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'\Jwfu\Jw11flai mlM-886( 37 )-36 

~UQUQSU'\J t.~ •• h~U'\JSU'\J rr.~ •• str-~n~nUBU'\J u.~. 

Ullli'\J8l?U9h'\J l,lllnl21l$USh'\J 1..AONrn~ 11i.nru2t~ 

~l.H'\JUBh'\J ui.Mnsurh Utll>llllll'\J tn11srurrm'\Jhm1llU'\J 

susu'\Jnflll"\Jtrh i.u~uuuru2n$ l1Uronl. M nuhrr~snsc 

lltnrwdli., qtwbwJfl'\J, wnw'\JqpwJfl'\J ~wtfwtw~wJfl\J t9nLJnd' wtrpw· 

11m11fl ~wJ'wr umwgdwb b11 4wrl1wtf1P wuflil'UftnntnwJfl'\J wptnw~WJtnnLr<!JnL'\J'\Jb11r.: 

l,bmwqnm~wb b'\J qwzmb11fl br4rw1w~w0Ufmf14w4w\J qwnnLgdwbp[! Ii. ~r4flqn~ 

/lfmnLumflqwqw'\J/ J'wqbpli.nlj(il'\Jbr[!.: 8nLJg t mp~wb, n11 rpuzmbr~ wil'Uftfl­

mnL~\Jbpfl ~wtfwn umwg~wb wuflil'Uftnntnwjfl'\J WfltnW~WJtnnL~JnL'\J'\Jbr~ ~r4flqn~ 

rwqbrli.nljfa'\Jbpfl ~pW J'\JnLJ' b'\J Lfbpfw~np: 

tpl1w'\Jfl 3lrqf14wJ~ fl'\JumflmnLU1 

tpli.w\J 1986 

~ UeHTpaJlbHblA HBY'fltOoMCCAellOBaTeJlbCKHii HHCTHT)'T HHlj>op111a11HH 
.•. H TeilHMKO-~KOHOM~KH)( 'iec:c.ieAOBaHHil no 8TOMHOA HayKe 

H TeXHHKe (UHHHnoMH~MI t985r. 

Paapa6oTaaaaH B [I] paBHOMepHaH KOpOTKOBOnHOBaH 

acHMilTOT11qecKaH Teop11H ypruiHea11tt MaKcBenna noaBonHeT pew11Tb, B 

qacTHOCTl1, npo6neuy 0 co6CTB6HHblX aneKTPOMarHHTHh!X Kone6aHl1HX 

B pa,1U1aJlbHO-H60,!UiOpOAHblX BOnHOBOAax. ~Ta npo6neMa npeACTaBnHeT 

H6COMH6HHlitt l1HTepec, aanp11Mep, B TeOpl1l1 CB6TOBOAOB, 11ccneAO­

BaHl1H KOTOpblX rrpOBOAHnHCb, B OCHOBHOM, B rrp116nH~6Hl1l1 CKanHpHO~ 

BOnHli (cM.[2-5] l1 6116nHOrpa4.J11ro K Hl1M). 

IlyCTb cpeAa, aarronHHIDll(aH Kpyrnlitt l..U'lnHHAPl1qecKl1~ BOnHOBOA, 

xapaKTep11ayeTCH K03(jxpl1l..\l16nTOM npenoMn6HHH B l..\l1nHHAPl1qecKO~ 

Cl1CT6M6 KOOPAl1HaT 't • Y1 • ~ (OCb ~ aanpaBneaa BAOnb o6paay­

IDll(e~ BOnHOBOAa), Oill1CliBaeMblM Blipallt6Hl16M 

n(1.) = -/e('t)~(7-j. (I) 

B COOTB6TCTBl1H c MBTOAOM, paapa60TaHHblM B (I1 (CM.TaK~e [6]), 

peweHl16 aaAaqH 6yA6M KOHCTpy11poBaTD c ITOMOll(bID <l>YHKL\l1~, BXOAH1Ul1X 

B Toqaoe pewea11e ypaBH6Hl1H I'eJlbMrOnbUa B BaKyyMe, a l1MBHHO 

f1 (~1)=Jm(K ~1 ) - 4.JYHKL\!1~ Eeccena rrepBoro po,na rropa:iu<a m 
ii<! f LKJ f

2
n,}· e 2 11 3 ( ~3 ) = e 3 

• KoopAHHaTHue 4.JYHKL\l1l1 ~ 1 , ~2 , ~3 -
apryweHTli yKa3aHHblX 4.JYHKL\!1~ - IlOM6~tT ~6Hl1Xl .~tr .. iilCCd 

3 • · · . , 1 YT 
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i8Hl1R BAKOHBDOB. PaBHOMepttym KOpOTKOBODHOByfil ac11~DTOTl1KY co6-

CTBeHHhlX 3JieKTpOMBI'Hl1THhlX KODe6att11R (B HyneBOM np116D11lit8Hl1l1 -

pB3DOliteHJ1!l BMDDWTY;ll no o6paTHblM CTeneH!lM BODHOBOro 1:rncna i.K ) 

paccMaTpl'IBBeMoro BODHOBO.l\B, cornactto yTBe plit.l\eHHHM pa6oTbl [I] , 

3BDJ1ll!eM B BJ1,l\e: 

E ~ Ri,i,i
3 ~,'' d'' dl, ir<~z di3 lK~ 

H = ~ i•,izL3 (t1<)'1•lz•l3 d~.·· Jm(K~,) ds'z e d~i3e 3. 
[i, Lz Ll}=0,1 2 (2) 

- -TIO.l\CTBBDHH Bblpalitett11a (2) .l\DH noneR E 11 H B ypaBHeH!rl!l MBK-

cBenna, npi1XO,l\11M K O;l\HOPO;l\HOR CHCTeMe DWHet!HhlX anre6paMqecKJ1X 

ypaBHeH11R OTHOCJ1TeDnHO reOM8Tp00IlTJ1qeCKl1X BMDDHTYA· YCDOBJ18M 

paapew11MOCTl1 3TOR Cl1CT8Mbl !lBJI!l8TC!l ypBBH8HJ1e BRKOHana, KOTOpoe 

c yqeTOM OpTOI'OHBD»HOCTl1 CHCTeMbl KOOp,l\11HBT ~1 ' ~2.' ~3 3Bil11-

CblBBe TC!l B Bl1.l\6: 

[ 1-(~~JJ (~!·)\ ~a(~~')'+ ( ~!3)2= n 2
('Z.) (3) 

!Iocne paa,l\eneHH!l nepeMeHHhlX lt13 ypaBttem1a (3) nonyqaeM 

g3=C3l1 ~2 =Ci?lj'= ~ ':f1 J 1 ( m )2' d's, V z ( m )a z' 
- Kf1 d'Z. =n - t(-t -C3 I (4) 

m 
rAe c3 .11 C2 = K - KOHCTBHTbl paa,JJ,enett11a, m- I.i8JIOe q11cno, qTo 

o6yCJIOBJI6HO C.11MM8Tpr.tetl 3B,l\aq11. 

YpaBHeH11e KaycTmrn , B COOTBe TCTB.1111 c [!], , cyn: 

1 - (~)2 K~1 : Q 

11JIJ1 

a ( rn )2 a n ('Z. ) - - - c = o 
K K"lr< 3 (5) 
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B l.\11Jl11H,ll,pl1tieCKOR CHCTeMe KOOP.z\11HBT 't, ' C:f ' ~ • 

!IocJie,JJ,Hee 113 ypaBH8Hl1R (4) MOlitHO J1HTerp11pOBBT» B o6JIBCTl1 

cymecTBOBBHH!l reoMeTpoonT11qecK11x nyqeR 11 neperr11caT» ero B B1t1Ae 

paBeHCTBB 
't I 

Jg~-;t ' - 7: ct?ccos~ 1 :. ~ Jn2('L)-(~)2"-c: d'Z., (6) 
'tt< 

yCTBHBBDHBBDmero CB!l3n M6lK.l!.Y KOOp,l\11HBTaMl1 ~I Ill 'Z • 

!Ip!rlMeH!l!l M6TO.l\11KY ' pa3Bl1TYD B [I] ' npHXO;l\lllM K cne-

~Yfilllli1M BblpBliteHH!lM ;l\JI!l OTDWqHhlJC OT HYJI!l KOMTIOHeHT B.MDDl1TY'A 

Ji i, L,i.3 
11 

il) ir la L3 

.A~1~ =)((~,)Jf('L).Ao K; , IOI ·t ~ ff. 
.z>H? =x (!=,).JE('Z.) AoK~ , 

100 -t r-:-. 0 011 ~ !r 
.A H'f = X ( ~.) '1 f' (-z.) .Ao K~ 1 2JH'f =JC(~.) ·a ('z) .Ao K; ' 

(7) 

.A '" -1 ) .--:-. 0 000 ) ~ ~ 
Hi!. =x (~, .Jf(-z.).AoK~, . /lJHi!. =X('s, "c('Z.).AoK~ , 

r;lle 

cone:+ Ro= ·-- ~ fL~L2('t)·(~'t)2 1 L('z.)=Jn 2t-z)-c~ , 
me. f d"L , 

d.: 21< ~ 'Ln("')L~ 't)j L 2(z} - l ~? 
't>< (7a) 

K0 =-m--cosd.+.0....j1-[~l2 tnot K
0 

=- '1-[~12 cosrJ.+ _m __ sinc( 
't K'Z L('l.) n('l.) r<it..ti)J 5 ' 'i '1 · K'tL('•)l 1<in(•lL(i) 1 

L('z.) sLnd, 
K~ = - n(<) 

JT 0 :rr 
K z: = K (o( + -) -v( \... )- \- 'lz r i - (_!!]__)z J'/4 

't1'f1i!.· 'Z,'f,i!. 2 I ./'- 51 - 5• • K ~ 1 • 

.\MDJlUY'Abl (7) He CO,l\eplKaT pBCXO;l\lllMOCTeR Ha KayCT!llK6 '?.= 'G.K • 

B. COOTB6TCTBl111 c KOHCTPYKl.\llle~ (2) pBBHO!depttble BC!llMnTOTl1qec­

Kl/le BblpallteH.H!l ;l\JI!l "H 11-T11Il0B BOJili B BOJIHOBO;l\6 c BKCl/lBDDHO-CHMMeT­

pMqHblM 3BDOJIH6H!rl6M (I) np!ll06peTaJOT BH~: 
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E _ ...E:_ J S-1 d-i '{ r-:-. ~ ~ ~ 2 (m)z' . J imf+i•c3a 
H'I. - L<•l 't ctr, ~(•) K't cos<i+ .{£tijL(-i)- In SLl'1°' .'.1m(K~,)e ' 

Le ~ { ,- C3 m sincl } lm!f+lKc,z; 
EH'J'" Lt•H~ d-L \Jf('-)cosd.- .f£W tz.z ~L\z.)-(~f .'.1m(1<~ 1)e , 

E = Le L ('l.) / lL d~, s~nol :J 1 !., im'f + LKCJi!. 

Ha 'i£(2) ct• JLz("l) -(~,y' m (K s,)e 

(8) 
- - ~ !1 cn1 ~CO d.- !!!_ SLn I lm'fHKC3i!. ·~{ · a. 

HH't- L('t) ~~ .Jf{i) 5 .Je(.?jK'JLzl•)-(-~)'°}Jm(K~1)€ J 

H c ~ { C3 m r:::;; J , J . . H'f= Ll•)~~ ct~, r,;"W K"l. cos<i+~et•)L2l't)- (~)zsino( :lm(Kg,)e'm~1«KC3i! 

H = -cL("t) rs.- ~h~- o(J (Kl- )e'r1l'f+lKC3i!. 
Hi!. '1 l.J"(') d'S, COS m 5 1 (C" const). 

B1:i1palltett1u1 ,l\JIH 11E11-T11noB BOJIH noJiyl!aJOTCH H3 (8) 3aMeHru&l1 

E-H I H .... -E 11 eci) .:;=!:' f"('l). Bee 3TH Bl:ilpalKeHl1H KOHel!Hl:il Ha 

KaycT11Kax, ecJI11 yl!eCTb, l!TO Ha KaycT11Ke d. = o. B (8) CBH3b 

MelK.llY KOOp,lll1HaTaMl1 ~. 11 i. 3a,llaeTCH ypaliHeH11eM (6), a KOH -

CTaHTa C3 onpe,11eJIHeTCH 113 rpaHl1l!HblX YCJIOBH~ Ha CTeHKe BOJIHO -

BO,lla 

Ef-=Ei!.=O rrp11 1. =a ' (9) 

r,11e a - pa,l\Hyc BOJIHOB0,11a. 8Tl1M ycJIOBl1RM ,l\JIH 11 aJieKTp11qecK11x T11-

noB BOJIH COOTBeTCTByeT ypaBHeH11e Jm(Kg,) = 0 rrpH 1.= ct , a 
d:lm(d,) · 

,l.\Jlf! "MarHl1THhlX 11 Tl1Il0B - ct 'S, = 0 np11 1. =a • IlyCTb 

Xnm - n - L'i KOpeHb ypaBHeHHH Jm (Xnm) = 0 • Tor,11a KOHCTaHTa 

C3 onpe,11eJIReTCR 113 ypaBHeHHH (6): 

6 

a 
J z ' m fJ z ' Xnm-m

2 
-ma'tccos.Xnm = K Jn1('t)-(:1'l.)-c~ ch .. (IO) 

'l.K 

.I(JIH 11 MarHl1THblX 11 Tl1IlOB BOJIH 3Ta KOHCTaHTa onpe,11eJJl1TCH 113 TaKOro 

" lie ypaBHeH11H, ecJI11 B HeM Bl.leCTO Xnm IlO,l\CTaBl1Tii Xnm- KO-
i A 

peHb ypaBHeH11R 'Jm (Xnm) = 0 • 

C yqeTOM (IO) noJiyl!eHHl:ile B1:i1pallteH11R ,l(JIH noJiei'i uoryT Ol:ilTii 

TpaKTOBaHl:il KaK KOpOTKOBOJIHOBaR ac11unTOT11Ka coOCTBeHHblX 3JieKTpO 

warHl1THblX KOJie0aHl1~ B pa,lll1aJIIiHO-HeO,l\HOpO~HOM U11Jil1H,llpl1qecKOM 

BOJJHOBO,lle c 11,11eaJIIiHO-IlpOBO,l\Hll\l'IMl1 CT8HKaMH. 

Bb1pallreHl1R (8) 11 noJiyl!eHHl:ile 113 tt11x 3aMeHaMl1 E - H , H'-- E 

11 e .,....._ f npH e= const 11 _f = const nepexo,11HT B 1'!3BeCTH1:i1e 

Toqable BblpalK8HHH ,l\JIH none~ E- 11 H-T11noB BOJIH pery11RpHoro 

H,l\8aJibHO-rrpOBO,l\Hll(ero UHJ111H,llp11l!8CKOro B011HOBO,lla [7] .~M8HHO 

ClTl1M 01:i1Jil1 MOTl1B11POBaHbl Ha3BaHl1H "E"- 11 "H"- Tl1IlOB BOJIH, np11-

Ill1CaHHl:ile HaMl1 K r116pH,llHl:ilM BOJlHaM (CM.(8)). 

B KOHUe pacCMOTpl1M KayCTl1l!8CK1'18 IlOB8pXHOCTl1 ,l\JIH Tpex MO,lle-
2 z 62 

neit aanoJIHRiOll!8~ cpe;zu,i: n 1('t) = f+ o"L 2 , n 2,3("l.): n 2 + Kzzz. 

~3 ypaBHeHHH (5) 11MeeM CJie,ll;y~ll\1'18 Bl:ilpaxreHl1fl ,l\11H pa,llllyCOB UHJil1H­

.llPHl!eCKl1X KaycTHl!eCKHX llOBepxHOCTe~: 

'Z. -[ -(1-C3)+J(1-c)'+4cffi2' ]Vz 
K1 -

3 
0 l<a 

25 ' 
_J_Jm2 :tcS2 '. (II) 

'ZKZ,3 - K n2 - c~ 

Ilp11 5-- 0 BO BC8X Tpex c11yl!aHX IlOJiyl!aeTCH Bl:ilpallt8Hl18 ,l\1lfl pa,1.\11-

ycoB KayCTHK BOJIHOBO~a c O,l\HOpO,l\HblM 3anOJIH8Hl18M: 

ma 
'2,K= -- . .Xnm (12) 

~3 (II) CJie,ll;yeT TaK~e. l!TO IlPH onpe,lleJieHHl:ilX ycJIOBl1HX KayCTHKa 

7 



MOMeT CTaTb MHHMOtt, T.e. 6b1Tb pacrrono~eHHOtt BHe BOHHOBO;n;a. 

IlpH 6: K2 , n=C3.' KOr;n;a C3>1 (n>1) B BblpalKeHHRX (8) Ha6m<r­

;n;aeTCH pacxO;n;HMOCTb. 8Ta pacxo;n;HMOCTb ycTpaHH6TCH ;n;o6aBneHJil6M 

Manon MHHMOtt .qaCTH B Bblpallt6HH6 ;n;na ITOKasaTena rrpenoMneHHH cpe­

;D;bl [8] • 
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