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s.;u.rASA?HH,M.li\.lilBAHHH,A.;u.TEP-IlOrocHH 

0 COECTBEHHblX 8JlEKTPOMArHl1THblX KOJlEEAH!MlX 

B TOP(]l,lf,AJ!bHQ.!. Pl!:30HATOPE 

ITocTpoetta KOpOTKOBonHOBaH ac11MilTOTKKa co6cTBeHHblX aneKTpo­

MarHKTHbIX KOne6aHK~ B TOpOKAaJlliHOM pe30HaTOpe c HeO,ll.HOPOAHblM 

3anonHeH11eM, annpOKCKMKPYIDllJ,1'1M nona 6onhlliOro nonoro Topo11,JJ.a. 

llp oBe,JJ.eHO cpaB!leHKe c Bb!palKe!IKHMK .O,ll.HOpO,ll.HbIX TOpOK.Z(aJlliHblX MO,ll., 

rronyqeH!l~MK B KBa3KTOp0!1.Z(aJibll0~ CKCTeMe KOOP.Z\K!laT. 

EpeBaHCKK~ w113114ecK11~ KHCTKTYT 

EpeBaH 1986 

~ 

B KJiacc11qecKO~ TOpOH,JJ.aJibHO~ CMCTeMe KOOp,ll.!1HaT nepeMeHH~e 

paa,JJ.eJIHIDTCH nHfilb B ypaBHeHMH ~annaca, M Y'lre B YJl3.BHeHKM renbM­

rOJTh~a B03MOlKHO nHfilb qaCTHqHoe HX pa3,JJ.enett11e (I,2] • PeaynhTa-

fbl ' nonyqeHHbl~ B [3,4] He npe,ll.CTaBnHIDTCH ,ll.OCTOBepHblMM. 

B qacTHOCTH , KaK yKaaHBaIDT aBTOpbl [5] , r,JJ.e 3a,JJ.aim ,1.\nH 

O,ll.HOp0,1.\HblX TOpOM,JJ.aJibllblX MO,ll. KOppeKTHO pellianacb MeTO,ll.OM TeOpMM 

BOawymeHM~, KX pe3ynhTaTbl He COBila].\aIDT c COOTBeTCTBYIDmKMH pe-

3Ylil>TaTW.!M [3,4] • 

B aacToHme~ pa6oTe pa3,JJ.eneH11e nepeMeHHblX B ypaBHeHHH renhM­

ronh~a ,ll.OCTMraeTCH MCKYCCTBeHHblM nyTeM, a MMeHHO, BHeCeHMeM B 

TOpOH,ll. COOTBeTCTByromero HeO,ll.HOpO,ll.HOro 3aTIOJIHefil!H. AHaJIH3HPY'H 

npH 3TOM ~H3HqecKOe CO,ll.epxaHHe BHeceHHO~ HeO,JJ.HOp0,1.\HOCTM, MOlKHr 

cy,1.\KTb 0 C06CTBeHHblX KOne6aHMHX nonoro TOpOH,JJ.a. 

B KBa3KTOpOH,ll.aJThHO~ CHCTeMe KOOp,JJ.H!laT [3-5] aCHMilTOTHKa 

C06CTBeHHblX 0,ll.HOp0,1.\HblX TOpOH,ll.anhHblX MO,ll. (aaHMYTaJibHOe ~cno 

m = 0) nonoro TOpOH,ll.a-nonyqaeTCH B c11ny paa,JJ.eneHHH nepeMeHH~ 

B ypaBHeHMH 3~KOHana. 

TopoH,ll.anhHbl~ peaoHaTop c HeO,JJ.HOpO;iuiHM 

aanoJIHem1ew 

TopoH,1.\aJihHHe Koop;zurnaTbl 't • 6 , If CBHaaHbl c ,JJ.eKapTOBblMH 

J 



KOOp,zurnaTru!H x ' y e nocpe,ZJ;CTBOM COOTHOilleHHli (I,2] 

x = ctsh'?: 
cht- - cos 6 cos~ ' 

a.sh~ . 
u- S•n (.J) 

J- cht' - cps6 J ' 

z: = a.sLnS 
cht'- cos6 

) 

(I) 

r.ne a. - IlOCTOHHHaff ' xapaKTep1r1ay10~aff TOpOH,ZJ;aJThHYJO CHCTeMy. 

KoopAHHaTbl 'l:: , 6 , If MeHHIOTCfl B npe.neJJax: o s 't" .,,; ""° , 

·5'[ ~ 6 .. ~ ' 0 ~ '-J ~ 2:rr • 

PemeHHe ypaBHeHJ.1H reJJbMrOJJbua, Kor.na cpe.na, aanoJJHHIO~aH To­
chr; - cos6 

POH,ZJ;, xapaKTep11ayeTCff KOSgxlJHUHeHTOM npeJJ.OMJJeHMff -le= Sh~ 

( ~ = I), 3aJ1HCJIBaeTCff B BK,ZJ;e: 

U = si.n ~ Jch-c- cos6' f1 ('C) fz(6)f 3 ('f), 

r.ne !iJYHKUYlH ii ( t") 
cosm':f • f 2 (6), f3l':I') = sln m'f y,ZJ;OBJJe TBO pH!OT 

AHwqiepeHUYlaJJbHhlM ypaBHeH1r1ffi4 TYlna 

npyi 

d'fc~) +o<:('f) df(°s) + Kzj3(~)f('.f)=O 
d f2 d'.f 

~ = "t ; ol(t') = ct ht", 

~ = 6 ~ 
6 

cl(6)::: ct~ 2 ' 

~=If; ol('f);O, 

1 ca __ c_,_ 
.f'(t") = 4f<.2 - Kz K 2 Sh2 't' J 

Ca 1 
j3 (6) =Kt - 4K2 I 

2 z C1 _ !!}__ • 
~ (tj') = ct + °"i(T"- K 2 1 

(2) 

(3) 

(4a) 

(46) 

(4B) 

m = O, I ,2 ••• ~ c, 1r1 Cz- KOHCTaHT!il paa.neJJeHKfi. YpaBHeHHJO (3) 

C BblpalKeHH.ilM.H ,ZJ;Jlfi ol(6) H J3(6') H3 (46) y,ZJ;OBJI6TBOp!IlOT MHO-

roqJieHbl I'erett6ayepa (yJlbTpacwep1r1qecK1r1e @YHKUHH). Coo6paayHcb 

c ycJIOBHeM Henpep!IBHOCTH IlOJlJ'! no 6' H CBO!iCTBa.M.11 UHOroqJie­

:iOB rerett6ayepa(2], 3aKJllOqae.u, qTO f,(6)=C~n- 1 (cos¥) ,T.e. 

Ci.= n' , n = I,2 ••• Tor.na pemettJ.rnMH ypaBHemrn (3) c B1i1pa11e-

4 

... 

ilf 

II 

HfiMH ,ZJ;JIB ci(t') H j3(~) J.13 (4a) 6y.nyT npHCOe;u.litteHHble @YHKUHH 
Jmz-t<zaz' 

,ern.npa nopli,ZJ;Ka n-y2 H CTeneHH .fC1=Jm•-K2a"-pn·Yz (ch~) 
~m'-1<'a' 

(qiyHKUHM TOpa). li!Mea Ha6op @yHKUM~ f1CT:):: P,,-yz (chl:) 
1 6 f COSm'f f2(5)"' C2n- 1(cos2)1 3 ('f) = sin m';f • pewaIOl!IHX aa,ZJ;aqy B CKaJIHPROk 

ypaBH6HHM I'eJibMrOJibUa, MO~HO IlOCTPOHT~ paBHOMepRlie ac.HMilTOTH-

qecKHe peweRHH ypaBHeHJ.1~ MrutcBeJIJia [6] ,ZJ;JIH E-THilOB BOHR 

( H'i:: 0 ) B TOpOH,ZJ;aJibHOM peaoHaTope c y~aaaatto~ He 0.1lHOpo.nttocn10: 

m2 '/. 6 1/; 
E<:!'=-c(1-K202 )

2 sina (cht"-cos6') 2 f,(Z:)f,(6)f 3 (<f), 

E 
- - _c_ (1 - ~)Vz h . 6' ( h )1/z d.fi<6) df3(!fJ 

6' - (Ka)' Keaz s t SLn z:- c r;- cos5 f 1(Z:) ~ ~' 

(5) 

E 
- __ c_ (

1
- ~)Y2 . 6 112 dj,('C) df3(':f) 

t'- {Ka)Z Kzaz sht SLn y(chi--cos6) ~ f 2 (6) ~' 

Le ( m' )1/2 6 3,1; df, (~) 
He= - Ka 1- Kzaz sin T (ch~ - cos6) 2 ~ f 2 (6) fa (<f), 

Le ( m
2 )1/2 s 3j. dfa (6) 

H.e- = Ka 1 - 1<2a2 sLn 2 (chi- - cos6) 2 f, (t) d6 f 3 ('f), 

r.ne c - npoHaBOJ!bRaH nocTOHHHaH. B1i1paJKeH1r1H 'AJIH H-THilOB BOJIH 

( E 'f = O) noJIYqaIOTCH 1r1a (5) nyTeM aru.aeHbl B RHX E -- H/.r& , 
H -- - Je E. B TOPOH,ZJ;aJlbHOM peaottaTope t" = -c-, c 1r1.neam.Ro 

npoBO,ZJ;Hll(HW'I CTeHKa.MH .noJiaHo y.noBJieTBOpHTbCfi rpattHqaoe ycnoBHe 

,ZJ;JIH E- (H-) THila BOHR: 

.Jrn•-K2a2 (chz:):O 
p n ·112 

JITIL-K2a2 

(dPn-1/ad.~ (ch'?') =O) 
0,ZJ;ROpO,ZJ;HHe TOpOHAaJlhHlie MO,ZJ;bl 

B IlOJIOM TOpOH,ZJ;e 

IlpH 't' = ?;1 (6) 

B 11KB8.3HTOpOH,ZJ;aJJbHOH 11 CHCTeMe KOOp,ZJ;HRaT 'Z- , 8 , If , CB!I-

aaHHIDC c ,ZJ;eKapTOBblMH x • ~ • e COOTHOmeHHffMH f3-5l: 

5 



X:Rhcos!f 1 ~=Rhsin!f 1 2.==Rpsine, h:::f-pcosS, p=z/R 

(O~"Z-~R 1 o~e~23r, O<'f~2ar), (7) 

r.n.e R - pa,zuiyc oceBo~ OKpyxaocTH Topa (r.nB:BH!il pa,lU1yc) H 

~ - pa,1U'lyc OKPY~HocTH B nonepeqaoM ceqeHHH Topa (Manblit pa.;lU'l­

yc), ypaBHeirne 3~KOH~a 3anHCbl:BaeTCf! B BH,lJ.e 

( a If' ) 2 1 ( a 'f )2. 1 ( a'+' )2. h + 7:2 ae + R2 h2 ~ = 1 (8) 

B ypaBHeHHH (8) nepeMeHHHe paa.n.enHroTcH, Kor.n.a 

COOTB6TCTByeT 0,lJ.HOPO'AfihlM TOpOH,lJ.aJlDHblM MO,lJ.aM C 

ao/ = o 
81.f ' qTQ 

m = O, ecJIH 

yqecTD, qTQ aaBr.CHMOCT» OT KOOp,lU1HaTH "i aa.n.aeTCf! ~yHKII,H-

e! elm!f • IIpe,ll.CTaBnfif! WYH1UJ,HID If! ( 'i, 6, If) 

'Kt"t) + 4Ja(6)+ 1.\-'a(<f) 'H3 (8) c yqeTOM ycJIOBHf! 

eai: 

B BH,lJ.8 
Cl'f:: 0 
a':f HMe-

'f.e = (-1/' i [ ~1- ;:z•' - ;'l. enc cos t<n'l. ]- ::K • 4-'ee =(-1)Pe ~ ; _ f= 1,2 (9 ) 

B (9) P1 !ti Pa npHHHMaroT aHaqeHHH 0 !ti I , a ipaaoBaH .n.oClaBKa 

oClycJIOBJieHa HaJrn~eM KayCTHKH npH j! ( 't)....= 0 [ 7] • 

8anr.meM Tenep» ypaBHeHHe nepeHoca ,lJ.JIH reoMeTpoonTHqecKoro 

n OJIH (6] U =.Ao L exp {i.K [(-1/e 'fie- :KJ} , B KOTOpOM a~KOHan 
e.i,2 

'fe = lfl1e + lf ee onpe.n.e1ieH, cornacao (8), (9): 

(-l)P, Rh_@__~ - ~ '.Aa + t-f)Pz _B__ _£_h.flz:: 0 
8'Z. 1 K•za D \ 'Z. ae D I 

Pem1t1B ypaBHear.e (IO), yqr.THBaa (8) H (9), nony~M: 

U= 
l.n2' n 31" 

C COS ( K'Z...,) 1- j(1'Zi - n Q'ZC COS K"?;" - 4] 

~ 2 I J > 'tz- ~. R -icos6 

6 

+ i.nS e-

(IO) 

(II) 

gcJIH B (II) BMecTo .n.eClaeBcKo~ acr.1.1nTOTHK1t1 BoccTaHOBHT» WYHK­

~Hro EeccenH nepBoro po.n.a Jn tK-z) , paBHOMepaoe acr.MnTOTHqecKoe 

pemeHHe CKaJIHpHOK aa.n.aqr. 3aIIHfil6TCf! B BH,lJ.e: 

u = C Jn ( K't) e ±i.n6 

~ R ( 1 - J> cos e) ' · 
(I2) 

f : tne f t t1Mef! HaClop WYHKII,H~ 1('l.)=J0 (t<'t) 1 f?.(9)=e 
1 3 (f1')=cons, 

1 n• 
y.n.oBJieTBoparoU1Hx ypaBHeHHf!M THna (3) c °'1(-z.) = -;z;-, f' ('t) = f - t<i?.z 

nZ 
npH ~=i H ot'.z(e)= o , p2(S)= KT npH ~=a , MeTo.n.011, 

pasBHTliM i [6] ' llOCTpOHM KOpOTHOBOJIHOBY~ aCHMllTOTHKY 0,lJ.HOpo.n.­

HliX aneKTpoMarHHTHHX 1.10.n. B nonoM TopoH.n.e, aanpHMep, ,lJ.JIH H-TH -

llOB BOJIH: 

•ne Jn (K't)e 

E?. = - H !f' = -c j R ( 1 -
9 

cos e)' E = - Le e 
J~ (t<'t) e i.nS 

"R ( 1 -p cos S) I 

BHpalleHHH ,lJ.JIH E-THllOB Bona nonyqa~TCH HS (I3) aaMeHaMH 

(I3) 

E -- H ' H - -E . rpaaHqHoe ycJIOBHe ,lJ.Jlf! E- (H-) THlla BOJIH Ha 

CTeHKax TOPOHM 'l.::: 1.o HMeeT BH,lJ.: 

Jn(t<"t)=O ( dJ~~K7.) = Q) npH "!, = Zo (I4) 

I'eoMeTpOOllTHqecKoe paCCMOTpeHHe 

H CpaBHeirne pesyJI»TaTOB 

B HeO,lJ.HOPO.l\HOM TOpOH,lJ.e 1:= t'1 ypaBHeirne .P ('t)=-0 

CHBaeT KaycTHqecKyro llOBepxHOCTD 

!;= = Cl 7.C Sh J ( KC.)z - mi ' 

n2 - 1/4 

7 
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HeCOOCHYRl HCXO,ll;HOMY TOpy. Otta pacnoJIOJKeHa BHYTPH Topa 't:: 'C'1 ' 
- a 

eCJll1 i' > 'C:'1 ( MaJl!:ill pa,lUIJyC TOpa 'Zt- = sh t-, ) • 0,n;HOpO,ll;Hble TOpO-

M,l\a.JlbHble MO,ll;bl o6paayRJT KayCTHqecKyRJ ITOBepxHOCTb B BH,n;e TOpOM,n;a 

e pa,1U1Jycm.1 

- n J---- 1 ' 
'it< = ""K f - 4n 2 • 

(16) 

rpaH11qHble YCJl0Bl1R (7), 3aITl1CaHHble ,ll;JIR .n;e6aeBCKHX (KBa3!1KJ1ac­

:11qecK11x) [7] aCl1MilTOTMK \llYHKI.l}IH TOpa, nocne rrpOB8.1(8HHR l1HTer­

~l1pOBaHHR 11 nocne,n;yRJ~ero pa3JI0*8HHR B pR,n; Te~nopa no ManoMy rra-

paMeTpy ~ npHBO,ll;RT K CJl8,ll;yRlll(HM 11 KBaHTOBbIM yCJIOBl1RM 11 ,lJ;JIR 

0.n;HOpO,ll;HbIX TOpOH,ll;aJlbHblX MO,ll;! 

K'lo[~j- nz-1;4'_ Jnz-'/4' 
K~ 'G~ ~ ct"lC COS 

{!((' ~ J-{ ~ z+2N+tf 

I< 'Zo - 3T -z(i +2N)-

E-Tl1IT' 
(17) 

H-Tl1IT. 

KaycT11qecKaH ITOBepxHOCTb, COOTBBTCTBYRl~H ITOJIRM (13), 0Ill1r 
nZ 

Cbllla8TCH ypaBH8Hl18M j3('Z.)= 1- K•iz :: 0 ' T.e. 

n 
'ii< = I<' (IS) 

a COOTB8TCTBYRll!IH8 KBaHTOBble YCJIOBHH CO:Mia,n;aRJT c (17), ecJrn B 

Hl1X npo~3.BeCTJ.1 aaMeHy Jn 2 - 1/4 -n . TaKl1M o6pa30M, .n;nH ,n;oc­

TaToqHo 60J!billl1X TOpo11,n;oB acl1MITTOT!1Ka o,n;aopo.n;HbIX TOpo11.n;aJ!bHbIX 

MO,lJ; 3Jl8KTpOMarHl1THbIX KOJle6aHH~ B TOpo11,n;e c paccMOTpeHHbIM Bhlllle 

HeO,n;Hopo.n;HbIM 3aITOJIH8Hl18M xopomo cornacyeTCH c acHMilTOTl1KO~ 

3THX KOJle6aHl1H B IlOJIOM TOpo11.n;e. 
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