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BBe.nemrn 

Eme B 1965 ro.ny Hxa, OCHOB!,IBaSJCb Ha MO.UeJU! CBo6o.nHoro 

3JleKTpOHHOro ra3a, np~.ncKa3aJI reHep8UHID 'BTOpol1: rapMOHHKH 

_( fBr) IlpH OTpaJKeHHII CBeTa OT MeTaJIJIH'leCKOH IlOBepXHOCTH [ 1], 

B IlOHHMaHHH MeXaHH3Ma,OTBeTCTBeHHOro 3a 3TO SIBJleHHe,pemaIDil(HH 

BKfia.U BHeCJIH' Py.UHHK· H WTepH_ [2]. ,OHII .noKa3aJin, 'ITO B' rar 
cymecTBeHHYID pOJib nrpaeT HOpMaJibHUH KOti!IlOHeHT noBepXHOCTHOrO 

TOKa;, KOTOpul1: HH.nyunpyeTCSI. n_o.n . .nel1:cTBHeM na.na10mero CBeTa. , B · 

nx pa6oTe, a· TaKJKe B pa6oTe canne n .npyrnx,,.[3]·. HeJinHel1:Hol1: 

OTKJIHK MeTannntiecKoro. 06pa3qa• , , paccMaTpHBann B paMKaX 

rn.npo.nnHaMH_tiecKoro. no.nxo.na ,' n HeJIHHel1:HyID · nonSipH3aQHID 

pa3.U8JIHJIH Ha .UBe qacTH: Ha o6»eMHYID, H IlOBepXHOCTHYID H 

no.npo6Ho o6cyJK,nann .IlOBepxHOCTHYID t{aCTb, B. KOTOpol1: BBenw:.nBa'· 

dieHOMeHonorntieCKHX ;· ,.O.UHH . H3 .'· HHX· 

3KcnepM~eHTaJibHO onpe.neJIHJIH ,.UJISI HeKOTOpllx MeTaJIJIOB [4].· 

0.UHaKo H3·~3a KBa3HJIOKaJibHOro xapaKTepa rn.npo.nnHaMHKH 

3JleKTpOHHOro ra3a B . 3THX pa6oTaX Bonpoc O BJIHSIHHH. 

npocTpaHCTBeHHOH .nncnep,CHH Ha rBr diaKTH'leCKH He !:!aTparnBaJICSI. :. 

He.r1aBHO B pa6oTax [ 5-7] 6una npe.nnpHHSITa nonuTKa onncaTb 

trnneHHSI rar c .neTaJibHUM .. · ytieTOM _ ,npocTpaHCTBeHHol1: .nncnepciln. 

0,nHaKO B [ 5-6] BUpalKeHHSI HeJIHHel1:Horo TOK a B SIBHOM BH.ne He 

6h!JIH BUilliCaHU n, KaK OTMetiaJioc'b' a' '[7] ,' 3HatieHH
0

5I' -~OHCTaHT. B 
0 r, "• 

HeJIHHeHHOM Ma TepnaJibHOM ypaBHeHHH' paHee 'qieHoMeHonornqecKH 

BBe.neHHUX B rn.npo.nnHaMH'le~KOH. Teopnn rBr, ,He ~.UOBJieTBOpS!~T 

COOTHOW8HHSIM' He06XO.UHMUM ilJIS! BllilOJIHeHHSI 3aKOHa coxpaHeHHSI 

3Heprnn IlOJISI. B [7] TeopHS! pa3BHBaJiaCb B TaK Ha3uBaeMOM 

npH6JIHJKeHim TOHKoro · nepexo.nHoro cno.R H orpaHH'IHBanacb 

o6nacTbID qacToT, .naneKol1: o_i pe30HaHcHol1:, 

aHoMaJlbHOro CKHH-3cpcpeKTa.' ,, · B '' CBSl3H -' C .-. ' 3THM aBTOpll 

paccMaTpHBaJIH nna3~y K~K 6eCCTOJIKHOBHTeJibHYID H HCilOJlb30BaJIH 

MeTO.U ypaBHeHHSI BnacoBa ;, - Y.UOBJleTBOpHTeJibHOe car Jiacne 

pe3yJibTaTa Teopnn c 3KcnepnMeHTOM [7] n0Ka3ano xopomyID 

B03MOJKHOCTb HeJIOKaJlbHOro no.nxo.na.' 

UeJibID HaCTOS!ll(eH. pa6oTll . SIBJIS!eTCSI ., BU'll1CJIE!HHe . H8JIHH8HHOl"O 

rc;11:,~~.tm:iil ID!C'rd':,1' \ 
1 l'.ll:'~~~;j)'; t!CC::f J;linlU~S 
t ~~6J}:40T~!~ ' ·- ,, ' ,.,,,,,,,.. - .... -~-----



OTKnHKa aneKTpOHHOro ra3a, OTBeTCTBeHHOro 3a MexaHH3M rBr B 

MeTanne, C yqeTOM 3aTyxaHHH IlPH IlOMO~H YPaBHeHHH EonhUMaHa, 

KOTOpoe HeOJlHOKpaTHO ll He6e3ycneWHO ucnonh30Banocb npu 

onHcaHHH HBneHHH aHOManhHOro CKHH-aqxpeKTa [8-9). YpaBHeHHe 

EonhUMaHa 11ng aneKTpOHHoro ra3a: 

ark e 1 · 
at - -h(E~[vH])V f+vv f =-~ w (f -f • ) 

C k k k I.. kk' k k • 
k' 

r11e fk -OJlHO'laCTH'IHaH IPYHKUHH pacnpe11eneHHH, 
aneKTpOHa,. k-BOnHOBOH BeKTOp, m,e-Macca, 

(1) 

hk 
v=2m -CKOpOCTh 

aenH'IHHa 

aneKTpOHa, E,H-HanpgmeHHOCTH aneKTpOMarHHTHOro nong, 

3apg11a 

w 
kk' 

CKOpOCTh nepexo11a. 

npaBaH llaCTh ypaBHeHHH' (1) onHCHBaeT npouecc pacceHHHH 

aneKTpOHOB, CTPYKTypa KOTODOH no11po6HO o6cylltllanocb B [10). 

Mu orpaHH'IHBaeMcH .QaJiee npocToH reoMeTpHeH, r 11e . p

nonHpH30BaHHaH CBeTOBaH BOnHa. na11aeT na_nnocKyD noaepXHOCTh 

(z=O) nony6ecKoHe'IHOrO MeTaJina (z>O),' B KOTOpOM B03HHKaeT 

B03MymeHHe nnoTHOCTH 3apg11a no11 11eHCTBHeM ·aneKTpOMarHHTHOro 

nong. cnyqaH s-nonHpH3aUHH MH paccMaTpHM B OTJlenhHOH pa6oTe. 

IloJiaraeM, l{TO KOMnOHeHTH noneH B na11aDmeH aneKTpOMarHHTHOH 

BOnHe HMeDT BHJl 

b(r,t)=b(z)exp(1qxx-1wt)+k.c. 

B COOTBeTC.TBHH C 3THM nonomHM, 'ITO 

f =f +f +f • 
k o 1 2 

1q x-1wt 
f =f (v,z)e x +k.c. , 

1 1 

/ 

r.ue f 
O 
.:.cTyneH'laToe pacnpe11eneH_He <I>epMH-JlHpaKa. none BHYTPH 

MeTanna [11] 

E=E +E +k.c. 
1 · 2 

H=H +H +k.c. 
1 2 

He3aBHCHCYe 3JieMeHTapHYe BOJIHY 

MH npe11nonomHM, 'ITO El,Hl BHYTPH MeTanJia COCTOHT H3 
aneMeHTapHHX nonepel!HHX H npOJlOJibHHX BOnH H B COOTBeTCTBHH' C 

3THM BH6epeM BHJl IPYHKUHH pacnpe11eneHHH fl, OTKa3HBaHCh TeM 

2 

'I 

f 

I 
·1 

caMUM OT MHKpOCKOnH'leCKOro ycnOBHH THna 3epKanhHOro Hnll 

JlHCIJCIJY3Horo oTpameHHH aneKTpOHOB Ha noaepxHOCTH o6pa3ua. HTaK, 

MH~ 

1p z 1p z 1q x-1wt 
E =(Ete t +E1e 1 )e x 

1 ' (2) 

r11e Et nepneHJlHKynHpeH K aeKTopy qt=(q ,O,p ), a E1 napanenneH 
I n __ t 1 . 

BeKTopy q =(q ,O,p ). ' 
X I / . . 

JIHHeapH3YH (1), nony'IHM ,ung fl(v,z) cne11yDmee ypaBHeHHe 

Bf (v, z) (v ] 1-a-- +~f (v,z)=e -. XE +E 
Z 1 V x z 

8fo 1 
ae + v L wkk'f1(v' ,z), (3) 

z k· z k • · 

r11e 

~=.!. [.!.+1(q V -w)], 
V 'C X X 

z . 

1
- E wkk' 'C k • 

Ek-KHHeTH'leCKaH 3HeprHH aneKTpOHOB, 'C-BpeMH 

MarHHTHoe none aunano H3 ypaaHeHHH (3), TaK KaK 

[vH ]V f =O • 
1 V 0 

3aTyxaHHH. 

PewaeM ypaaHeHHe (3) a npe11nonomeHHH, 'ITO a pacceHHHH 

yqacTBYDT Te aneKTpOHU, KOTOpue -HaXOJlHTCH Ha ~epMH

noaepXHOCTH, T. e.' wk k. HMeeT 11enbTa-06pa3HYD oco6eHHOCTh Ha 

3TOH noaepXHOCTH ( Wkk' ~ o(V:-V') )° • 

<l>YHKUHH fl(v,z) .uonmHa HMeTb BH.U 

. t tptz I tp1z 
f (v,z)=f (v,z)e +f (v,z)e , 

1 1 . 1 • 

TaK KaK oHa onpe11enHeTCH H3 ypaBHeHHH ( 3) qepe3 noneaue 
<PYHKUHH BHJla ( 2), a OHM, B CBOD o~epeJlh, onpe11enHDTCH ll3 

ypaBHeHHH JiopeHua C HCTO'IHHKOM:' 

j 1{z)=-2e(fir Jvf 1(v,z)d
3
V, (4) 

co.uepmamHM f(v,z). 

YpaaHeHHe ·(3) npe11cTaBnHeT co6oH, no cymecTBY, nHHeHHoe 

HHTerpo-11McpcpepeHUHanhHoe ypaaHeHHe. Ero peweHHe: 

3 



. Bf !pnz 
: n n 1 .!. __ o e 

fn=e(v+us , E) t+1p V BE 
1 ·· '> n z k 

n=l, t. (5) 

3necb A=UL, A'=A/(i-lWL), sn=u- 1g(u,qn)qn, 

·c n) 1 ( n)-2[ 2 .+ 1 l 1+iqnA') g u, q =-- q - 1 - n , 
2L-rn qnA, 1-iqnA, 

0 ' . . 

rne u-cKopocTb 3ReKTpoHa 

B npHnoJKemrn . I cpopMynofl 
t. . ·. . . ' t. t. 

g(u,q ), TaK KaK q E =O. 

Ha ~ePMH-noaePXHOCTH, rn onpeneneHo 

(1,2). B ·.J"t OTCYTCT;yeT qneH c 
. 1 . 

ECRli Bllt:fliCRliTb TOK c noMOIUblO lfJYHKUlili (5) no cpopMyne (4) li 

HanHcaT~ · ypaBHeHHlI JiopeHua · c HCTO'IHHKOM j =/ + jt, TO B cHny 
1 1 1 

nHHeHHOCTH H 0/..(HOPO,l.(HOCTH ~YHKUHH fn(v,z) no HanplllKeHHOCTli 
1 . 

3ReKTpli'leCKoro nonll En 

ypaBHeHHlI BRlI Et. H E1. 

nonyqaIOTClI RliHeHHlle H OBHOpOBHlle 

ECRli 3TliM ypaBHeHlilIM npHnaTb BHB OBHOPOBHllX ypaaHeHHH 

MaKCBenna C ~eiTopoM 3ReKTpliqec~ofl HHBYKUlili 

rne 

. ' 

D =E 1 E1 e 1 P1Z+Et Etelptz., 
l lj J · lj J 

( 

qt.qt. ) 
Et -e W t. o + 1 J 
IJ' t.( '.q ,> IJ (qt)2 ' 

I I 
I qlqj 

e
1 

=E ( W, Cl )---i--) 2 
IJ I (q 

li MarHliTHOH npOHHuaeMOCTblO µ=1, TO Mil nony'IHM, 'ITO 

ic
2
k[ i 1(· . 1· ') 1+iqA'] Et. (w, q)=1+--2- - qA' +2 1+---. 2 ln1-lqA', ·' 

w q (qA') · 

. 2iLC
2
.kA'[(' _ · 1' 1+iqA')· 

e (w,q)=1+---- q;\'+2iln--- / 
1 w(q;\') 2 1-iqA~ 

( 

, 1 1+:iqA' )] 
qH:2iln . . 

1-lqA' · 

rne 
2 2 2 2 2· 2 3-k=-16rr 1m e u w /c h • 

(6a) 

Heo6XO,l.(HMO OTMeTliTb, 'ITO 3TH BUpaJKeHli.H BIIepBUe rronyqeHll B 

[ 9].' 

nocKORbKY nonepeqmm li .rrpononhHlle BORHll He3aBHCliMl1, li3 

4 

ji\ . 

n 

, l 
I 

ypaBHeHttfl'MaKcBenna nonyqaeM 

2 
t 2 . . t · w 

(q ) -et (w, q )70, 
, . I . 

e;(w,q )=O. 
C 

BORHOBlle BeKTOpll qt,q1
, BBeneHHlle B (2), 6y~yT HaXOBliTbClI li3 

3THX ypaBHeHHH npli ~anaHHOM q. 
. X ' 

TaK KaK 3BeCb paccMaTpHBaIOTClI BBe He3aBHCliMlle BOR~ll, TO 

'1HCRO MaKcBeJinOBCKHX rpaHH'IHllX YCROBHH HenocTaTO'IHO nm1 

perneHHlI 3anaqH oTpaJKeHHlI • H npoxoJKneHHlI BORH Ha rpaHHue, H 

Tpe6yeTClI e(Ue OBHO. nononHliT'eRbHOe MaKJJOCKOnli4eCKOe YCROBlie. 

TaKHM o6pa30M,~pliXOBHT6« paCCMaTJJHBaTb 3TY 3anaqy C n03liUliH 

TeOplili ,l.(OIIOJIHHTenb!ibIX BOflll [ 12] ._ 

He 3aTparttaaH BOIIpoca6'norronHHTe~bHdM rpaHH'IHOM ycROBliH, 

OTMeTHM;• Rlilllb; t:fTd Harne· piCCMOTpeHHe He 3aBHCHT OT 

KOHKpeTHOro Bttna 3TOr~ ycROBlilI. 

, HerittHeHHWH TOK• 

H3 (1) nonyqaeM c?enyIOmee. ypaBHeHtte nnll BToporo nptt6nttJKeHHlI 

Bf 2 e ·1 '· ' 
-B - -(E +-[vH ] )V f +(vV )f +[ w (f -f )= 

Z ffi 2 C 2 v o r 2 , kk' 2 2 
, k 

=~( E +.!.[ vH ] ) V f ; 
m. 1 c . 1 v 1 

(7) 

3BeCb 

[vH JV f =O. 
2 V 0 

npaBalI t:faCTb·ypaBHeHlilI (7) eirnny (2) ·H· 

Ht.=g[ qt.Et] ,' H 1=0 , 

6yneT coneplKaTb qneHU c 't:faCTOTaMH ±(w±w) li c BORHOBUMli 

BeKTOpaMH ±(qm±qn). Mil o6pamaeM BHliMaHlie T?RbKO Ha t:faCTOTll 

±2w H'.He 6yneM pacc~aTpHBaTb qneHu•:c HyneBofl qacToTofl. 

PerneHHe ypaBHeHHlI (7) 6yneT,COCTOHTb H3 ,l.(BYX qacTefi. 

. f =f +f 
2 OBH HCT 

OnHa H3 HHX, f onH, .HBRlleTC.H perneHHeM, onH.oponHoro y paBHeHHH, a 

npyroe, f liCT' BllHYJKBeHHOe perneHHe. Ecntt C IIOMOIUblO 3TOH cflYHKUHH 
f 

2 
Bllt:fliCRliTb TOK ' 

5 



. - . +. 
J2 - JO.llH JHCT 

H HanwcaTh ypaBHeHHH nopeHua C 3THM HCTQqHHKOM,TO HM MOmHO 
• • • I 

npH.naTh BH.ll ypaBHeHHH MaKcBenna c HenHHeHHUM HCToqHHKOM JHCT 

H C .llH3ReKTpHqecKHM TeH30pOM, 

t I 
, E1J=E1/w,q)+E1/q) 1 (6b) 

r.ne ,Et , E
1 

_onpe.nenHIOTCH <!JOPMYROH .( 6a). 
· , I j , I j , . , ·, . , , , · , 

TaKHM o6pa30M, .llRH onpe.neneHHH onTHqecKHX noneH BHYTpµ 
• • ' , ' t ' ' 

MeTanna npHXO.llHTCH pemaTh , ypa1rneHHH, . MaKCBenna, • C 

.llH3ReKTpHqecKHM TeH30pOM (6b) H_c,HeRHHeHHUM HCTQqHHKOM JHcT· 

03 , pelll~HHH f HCT , ,KOTOpoe COC!OHT H3 qneHOB C qacTOTaMH 

2w, 0, -2w, MU pacCMOTpHM TO Rh KO, qneH'u c qacTOTOH 2W. GneHU, c . 
' ' .,, ., ''t 

qacTOTOH '-2w nonyqaJOTCH H3 HHX 3aMeHOH 

w ➔ -w, pn ➔ -pn. 

BUnHllleM TY qacTh f HCT' KOTOpaH .. c_o.nepmHT qneHu C qacTOTOH 

0=2w. 

,',. '•'•,'-' rr',2iT mn ·:, ·,, · ' _. 
f (0)=[{[ 2 rrv c2~-Rmn)]-1J J A (v•,z)sine• de'd '+ 

HCT . z o i; ( V' } + I ( p +p ) - rp 

3.lleCh 

mn o o 2 m n 

1 
+Amn(v,z)}c +1p-+1.pn 

'>2 m 

I (2q X-Qt) 
X • e. , 

2 
Amn(-v,z)=- _e_(En+![vH~])-V,,{(v+usn,E") n~-u) )}, 

m2uv , c 1 , -v · · v z I p n 
z 

j1 

1 1 
i;2 ::V [ =r+I ( 2qx -0)] 1 

z 
·,1 

(8) 

r.ne R;n,r; onpe.neneHu B npwnomeHHH I .;opMynoH (1,1)-(1,2). 

C noMOIUhlO , <!JYHKUHH ( 8) HaXO.llHTCH TOK BTOporo · nopH.nKa, 

no qiopMyne 

jHCT=-2e(li)3JvfHCT(v)d3v. 

nocne .llRHTeRhHUi H ipoM63.niHX '~~qucneHHH ~onyqeHU BUpameHHH 

.nnH jHcT' KoTopue · BnonHe MomHo - wcnonh3o-BaTb · B · pact1eTe rar ·mi' 

6 

i 

' (] 

11 
'i' 

j, 

f 

uJ 
VJ 

3BM. DpHBe.neM 3TH BUpameHHH 

r.ne 

• .( 1 l .( 2) .( 3) .( 4) 
JHCT= J , + J , . + J + J . ' 

j(ll=-2[ Q[Em*Amn*En+(snEn)(EmAmn)]e 
mn mn 

a 
au9(u,Q). 

3.nech Q=(Zqx,O,pm+pn) Amn - BeKTOp, Amn • CHMMeTpH_qHUH 

TeH3op BToporo paHra npH Kam.noM mn ( (2; 1)-(2. 5), 

(3.1)-(3.5) B npwnomeHHHX), 

erJ=2rrmti2~2(li)3/ (pr +pJ )z, 

j' 2 l '."2i[ Q{ ( QEm) [ (U,mnE") +( sn,En )U:n] + 
, ' . ' ' . mn 

!![\Im~]*[ U~n*En+( ~nin) crmn]} e ,' g( U, q) 
C · mn -

3.necb umn • CKanHp, 
0 

mn, · ·, · 'mn u 

C1 -BeKTOp, U - CHMMeTPHllHblH TeH30P 

BTopo_ro paHra fl,PH Kam.noM mn · ((2. 6)-(2.11), (3. 6)-(3.11) B 

npHnomeHHHX) 
.J 

j <,3) =2iu L {(QEm)[ umn*En+( snEn)crmn] + 
mn 

!![HmQ]*[µmn*En+(snEn)Umn]}e 
C mn 

3.necb µmn • CHMMeTpHqHUH no BCeM HH.lleKcaM TeH30p TpeThero 

paHra ·· npH Kam.noM mn ((2.12)-(2.15)~(3.~2)~(3.15) B 

npwnomeHHHX) 

j'4l=-2 L {Em[(AmnEn)+(snEn)A~"]-
mn 

_!![Hm,Amn*En+(snEn)Amn]}e ·• 
C · . mn 

3,nech Amn • CKaRHp ( (2.16), (3.16) 
~ ' I 0 

B npwnomeHHHX): BRH 

KpaTKOCTH 3anHCH onyIUeH MHOmHTenh exp[ I (2q x-Qt)] . B 3THX 
X 

BUpameHHHX. 

B 3aKnJOqeHHe aBTOp cqHTaeT CBOHM .nonroM BUpa3HTh 

6na~o.napHOCTh npoqi H.H.AXMe.nHeBy 3a HHTepec K .naHHO~ pa6oTe 

H npoqi. B.r.conOBheBy· H ~OKTOPY ¢H3.-MiT. HayK n.A.ManoBi 

3a no~~epmKy. 
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IlpHJIOlKeHHe I 

0603HatJeHHSI: 

k 1=iuqx,:;' 

p1=iupn't'' 

k,=2k. V =1-iw,:;, V =1~in-r, 
2 1 1 2 

p =iu(p +p ),:;, lip=p -2p , , 
2 n m 2 1 

2 2 2· ,· 2 ·2' 
x1=(k1+p1)1; +2 p1v11;+v1-k1 • 

X =(k2+p2 )1;
2
+2p V l;+V

2
-k

2 

_2 · 2 2 , , 2 2 2 2 

1 
Rmn=·J - 1 di; 

st . --
-1 ( -1+lipl;) 1 Xl / 2 

mn 1 ~1 s 
r = J .,, st 172, s~1,2, 

-1 X 

s=1,2, 

i=O, 1,'2, 3 •. 

i=i, 2,, m*n 

s 

(1. 1) 

(1. 2) 

3_TH HHTerpami: 6epyTCSI B Tex HJIH HHUX 3JieMeHTapirnx cpyHKUHSIX B_ 

3aBHCHMOCTli _OT 3HatJeHHA napaMeTpOB,BXOaSimHx BX ,X H lip. 
1, , 1 '; 2 ,: 

IlpHJIOlKeHHe II. CJiytJaH m*n 

. , 1 . 
Amn= ~(-1) 1[(~ +a )Rmn~a rmnj , 

x L·k 1 1 11 I lo 1 
I . I 

mn -1~ 1 mn mn 
Az =-lip t.;C-1) l(r 10 +R 11 J 

I 

. ; 

Amn=-[( -1) 11 [ 2-i+( V +a ) 2Rm<~2 li~rmn+ 
xx I k2 . 1 I 11 1 .. 11 . 

. , ., I . , . . 

+(2a v +a2.)r~n] 
I I I 1 o 

Amn=lip~1L(-1)[(v +a )(Rmn+rmn)+a lip~mn], 
xz I k I I , I 1 Io I 11 

I 

Amn=-lip-2[(-llll(rmn+Rmn+liprmn), 
zz I o I 1 I 1 

I 

U:n=-'t'[{-1) I iR;; , 
crmn='t'°"(-~)liuv +a )Rmn+ca -l)Rmn]. 

x [.; I I I 2 I 11 
I ·I 

mn -1 L l. mn mn 
CT =-lip 't' ( - 1) I ( R +R ) , 
. z 11 I 2 

8 

(2. t') 

· (2.2) 

(2.3) 

(2.4) 

(2.5) 

(2.6) 

· ( 2. 7) 

(2.8) 

.umn=-i:[(-l)
1
i[(v +a ) 2 Rm 0 +2ca +v )(a +1-i)Rmn+ 

. xx k2 I ·I I 2 I I I I 1 
1 I 

+a (a -2(i-1))rm 0
] 

I I Io 

umn=lip- 1,:;"<-1 >
1
i[(~ +a )Rmn+c2a +V +1-i)Rmn+ 

xz [.; k2 I 1 I 2 1 I I 1 -
I I 

+ca +1-i)rmn] 
I Io 

m n ' - 2 '° l m n ·mn) m n 
Uzz=-lip 't't.;C-ll [1cr 10 +2R11 +R

12
] 

I 

µmn ='t'[(-l)
1
i{(v +a ) 3Rmn+3[ca +1-i)(a +v ) 2+ 

XXX I k3 . I 1 I? I I , I : · 
. I 

(2.9) 

(2.10) 

(2.11) 

+(1-i)v
2

]Rmn +a [(3v +2a )a +3(2v +a )(1-i)]rmn+ 
I I 1 I I I 1 I I Io 

2 mn} 1' -3 
+al(al+3_(1-IJ)liprl1 +2't'k1··· (2.12~ 

mn -1 (-1) 1i 2 mn · . 
µ. =7lip 't'[-'---'--<(v +a) R +[2<a +V )(a +1-1)+ 

xx z I k2 I 1 I 2 I. I I 
I 

+(v +a ) 2
]Rm

0
+2(v +a )(a +1'--i)rm 0 +a (a +2(1-i))~prmn}

1
(2.13) 

I I 11 I . I I Io I I · • 11 

µmn =lip- 2,:;[(-l)
1
i{(v +a )Rm 0 +c3a +2V +1-i)Rmn+ 

xzz I k2 I I 12 I I 11 
I 

+(v +2a -i+1)rm 0 +i~ ~1-i)liprmn} 
1 I I Io I 11 

µmn =li - 3,:;°" Rmn +3 Rmn+2 rmn +liprmn 
zz z p [.; 12 11 Io 11 

I 

Amn=-[(-l) I iRmn 
o 11 

IlpHJIOlKeHHe III. CJiytJaH m=n 

A mm "( -1 ) 
1 

i ( mm . mm) 
x =-t.; k vi rto +pl rl 1 1 

I I 

Amm=2 rmn_rmn 
z 21 11 

9 

(2.14) 

''(2.15) 

(2.16) 

( 3. 1) 

(3.2) 



Amm=[k-2+~(-1)
1

1(v2r~m+2 V p rmn+p2~mm)] 
xx 1 . L k2 I Io I I 11 I 12 f 

I I 

Amm=-~(-1) l(V rmm+ rmm) 
xz L k I 11 pl 12 

I I 

Amm=2 rmm_rmm 
zz 22 12 

umm=-c(rmm_2rmm), 
o lo 2o 

11mm=k-1-C(V ( 2 rmm_rmml+p (2 rmm_rmmll 
x 1 1 2o lo 1 21 11 

11mm=-C(rmm_2 Rmm), 
z 11 21 

(3:3) 

(3.4) 

(3.5) 

(3.6} 

(3.7) 

(3.8) 

I . 
mm ~( -1} I [ 2 mm . mn ( ( . } U =--CL-'---'--' pr +2(v +1-1)p r +v v +2 1-1))), (3.9 
xx . k2 I 12 I I · 11 I . I 

I 

mm - 1 mm mm mm mm 
Uxz=kl -C(Vl <2 r21-r11)+p1( 2 r22-r12))' (3.10) 

umm=-c(rmm_2rmm), 
zz 12 2 2 

(3.11) 

I 
mm =-c{!k-3+[(-1) I[ 3rmm+3 (V +i-l) 2rmm+ 

µxxx. 2 1 ' 
1 

k3 pl I 3 I . pl I 2 
I 

+3v (v +2t-2)p rmm+v2(v +3i-3)rmm]} ,• 
I I I 11 I I Io 

(3.12) 

I 
µmm =--c[(-1) 1 1 p2rmm+2p (v +i-l)rmm+ 

xxz I k2 I 13 . I I 12 
I 

+v (v +2t-2}rmm], 
I I I 1 

(3.13) 

µmm =k-1-C(V 12rmm_rmml+p (2 rmm_r',mll, 
xzz ·1 1 2 2 12 1 23 13 

(3.14) 

µmm =-C(rmm_2 rmm) , 
zzz 13 2 3 

(3.15) 

71. mm=2rmm _rmm 
o 2o 10 

(3.16) 
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