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1. BBEAEHJ.1E 

AMop~H~e MeTann~ H HX cnnaa~ /MeTannH4eCKHe cTeKna/ HMe~T 
PRA xapaKTepH~X oco6eHHOCTeH, o6ycnoaneHH~X CTpyKTYPH~M 6ecno
PRAKOM. noMHMO H3MeHeHHR 3neKTpOHHOrO cneKTpa, B HeKOTOp~X cny-
4aRX 3Ha4HTenbHOrO, CTpyKTypHOe pa3ynopRA04eHHe npHBOAHT H K 
cHnbHoA nepecTpoAKe cneKTpa Kone6aHHH peweTKH: noa~waeTCR nnoT
HOCTb ~OHOHH~X COCTORHHA B o6naCTH HH3KHX 4aCTOT H nORBnR~TCR 
xapaKTepH~e AnR CTeKOn noKanH30BaHH~e HH3K03HepreTH4eCKHe B03-
6ymAeHHR ABYXYPOBHeaoro THna 111. XOTR nnoTHOCTb noKanH30BaHH~X 
ABYXYPOBHeBbiX CHCTeM HeaenHKa /-1 0 - 5 Ha aTOM/, 6naroAapR WHpo
KOMY 3HepreTH4eCKOMy pacnpeAeneHH~ OHH OKa3~Ba~T 3aMeTHOe BnHR
HHe Ha PRA ~H3H4eCKHX CBOHCTB aMOp~HOrO MeTanna B o6naCTH HH3KHX 
TeMnepaTyp /cM./1/ /. no3TOMy onpeAeneHH~H HHTepec npeACTaBnReT 
B~RCHeHHe ponH ABYXYPOBHeB~X CHCTeM B CBepxnpOBOAHMOCTH aMOp~H~X 
MeTannoa H HX cnnaaoa. KaK 6~no noKa3aHo a pa6oTax12/, B3aHMOAeH
CTBHe 3neKTpOHOB C ABYXYPOBHeB~MH CHCTeMaMH B CTPYKTYPHO-Heyc
TOH4HBOH perynRpHoA peweTKe npHBOAHT K yaenH4eHH~ KOHCTaHT~ CBR-
3H ,\. H MOmeT 06"'bRCHHTb Ha6n~AaeM~H Ha 3KCnepHMeHTe pOCT TeMne
paTyp~ nepexoAa T0 a6nH3H o6nacT~ cTpyKTYPHOH HeycTOA4HBOCTH 
::~;.;:::7.:: .. ~ .. --:.::. 8 t:.::5~--:-~ 131 5:.,: .. ~:: ~.::::.:: ~~e~!~2 Tc ~-~~ ~e'!=.'"!!''!!~·~~':~0~0 
CTeKna C ManOH KOH~eHTpa~HeA ABYXYPOBHeB~X CHCTeM, HO 6e3 y4eTa 
3neKTPOH-~OHOHHOrO B3aHMOAeACTBHR. 

B HacToR~eA pa6oTe AaeTCR B~BOA ypaaHeHHH caepxnpoBOAHMOCTH 
AnR aMOp~HOrO MeTanna C y4eTOM B3aHMOAeAcTBHR 3neKTpOH08 KaK 
C ~OHOHaMH, TaK H C KBa3HnOKanbH~MH B036ymAeHHRMH A8YXYPOBHe8o
ro THna H npOBOAHTCR O~eHKa 8nHRHHR nocneAHHX Ha TeMnepaTypy 
nepexoAa T 0 • B cneAY~~eM pa3Aene nony4eH~ ypaaHeHHR 3nHaw-
6epra AnR 3neKTpOHHOA ~yHK~HH fpHHa B yaenbHOM npeACTa8neHHH 
B 06~eA MOAenH aMOp~HOrO MeTanna. npH6nHmeHHOe B~4HCneHHe 3~eK
TH8HOrO B3aHMOAeACTBHR 3neKTpOHOB npoBeAeHO B n.3, Ha OCH08e KO
TOporo a n.4 AaHa o~eHKa T 0 AnR MeTannH4ecKoro cTeKna THna PdZr. 
noKa3aHO, 4TO HeCMOTpR Ha Many~ KOH~eHTpa~H~ ABYXYP08HeBWX CHC
TeM H3-3a CHnbHOrO B3aHMOAeACTBHR 3neKTpOH08 C HHMH 8 aMop~HOM 
MeTanne B03MOmHo aaMeTHoe noa~weHHe T0 aa C4eT o6paao8aHHR K8a3H
noKanbH~x 8036YmAeHHA ABYXYP08Heaoro THna. 

2. YPABHEHI-1~ CBEPXnPOBOAJ.1MOCTJ.1 

AnR OnHCaHHR 3neKTpOHOA CHCTeM~ B pa3ynOpRA04eHHOA peweTKe 
BOCnOnb3yeMCR 6a3HCOM noKanH30BaHH~X 3neKTpOHH~X COCTORHHA 8 npH-
6nHmeHHH CHnbHOH CBR3H H aanHWeM raMHnbTOHHaH 3neKTPOHOB B 8HAe 
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H • ~ f i a ta a ia + ~ t .. a+ a . + ~ p . . a+ a . , I 1 I 
ia if j IJ IG JU ij IJ Ia JG 

r~e ~a , aia - onepaTOp~ PO*AeHHR H yHH4TO*eHHR 3neKTpOHa Ha ya· 
ne i e 3HeprHe.:i f i H ~nHHOM a , t ij - HHTerpan nepeeKoKa ~nR 
yanoe i~j. a onepaTop Pij onHe~eaeT Heynpyroe paeeeRHHe 3neKT
poHoB, o6yenoBneHHOe $nyKTya~HRMH nnOTHOeTH B paenpe~eneHHH HO
HOB peweTKH. HBH~.:i BH~ ero, a TaK*e Mo~enbHoe npe~eTaeneHHe ~nR 
~BYXYPOBHeB~X eHeTeM H $OHOHOS S HeynopR~04eHHOH peWeTKe 6YAYT 
paeeMOTpeH~ S n.3. npRMOe KynOHOSeKoe S3aHMO~e.:ieTSHe S RSHOM 
SH~e He y4HT~saeTeR, a snHRHHe ero Ha Tc o~eHHsaeTeR e noMo~b~ 
3$$eKTHSHoro nees~onoTeH~Hana. Bso~R ~anee npe~eTasneHHe HaM6y 

(
a. t) 

ojJ i- . ~ • 

a i+ 

o/1 + - (a+i ' ,a i + ), 
I 

nony4HM ypasHeHHe AnR MaTpH4HO.:i 3neKTpOHHOH $yHK~HH rpHHa 

G . (t-t ') = « ojJ I (t) I ojJ . ( t ')». 
IJ J 

121 

131 

r~e npHHRT~ 06b14Hble 0603Ha4eHHR ~R ~SyXspeMeHHbiX TepMO~HHaMH4e· 
eKHX $yHK~H.:i rpHHa/4,61. CoeTaSnRR ~en04Ky ypasHeHHH npH ~H$$e
peH~HPOBaHHH 131 no ~BYM BpeMeHaM, KaK 3TO 6blnO OnHeaHO S pa6o
Te/SI,nony4aeM ypasHeHHe ~nR $ypbe-KoMnoHeHT~ no speMeHH ~nR 
$yHK~HH 131 S SH~e 

11 1 \ ,., 0 f ' ~ ,-,o , 'm .- ',.,n 
-··'\WJ--.,,\WJT- -·· \WJ.&..k \WJ'-' t·'\W)• 

11 11 jk IJ J I 

HynesaR $yHK~HR rpHHa y~osneTSOpReT ypasHeHH~ 

~ [wr0 81J·. -(c1 8 1. + t .. )r
3 

]G~ .• (w)•o , , 
j J IJ J 1 II 

r~e SSe~eH~ MaTpH~bl naynH: 

r 0 =(; :)· r3-(1 0) 
0 -1 

MaTpH~a paceeRHHR s /4/ onpe~enReTCR MHoro4aCTH4HOH ~YHK~He.:i 
rpHHa 

" ' I "t/ 

151 

161 

Tlj (w)• ~ «p., r o/1.• lo/1 .• r p .•. » /71 
j 'j' II 3 I J 3 J J W 

H eBR3aHa c MaCCOBbiM onepaTOPOM M ij (w) ~YHK~HH rpHHa I 31 ypas
HeHHeM 

'Ijj (w) • M1j (w) + k; M ik (w) G~r (w) Trj (w). !81 

2 

Cne~osaTenbHo, Maeeos~.:l onepaTop RSnReTeR eHnbHoesRaaHHO.:i /HnH 
eo6eTSeHHOH (p) I 4aeTb~ MaTpH~bl paeeeRHHR 17/: Mij (w)zTi/P)(w). 
4To6~ nony4HTb aaMKHYTOe ypasHeHHe Aa.:leoHa, paeeMoTpHM npH6nH
*eHHOe sblpa*eHHe ~nR Maeeosoro onepaTopa, s KOTopoM He y4HT~sa
eTeR nepeHOPMHpOSKa 3neKTpOH-HOHHOH sepWHH~. 3TOMY npH6nH*eHH~ 
eoOTSeTeTSyeT ene~y~~ee pae~enneHHe ~syxspeMeHHO.:i KOppenR~HOHHOH 
$yHK~HH /S/: 

+ (p) 
< p '(t) T3 ojJ . ' (t) I ojJ ' T3 p . ' . > 

11 I J J J 
191 

"' < p .. , (t) p . , . > T 
3 

< ojJ., (t) ojJ . , > 1
3 

, 
11 J J I J 

aHanOrH4HOe npH6nH*eHH~ 11 S3aHMO~eHeT SYIOIJIHX M0~11 • 11enonb3YR Te
nepb eneKTpanbH~e npe~eTasneHHR AnR $yHK~H.:i rpHHa/5/, nony4HM 
ene~y~~ee Sblpa*eHHe ~nR Maeeosoro onepaTopa s npH6nH*eHHH 191: 

M .. (w)• .J.. R dwldwg !.(tht3wl +Cth /3w 2 ) x 
IJ 7T 2 -oo w- (w 1 + w 2) 2 2 2 

1101 
x ~r3 ImG .•.• (w 1 +io)r 3 Im«p •lp•» +io" 

i 'j' I J 11 J J w2 
• 

~H3H4eeKHe eso.:ieTsa HeynopR~04eHHOH eHeTeMbl onpe~enR~TeR yepe~
HeHH~MH no KOH~Hrypa~HH y3nos peweTKH senH4HHaMH. B 4aeTHOeTH, 
nnOTHOeTb O~H03neKTPOHH~X eoeTORHHH S eHeTeMe onpeAenReTeR $yHK
~HeH 

N(w)·..l..~t-Lim«a !a+» I, 
N i 11 ta 1a w+ i 8 

1111 

r~e eyMMHposaHHe nposOAHTeR no seeM y3naM peweTKH. AnR Heene~osa
HHR esepxnpOBO~R~HX eso.:ieTS eHeTeMbl AOeTaT04HO paeeMOTpeTb ~yHK
~H~ rpHHa 131, yepe~HeHHy~ no seeM y3naM peweTKH npH $HKeHpOSaH-
HOM 3Ha4eHHH 3neKTpOHHOH 3HeprHH: 

1 1 G(c,w)•-- lo(c-f. )G (w)~G (w). 
N(c) N i I II II 

/121 

0TMeTHM, 4TO 3Ta $yHK~HR rpHHa OnHeblsaeT COCTORHHe 3neKTpOHa BO 
eee.:l peweTKe c y4eTOM nepexoAa ero Ha ~pyrHe y3nbl j~ i noA Ae.:i
CTSHeM onepaTopa nepecKOKa e 111. no3TOMY ycpe~HeHHaR cornacHo 
1121 HyneeaR ~YHK~HR rpHHa 151 MO~eT 6~Tb npe~eTaeneHa S BH~e 

-1 
G0 (c,w)={wro-(c+t(c.w))r3 ]. /13/ 

3bi4HCneHHe Maccosoro onepaTopa t(c,w), onpeAenR~~ero pa3MbiTHe 
)~H03neKTPOHHOrO ypOBHR c=cj B 30HY S HeynopR~04eHHOH peweTKe, 
1pe~cTaSnReT ~OCTaT04HO enO*HY~ 3a~a4y, KOTOpaR SbiXOAHT 3a paM-
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K~ AaHHO~ pa60T~. np~ B~BOAe ypaBHeH~~ CBepxnpOBOA~MOCT~ o6~4HO 
npeAnOnaraeTCR, 4TO CBO~CTBa HOpManbHOrO MeTanna ~3BeCTHbl, ~ 

no3TOMy $YHK4~~ /11/ ~ /13/ MO~HO C4~TaTb 3aAaHH~M~. 
npoeeAeM Tenepb ycpeAHeH~e cornacHo /12/ ypaeHeH~R /4/ c y4e

TOM /8/. B peaynbTaTe no~y4~M ypaeHeH~e Aa~coHa AnR ycpeAHeHHO~ 
$yHK4~~ rp~Ha /12/: 

0(f.w)=0°(f,w) + j~ G~f(w)Mjk (w)Gki (w). /14/ 

npeHe6peraR KOppenR4~e~ B pacnono~eH~~ y3nOB (j,k), np~BeAeM 
He3aB~C~MOe ycpeAHeH~e MaCCOBOrO onepayopa ~ $YHK4~~ rp~Ha B 
/14/, a peaynbTaTe 4ero nony4~M: 

1 1 "' M(f,w)=---..:. o(f-f. )M .. (w) .. 
N(f) N i I II 

d d 1 f3w1 f3w2 
"' (( w1 w ~ -(th-- + cth --) x 

_ 00 W - ( W 1 + W 2 ) 2 2 2 

x { df'N(f')V(f.f, lw 2 )r3 [- J .. ImG(E',w 
1
+io)] r

3 1T 

/15/ 

/16/ 

np~6n~~eHHOe B~pa~eH~e 3AeCb nony4eHO TaK~e np~ He3aB~C~MOM yc
peAHeH~~ no yanaM peweTK~ a /10/: 

lGk(w 1 )«p. lpk.>>· = jk J IJ I w 2 

= (dE' lo(f'-f. )G.k(w
1
)«p .. lpk.>> "' 

jk J J IJ I w 2 
/17/ 

"'(df'N(E' )G(f',w 1 )--
1
-·lo(f'-fJ· )«p . I p .. » 

N(f') J IJ Jl w2 

4TO n03BOnReT BBeCT~ B /16/ 3$$eKT~BHOe B3a~MOAe~CTB~e 3neKTpo
HOB: 

/18/ 

B pe3ynbTaTe M~ np~XOA~M K CTaHAapTHO~ B Teop~~ CBepxnpOBOA~MO
CT~ C~CTeMe ypaeHeH~~ AnR $YHK4~~ rp~Ha /14/ ~ MaCCOBOrO onepa
TOpa /15/, KOTOpaR nony4aeTCR o6~4HO nocne ycpeAHeH~R 3T~X $YHK-
4~~ no noeepxHocT~ nocTORHHO~ 3Hepr~~. AHanor~4HaR c~cTeMa ypae
HeH~~ AnR "rpR3HbiX 11 ceepxnpoBoAH~KOB nony4aeTCR np~ 6onee Tpa-

4 

AH4HOHHOM KOH$Hrypa4HOHHOM ycpeAHeH~H $yHK4H~ rpHHa, 11 BOCCTa
HaBnHBaiOUieM11 TpaHCnR4HOHHyiO CHMMeTpHIO CHCTeMbl H AOnycKaiOUieM 
$ypbe-paano~eHHe no HMnynbcy. 0AHaKo a cny4ae aMop$Horo MeTanna 
BBeAeHHe HMnynbCHOro npeACTaBneHHR BCTpe4aeTCR C PRAOM TPYAHO
CTe~ ~ 6onee nocneAoeaTenbH~M npeAcTaBnReTcR BbiBOA ecex ypaeHe
HH~ ~ ~X ycpeAHeH~e B y3enbHOM npeACTaeneH~~. 

AanbHe~w~~ aHan~a CHCTeM~ ypaBHeHH~ /15/, /16/ MO~eT 6b1Tb 
npoeeAeH CTaHAapTH~M o6pa30M /CM., HanpHMep,/7/j H CBOA~TCR K 
Bb14~CneH~IO HeKOTOpbiX ~HTerpanoB no 3HepreT~4eCKHM nepeMeHHbiM OT 
3$$eKT~BHOrO B3aHMOAe~CTB~R /18/. 

3. 3~~EKTHBHOE B3AHMOAE~CTBHE 

AnR Bbl4~cneHHR 3$$eKT~BHoro eaa~MOAe~cTBHR /18/ Heo6xoA~Mo 
paccMOTpeTb onpeAeneHHYIO MOAenb HeynOPRA04eHHO~ peweTKH H 3neKT
pOH-~OHHOrO B3aHMOAe~CTBHR. np~ nepeXOAe peweTKH H3 KpHCTannH4e
CKOrO COCTORHHR B aMop$HOe HaH60nee CHfibHOe H3MeHeHHe HCnbiTbiBa
IOT OnTH4eCKHe BeTB~ KOne6aHHH /Hn~ KOne6aHHR Ha rpaHH4e 30Hbl 
B npOCTOH peweTKe/, nOCKOfibKY 3TH KOne6aHHR noKanbHOrO THna 5o
nee 4YBCTB~TenbHbl K $nyKTya4HRM 6nHmHero nopRAKa B aMop~HOM Co
CTORHHH. B 4aCTHOCT~, onpeAeneHHaR AOnR 3THX KOne6aHHH B TeX 
o6naCTRX peweTKH, rAe 6n~~HH~ nOPRAOK HapyweH OC06eHHO CHnbHO, 
npeepa111aeTCR B H~3K03HepreTH4eCKHe B036Y~AeHHR ABYXYPOBHeeoro 
THna. B 3aBHCHMOCT~ OT CTeneH~ HapyWeHHR 6n~mHero nopRAKa MOryT 
Ha6nJOAaTbCR KaK npeAenbHO HH3K03HepreT~4eCKHe B036ymAeHHR TyH-

I _ . .., ~ ,_,. 1 1r I --. ... ,, ,...,.......,,:::,,.,. ... ,.....,.,~ .... ''"-.""'""""'-
Mt::JID HUI V I VIIIO / \.. ..:Jn~~~ lfl~l"l .._. '...., o '"'I ' • .._.,,. ro ..,....,...,.._.J "'M'-' "'"' ,.,..., .... ...,.,, •-

KanbHQrQ THna I c 3HeprHe.:1 E - 1 +1 00 K/. noReneHHe nOA06HbiX KBa3H
noKanbHbiX 4aCTOT XOpOWO H3BeCTHO B 3KCnepHMeHTaX C BHe4eHTp0BbiMH 
npHMeCRMH THna Li + a NaCl, rAe He6onbwoe ~3MeHeHHe nocTORH
HO~ peweTKH /"'0,5%/ nepeBOA~T TYHHefiHPYIOUIYIO npHMeCb B KBa3HnO
KanbHOe Kone6aTenbHOe cocTORHHe /cM. 181 /. AnR onHcaHHR 3THX 
KBa3~noKanbH~X KOne6aHH~ BOCnOnb3yeMCR ABYXYPOBHeBOH MOAenbiO, 
raM~fibTOHHaH KOTOpO~ B nceBAOCnHHOBOM npeACTaBneHHH HMeeT B~A/ 1 / 

/19/ 

rAe Sf - onepaTOP nceBAOCn~Ha s = 1/2 B y3ne e. Ae~CTBYIOUIHH B 
npocTpaHcTee ocHOBHoro '1'0 (r) H nepeoro 'I' 1 (1) eo36ymAeHHoro 
COCTORH~H AnR noTeH4Hana C ABYMR MHHHMyMaMH. Me H De - MaTpH4Hble 
3neMeHTbl, OnHCbiBaiOUI~e B3a~MOAe~CTB~e ABYXYpOBHeBOrO B036ymAeHHR 
C Ae~OpMa4HeH e e . 3TO B3a~MOAe~CTBHe npHBOAHT K KOHe4HOMy 3aTy
XaH~IO r ph(E)- E 3 ABYXYPOBHeBbiX B036Y~AeHH~' npH4eM r ph ~ E 
a o6nacT~ E ~ 100 K. nocKonbKy a 3$~eKT~BHoe npHTRmeHHe 3neKT
POHOB /18/ OCHOBHO~ BKnaA AaiOT B~pTyanbHble B036ymAeHHR peweTKH 
C E > T c , TO 3aTyXaHHeM f 6 (E) ABYXYPOBHeBbiX B036ymAeHHH 3a C4eT 
~x esaHMOAe~cTB~R c 3neKTpoHaMH MO~Ho npeHe6pe4b: I 6 ( "E)- E 
~ AaeT 6onbwo~ BKnaA no cpaeHeHHIO c Ae$opMa4HOHHbiM 1PJE) nHWb 
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Allfl TYHHeJlbHbiX B036Y>KAeHH~ npl-1 E$0,1 TIKI lcM.'
11 I. no3TOMY 

Allfl Aa11bHe~WHX pac4eTOB Mbl MO>KeM npeAn0110>KHTb, 4TO n11oTHOCTb 
ABYXYPOBHeB~X B036Y>KAeHH~ C AOCTaT04HO Ma11~M 3aTyXaHHeM HMeeT 
Henpep~eHoe pacnpeAe11eHHe B HHTepea11e (Et .~o): 

no 
P(E).-, 

Eo 

1201 

rAe E 1 $ 0,1 K 1-1 E 0 - 100 K, n 0 - HX KOH4eHTpa4HR.ACHMMeTpHe~ 
ABYX~fiMHOrO noTeH41-1a11a, Hrpa~~e~ ea>KHY~ p011b B C11y4ae TyHHe11bH~X 
B036Y>KAeHH~ Ill, 3AeCb Mbl 6yAeM npeHe6peraTb. 

Ma11~e K011e6aHHR peweTKH o6~4Horo ¢oHOHHoro THna 6yAeM onHc~-

eaTb 3¢¢eKTHBH~M rapMOHH4eCKHM raMH11bTOHHaHOM 
2 

Pn 1 af3 a {3 
H = ~ - + - ~ <ll u u , 121 I 

ph n 2M n 2 nm nm n m 

rAe CMe~eHHe U~ onpeAC11fi~T K011e6aHHfl aKyCTH4eCKOrO THna A11fl 
Rqe~KH n c 3¢¢eKTHBHO~ Maceo~ Mn 1-1 MaTp1-14e~ CH110BbiX nocTORHHbiX 
<lla{3 . 

nm 
Y4HT~BaR npHHRTY~ MOAe11b, onepaTop e3aHMOAe~cTBHR 311eKTpOHOB 

C K011e6aHHfiMI-1 peweTKI-1 B 111 3anHWeM B BHAe 

' a. a 1 v S X P = ~ v. u + r r. 
ij na IJn n IJ 

1221 

rAC MaTpH4H~e 311eMeHT~ MOryT 6~Tb B~pa>KeH~ 4epe3 nCCBAOnOTeH4Ha11 

iQrt 
,. ~ v (q)e A (q)iq , 

q n IJ a 

vii£ =2<i[IP0 (r)U(f+r>'1 <;>lj>. 

iqf 
z ~ vf(q)e Aij (q)2yp(q). 

Q 

1231 

1241 

- 311eKTPOHHbl~ ¢QpM¢aKTOp B y3€11bHOM 

...... ... ..... 

3 -> iqr m ... . . qdp 1251 
yf(q)= (d r'l' 0 p(r)e T

1
p(r)=oism-

2
--

nceeAocnHHOBbl~ ¢0pM¢aKTOp, lji(O,l~(r) - B011H0Bbl€ ¢YHKI..\HH OCHOBHO
ro 101 H B036Y>KA€HHOro I 1 I COCTORHI-1~ e R4e~Ke f. npH611H>KeHHOe Bbl
pa>KeHHe AJlfl Hero n011y4eHO Allfl CJ1y4afl AOCTaT04HO rny60KO~ ABO~HO~ 
f!Mbl, rAe dr- paCCTORHH€ Me>KAY ee MHHHMyMaMH. B C11y4ae nepCXOAHbiX 
d -MeTaJ1110B 6o11ee YA06Ho~ oKa3b1BaeTcR 04CHKa MaTpH4HbiX 311eMeHTOB 

1231, 1241 C nOMO~b~ MOAe11H CH11bHOCBR3aHHbiX 311eKTpOHOB 19
( KOrAa 

6 

) 

I 

B3aHMOAe~CTBHe 311eKTpOHOB C K011e6aHHfiMI-1 peweTKI-1 onpeAe11ReTCfl B 

OCHOBHOM H3MeHeHHeM HHTerpa11a nepeCKOKa: 
a 

a at(ltiJ ) Rij _ 0 . 1261 
vijn = a (on,i -.Sn,j ) .. qOtij -1 R,·J· [(on,i n,j ), 

aRii 
... ... ... ... 127 I 

viip=2<'1'0p(r)[t(Rii +r)['l' 1p(r)> .. q0tiidpoi,f. 

rAe Rii- paccTORHHe Me>KAY 6111-1>Ka~wHMH ya11aMH (i,j), q 0 - c11e~-
TepoecKH~ K03¢¢H4HeHT, xapaKTepH3Y~~I-1~ 3KCnOHeH4Ha11bHOC y6bJBa

HHe d -¢yHK41-11-1. 
noACTaB11flfl Tenepb 1221 B Bblpa>KCHHe I 181' A11fl ·3¢¢eKTHBHOro 

B3aHMOAe~CTBHfl n011y4aeM npeACTaB11eHHe: 

X I ~ v ~ 
{3 1 a {3 v .. , [--lm«u [u '»w+ 1.~ l + 1281 

nn' IJn Jl n TT n n u 

+ ~V .. pV.p[-.l.Im«Sr[Sp» .~J. 
f IJ Jl TT W+ 1U 

rAe M~ onyCTI-1111-1 HHTep¢epeH4HOHHble 411CHbl BBHAY HX 6011ee B~COKOrO 
nopRAKa Ma110CTH no B3aHMOAe~CTBH~. npoBeACM Aa11ee 04eHKY 3¢¢eK
THBHOrO B3aHMOAe~CTBHfl, B~n011Hflfl He3aBHCHMOC ycpeAHeHHe no peweT

Ke A11R eocnpHHM4HBOCTe~: 

1291 1 a, a 
X (w) =- - ~ <<un i un >>w 

ph 3N n a 3N n a <J! a a _ M w 2 
nn n 

1 X X 1 E£ <Sf> 
X (<,)) =-- ~ « Sp I Sp » ,. N ~ __:.2_...;.__ 

B N f w r E f- w2 

1301 

z 1 
rAe B /301 <Sf> ,. - th( {3Ep /2) H He y4HTb1BaeTCfl nepeHOPMHpoB-

Ka Ef 3a C4€T eaa&MOAC~CTBHfl ABYXYPOBHCBOH CHCT€Mbl C Ae¢opMa4He~ 
e 1191 1-1 311eKTpoHaMH e 1221. BBOAR cneKTpa11bHble n110THOCTH Fph,Jw~ 
= lm x ph 

8 
(w + i o), 3¢¢eKTHBHoe B3aHMOAe~cTBHe 1281 Allfl 311eKT-

poHOB npH ¢epMHeBCKO~ 3HeprHH f'•f=fF npH611H>KeHHO 3anHWeM 

B BHAe 

1311 

A11R MaTpH4HbiX 311eMeHTOB eaaHMOAe~cTBHR 311eKTPOHOB c ¢oHoHaMH 
H ABYXYPOBHeBO~ CHCTeMO~ B npH611H>KeHHH CH11bHO~ CBR3H COr11aCHO 

1261, 1271 nony4aeM 04eHKH 

2 1 a 2 2 
<J h >=-2- ~o(£F-f. )8(fF -fJ. )[Vijn I • (q

0
W), 1321 

p N FN ij I 
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2 1 I 
1
2 2 <J > =--.,...--- L o( (F-(. )O(fF-f ) v 0 .. (qoWdo ). /33/ 

s N ~N ij 1 J lJ' 

rAe W- wJp~t~Ha 3neKTPOHHoill d-soHbl, NF=N(fF) , d 0 - xapaKTep
Hoe 3Ha4eH~t~e napaMeTpa ABOii!Hoilt RM~ df B /25/. Y4~t~T~BaR, 4TO 
nilOTHOCTb ABYXYPOBHeB~X BQ36y~AeH~t~ilt onpeAenReTCR pacnpeAeJleH~t~eM 

/20/, lt!X cneKTpailbHY~ nnOTHOCTb B /31/ MO~eM npeACTaBHTb B B~t~Ae 

n0 f3w 
F (w)=-th--8(E0 -\w\). 

s 4E 2 
0 

/34/ 

B OTil~t~4~t~e OT Fph(w) cneKTpanbHaR nnoTHOCTb AByxypoaHee~x aos6y~-
AeH~t~i1 /34/ nocTORHHil a ~t~HTepeane T0 ~ w ::; E0 1-1 He MO~eT 6b1Tb 
annpOKCHMHpOBaHa KaKoilt-TO OAHOi1 xapaKTepHOilt 4aCTOTOi1. 

4. Ol.\EHKA TEMnEPATYPbl nEPEXOAA 

AnR oueHK~t~ TeMnepaTyp~ nepexoAa T 0 npo~t~sBeAeM npe~Ae ecero 
B~4HCJleHHe 3$$eKTI-1BHOilt KOHCTaHT~ CBR31t1, CJleAYR MaKMit!JlJlaHy /eM., 
Hanp~t~Mep,/7/ /: 

A = Aph + .\ 8 
I dw N F V ( f F! <u) = 

-oo W 

/35/ 
2 2 

=NF<Jph> ll'ph(O)+NF <Js > Xs~O). 

BeoAR aAecb cornacHo /29/ ycpeAHeHHOe sHa4eH~t~e c~t~noaoA nocTORH-
Hoilt peweTK~t~ X ph (0) =<<I> nn > - 1 1-1 ~t~cnonb3YR npeAcTaeneH~t~e I 34/, 
nOilY41t1M: 

2 -1 
,\ph = NF<Jph><<l>nn > /36/ 

Eo d {3w 
A 8 = 2 Ao I ......!:!:!. th-,, 

E w 2 
/37/ 

rAe .\ 0 = (NF/4)<J; > (n 0 IE 0 ). 
y4eTOM /32/, /33/ MO~eT 6~Tb 

0THOWeH~t~e 3Tit!X KOHCTaHT CBR31-1 C 
oueHeHO e~pa~eH~t~eM 

2 2 
<<l>nn >do Eo Wn do Eo 

n ln- .. n0--ln-, 
0 E T E u2 T 0 0 0 

As _,. 
A ph 

/38/ 

rAe eeeAeHa xapaKTepHaR 3Hepr~t~R Kone6aH~t~A peweTKI-1 wD=<<I>nn>u~ 
1-1 CBR3aHHOe C Hei1 cpeAHeKBaApaTit14HOe CMeUleH~t~e lt!OHOB ug • nocKOJlb
KY xapaKTepHOe paCCTORHHe d 0 AilR AByxypOBHeBbiX CltiCTeM MHOrO 
60ilbWe U o : (dO /u O )2 - 10 7 102 , TO AflR /38/ no nOPRAKY BeJllt141-1H~ 
nony4aeM oueHKY .\

8 
I Aph- (10 2 -;.10 3 ) n0 np~t~ E0 -100 K AilR T-T0 -

- 1 K. KaK BHAHO, AOcTaT04HO CHilbHoe esa~t~MOAei1cTB~t~e 3JleKTpo-

8 

(, 

"-
1 

I 

HOB C ABYXYPOBHeB~MI-1 CltiCTeMaM~t~ 1-1 nOCTORHHaR nilOTHOCTb pacnpeAe
IleH~t~R nocneAHitiX MO~eT AaT\ 3aMeTH~ilt BKJlaA B KOHCTaHTY CBR3H /35/ 
Aa~e np~t~ HH3KOA KOHUeHTpaU~t~l-1 n0 ABYXYPOBHeB~X CltiCTeM. KOHCTaH
TY CBR31-1 /37/ MO~HO oueH~t~Tb 1-1 HenocpeACTBeHHO, eCJll-1 BOCnOilb30-
BaTbCR 3Kcnep~t~MeHTailbH~M~t~ AaHH~MH no saTyxaH~t~~ YilbTpaseyKa. Co
rnacHo, Hanp~t~Mep(10/ AilR MeTann~t~4ecKoro cTeKna PdZr MO~Ho np~t~
HRTbn0/E0"' 1033 /3pr.cM3/- 1 , NF .. 2,2-10 34 /3pr.cM3f-1~t~NFJ<.rf"
"'Q,9, 4TO AaeT 

1 nn 2 2 -2 .\ 0 = ----"- NF<J
6 

>"' 10 . 
4NF E 0 

/39/ 

Y4~t~T~BaR 3Ty oueHKy, npoaeAeM B~4~t~cneH~t~e TeMnepaTyp~ nepexoAa 
B np~t~6Jl~t~~eH~t~H npOMe~yT04HOA CBR3H. noJlb3yRCb CTaHAapTH~M np~t~-

6n~t~~eH~t~eM AilR llleJleBOill $YHKU1-11-1 ~(w) B BHAe CTyneH4aToilt $YHKUI-1H 
c xapaKTepHbiMH 4aCTOTaM~t~ w8 AilR KOHCTaHTbl As 1-1 w D AilR ,\ h 
1-1 BBOAR 3$$eKTHBH~ilt KyJlOHOBCKHilt nceBAOnoTeHUHaJl ~*. nOilY4HM~ 

Tc l 1+Aph + As --= exp - I. 
1,45w 0 As+ Cl+Aph)(~h - ~*) /40/ 

WD 
1+.\ph-(.\ h -~*)ln-

P w 
s 

B~6~t~paR xapaKTepH~e AnR MeTann~t~4ecK~t~X cTeKon T~t~na PdZr 3Ha4e-
HHR napaMeTpoe: Aph=0,4, ~*=0,11, wD= 200 K, HaXOAHM T~(A8=0)= 
= 2,4 K /np~t~ Tc= 2,62 K, Ha6Jl~AaeMOH B 3KCnep~t~MeHTe/. nonaraR 
Tenepb cornacHo /37/, /39/ A8 = /1+5/· 10-2• HaXOAHM Tc /T~ 
= 1+1,23 np~t~ w 8 = 50 K 1-1 T0 /T~ = 1,1+1,5 np~t~ w 8 =100 K. nony-
4eHH~e OUeHKI-1 noKa3~Bd~T, 4TO HeCMOTpR Ha Many~ KOHUeHTpau~t~~ 
ABYXYPOBHeB~X CHCTeM, OHI-1 MoryT AaBaTb yBeJlH4eHHe T 0 /•10+20%/, 
AOCTynHOe AilR 3KCnep~t~MeHTaJlbHOrO Ha6n~AeH~t~R. 0TMeTHM B CBR3H C 
3THM pa6oTy 1111, rAe 6biilO o6Hapy»<eHo yMeHbWeH~t~e T c nocne OT~~t~ra 
MeTaJ1JlH4eCKOro CTeKna, KOTOpOe He np~t~BOAHilO K H3MeHeHH~ nJlOTHO
CTI-1 3JleKTpOHH~X COCTORHHH, HO MOrilO BilHRTb Ha ni10THOCTb AByxypoa
HeBbiX CHCTeM. 

&onee T04HOe B~4HCI1eH~t~e KOHCTaHT~ CBR3H As /3.5/ /1-1 o6yCI10B
I1eHHOe e~ ~t~3MeHeH~t~e T c I 40/ I Tpe6yeT 6onee onpeAeneHHbiX AaHH~x 
AilR ni10THOCTH ABYXYPOBHeB~X CHCTeM n 0 , KOTOpaR MO~eT 3Ha4~t~Tei1b

HO OTI1H4aTbCR OT nony4eHHOH B YilbTpa3BYKOB~X 3KCnep~t~MeHTaX B o6-
naCTitl 3Hepr~t~A E $. 5 · 1 0-2 K. Heo6xOAHMO TaK»<e 6onee T04HOe a~-
4~t~cneH~t~e BOCnp~t~~t~M4MBOCTitl ABYXYPOBHeBOH CltiCTeM~ /30/ C y4eTOM 
B3a~t~MOAeiltcTBHR ee C 3JleKTpOHaMitl M Ae$opMau~t~eilt 1-1 YT04HeHHe $OpMy
Ilbl I 40/ AilR T c . 

B 3aKI1~4eH~t~e OAHH M3 aBTOpOB /H.n./ XOTeil 6~ no6naroAaP~t~Tb 
~.M.KaraHa 1-1 y4aCTH~t~Koe era ceM~t~Hapa sa nonesH~e o6cy~AeH~t~R. 
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ByilHqHq r.M., ITnaKHAa H.M. P17-82-497 
K TeopHH cBepxnpoBOAHMOCTH aMop¢Hh~ MeTannoB 

ITonyqeHw ypaBHeHHR cBepxnpoBOAHMOCTH B HeynopRgoqeHHOH 
MOgenH MeTanna B y3enbHOM npegCTaBneHHH gnR 3neKTpOHHOH ¢yHK
QHH rpHHa. ITpoBegeHa oueHKa TeMnepaTypw cBepxnpOBOAR.ero 
nepexoga npH yqeTe B3aHMOgeHCTBHR 3neKTPOHOB KaK C ¢oHOHaMH, 
TaK H KBa3HnOKanbHb~H B036~geHHRMH gByxypOBHeBOPO THITa B Me
TannHqeCKHX cTeKnax. IToKa3aHo, qTo nocnegHee B3aHMogeilcTBHe 
AOCTaToqHo BenHKO H MO~eT npHBOAHTb K 3aMeTHOMy ITOBb~eHHID Tc 
B MeTannHqeCKHX cTeKnax THna PdZr. 

Pa6oTa BbiiTOnHeHa B na6opaTOpHH TeopeTHqecKOH ¢H3HKH OHRH. 

Vuji~it G.M., Plakida N.M. PI7-82-497 
On the Theory of Superconductivity of Amorphous Metals 

The superconducting equations for a disorded model of 
metal in the site representation for electron Green's 
function are obtained. The superconducting transition tempe
rature Tc is estimated by taking into account both electron
phonon and electron-two-level system interactions in metallic 
glasses. The latter one is strong enough to produce a noti
ceable enhancement of Tc in metallic glasses of the PdZr 
type. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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