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Pa3pa60TaH MeTOA MOAeJlHpoBaHIDI KpHBhIX CKOJlh3HlI\eii (noBepxnOe'l'Hoii) AH<I>paKI.QfH peHTreHoBcKHX 
J'iyqeii Ha MHOroc.n:oiiHhIX KpHCTaJIJlH'IeCKHX crpYKTYPax H cBepxpeweTKax. MeToA OCHOBaH Ha peweHHH 

3aAa'lH AHHaMH'IecKoii peHTreHoBcKoii AH<I>paKUHH B KroKAOM CJloe, BhI'IHCJleHHH 4 X 4 MaTPHl( nepeAa'lH 
CJlOeB H AHHaMH'IeCKOM BhI60pe npH6J1H}KeHIDI TOJlCTOrO KpHCTaJIna. IlpoBeAeHhI paC'IeThI Ha 3BM H no

Ka3aHO, 'ITO MeTOA yCTOii'lHBO pa60TaeT AnH '1HCJla CJlOeB AO = 1<>2 H 60nee. Il03ToMY OH MO}KeT OKa3aTh
CH '1pe3BhI'IaiiHO nOJle3HhIM npH MOAeJlHpOBaHHH HCCJleAOBaHHii CJlO}KHhIX nOBepxnoCTHhIx crpYKTYP C 
nOMOlI\hIO nOBepxHoCTHOii AH<I>paKUHH peHTreHoBcKHX ny'leii. 

1. BBEAEHI1E 

B nOCJIeAHHe rOAhI nOBepxHoCTHIDl AH<ppaKQIDI 
peHTreHoBcKHX nyqeH (D,lJ,) 3<p<peKTHBHO npHMeHH
naCh AJIH H3yqeHHH coBepIIIeHCTBa MHOrOCJIOHHhIX 
CTpyKTYP [l - 7]. OAHaKo AO HaCTmlII~ero BpeMeHH 
TeOpeTHqeCKHe MOAenH 6hIJIH pa3pa60TaHhI TonhKO 
AJIH HeCKonhKHX qaCTHhIX CJIyqaeB 3THX H3MepeHHH. 
HanpHMep, B [1] npeAnO)KeH cnoco6 HHTepnpeTa
QHH llA AnH cepHH aMop<pHhIX CJIOeB Ha nOBepXHoc
TH KpHCTanna, B [2] - AnH KpHCTaJIJlHqeCKHX CJIOeB, 
HO TonhKO AnH npeAenhHo aCHMMeTPHqHOrO CJIyqaH 
fiA, B [5] - AnH HAeanhHO iIepHOAHqeCKHX cBepxpe
IIIeTOK. B [8] npeAnO)KeH MeTOA MOAenupoBaHHH Ha 
OCHOBe KHHeMaTHqeCKOH TeopHH AH<ppaKQHH, OAHa
KO B cuny HCXOAHhIX npH6nH)KeHHH OH He MO)KeT 
YAOBneTBopHTenhHO onHChIBaTh pacceHHHe B COBep
IIIeHHhIX CTPYKTYpax. B [9 - 10] BhIBeAeHhI AH<p<pe
peHQuanhHhIe ypaBHeHIDI llA B MaTPHqHOH <popMe, 
OAHaKO ux peIIIeHHe HaCTonhKO TPYAoeMKo H Heyc
ToiiqHBO AnH TonCThIX KpHCTannOB, qTO AenaeT 3TH 
ypaBHeHIDI npaKTHqeCKH HenpHMeHHMhIMH AJlH 06
pa60TKH 3KcnepHMeHToB. HaKoHeQ, B [3] nonytteHa 
CUCTeMa ypaBHeHHH AnH npoH3BonhHoH nOCJIeAOBa
TenhHOCTH nOBepXHoCTHhIX KpHCTannHqeCKHX H 
aMoP<PHhIX cnoeB H npeAnO)KeHO peIIIaTh 3TY CHCTe
My qHCJIeHHO MeTOAOM raycca. K CO)KaneHHIO, 3TOT 
MeTOA He pa60TaeT Ha npaKTHKe AnH qHCJIa CJIOeB 
60nee 5 - 6 BCJIeACTBHe OIIIH60K oKpyrneHIDI npH 
qucneHHOM peIIIeHHH CHCTeMhI H3 4 x Nen ypaBHeHHH. 
TaKHM 06pa30M, AO HaCTOHIQerO BpeMeHH qHCJIeH
HhIH aHanH3 3KcnepHMeHTanhHhIx AaHHhIX llA B 
MHOroCJIOHHhIX crpyKTYpax B 06IQeM CJIyqae 6hIJI 
HeB03MO)KeH. 

B HaCTmuQeH pa60re npeAJIaraeTCH pa3BHTHe Me
TOAa [3], KOTOpoe n03BOnHT ynpocTHTh BhIquCJIeHHH 
Ha KQMnhIOTepe AO onepaQUii C MaTPHQaMH 4 x 4 

H TeM caMhIM ynyqIIIHTh TOqHOCTh BhIqHCJIeHHH H 
pacnpOCTpaHHTh HX Ha CJIyqaH CTPYKTYP C·60nhIIIHM 
qHCJIOM CJIOeB (pa3Aen 2). B pa3Aene 3 06cy)KAaeTCH 
npoQeAypa BhI60pa AHHaMHqeCKOrO npH6nH)KeHHH 
TonCToro KpHCTanna npH MOAenHpoBaHHH llA B 
MHOroCJIOHHhIX CTPYKTYpax Ii ee Hcnonh30BaHHe. 

2. MATPI1QHhIl1 METOA 

PaccMoTPHM llA B MHOrOCJIOHHOH CTPYKTYpe, 06
pa30BaHHoH npoH3BonhHoH nOCJIeAOBaTenhHOCThIO 
aMop<PHhIX H KpHCTannHqeCKHX CJIOeB. BYAeM CqH
TaTh, qTO nepHoA peIIIeTKH OAHHaKOB AJIH Beex KpH
CTannHqeCKHX CJIOeB nOBepXHoCTH, qTO HMeeT Mec
TO AnH 60nhIIIHHCTBa CJIyqaeB.1B npH6nH)KeHHH AH
HaMHqeCKOH AH<ppaKQHH BonHOBoe none B BaKyyMe 
nepeA nOBepXHOCThIO KpHCTanna H B Ka)KAOM CJIoe 
AnH 060HX nonHpH3aQHH MO)KeT 6hITh 3anHcaHO B 
CJIeAYIOIQeH <pOPM~ (CM., HanpHMep, [3]): 

-8 BaKyyMe 

EJr) = {Eoexp(ix«l>oZ) + Esexp(-:'ix«l>oz)} x 

x exp(ix.ir.J + {Ehexp(ix«l>hZ)} exp(i(x + h).ir.t>, (1) 

- B KpHCTannHqeCKHX CJIOHX 

D:(r) ={ t.D;eXP(iXU;Z) }exP(ix"r.J + 
J (2) 

+ L*,V;D;exp(ix (u; +1Jf) z) } exp(i(x +h)"r.J. 

I CJIeroreT OTMeTHTh,. 'ITO KpHCTaJInlf1JeCKHe CJIOH C nepHOAOM, 
OTnH'IalOIl(HMClI Ha Iid/d> 10-4, He AalOT BKnaAa B AHlj>paK
JUlIO H MOryT paCCMal'pHBaThCli KaK aMoplj>Hble. 
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- B aMOp«lmbIX CJIOSIX 

3AeCb Eo = 1, Es ' Eh - aMllnHTYAbI naAalO~eu, 3ep
KaJIbHO oTpiUKeHHoii H AHcPpampoBaHHoii BonH 00
OTBeTCTBeHHO. HHAeKC k =1, ... N yx:a3bIBaeT HOMep 
CJIOSI B MHOroCJIOiiHOU CTJ>YKTYPe; x - BonHoBOu BeK
TOp peHTreHOBCKHx nyqeii (x =IxI); h - BeKTOp 00
paTHou pemeTKH, Ha KOTOpOM HMeeT MeCTO ITA; «1>0' 
«I>h - yron naAeHHSI H yron BbIXOAa AHcPpampoBaH

v k
HOH BonHbI OTHOCHTenbHO nOBepXHOCTH; Uj - peme-
HHSI AHCnepcHOHHoro ypaBHeHHSI 4-ro nopSIAKa AHHa
MH1JeCKOU AH$paKI.\HH B k-MKpHCTaJInH1JeCKOM CJIoe 
(j = 1, ... 4): 

x~,x:,x~ - peHTreHOBCKHe nonSlpH3yeMoCTH AnSI 

k-ro CJlOSl, 'II =2~sin{eB)' ~ - yron pa30pHeHTaQHH 
k

BeKTopa h OTHOCHTenbHO nOBepXHoCTH, Y j = 
k2 Z k k . 

= (uj - cI>0 - Xo) IXh - OTHOmeHHSI aMnnHTYA AHcP

pampoBaHHbIx H npoxoASl~X BonH AnSI j-ro peme-

J Z
HHSI (4), uk 

o.h == cI>0. h + Xo'k 

MbI BHAHM, 'ITO B KiUKAoM CJIoe B030}'}KAa1OTCSI 
1JeTbIpe BonHOBbIX nonSi. KaK nOKa3aHO B [11], ypaB
HeHHe (4) BcerAa HMeeT ABa pemeHHSI, 3aTYxalO~x 

B rnYOb KpHCTanna, H ABa B03pacTalO~X (xapaKTe
PH3YIO~CSI Imuj> 0 H Imuj < 0 ooOTBeTCTBeHHO). 
B03paCTalO~e pemeHHSI HHTepnpeTHpYlOTCSI KaK 
0TpiUKeHHbIe OT HIDKHeu rpaHHQbI CJIOSI. IT03TOMy· 
AnSI nOCJIeAHerO CJIOSI (nOAnmKKH) BonHbI C Imuj < 0 
C1JHTaIOTCSI 01JeHb CJIaObIMH H HCKnI01JaIOTCSI H3 
cPopMyn (2) - (3) (TaK Ha3bIBaeMoe npHonIDKeHHe 
TOnCToro KpHCTaJIna). 

TaKHM 00pa30M, B CJIyqae CTJ>YKTYpbI, ooCTOSl
~eu H3 N CJIOeB, MbI HMeeM 4N HeH3BeCTHbIX aMnnH
TYA BOnH: 2 B BaKYYMe (Es ' Eh) H 4{N -1) + 2 B KpHC
TaJIne. ~ITOObI HaUTH 3TH aMllnHTYAbI, HeOOXOAHMO 
Hcnonb30BaTb CHCTeMy H3 4N rpaHH1JHpIX YCJIOBHH 
AnJr noneu H HX npoH3BOAHbIX Ha N rpaHHQax Me}K,I\)' 
CJIOSlMH [3). B 1JaCTHOCTH, ypaBHeHHSI H;:t rpaHHQe 
MeXCAY BaKYYMoM H nepBbIM KpHCTaJInH1JeCKHM CJIO
eM 3anHCbIBalOTCSI CJIeAYIO~M 00pa30M: 

Eo+Es = L
4 

D], 
j=1 (5)' 
4 1 1 

cI>o{Eo - Es) = LUjDj , 

j=1 

YpaBHeHHSI Ha rpaHHQax Me)K,Il;y AByMSl KpHCTaJInH
1JeCKHMH H ABYMSI aMopcPHbIMH CJIOSlMH ooOTBeTCT
BeHHO HMelOT cPopMy 

rk k + I'k-lD k =D k + 1 + Dk+ 1DJo 0 JO Os 0 Os ' 

I'tv lc + I'k-ID k =Dk+ 1 + Dk+ 1 
J h h J h hs h hs , 

(7) 
k (l'kV k + I'k-I k ) _ k+ 1 (Dk+ 1 + Dk+ I)

UoVO 0 Jo D Os - Uo 0 0., 

k (l'kV k + I'k-I k ) _ k+ 1 (Dk+ 1 + Dk+ 1)
DUh V h h J h hs - Uh h hs' 

H T.A. 3AeCb HCnOnb30BaHbI CJIeAYIO~e 0003Ha1Je
HHSI: 

f} =exp{ixtkuj) , t =exp{ixtk",), n. h =exp{ixtku~. h)' 

tk - Ton~HHa k-ro CJIOSI. 

KaK MbI)'}ICe ynoMHHaJIH, B [3] npeAnaranOCb pe
maTh cHCTeMY H3 4N rpaHH1JHbIX ypaBHeHHu MeTO
AOM raycca. B AaHHoii paooTe MbI npeAnaraeM APY
rou nyrb. 

ITepenHmeM .ypaBHeHHSI Ha Ka)K,Il;oii rpaHHQe :B 

MaTpH1JHOii $opMe. BBeAeM AnSI 3TOro 4-KoMno
HeHTHbIe BeKTopbI Dk H MaTpHQbI ak H If pa3MepoM 
4 x 4 AnSI npaaou H neBou 1JaCTeU rpaHH1JHbIX ypaB
HeHHii: 

kDk 
= (8)DaM KP 

111 1 
y k Vk yk yk

1 Z 3 4 

k k k k , 
U 1 Uz U3 U4 

k k k k 
WI Wz W 3 W4 

k 
baM 

k k = aaM F , (10) 

rAe 

~ =fj~ij' Gt =gJ~ij' g~ ={I,
gk' 

eCJIH ~ =1,3 
eCJIH I =2,4. 

AnSI nOAnmKKH B ooOTBeTCTBHH CnpHonIDKeHHeM 
TonCTOro KpHCTaJIna BeKTop Dk cOAep}J{HT TonbKO 
ABe KOMDOHeHThI H MaTpHQa ak . - TonbKO ABa 
CTOnOQa. 

KPHCfAlliIOrPAcI>lUl TOM 39 1'i 2 1994 



223 METOA MATPHQ nEPEAAqH 

BBeAeM TaIOKe AIDI n9JIeH B BaKyyMe HaA nOBepX

HOCTblO KpHCTaJIJIa 4-KOMnOHeHTHbIH "naAalOII.(HH" 

BeKTOp E', 2-KOMDOHeHTHbIH "BaKYYMHbIH" BeKTOp HJIH (14) 

Ev H 2 x 4 "BaKyyMHylO" MaTPHI.\y bY: 
bV+ E i = CT ... TN-IaN) DN. 

~ ~ ·]~11) 
-<I> 0E'= [~o} [ o 
o -<I>h 

C nOMOII.\blO BBeAeHHblX MaTpHI.\ rpaHHqHble yCJIO

BHjI nepenHcbIBalOTCjI CJIeAylOII.(HM 06pa30M: 

bVEV+E i = alDI 
, 

2D2blDt =a , 

.................. ,
 
(12) 

.................................... ,
 

bN-IDN- t =aNDN, 

rAe DN == Ds H aN == as - 2-KoMnoHeHTHbIH BeKTop H 

2 x 4 MaTPHI.\a nOAJIO)KKH. 

TaKHM 06pa30M, MbI BRAHM, qTO nOJIHaji CHCTeMa 

ypaBHeHHH j1BJIjleTCjI KBa3HAHarOHaJIbHOH 

Ha30BeM npOH3BeAeH~ Tk =ak(H')-1 - MaTpHI.\aMH 

nepeAaqH HJIH T-MaTPHI.\aMH CJloeu. Jih (10) CJIeAyeT, 

qTO 

T~p =ak(Fktl(ak)-IGk, ~M =ak(Fk)-l(ak)-l. (15) 

k 
3Aecb (F )-;/ = <l)-tsij , (ak)-;/ = (g~)-lSij" 

ECJIH TOJIII.\HHa CJIOSI CTPeMHTcSI K HyJIIO, TO 

Fk __ I, Gk __ I, 1* __ (ak(ak)-I) -- I, 

T.e. T-MaTPHI.\a 6eCKOHeqHO TOHKoro CJIOSI cTpeMHT

CSI K eAHHHqHOH AHaroHaJIbHOH MaTPHI.\e. 

YpaBHeHHe (14) HMeeT npoCTYIO cPH3HqecKYlO 

HHTepnpeTaI.\HIO. ECJIH Bee rc =0, OHO COBnaAaeT C 

ypaBHeHHeM TI,I:( AJIjI COBeprneHHoro KpHCTaJIJIa. Ec~ 
JIH Ha nOBepXHOCTH KpHCTaJIJIa eCTb CJIOH, TO MaT

pHI.\a nOAJIO)KKH MOAHcPHI.\HpyeTcSI npOH3BeAeHHeM 

T-MaTPHI.\ Bcex CJIOeB: 

as=Tt ... PV-las. (16) 

YpaBHeHHe (14) C yqeTOM (16) eCTb CHCTeMa H3 

4 ypaBHeHHH OTHOCHTeJIbHO 4 HeH3BeCTHblX aMnJIH-

TYA: Eo, Es' D~ H D~ 

aSDs - bvEv= Ei (17) 

HJIH 

a~ID~ +a~2D;-Es = 1, 

a;lD~ + a;2D; - Eh =0, 
(17a) 

a~ID~ + a~2D; - <l>oEs = <1>0' 

a~tD~ + a~2D~ - <l>hEh =O. 

. CHCTeMa (17) MO)KeT 6bITb perneHa JII06bIM Me

TOAOM, KOTOpbIH npeAnOqHTaeT qHTaTeJIb. 

TaKHM 06pa30M, npeAJIaraeMbIH nOAXOA HMeeT 

TO npeHMYII.\eCTBO, qTO OH He TPe6yeT HHKaKHX one

paI.\HH C MaTPHI.\aMH 60JIbrne, qeM 4 x 4. TI03TOMY 

npeADOJIaraeTCjI, qTO OH 6YAeT YCTOHqHBbIM npH 

KOMnblOTepHblx BblqHCJIeHHSlX. 

QT06bI npaKTHqeCKH peaJIH30BaTb npeAJIarae

MbIH aJIrOpHTM, He06xoAHMO: BblqHCJIHTb MaTPHI.\bI 

ak; HaHTH 06paTHble HM MaTPHI.\bI JII06bIM CTaHAapT

HbIM MeTOAOM qHCJIeHHOH aJIre6pbI; BblqHCJIHTb MaT

pHI.\bI 1* H HX npoH3BeAeHHe; pernHTb cHCTeMY ypaB

HeHHH (17) MeTOAoM raycca HJIH ApyrHM cnoco6oM. 

K03cPcPHI.\HeHThI 0TPa)KeH~ BblqHCJISIIOTCjI no 

CTaHAapTHbIM cPopMyJIaM: 

Ps =IEsI2, (18) 

Ph =(<I>h/<I>o)IEhI2. (19) 
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KpHBbie peHTreHOBCKoH nOBepXHoCTHoH AH¢paKLUtH Ha CBepXpemeTKe H3 20 nepHoAoB 70 AAlAs H 150 AGaAs, paCCqH
TaHHbie MaTPnHblM MeTOAoM (a, 6), H AHarpaMMbl AHHaMnecKoro Bbl60pa qftCJIa 0TPa}KalO~X CJIoeB (B, r). a, B- yron na-
AeHIDI 10 yrn. MHH, 6, r - 20 yrn. MHH. CnnomHble nHHHH OTBeqalOT noporaM npH6nH}KeHIDI TOnCTOro KpHCTMna 1013 H 1014, 

mTPHXOBble - loS. 

Bo MHOrHX 3KcnepHMeHTax H3MepeHIDI Ph qaCTO eT B KpHCTaJIJIe Ha rJIy6HHe nopSl)l;Ka 1()2 A. Bonpoc, 
BhIllOJIHSlIOTCSI B 3aBHCHMOCTH OT yrJIa cI>h' B 3TOM KOTOphIH MhI CTaBHM B 3TOM pa3,11;eJIe: 6y;o;eT JIH ;0;0
CJIyqae npaBaSi qaCTh (19) ,ll;OJI)KHa 6hITh ,ll;OMHO)KeHa CTHrHyTa MaKCHMaJIhHaSi TOqHOCTh BhIqHCJIeHHH, ec
Ha 2cI>h (CM. [12]).	 JIH nhITaThCSI yqHThIBaTh BKJIa;O;hI B llA 0TPa)KeHHH 

OT BceX CJIOeB? MhI YBH;o;HM, qTO B 60JIhmHHCTBe 

CJIyqaeB OTBeT 6y;o;eT 0TPH~aTeJIhHhIM.3. AI1HAMI1QECKOE llPI1EJIl1)1(EHI1E 
QT06hI npOSlCHHTh CHTya~HIO, npHMeHHM ~opTOJICfOrO KPI1CfAJIJIA . 

MaJIhHO aJIrOpHTM, H3JIO)KeHHhIH B npe;O;hI;o;y~eM 
llyCTh MHOrOCJIOHHaSi crpyKTypa SlBJISleTCSI ,11;0 pa3;o;eJle, K MHorOCJIOHHOH CTpyKType, COCTOSl~eHH3 

CTaTOqHO TOJICTOH, HanpHMep 1()4 A. B TO )Ke BpeMSI N H;o;eHTHqHhIX CJIOeB, T.e. K COBet>meHHOMY KpHC

, H3BeC~HO, lITO npH TI,o; peHTreHOBCKOe nOJIe 3aTYxa· TaJlJly. AJUI npoCTOTbI npe.o;nOJImKIfM, lITO 'II =0 H 

KPHCfAJIJlOrPAcI»H.sI TOM 39 . Nil 2 1994 



225 METOA MATPI1U llEPEAAlJl1 

n03TOMY Gl: =I. TorAa H3 ypaBHeHuH (14) H (15) no

JIyqaeM 

;/ = (ayla-I)(ayla-') .,. (ayla-I) as = 
'-------...r ;/ 

(20)(N -1) pa3 

=a (F-I)N-I (a-las) =as (F-I)N-I, 

r]:~e (P-If-I - AHarOHaJIbHaji MaTpHQa, COAepXaIQajl 

ABe pacTYIQHe 3KCnOHeHThI, COOTBeTCTBYIOIQHe 

AByM 3aTYxaIOIQHM peIIIeH~MC Imuj > 0 

«P-If-l)jI =aj/exp(-ix(N - l)tUj),j, 1= 1,2. (21) 

H3 (20) H (21) CJIeAyeT, qTO eCJIH cYMMapH~ TOJI

IQHHa CJIOeB tcyM = (N - l)t MaJIa HJIH cpaBHHMa C rJIy

6HHOH 3aTYxaH~ peHTreHoBcKHX nOJIeH npH IIJJ, 

(t38T =max(xImujtl), TO 3JIeMeHTbI MaTpHQ as H as 
HMeIOT OAHH nOpjlAOK, H qHCJIeHHOe peIIIeHHe (17) He 

COCTaBHT np06JIeMbI. ECJIH JKe teyw. ~ t38T , TO 3Kcno

HeHTbI B (21) CTaHOBjlTCjI 60JIbIIIHMH H lias II ~ lias II. 
KaK CJIeAyeT H3 (17), peIIIeH~ D~(teyw.) H D~(teyw.) B 

3TOM CJIyqae AOJI)I{}IbI 6bITb MaJIbIMH. 3TO AeHCTBH

TeJIbHO TaK, nOCKOJIbKY COrJIaCHO (2) 

Dj(teyw.) = Dj(O)exp(ixteyw.u}, (22) 

HcnOJIb30BaHHe nOACTaHOBKH (22) n03BOJIjleT nora

CHTb 60JIbIIIHe 3KcnOHeHTbI B (21) H nepeHTH K 

ypaBHeHHjlM AJIjI coBepIlIeHHoro KpHCTaJIJIa. OAHaKo 

npH nonbITKH peIIIHTb ypaBHeH~ (17) Ha KOMnbIO

Tepe 6e3HCnOJIb30BaHHjI nepeHopMHpOBKH B03HHK

HyT OIlIH6KH THna "noTep!l TOqHOCTH" H3-3a 60JIb

IIIOH pa3HHQbI nOpjlA"KoB as H bv. HanpH,Mep, eCJIH 

teyw. =1()4 AH t38T =50 A, TO 3KCnOHeHTbI B (19) AOCTH
raIOT 10H)() ! 

B03MO)l{}lbI ABa peIlIeH~ np06JIeMbI nOTepH 

TOqHOCTH. 

1. IIonbITaTbcjI nepeHopMHpOBaTh aMllJIHTYAbI B 

Ka)l(J(OM CJIoe MHOrOCJIOHHOH CTpYKTYpbI C yqeTOM 

3aTYxaHHjI, KaK CAeJIaHO B npeAbIAYIQeM npHMepe. 

OAHaKo 3TOT nYTb jleeH AJIjI cOBepIlIeHHoro KpHC

TaJIJIa, HO He OqeBHAeH npH HaJIHqHH MHornx CJIOeB C 

pa3JIHqHbIM 3aTYxaHHeM B Ka)l(J(OM CJIoe. 

2. bOJIee epH3HqeCKHH nOAXOA COCTOHT B T..DM, 

qT06bI yqHTbIBaTb AHeppaKQHIO TOJIbKO B BepxHHX 

CJIO~ MHOrOCJIOHHOH CTpYKTYpbI, B KOTOpbIX peHT

reHOBCKHe nOJIjI HMeIOT cYIQeCTBeHHbIe aMnJIHTYAbI, 

H npeHe6peraTh BKJIaAOM OTpa)i{eHHH OT 60JIee rJIy

60KHX CJIOeB. 3TOT nOAXOA COOTBeTCTByeT CTaH

AapTHoMy npH6JIHXeHHIO TOJICTOrO KpHCTaJIJIa B 

peHITeHOBCKoH AHeppaKQHH. 

IIpaKTHqecKH BbI60p npH6JIHXeH~ TOJICTOrO 

KpHCTaJIJIa MoxeT 6bITb peaJIH30BaH CJIeAYIO~M 
06pa30M. IIpH BbIqHCJIeHHH npoH3BeAeH~ T-MaT
PHQ B (16), HaqHHaji C nepBoro CJIOjl OT nOBepXHoCTH, 

He06xoAHMO CJIeAHTb 3a MaKCHMaJIbHbIM 3JI.eMeHTOM 

MaTpHQbI-npoH3BeAeHHjI nOCJIe ee AOMHoxeH~ Ha 

T-MaTpHQY Ka)l(J(OrO CJIeAYIOIQero CJIOjl. KorAa npo
H3BeAeHHe qaHoBHTcjI OqeHb 60JIbIIIHM (cKaxeM, 
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~01O - 1015), 3TO 03HaqaeT, qTO peHITeHOBCKoe nOJIe 

B COOTBeTCTBYIOIQeM CJIoe OqeHf, MaJIO H MO)l{}lO 

npeHe6peqb oTpaxeHHeM peHITeHOBCKHX BOJIH OT 

HH)I{}IeH rpaHHQbI 3TOro CJIOjl H OT CJIOeB, JIexaIQHX 

nOA HHM. HHbIMH CJIOBaMH, MO)l{}lO CqHTaTb 3TOT 

CJIOH 6eCKOHeqHO TOJICTOH nOAJIOXKOH H yqHTbIBaTb 

B HeM TOJIbKO BOJIHbI C Imuj > O. 
IIoCKOJIbKY rny6HHa 3aTYxaH~ peHTreHoBcKHX 

BOJIH B KpHCTaJIJIe npH IIJJ. CHJIbHO 3aBHCHT OT yrJIOB 

<1>0 H <l>h' qHCJIO yqHTbIBaeMbIx CJIOeB 6YAeT H3Me

~TbCjI OT TOqKH K TOqKe Ha AHeppaKQHOHHOH KpH

BOH (CM. pHCyHOK). II03ToMY MO)l{}lO Ha3BaTb npeA

JIaraeMYIO npOQeAYPY AHHaMHqeCKHM npH6JIHXeHH

eM TOJICTOrO KpHCTaJIJIa. 

Ha pHCYHKe npHBeAeHbI npHMepbI KpHBbIX IIJJ. Ha 
CBepXpeIIIeTKe AlAs/GaAs, paccquTaHHbIX C no

MOIQbIO MaTpHqHOrO MeTOAa H AHHaMHqeCKOrO npH
6JIHJKeH~TOJICTOrO KpHCTaJI.JIa. IIapaMeTpbI pacqe

Ta: peepJIeKC (220), CuKa -H3JIyqeHHe, 1t-IIOJIjlpH3a

Q~, 'If = O. IIOAJIOJKKa: KpHCTaJIJI GaAs, 
cBepxpeIIIeTKa: 20 nepHoAoB no 70 AAlAs H 150 A 
GaAs. PHCyHKH a, 6 AeMoHCTpHpYIOT AHeppaKQHoH

HbIe KpHBbIe (a - AJIjI yrna naAeH~ <1>0 = 10 yrJI. MHH, 

6 - AJIjI <1>0 =20 yrJI. MHH). Ha pHcyHKax B, r OTJIOXe

HbI cooTBeTCTBYIOIQHe 3aBHCHMOCTH qHCJIa AHHaMH

qeCKH yqHTbIBaeMbIx CJIOeB. 

XOpOIIIO BHAHO, qTO MeTOA npaBHJIbHO BocnpoH3

BOAHT KapTHHy IIJJ, Ha cBepxpeIIIeTKe, a HMeHHO 

HaJIHqHe 6p3ITOBCKHX nHKOB OTpaxeHHH pa3

JIHqHbIX nop~KoB OT nepHOAHqeCKOH CJIOHCTOH 

CTpYKTypbI (cp., HanpHMep, [6, 7]). IIpH yrJIe naAe

H~ <1>0 = 10 yrJI. MHH, KorAa peHITeHOBCKoe nOJIe 

npoHHKaeT B KpHCTaJIJI Ha MaJIyIO rJIy6HHY, yquTbI

BaeTCjI He 60JIee 8 - 18 CJIOeB H3 41, H n03TOMY 

6p3rroBcKHe nHKH cBepxpeIIIeTKH BbIpaxeHbI Ha 

3TOM yrJIe CJIa60. IIpH yrJIe naAe~<1>0 =20yrn. MUH 
nOqTH Ha BeeH AHeppaKQHoHHOH KpHBOH yqHThIBa-' 

IOTCjI oTpaxeH~OT Beex CJIOeB cBepxpeIIIeTKH H Ha

6JIIOAaIOTCjI jlpKHe 6p3rroBcKHe nHKH. 

PHCYHKH a, 6 AeMoHCTpHpYIOT TaIOKe conOCTaB

JIeHHe AHeppaKQHOHHbIX KpHBbIX, BbIqHCJIeHHbIX C 

pa3JIHqHbIMH noporaMH npH6JIHXeH~ TOJICTOrO 

KpHCTaJIJIa (lOS, 1013 H 1014) npH TOqHOCTH KOMnbIO

Tepa 18 3HaqaIQHX QHepp. MbI BHAHM, qTO H3MeHe

HHe nopora Ha 9 nop~KoB He H3MeHSIeT KaqeCTBeH

HO KapTHHy paCqeTa. II03TOMY MOJKHO CAeJIaTb 3a

KJIIOqeHHe 06 YCTOHqHBOCTH MeTOAa. 

TaKHM 06pa30M, pa3pa60TaH aJIrOpHTM MOAeJIH

pOBaH~ IIJJ, peHTreHoBcKHX JIyqeH Ha cBepxpeIIIeT

Kax H APyrHx MHOroCJIOHHbIX CTpyKTYpax. B OTJIH

qHe OT [3], aJIrOpHTM YCTOHqHBO pa60TaeT AJISI 

60JIbIIIOrO qHCJIa CJIOeB, a B OTJIHqHe OT [6], npHMe

HHM He TOJIbKO AJISI cTporo nepHOAHqeCKHX CJIOHC

ThIX CTpyKTYp. B qaCTHOCTH, MeTOA n03BOJISIeT npo

BOAHTb paCqeTbI AJISI npOH3BOJIbHbIX pacnpeAeJIeHHH 

Xo(z), xiz) H at(z), T.e. onHCbIBaTh HeOAHopOAHOCTH B 

CBepXpeIIIeTKax. II03ToMY OH MoxeT HCnOJIb30

BaTbCSI B HCCJIeAOBaHHSIX nOBepXHOCTHbIXCTpYKTYP C 

nOMOIQbIO IIJJ. peHITeHOBCKHX JIyqeH. 
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