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0 PACIJETE KOHCT AHT 

CBfl3J1 ATOMOB llPHMECE£1 B METAJIJIAX 

HanpasneHo B *YPHan '~H3HKa MeTannoa 

H MeTannoseaeHHe' 



1. B B e a e H H e 

~3BeCTH0 0 ~TO npH BHeCeHHH npHMeCH B KpHCTannH~eCKYID peweTKY B 

cneKTpe KOne6aHHil: MaTpHUbl MOryT B03HHKHYTb LIOnOnHHTenbHbie ~aCTOTbi, 

Ha3biBaeMbie noKanbHbiMH (eM., HanpHMep, I 1 I). CywecTBoBaHHe TaKHX nonon

HHTenbHbiX Kone6aHHil o6ycnosneHO pa3HHUell: Mace M8TpHUbl H npHMeCH, a 

TaK*e H3MeHeHHeM CHnOBhlX nOCTORHHhlX B OKpeCTHOCTH npHMeCH. Bonpoc 

06 H3MeHeHHH CHnOBb!X nOCTORHHbiX peweTKH npH BHeCeHHH nerKOil: npHM9CH 

He BbiRCHeH oKoH~aTenbHO. B pa6oTel2/ onpenenRnacb noKanbHaR ~acToTa 

pewe,:rKH MeLIH c npHMeCRMH Be no HeynpyroMy pacceRHHID Heil:TpoHoB. Dp11 

STOM 6bina cnenaHa OUeHKa H3MeHeHHR CHnOBOi! nOCTORHHOil {). «110 0 B Hy

neBOi! KOOpLIHHaUHOHHOil: C~epe. 3TO H3M9H9HHe OKa3anOCb 3H8~HTenbHbiM 

:: 50%) • DpH pac~~Te HCnOnb30BanoCb npH6nH*eHH9 0 B KOTOpOM H3MeHeHHe 

CHnOBbiX nOCTORHHbiX BO BCeX KOOpLIHH8UHOHHbiX C~epax, KpOMe Hyneaoil:, He 

Y~HTbiBanOCb RBHO. TaKoe npH6nH*9HHe SKBHBaneHTHO nonywenHID, ~TO H3-

MeHeHHe CHnOBbiX nOCTORHHbiX B nepBb!X KOOpLIHHaUHOHHbiX c<f>epax npeHe6pe

*HMO Mano H MO*eT OKa3aTbCR CnHWKOM rpy6b!M LinR 6onbWHHCTBa peanb

Hb!X KpHCTannOB. DoSTOMy Heo6XOLlHMO 6onee LieTanbHOe H3y~eHHe H3M9HeHH.S! 

cHnOBbiX nocTO.SIHHbiX 1'1 g;,a/3 KBK ¢YHKUHH paccTORHH.SI no npHMecH. B bi -
""' 

neneHH9 B .S!BHOM BHLl9 BKnana B CHnOBbl9 nOCTOSIHHbie OT nanbHOLiet\CTBYIDIIIHX 

CHn (Me*HOHHOe KynoHOBCKOe, sneKTpOH-sneKTpOHHOe H sneKTpOH-HOHHOe 

B3aHMOLieftCTBHe), CM(3< n03BOnReT OnHCaTb ·~41 af3 He6onbWHM ~HCnOM nm 

napaMeTpOBo 3TO naeT B03MO*HOCTb Hail:TH H3MeHeHH9 CHnOBb!X nOCTORHHbiX 

B nepBhlX KOOpLIHH8UHOHHhlX c<f>epax, ecnH H3B9CTHa noKanbHaR ~aCTOTa H 

3Ha~eHHe napaMeTpoB ncesnonoTeHuHana sneKTpoH-HOHHoro B3aHMonettcTBHR. 
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2. Y'leT H3MeHeHHH cunoBbiX nocTOHHHbiX B nepBoif KoopaHHBUHOHHOif 

c¢epe 

not(a!IbHaSl '!aCTOTa MO)KeT 6b!Tb OIIpeLleneHa H3 H3BeCTHOrO LleTepMH

HaHTHOrO ypaBHeHiiJSl ( CM, 1 HaiipHMep,/4/) 

1<1> af3 ( k) - w 'l8 a{3 I = 0 ' 
( 1) 

rLle cf)a{3 ( k ) - cpypbe -KOMIIOHeHTa CliJIIOBOif IIOCTOSlHHOlt OLlHOKOMIIOHeHTHOlt 

peweTKH cf)af3 
nm 

Ho YLl06Hee , BBOLlSl cpyHKUHJO fpHHa 

a{3 1 I. 
Gnm(w)=-;;-ltl 

(3LleCb w "11 H v "11 

va v{! 
ltL-...!.J. 

'l 
w'l -w i:J 

expf ik (Rn- Rm)\ 

- '!aCTOTa Kone6aHHlt H BeKTOp IIOIISlpH3aUHH 

( 2) 

HLleanbHOlt peweTKH 1 COOTBeTCTByJOwHe BOIIHOBOMY BeKTOpy 

BeTBHj),onpeLleiiS'!Tb IIOKaiibHhle '!aCTOThl H3 ypaBHeHHS'I 
"' H HOMepy 

18 8 ay Y~ 
n m a{3 - G n e v e m I .. 0 • 

(3) 

a{3 
rLle V f m - MaTpHua, OIIpeLleiiSleMaSl pa3HOCTb!O MaCC IiJOHOB OCHOBHOif 

peweTKiiJ H IIpHMeCH, a TaK)Ke H3MeHeHHeM CHIIOBblX IIOCTOSlHHblX /).cJl :E • 
06YCIIOBIIeHHbiM BBeLleHHeM II pliJMeCH/1/, 

v y{3 
em w'lt1M8 Be 8 +t1«liy(3 

m 0 m y{3 fm 

4 

(4) 

TaKolt BIHI ve~f3 II 

Mana, H IIpHMeCHbilt aTC 

B LlanbHeltweM or 

c~ephl H rrpHMeM yrrpou 

{).o 

ITocneLlHee LlOIIyweHHe 

ypaBHeHJile (3)/6 / , HO, 

LlYJOlliHe Bbl'lliJCIIeHiiJSl IIpl 

UeHTpHpoBaHHOlt peweTK 

a a 
/).cJl 00 c/l 

YeThipe ocTaBwHxcSl cu 

B paCCMaTpHB8eMOM np~ 

LleltCTBYJOWelt Me)KLlY aT 

IISlpHyJO K 3TOlt IIIIOCKOC 

Yl3 ( 3) IiJ ( 4) c ) 

X 

+ 

rLle 

ITocKonbKY noKanbHaS'I 

ypaBHeHHe (5) IIpH W • 



OH KOOpaHHBUHOHHOH 

3 H3BeCTHOrO }leTepMH-

( 1) 

HHHOH OllHOKOMITOHeHTHOH 

( 2) 
D 

BeKTOp liOnHpH38UHH 

oeKTopy H HOMepy 

iHH 

(3) 

b!O Mace HOHOB OCHOBHOH 

!IOCTOHHHbiX /), CIJ :~ • 

y{:J 
' (4) 
• m 

TaKoA BHil 

Mana, H npHMeCHb!H aTOM HaXOJlHTCH B HyneBOH H'leAKe ( f - 0 ) • 

B nanhHeArneM orpaHH'IHMCH paccMoTpeHHeM nepao~ KOOpllHHauHoHHO~ 

c¢epbi H npHMeM ynpornaJOmee rrpennono)KeHHe/5/: 

a{3 
~4>on ~o. ecnH a/.{3. 

nocneJlHee JlOITyllieHHe }laeT B03MQ)KHQCTh <jlaKTOpH30B8Tb JleTepMHH8HTHOe 

ypaBHeHHe (3)/6/, H0 1 He HBnHHCh <jJH3H'IeCKH 060CHOBaHHhlM 1 }lenaeT ITOCne

llY!OWHe Bbi'IHcneHHH npH6nH*eHHbiMH, Bocnonh30BaBrnHch CHMMeTpHeH rpaHe

ueHTpHpoaaHHOH perneTKH 1 38ITHllieM 

... 8). 

'4eTb!pe OCT8BlliHXCH CHnOBbiX ITOCTOHHHb!X B nepBOH KOOpllHH8UHOHHOH c<jlepe 

B p8CCMaTpHB8eMOM npH6nH)KeHHH Manbl 1 T,K, OHM OliHCbiB810T rrpoeKUHIO CHnbi, 

}leHCTByJOWe~ Me)KJlY 8TOM8MH 1 ne)K8lliHMH B llnOCKOCTH, H8 OCh, rreprreHJlHKy

nHpHy!O K 9TOH rrnOCKOCTH 0 H ll09TOMY Mbl HX He 6yJleM Y'IHTbiB8Tb, 

H3 (3) H (4) c yqATOM rrpHHHThlx rrpenrrono*eHH~ rrony'IHM ypaBHeHHe 

rne 

[ 1 - ( ( ~ M w 
2 

+ /), ¢ oo l Goo+ 8 6 <t o P o 1 l ] 

8 

+~Cilo1I. c,1]6Cil 01Goo-o, 
1=1 

a -1,2,3 . 

( 5) 

TioCKOnhKY nOKBnbH8H '18CTOT8 

ypaBHeHHe (5) npH W- W 

W HBnHeTCH perneHHeM yp8BHeHHH (3), 

f /1 
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ClinOBbiX flOCTOS!HHblX 61Jl 00 

OHHOH ccj>epax. 

H ·641 01 B HyneBoA H nepBOH KOOpLIHH8UH-

PacqeTbi aToA 38BHCHMOCTH npoBoaHnHcb aa aneKTpOHHoA Mall!HHe c 

HCITOTib30B8HHeM 8KCTiepHMeHT8llbHO llOCTpOeHHblX LIHCTiepCHOHHblX KpHBbiX 

M9LIH/7/H 3H8'IeHHSI TIOK8llbHOA '18CT0Tbl, H8ALieHHOro B pa6oTe/2;. 

Pe3ynbT8T pac'!eTa npHBeaea Ha pHc. l. 

EcnH 6bi H3MeHeHHe CHTIOBbiX ITOCTOSIHHblX npOHCXOLIHTIO nHlllb B nepBOi!: 

KOOpLIHH8UHOHHOH ccj>epe, B cnyqae rpaaeueHTpHpOB8HHOA peweTKH C y'leTOM 

npHHS!ThlX npeLITIOTIOMeHHi!: BhliTOTIHS!TIOCb 6hl COOTHOWeHHe 

( 6) 
6 (Jl 00 = - 8 L1 (Jl 0 I • 

LIOITOITHSIJOWee ·CHCTeMy yp8BHeHHi!: OTHOCHTeflbHO fl.(Jl OO H fl.¢ 0 I ' 

PeweHHJO 8TOH CHCTeMbl ( TO'IK8 A) COOTB9TCTBYJOT H3M9HeHHS! CHllOBbiX 

ITOCTOS!HHbiX B nepBOH H HyneBOA KOOpJJHH8UHOHHOt\ C<jlepax. 

fl. 'CfJ 00 

~ 00 
-= 

fl. Ill 01 

<f> 0 I 

~ 70 % • 

PeweHHe, COOTBeTCTByJOWee ITpH6fiH)K9HHJO, npHHS!TOMy B/2/, JJaeT: 

641 00 

Ill 00 

0::: 40% 
6 Ill 01 

~ 01 

= 0. 

3. OIIpeaeneHne BKnaaa aanbHoaetiCTBYJOIJJHX 

CHIT B ~ a/J 
nm 

l.JT06bi nepei!:TH OT Bblp8MeHHSI ( 6) K 6onee TO'IHOMy COOTHOll!eHHJO, 

He06XOLIHMO y'leCTb CHnOBbie ITOCTOSIHHb!e apyrHX KOOpJJHH8UHOHHbiX ccj>ep B 

cyMMe 

t-,(Jl ,a{J =-:I 6,¢ a{J 
0 0 I 0 I 

6 

npH 8TOM )K9f18T9flbHO 

'IT06bJ rrony'IHTb He en 

aT11x napaMeTpos. 3am 

HI I 
I 

3aecb npHMeHeHbi o6bi 

HOHOB B nepBbiX ABYX ' 

JJHTCSI no seeM y3na 

raMHITbTOHHaHa H 1 om 

KoTopoe npennonaraeTc 

TeMbl 38fiHW9M B BHAe 

H + H 
e e 

+I I Aa 
Q P n 

D 

6A(ql~~ 

-3aecb BBeJJeH ncesnon• 

CTBHS! ( CM.,H8ITpHMep,/ 

M8TpHUbl H l - B y3IT8J 



~ H nepBOli KOOpUHH8UH-

meKTpOHHOA M8WHHe C 

.HCnepCHOHHbiX KpHBbiX 

~o B paooTe/2:. 

~XOUHnO nHWb B nepBOA 

:Holi peweTKH C yq~TOM 

·HHe 

(6) 

)0 H ~<t> 01 • 

'IDT H3MeHeHHSJ CHnOBhlX 

Jepax. 

aaeT: 

IYIOWHX 

'QqHOMy C OOTHOWeHHJ01 

:>pllHH8UHOHHbi X c<flep B 

af3 
npH a TOM }!{enaTenbHO npeacTaBHTb ll <t> D m He6onbWHM qucnoM napaMeTpoa, 

qTOOhl nonyqHTb He CnHWKOM rpOM03UKyiD CH CTeMy yp8BHeHHli OTHOCHTenbHO 

9THX napaMeTpOBo 3anHWeM I'8MHnbTOHH8H aneKTpOH-HOHHOli CHCTeMbl B BHUe 

H=H 1 +H.,+H.,
1 ( 7 ) 

HI I 
I 

..!1_ + _1_ I 
2M 1 2 II 

e2 
--•...:1'--z .&.1 ---+ -1

- I 4> (It R ) . 
. R I - Rll 2 II I I ( 8) 

3aeCb npHMeHeHbi 06biqHble 0603HaqeHHSJ J]nSJ HMnynbCOB 1 KOOpJJHH8T H M8CC 

HOHOB B nepBbiX JJBYX qneH8X HOHHOI'O I'8MHnbTOHH8H8. CyMMHpOB8HHe npoBo-

UHTCSJ ITO BCeM yanaM peweTKH 1 BKniDqag y3nbl npHMeceli. nocnellHHfi qneH 

I'8MHnbTOHH8H8 HI OilHCbiB8eT HeKynOHOBCKOe B38HMOileACTBHe Me*UY HOH8MH, 

KOTOpoe npeanonar8eTCSJ KOpOTKOileACTBYIDWHM f8MHnbTOHH8H aneKTpOHHOfi CHC -

•reMbl 38ilHWeM B BHUe 

H +H 
1
=I 

e e k 

~A(ql -~V*(q)..!...I c 
V D D 

e 

~lleCb BBelleH ncesaonoTeHuHan 

CTBHSJ (cM.,HanpHMep,/3 / ). cl>yHKUHSJ c 0 

M8TpHUbl H } - B y3n8X npHMecefi 

7 

a 
k 

( 9) 

----0 a a 1 -tq Ro 
V aiq -V*(q) e 

D V D 

aneKTpOH-HOHHOI'O B38HMOileli-

npHHHM8eT 3HaqeHHe 0 B yana x 



t\V*(q) v t<q ) - v ~(q ) ) 

rile v;(ql H v ~(q) -nceBJlOilOTeHUH8llbl HOHOB OCHOBHOJ! peweTKH H 

npHMeCH, COOTBeTCTBeHHO, BKnBJl Me~HOHHoro KYllOHBOCKOrO B38HMOJleACTBHB 

B CHllOBbie ilOCTOBHHbie Bhi'iHCnBeTCB HenocpeJlCTBeHHb! M llH!P<jlepeHUHpOB8HHeM 

BToporo qnena B {8) 

K afJ =411e 2 Z
1

Z
1 II 

... 
I~exp{iq(R 1 q q 

... 
- R ) I 

I 
( 10) 

Bbtpa~enHe JlnB BKnaJla sneKTpoH-HOHHoro H sneKTpon-sneKTponHoro B3aHMO

JleAcTBHll: yao6no nonyqHTb, Hcnonb3YB ypaanenHe JlnB 3ana3ahiBBIOWell: IPYHKUHH 

fpHl-1 8 

G a f3, a << u a u f3 ;:>> 
nn n n 

C raMHllbTOHH8HOM { 7) /8/, 

d 2 af3 af3 a Y ay 
(i--) M G ,=8(t-t')8 ,+I (<J>* +K 

d t n on no my nm nm 

G yfJ 
mn 

+I A~(q l « 
qp 

a+ a • u 
p P-Q r 

f3, » 
n 

3JleCb 

<~>*ay 
nm 

a 1 ...... 
<-I ~(RIRI)) 

2 II a a a a aY 
n Ill 

BK/18/J OT KOpOTKOJlell:CTBYIOWell: qaCTH Me~HOHHOrO B38HMOUell:CTBHH, 

YpasnenHe JlllH IPYHKUHH fpHna, onpeaenRIOIUell: BKnaa oT sneKTpoH-sneKT-

poHHoro B38HMOUefiCTBHH << a + a ; U {3 > > , HMeeT BH/J: 
p p-q D 

8 

~{. 
J 

I 

( i 
d 

dt 
) << a 

+ I A a ( q ') <• 
, m 

qm 

+ I ,l'i A ( q ') 
a 

+ I V(q'l<· 
kq' 

ilonb3YBCb npH6nH~eHHI 

ceHHHH H npeJlnonaraH, 

aecTH pacuenneHHe non) 

nepeXO/JH 38TeM K !Pypb 

BKnaaa 3neKTpoH-HOHHOr 

llOCTOHHHhle Bhlpa•eHHe 

rft3(w)- I qa q {3V*(q) 
nm q n 

rae l ( q , w ) - JlHsnet 

!Paa 

BHa IPYHKUHH v *(q) 
n 

v *(q 
n 



>B OCHOBHOA perneTKH H 

OCKOrO B38HMoael\CTBHR 

,J M UH$<j>epeHUHpOB8HHeM 

( 10) 

!-3neKTpOHHOrO B38HM0-

38II83Llb!B8IOllieA $yHKUHH 

G 
D 

yfJ 
, 

mn 

HMOLiel!CTBHH. 

:nan oT 3neKTpoH-3neKT-

HMeeT BH£1: 

:J 

' I 

( i 
d 

dt 
) << a + a ; u {3n >> 

p p-q 
( ( - ( ) << a + a u {3 >> 

P- q P P p-q n 

+ I A a ( q ') << (a+ a , - a + I, a ) u Y 
9 
~ m p p- q - q P+s p-q m 

u {3>> + 
n 

+ I,fl A (q ') « (a:a 
a 

p-q-q 
-a+ ,,a 

P+q 
; u {3»+ 

p-q n 

+ + f3 
q, + P -q- a k-q , a P+q I a P- q a k l; u n >> 

ilonhayRcb npHonH)KeHHeM cnyqati:HbiX 4Jaa anR 3neKTpoH-3neKTpOHHoro pac-

CeHHHR H npennonarag, 'ITO 3neKTpOH-HOHHOe pacCeHHHR Mano, MO)KHO IlpOH3-

BeCTH pacuenneHHe nonyqeHHoA ueno'!KH ypaaHeHHA (eM., HanpHMep, /8 / ). 

nepexonH aaTeM K 4Jypbe-npencTasneHHIO 4>YHKUHA fpHHa CM. / 9 / , nony'IHM anH 

BKnana 3neKTpoH-HOHHOrO H 3neKTpOH-3neKTpOHHOro B38 HMOOe HCTBHR B C HnOBbi e 

_1lB a f3 -+ -+o -+o 
fr'(w)ziq q V*(q)V*(q)expl-iq (R -R )) 

nm q n m n m 

1-f(q,w) 

2 2 
€(q,w)41Te /q 

( 11) 

f ( q , W ) - UH3neKTpH'IeCK8H IIpOHHuaeMOCTb B IlpHonH)KeHHH cnyqal\HbiX 

BHa $yHKUHH 

( (q • w) 
4~re 2 

= 1 +---I 
q2V P 

D p Dp-s 

w -w 
pq 

v *(q) MO)KHO Bb!Op8Tb B $opMe 6apLIHH8 ( CM., H8IIpHMep,l3 / ) 
n 

V*(q) = (-
n 

41T Z e 2 
n 

9 

+ u lx (qr 
n s 



X (q r 
8 

) 

3 ( sin ( q r 
8 

) - q r "cos ( q r 
8

)) 

( q r ) a 
" 

rne r., -6eapaaMepHaH nnoTHOCTb sneKTpoHHoro raaa, u n - napaMeTp 

ncesno noTeHuHana. 

T a KHM o6p830M 0 npOH3BOnbH8H CHnOB8H TIOCTOHHH8H MOlKeT 6b!Tb 38TIHC8-

H8 B BHLte 

~af3 -~*af3+ K.af3 + uaf3 (O),L 
n m om n m nm 

( 12) 

npH'I~M ~·af3 
nm MOlKHO C'IHT8Tb OTnH'IHO~ OT Hyng nHWb B nepBO~ KOOp-

!lHH8UHOHHO~ CQJepe, 8 !l8nbHOLte~CTBY!OW8H '18CTb CHnOBbiX ITOCTOHHHbiX 38-

BHCHT OT napaMeTpOB 0 H 
D " . 

l1a (10), (11),(12) cnenyeT Bbipa-

lKeHHe LtnH H3MeHeHHH CHnOBhlX riOCTOHHHhlX, o6ycnosneHHOI'O npHCyTCTBHeM 

npHMeCH 

A~ af3 c A <I> * af3 +A [J af3 
nm n m n m 

+ A 'K.af3 
nm 

(f3) 

AIIaf3 =2 qaqf3V* (q) Aox(qr 
nm q 1 s 

... ... 
... 0 ,../), 

-lq(R n-"Dt' 1- l 

) e ~/ ~ 
f 4 "e q 

+ 

( 14) 

a f3 
+ 2 q q --· "·~ < v * < q l V*( q l l A z A z 

m n m 

... -+o -<o 
-lq (R n- RrJ 

e 1- l 

l• 4" e 2/q~ 

rne Au -paaHOCTb ncesnonoTeHuHanos MaTpHUbi H npHMecH, a A K af3 
nm 

CBH38HO C H3MeHeHHeM 38pH!t8 npHMeCH no CpasHeHHIO C HOH8MH M8TpHUblo 

DpennonaraeTcH, 'ITO napaMeTp r 8 , CBH38HHbl~ C sneKTpOHHO~ rrnOTHOCTbl0 0 

He H3MeHHeTCH npH BHeceHHH npHMecH. EcnH H3 BeCTHO Au , TO B npH6nH-

lKeHHH 

10 

j - HHLteKChl nepsot 

aaBHCHMOCTb A~00 oT 

A~oo 

A~o 

rne 
a a 

A£101 =All 01 

(16) BMecTe c (5) o6pa. 

A~ 0 0 • DpHMeHeHHe H 

He orp8HH'ICHO npH6nHlKCJ 

T,K, C'IHT8eTCH 0 'ITO nar. 

(11)/3/, 

4. OueHKa H. 

DOCKOnbKY 3H8'1CHH· 

H3BeCTH biM 0 6bin8 npOH3E 

Au. llnH Toro 'IT06b 

HpH B8pbHpOB8HHH u 
) 

nnH HneanhHOti peweTKI 

30B8nHCb MeTO!lOM, H3nc 

LtHCITepCHOHHhle KpHBhlC 

nony'leHO 3H8'1eHHC 



l r ) ) 

" ----

o raaa, o 
0 

- napaMeTp 

( 12) 

lSI ITHWb B nepBOH KOOp-

CHITOBbiX ITOCTOSIHHbiX 38-

11), ( 12) cnenyeT Bbipa-

ITOBneHHOrO npHCyTCTBHeM 

1 - ( 

-+ .. 0 -ttl 
q ( R n- R.,J 

+ 

1- l 

Ubi H 11pHM€CH 0 8 

( fJ) 

( 14) 

3HHIO C HOH8MH M8TpHUblo 

3IT€KTpOHHOl!: 11ITOTHOCTbiD, 

THO ~ 0 , TO B npH6nH-

( 15) 

j - HHUeKChl nepBOH KOOpllHH8UHOHHOH c~ephl) nonyqHM napaMeTpHqecxyro 

38BHCHMOCTb ~¢00 OT ~¢ 01 

"" 
1~1 ( ~ I1 0 I + ~ K 0 I ) 

( 16) 

rne (a=1,2,3). 
0 I 01 

(16) BM€CTe C (5) o6paayeT CHCTeMy ypaBHeHHli lliTSI onpen e neHHSI ~¢ 01 H 

~ ¢ O o • flpHM e HeHHe H3ITO)!{eHHOr'O MCTOll8 onpcneneHHH CHITOB b lX ITOC TOHHHblX 

He orpaHHqeHO npH6ITH)!{eHHCM ( 15) 0 HO BHC ero CT8HOBHTCH Manoa<j:l<\JeKTHBHbiM , 

T. K. cqHT8eTCH 0 qTQ ll8ITbHOUeliCTBHe XOpOWO OITHC b iB8eTCSI qneH8MH ( 10) H 

(11)/31. 

4. OuenKa H3MeHeHHH 
[/ a/3 

n m 
Ka/3 

nm 

flocxonhKY aHaqeHHe ~a B y pa BHeHHH (14) He rrpennonaranocb 

H3BeCTHbiM 0 6bin8 npOH3BeUeHa OUeHK8 ~ 11~/! rrpH p83mtqHbiX 3Ha qeHHHX 

~O• llnS! TOrO qTo6w CUenBTb OUeHKy H3M€H€HHSI CHITOBhlX ITOCTOSIHHhlX 

ITpH B8pbHpOB8HHH Heo6xonHMO orrpenenwi·b 3HaqeHHe rrapaMeTpa o 0 
) 

LliTSI HLl€8ITbHOH peweTKH. llnSI BblqHCIT8l!HSI 3TOI'O napaMeTpa Mbl BOCI10ITb-

30B8ITHCb MBTOLlOM, H3ITO)!{eHHhlM B pa6o~e / 3/. flpH pacq~Te HCI10ITb3 0B8ITHCb 

nHcnepcHOHHbie KpHBbiC Menn, rronyqeHHbie B pa6oTe/7 I. llnSI rrapa MeTpa o 

nonyqeHo auaqeHHC 
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U = - 0,5 SB, 

ilanee onpeaenHn8Ch Benli'U!H8 BKn8Ll8 B CHnOBb!e ITOCTOHHHb!e OT aneKTpOH-

¢oHOHHOrO B38HMOLle~CTBHH npH 3HaqeHHHX napaMeTpa u B npeaenax 

~30% OT ero 3HaqeHHH B HLleBnhHOl!: peweTKe, Pacq~T ITOK83an, qTo T8KOe 

H3MeHeHHe napaMe Tpa r1 npHBOLlHT K H3MeHeHHIO «<> ~~ B nepBOl!: KOOp

LlHH8 UHOHHOH c¢epe He 6onee qeM H8 1%, (noLl 3HaqeHHeM CHnOBOl!: ITOCTOHH-

HOH 3Lle Cb ITOLlp83yMeB8eTC H BenHqHH8 1 nonyqeHH8H MeTOLlOM H8HMeHhWHX KB8Ll

p a TOB H3 LlHCnepCHOHHhlX KpHBhlx/7/), noaTOMY B LlBnhHel!:WeM 1- l!: qneH B 

( 14) He yqHTbiBBeTC H, npH OUeHKe M3MeHeHHH KynOHOBCKOrO BKnBLlB B CHnO-

Bbie ITO C T OHHHbie HY)I{HO p a CCMOTpeTh cneLlyiOIUHe B03MO)I{H0CTH! LlBYXBaneHT

H b lli 6epHnnMH o6pa3yeT HOHHbl~ OCTOB C 38pHLlO M 0,1,2 B 38BHCHMOCTH OT 

Toro, C KOnhKO BHyTpeHHHX aneKTpOHOB CT8HOBHTCH CBOOOLlHblMH , 3apaHee 

MC KnJOqHTb KllKOR-nHOO H3 :3TifX cnyqaeB TPYLlHO, T,K, aHeprHH <t>epMH 

KpHC T a nn a MeLlM npH 6 nH 3 HTe nbHO p 8 BH8 ITOTeHUHany HOHI138 UHM Be • B nep-

BOM H Tp e TbeM c n y qae ~ Z =-I H ~ Z =+I COOTBeTCTBeHH0 1 a BO 

BTOpO M ~ Z =0 , T,e , M3M e HeHHH KynoHOBCKOrO BKnBLlB He npOHCXOLlHT, 

H a K o H e u, M O)I{e T oKa 3 8 ThCH , qTo yaenuqe ~me nnoTHOCTM a neKTpoHoB B o6nacTH 

H30biTQqlJQrO 3 8 pHLl8 npHBea eT K a¢¢eKTHBHOMY :3Kp8HHpOB8 HH 10 38pHLl8 npH

MeCM, If B p8MK 8 X ITpHHHTOrO npHonH)I{eHHH HeOOXOLlHMO nonO)I{MTh ~ Z :a 0. 

PemeHMe , COOTBeTCTBYIOIUee :3TOMY 3HaqeHMIO ~ z. M30opa )1{8eTCH 

ToqKol!: A Ha rpa¢MKe, 

PaccMoTpHM cnyqal!: ~ z = 

nc e BLlOITOTeHUH8n aneKTpOHHOrO 

EcnH npHHHTh npH6nH)I{eHHe, B KOTopoM 

B38HMOLlel!:CTBHH HMeeT BMLl KynOHOBC KOrO 

noTeHuMan a , T , e . 

V*(q) = V(q) 

LlnH acex q • TO MO)I{HO OO'beLlMHHTb TpeTHH qneH B ( 13) CO BTOpblM B ( 14), 

nonyqHTCH OOblqHoe Bblp8)1{eHHe LlnH :3Kp8HHPOBaJIHOro KynoHOBCKoro B38HMO

Llel!:CTBHH 

~ Ka{:J 
nm =a 

2 
4rre ~Z 0 ~Zm 

V N 
0 

~ 
q 

qaq!J. 
-+ -+ -+ 

-lq(R 0 -R,J 

q2+A:I(q) 
(17) 

e 

rue A\ql H8XOilHTCH ITO ljlOpMyne 
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J13 (16) BHLlH0 1 qTQ LlJ 

BbiqHcnHTh cyMMy f L 

y3n8M npHMOl!: peweTKI 

30B8H MeTOLl 3BanhLl8 

nonyqeHhl 3HaqeHMH 

~K 00 5,46.H 

flerKO yK838Th peweHJ 

H ~ Kot ' 

B ToqKe B 

0HO H300!= 

11l«<>o~ 

I«~> oo I 

~l«~>ool 

~I 

5 

nonyqeHHbie 3HE 

BhlBOLl 0 3HaqHTenbHOM 

KOOpLlHHBUMOHH biX c¢ep1 

npHHHThle npH6nH)I{eHHH 

T8UHIO nonyqeHHblX Ben!' 

H b iX. B caMOM aene, ITI 

HHHhlX 38 npeaenaMH n 

B TO )Ke BpeMH CHCTe : 

CTOHHHOli BO BCeX KOO!= 



CTOSIHHb!e OT aneKTpOH-

!Tpa (T B npe.aenax 

llOK838ll, 'ITO T8KOe 

B rrepBOH KOOp-

eHHeM CHllOBOH llOCTOSIH-

TOllOM H8HMeHbWHX KBBO-

JanbHeliweM 1-H: qneH B 

JBCKOrO BKnaaa B CHilO-

IMO)I(HOCTH: ABYXBaneHT

),1,2 B 38BHCHMOCTH OT 

I CB060!lHblMH , 3 apaHee 

'10 1 T.K, aHeprHSI <J>epMH 

>HH38UHH Be . B rrep-

COOTBeTCTB9HH0 1 a BO 

BKll8!18 He llpOHCXOllHT, 

TH aneKTpOHOB B o6naCTH 

8HHpOB8HHID 38pSil18 llpH

'lHMO llOllO)I(HTb f1 Z = 0. 

f1 Z, H306p8)1(8eTCH 

H:Mee T BRA KynOHOBCKOrO 

1 ( 13) CO BTOpblM B (14). 

'0 KynOHOBCKOrO B38HMO-

... ... ... 
3 -lq(R 0 -R,J 

- e 
l) 

(17) 

£(q,O) = 1 + 

Yf3 ( 16) BH!lHO, 'ITO !lllSI OllpeaeneHHSI /1 <J> 00 Heo6xoaHMO 

Bbi"IHCllHTb CyMMy t /1 K 0 1 H •meR !1 K 01 CyMM8 BHAB ( 17) 110 

y3ll8M llpSIMOH peweTKH llllOXO CXOllHTCSI H .[lllSI ee Bbl'IHCneHHSI 6btn HCI10llb-

30B8H MeTo.a 3Banh.aa (eM,, HanpHMep,/41), B pe3ynbTaTe pacq~TOB 6btnH 

!1 K
00

= 5 46.104 E!!!!_ 
' CM 

!1K = 0,62. 1Q4 ~~!!-. 
01 CM 

flerKO YK838Tb peweHHe CHCTeMbl (16) npH HaA.aeHHhlX 3Ha'IeHHSIX 

B Ha pRe. 1. B TO'IKe A 

.!1I<I>od 
- 75% -70% . 

I <t> oo I 

B TO'IKe B 

111 <~>oo I 
= 65% 

!1l<l>o1l _..;__.::'-'-'-- = 55 % • 

1<1>001 I <t> o 1 I 

5. 06cylK.aeHHe 

!1 <I> 00 H !1<1> 01 ll03BOllHIDT c.aenaTb 

BbiBOll 0 3H8'IHTellbHOM H3MeHeHHH CHllbHbiX llOCTOSIHHbiX B HyneBO~ H nepBOH 

KOOpAHHBUHOHHbiX c¢epax peweTKH Me.[lH C llpHMeCSIMH Be 

llpHHSITbJe 11pH6flH)I(eHHSI H8Kll8!lb!B8IDT HeKOTOpb!9 orpaHH'I9HHH H8 HHTepnpe

T8UHID rronyqeHHbiX BenH'IHII KBK .aefiCTBHTenbHbiX H3MeHeHHH CHllOBbiX llOCTOSIH

HbiXo B caMOM .aene, npH nonyqeHHH ypaBHeHHSI ( 5) H3MeHeHHe CHnOBbiX nocTo

HHHbiX 38 npe.aenaMH nepBOH KOOp!lHHBUHOHHOH c¢epbl He y'IHTbiBBllOCb SIBHO, 

B TO )l(e BpeMSI CHCT9M8 (16) nonyqeHa C yq~TOM H3MeHeHHH CHllOBOH 110-

CTOSIHHOH BO BCeX KOOp!lHHBUHOHHbiX c¢epax, noaTOMy BenH'IHHbl !1 <I> 00 H 
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~<I> 01 Hrp8IOIIHie pOIIb rrapaMeTpOB B YJ)BBHeHHJ.I ( 5) 1 6yJlyT HMeTb CMb!CII 

R3MeHeHHH CHIIOBbiX IIOCTOHHHbiX B HyneBO~ R rrepBotl: KOOpJlRH8UROHHO~ c¢e

pax (KBK 3TO RMeeT MeCTO B ypaBHeHHR (16)), ecnR yq~T R3MeHeHHH CHIIO

BbiX IIOCTOHHHblX BO BTOpotl:, TpeTbe~ H T.Jl. KOOpJlHH8UHOHHblX c¢epax M8IIO 

BIIRHeT H8 orrpeaeneHHe IIOK8IlbHO~ qaCTOTbl R3 ypaBHeHRH (3). 

HerrocpeacTBeHHbiM BbfqJ.IcneHH8M 6biiiO ycTaHoBneHo, qTo BKnaa sneKT

poH -<jJOHOHHOrO B38HMOJle~CTBJ.IH B H3MeHeHHe CHIIOBbiX IIOCTOHHHblX rrpeHe6pe

)KJ.IMO Man. f103TOMY fl. <1> nae orrpeaenHeTCH H3MeHeHReM KYIIOHOBCKOrO 

B38RMOJle~CTBHH R 6nR3KOJle~cTBYIOWRX eRn. B cnyqae coenaaeHHH 3apHaa 

rrpHMeCH C 38pHJlOM J.IOH8 M8TpHUbl J.I3MeHeHHe 6nH3KOJleti:CTBYIOWero BKII8Jl8 

OK83biB8eTCH 3HaqJ.!TenbHb!M ( ~ 8 ,. 0,98.104 ~~~- ) • 0JlH8KO RCCne-
CM 

Jl0B8HJ.IH 6nH3KOJle~CTBHH 1 OCHOBBHHbie H8 BOCCT8HOBIIeHRH BJ.!Jl8 6opH-Ma~epOB

CKOrO IIOTeHURBna J.l3 yrrpyrRX IIOCTOHHHblX J.1 8H8nR3 JlHCIIepCHOHHbiX KpHBbiX 

(eM. H8IlpHMep,l7/) YK83b!B8IOT H8 T01 qTO BKII8Jl 6nH3KOJle~CTBJ.IH B CRIIOBble 

4 JlHH 
IIOCTOHHHb!e MeJlH He npeBbiUJBeT 0.3, 10 ---- • f103TOMY ecTeCTBeHHO npeano

CM 

IIO>KJ.!Tb, qTQ 38pH.O npHMeCH Be OTIIJ.IqeH OT 38p5!Jl8 J.IOH8 Cu,H B 3TOM cnyqae 

H3MeHeHHe 6nH3KO.Qeil:CTBYIOWero BKII8)l8 ~ 8 II 0
1 
11. 1Q4 .OHH 

CM 
<I> af3 3aMeTHM 1 H8KOHeU, qTQ M8TpHU8 CRIIOBhlX IIOCTOHHHhlX nm HellHaro-

H8IlbH85! OTHOCHTenbHO BepXHRX RH.QeKCOB, rrpH6IIH)KeHHe B KOTOpOM ~<t>af3 
nm 

)lH8rOH8IIbHO, npHBO.QHT, IIO-BJ.I)lJ.IMOMy, K HeCKOnbKO 38BbiUJeHHbiM 3HaqeHHHM 

~<l>ot J.l ~<I> 00 

B 38KnroqeHHe H Bhlpa)KaJO npH3HaTenbHOCTb H.M.ITnaKHJle, npeano)KHB-

UJeMy TeMy .Q8HHOJl: pa60Tbl 0 38 ueHHble 38Meq8HRH. 
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l ( 5) 1 6ynyT HMeTh CMbiCn 

~ KOOpllHH8UHOHHO~ C~e

R yq~T H3MeHeHHR CHnO

H8UHOHHhlX C~epax Mano 

BHeHHR (3). 

BneHo, qTo BKnan aneKT-

:x nOCTORHHhiX npeHe6pe

AeHeHHeM KynoHOBCKOrO 

•qae coBnaneHHR 3apRna 

•neiicTByiOwero BKnana 

~~~- ) • OnHaKo Hccne
CM 

HHH BHll8 6opH-MaiiepoB

! AHCnepCHOHHhlX KpRBhlX 

!3KOneiiCTBHR B CHnOBbie 

OMY ecTeCTBeHHO npenno

uoHa Cu 
1 

H B aTOM cnyqae 
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