrec , B.K .~eA»HHH 

COOfilllBHMR 
OfibBAMHBHHOfO 

MHCTMTYT8 
RABPHbll 

MCC18AOB8HMi 

AYfiHa 

P17 -81 -169 

K BOilPOCY O 3ABHCHMOCTH 

3~~EKTHBHOH MACCH IlOflHPOHA 
OT TEMilEPATYPH B 3KCilEPHMEHTAX 
no lU1KflOTPOHHOMY PE3OHAHCY 

t 

' 

l 

.,\,, 

' 
:.i j/,' 

1 

't 
.,.r~i: 



1. BBEAEHHE 

8 pa6oTax 11,2 / Mbl paCCMOTpenH Bonpoc o 3aBHCHMOCTH 3¢¢eKTHB
HOH MaCCbl nonRpOHa OT TeMnepaTypbt peweTKH. 8 cny4ae HH3KHX 
TeMnepaTyp 6blnO nony4eHO cneAY~~ee BbtpameHHe AnR 3¢¢eKTHBHOH 
MaCCbl m*(/3): 

a w,3/ 2113 /3 r2 e--<v r 
m*(f3)=m ll +--- fdr -------------1, 

3,J-:;;- o [r(t-..!..)+ v
2 - 1 {1-e-wvr)] 3/ 2 

/3 W V 

1 rAe m - 3¢¢eKTHBHaR Macca 3neKTpoHa B "mecTKOH 11 peweTKe /3=--, 
k6T 

kB - nocTORHHaR 6onb4MaHa, T - a6con~THaR TeMnepaTypa peweT-
KH, W - 4aCTOTa npOAOnbHblX onTH4eCKHX $OHOHOB, a - KOHCTaHTa 
3neKTPOH-$OHOHHOro B3aHMOAeHCTBHR. 8 HCnonb30BaHHOH HaMH CHC
TeMe eAHHH4, fl= 1 . BapHa4HOHHble napaMeTpbl II H w onpeAenR~TCR 
H3 ycnoBHR MHHHMyMa CB060AHOH 3HeprHH F(/3), KOTOpaR AaeTCR 
BblpameHHeM 

F(/3)= 3w(v-1)
2 

+ _3_[ 11~1 -ln mv2 1_ 
4v 2/3 II 2 217/3 

aw 312 11 j ___ d_r_e_-w_r ________ _ 

3,Jir O [r(l-..!..)+ 11 2-l(l-e-wvr)]l / 2 
/2/ 

{3 WV 

06naCTb HH3KHX TeMnepaTyp onpeAenReTCR ycnOBHeM e-f3"i:.<1. no-
nw o CKOnbKY AnR nonRpHbtX KPHCTannoB -k- ~ 300 K, TO peanbHO Bblpa-

meHHR /1/ H /2/ cnpaBeAnHBbl AnR AOBOnbHO WHPOKOro HHTepsana 
TeMnepaTyp. Ha ocHoBe ¢opMyn /1/ H /2/, AnR m*(/3) nony4aeM 
B nepBOM nop.AAKe no CTeneH.AM 1/ f3w H AO BTOporo nopRAKa no CTe
neHRM a /cM. 121 /: 

m *(/3) = m 11 + 6 + B~w + :; 
2 

+ 0,235 ~: I • /3/ 

¢opMyna /3/ noKa3blBaeT, 4TO npH HH3KHX TeMnepaTypax B KPHCTan
nax c He6onbWHMH a 3¢¢eKTHBHaR Macca non.ApoHa pacTeT c TeMne
paTypoH. 

2. CPABHEHHE C 3KCnEPHMEHT0M 

3¢¢eKTHBHaR Macca nonRpoHa H3MepRnacb B 3KcnepHMeHTax no 
4HKnOTpOHHOMY pe30HaHCY B nonRpHbtX KPHCTannax npH HH3KHX TeM-
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nepaTypax H cna6blx MarHHTHblX nonRX. 4T06bl C ysepeHHOCTbro yT
seplKAaTb' 4TO Ha6nroAaroTCR nonRpOHbl' a He ronble 3neKTp0Hbl' 
4aCTOTa LIHKflOTPOHHoro pe3oHaHca Wc=eH/m*c AOfllKHa 6b1Tb 
HaMHOro MeHbWe 4aCTOTbl onTH4eCKHX ¢OHOHOB w.no3TOMY MarHHTHOe 
none· H AOfllKHO 6b1Tb OTHOCHTenbHO cna6oe /nopRAKa l O 4 3/. 3Kcne
p11MeHTbl npoBeAeHbl B Kp11cTannax AgBr , KBr , CdTe , KC! , AgCl , 
RbCl , Rbl , KI 11 APYr11x HOHHblX coeAHHeHHRX /cM., Hanp., 131 I. 

TeMnepaTypHaR 3aBHCHMOCTb LIHKflOTPOHHOH 3¢¢eKTHBHOH MaCCbl Hc
cneAOBaHa AflR CdTe 141 11 AflR AgBr 15"81 • Bo scex cny4aRx HaHAeHo, 
4TO 3¢¢eKTHBHaR Macca pacTeT C TeMnepaTypoH. 

JlnR CdTe BanbAMaH 11 COTPYAHHKH 141 Ha6nroAan11 OTHOCHTenbHbJH 
CABHr WC nopRAKa 5%, KOrAa TeMnepaTypa peweTKH MeHRnacb OT 
4,2 AO 60 K. 4aCTOTa npOAOflbHblX onTH4eCKHX ¢0HOHOB onpeAenReT
CR Ha OCHOBe 3KcnepHMeHTOB no HH¢paKpaCHOMY norno~eHHro H AH-
3neKTpH4eCKHM CBOHCTBaM C noMO~bro COOTHOWeHHR nHAAeHHa-CaKca
Tennepa. CornacHo XoA6H 13( AflR CdTe , 'hw"" 21 , 1 M3B. Ecn11 a ¢op
Myne /3/ B3RTb a=0,4 191, TO OTHOCHTenbHblH CABHr 3¢¢eKTHBHOH Mac
Cbl 6yAeT nopRAKa 4%. 

AnR AgBr a 3KcnepHMeHTax AcKapenn11, 6aKcTepa 11 POAPHre
ca151 Ha6nroAancR CABHr MaCCbl nopRAKa 5% B TeMnepaTypHOM HHTepsa
ne OT 4,2 AO 19,1 K. C noMO~bro AaHHblX Xo..q611 /,S/(a,,,1,6, :tiw/c = 
= 132 CM-1) ¢opMyna /3/ npeACKa3b1BaeT CABHr nopRAKa 7%. np11 
o6CYlKAeHHH CBOHX 3KCnepHMeHTanbHblX AaHHblX aBTOPbl pa60Tb1151 

CAenanH BblBOA, 4TO Ta KOH CABHr H~ RBnReTCR . nonRpOHHblM 3¢¢eK
TOM, a o6ycnoeneH HanH4HeM np11MeCH. OHH apryMeHTHposanH 3TO 
CCblflKOH Ha TO, 4TO B 3KCnepHMeHTax no OnTH4eCKOMY norno~e
HHro110~e Ha6nroAancR CABHr co6CTBeHHOH 3HeprHH nonnpoHa B TeM
nepaTypHOM HHTepsane OT 4,2 AO 40 K. 0AHaKo HaAO OTMeTHTb, 
4TO TeMnepaTypHblH CABHr co6cTBeHHOH 3HeprHH RBnReTCR 3¢¢eKTOM 
BTOporo nopRAKa no 1/,Bw.lfa BblpalKeHHR /2/ cneAyeT, 4TO co6CTBeH
HaR 3HeprHR C y4eTOM TeMnepaTypHOH nonpaBKH AaeTCR BblpalKeHHeM 

E(,8) =-aw _ a 20 + 9aw 
, 81 32(,Bw) 2 

/3/ 

B COOTBeTCTBl1H C /3/ OTHOCl1TenbHblH CABHr B E(,8) np11 1'13MeHeHl111 
TeMnepaTYPbl OT 4, 2 AO 40 K AflR AgBr' 6yAeT nopR(.\Ka 1 % • nocKOnb
Ky E ~ 29 M3B, Ha6nroAeH11e TaKoro CABHra Tpe6yeT T04HOCTH He 
MeHee 4eM 0,3 M3B 4TO HaXOAHTCR B npeAenax 3Kcnep11MeHTanbHOH 
ow116KH110:TaMypa 18/ H3Mep11n CABHr MarHHTHoro nonR, np11 KOTopoM 
Ha6nroAaeTCR pe30HaHC norno~eHHR 3neKTPOMarHl1THoro 113fly4eHHR 
4aCTOTbl «>c= 49 rr1.1 B TeMnepaTypHOM HHTepeane 17-23 K. OH nony-

1'.\H 
411n-= 0,021+0,006. np11 3TOM OH 11cnonbaosan cneAyro~11e 3Ha4e-

H -
HHR napaMeTpoe: a= 1,6 , 'ti~= 200 K. np11 nOACTaHOBKe 3Tl1X sen11-

/3/ k 6 V - v 

411H 13 Mbl nony4aeM OTHOCHTenb Hbll1 CABl1 r 3¢¢eKTl1BHOl1 MaCCbl 
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nopRAKa 2%. CornacHe MelKAY TeOpHeH l'1 3KcnepHMeHTOM MOlKHO npo
aHanH3HpOBaTb T04Hee, ecnH Ha OCHOBe /1/ l'1 /2/ paCCMOTpeTb 
nonpaBKH BToporo nopRAKa no 1/~u, 11 TpeTbero nopRAKa no a. 
4T06bl A06HTbCR onTHManbHOro cornaCHR C 3KcnepHMeHTanbHblMl1 
AaHHblMl1, MOlKHO sapbHpOBaTb napaMeTpbl a l'1 m - 3Ha4eHHR, KO
TOPblMH Mbl nonb30Bafll1Cb BblWe, He RBnR~TCR B AOCTaT04HOH Mepe 
OKOH4aTenbHO 4eTKO onpeAeneHHblMH. 8 3TOM CMblCne 3KCnepHMeH
Tbl no 1'13MepeHH~ L.111Kfl0TPOHHOH MaCCbl nonRpOHa MOlKHO paCCMaTp11-
BaTb KaK AOnonHHTenbHblH 11CT04HHK YT04HeHHR 3Ha4eHl1R eenH4HHbl 
3THX napaMeTpOB. 3aMeTHM np11 3TOM, 4TO XOTR B pa3HblX pa6oTax 
11 Ha6n~AaeTCR pocT 3¢¢eKTHBHOH MaCCbl C TeMnepaTypoH, Kon11-
4eCTBeHHO pe3ynbTaTbl pa3n114aroTC~ /CM. 171 /. HMeR B BHAY 6onb
w11e 3Kcnepl1MeHTaflbHble OWH6KH, MOlKHO CAenaTb 3aKn~4eH11e O xo
poweM cornac1111 HaWHX peaynbTaTOB C 3KCnepHMeHTanbHblMH Ha6nro
AeHHRMH. 

H3MeHeH11e LIHKflOTPOHHOH MaCCbl C TeMnepaTypoi1 06bRCHReTCR 
ecTeCTBeHHblM o6pa30M: OHO CBOHCTBeHHO 4HCTOMY KPHCTanny. ¢11311-
4ecKaR npH4HHa 3aBHCHMOCTH 3¢¢eKTHBHOH MaCCbl nonRpOHa OT TeM
nepaTy_pbl np11 HH3KHX TeMnepaTypax fibina yKaaaHa XoA611 /cM/ 111 /. 
npH e-/jw<< 1 41'1Cfl0 peanbHblX ¢0HOHOB B CHCTeMe Hl'14TOlKHO ,- 11 TeM
nepaTypHyro 3aBHCHMOCTb Ha..qo 06bRCHHTb Ha OCHOBe Henapa6onH4HO
CTi-1 nonnpoHHOH 30Hbl c (P), o6ycnosneHHOH 3neKTpoH-¢0HOHHblM · 
B3ilHMOAeHCTBl1eM. CocTORHHR C pa3HblM P /nonHblH HMnynbc, KOTO
PblH npH e-,Bw «1 coenaAaeT c w~nynbCOM nonRPOHa/ xapaKTep113y-

➔ ➔ ➔ ➔ ➔ 

roTcR 3¢¢eKT11BHblMH MaccaM11 m*(P) =I Pl/lcJdP)/cJPI ~ m*(P)> m*(O). 
nonRpOH, ABl1lKY~l1HCR C Manoi1 cpeAHei1 CKOpOCTbro V, np11 KOHe4HblX 
TeMnepaTypax MOlKeT HaXOAHTbCR C onpeAeneHHOH sepORTHOCTbro B 
cocTORHHRX c paan114Hb1M11 P. CpeAHRR 3¢¢eKTHBHaR Macca 6yAeT 3a
e11ceTb OT TeMnepaTypbl 11 6yAeT 6onbwe MaCCbl OCHOBHOro COCTORHHR. 
TaKoe TOflKOBaH11e 06bRCHReT TaKlKe TOT 3Kcnep11MeHTanbHblH ¢aKT, 
4TO L.111KflOTPOHHaR Macca pacTeT C yeen114eH11eM 11TeMnepaTypbJ 11 HO
CHTeneH aapRAa, o6ycnoeneHHblM yeen114eH11eM 3neKTPH4ecKoro nonR 
/TeMnepaTypa peweTK11 np11 3TOM OCTaeTCR noCTORHHOH: Ha6nroAaroTCR 
11ropR411e 11 nonRpOHbl c 6onbwoH KHHeTH4eCKOH 3Hepr11eH/. 
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