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s.n.rASASffii,M.~.~BAHHH,A.n.TEP-IlOrOCHH 

ACi'!MIITOTWIECKAH TEOP~H C~EPCl/lllJJlbHWC PE30HATOPOB 

IlOJIYq0Hli acHWITOTHKH co6CTB6HHblX aneKTPOMarHillTHblX KOne6a.HHA 

B BliTHHYTOM Ill cnllJlCHYTOM cq>epOHAaJll>HblX peaoHaTopax:. ~ccneAOBaflli 
KaycTzqeCKH6 noBepxHOCTH aTHX KOne6aHH~ H "KBaHT0Bli6

11 

ycnOBHii. 

EpeBaHcKen ~zaHqecimn HHCTHTYT 

Epe:saH 1986 

'1 

B pa6oTe [l] ublJ!a pa3BY!Ta paBHOMepHaH acmmTOTY!qecKaH Teo-· 

pY!H pemeH11l1 ypaBHeH11l1 I'enbMrOJll>~a YI MaKcBenna. B CJIYqae,Kor,lla 

cymecTByeT pemeH11e COOTB0TCTBYIOmel1 CKaJIHpHOH 3aAa~ (B ypa:sHe­

Hl111 I'eJll>MrOJTh~a) • M6TOA ' pasBY!T]ll!1 B [rJ • CBOA}ITCll K 

amlMilTOT11qeCKOMY pa3A6JI8HHIO nepeMeHHblX B ypaBH8HI/l.flX lfaKCBeJI -

na [2] c 11cnonbsoBaH11eM B KaqecTBe 6as11cHhlX co6cTBeHHhlX WYHK-

~~ CKaJIHpHOH sa,llaq}I. 

BNTffHYTlie (BepxHl18 3Hrutl1) Ill CilJIIOCHYTNe (HYl~Hl18 3HaK11) cipe-

pOY!.AaJibHli8 KOOp;l.ij!HaTN ~ ' 11. • 'f CBffSaHN C ABKapTOBliMYI KO-

OpA}!HaTaMl1 x ' ~ ' z. nocpeACTBOM COOTHOill8Hl111 [3] 

x+ L~ :f[(s 2 =i=1)(1-11i>J1'2 e'~, 2 =fsri., (I) 

np11qeM ITOBepxHOCTYI g= const - C0'1.JOKYCHN8 cqiep011AN, ~=const- co 

~oKycHNe AByxnonocTHNe (OAHOnonocTHue) r11nep6ono11AN,~=const - no­

nynnocRocTY! ' npOXOAHllU18 qepe3 OCb i! ; f - '1.JOKyCHOe paC CT OHH11e, 

c - OCb BpameHHff (-1~~~1 'O~lj,,;2.:ir' ~- B BNTHHYTOl1 ccpepo­

IllAaJibHOH Cl1CT8Me KOOpA}!HaT M8Hff8TCH OT I AO 00 ' B CilJIIOCHyTO~ 

ccpep011AaJibHOl1 CillCT8M8 - OT 0 -AO = ) . 
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PemeHHB ypaBHBHl4H reJU>MrOJU>Ua AJIH BaKyyMa B ccpep014AaJ!bHblX 

CldCTBMax: KOOp;nHHaT HMBBT BHA: 

Ur; '= R8 (~)Si; (r1)'T(o/), 
c c: c 

(2) 

+ m':j' 
rAe T (':l') = e - 'm= O,I' •• ; Rs ( ~) H Sg ( 'l)-pa,nHaJll>HblB 14 yrJIOBble 

c c 

BblTHHYTble (B) HnH cnnJOCHyT1i1e (c) c!JtepoHAaJibHble WYHKUHH, YAOB-

neTBOpHDIIll4e ypaBHBHHlU! (I] 

dife(!ie) +cit>(~e) d~e~!ie) + K2.J3e(fe>fel~e)= 0 (3) 
;e 

npH K s
1 
= ~ , K g

2 
= ri , K $

3 
= 'j' , KOrAa 

es _/ 2rz ) 
d~(s)= S2+i' c;<.~('1)=-~1 a:'.~{<:f):=OJ (4 

i 2 • 2 m' 
A f 2 m a ) "' f 2 m ~ (<f)- -· .13~ (~): - l<Z(f'.;:1) + + K2W:;:1)il .rtl :-K'('l2-1) :j: - K'('12.f)zl J"~ - ic;2 

B cooTBBTCTBHH c yTBep~ABHHHMH pa60Tbl [I] , ypi:iBHeHHH 

Pe ( ~e)= O onpeAeJIHIDT KaycTH'tJBCKHe noBepxHOCTl4, Ha KOTOPbOC 

reoMeTpoonTHqecKHe perneHHH pacxOAHTCH. MeTOA, paaBHTblli B aTOH 

pa6oTe, Il03BOJIHBT 3ailJ4CaTb paBHOMepHble Bblpallt6HHH AJIH KOMilOHBHT 

. aneKTPOMarHHTHoro noJIH BHYTPH cqiepoHAaJU>HOro peaoHaTOPa ( !; = ~0), 
acHMilTOTHqecKH YAOBJIBTBOpamnuie ypa.BHBHHHM MaKcBeJIJia. B 3aBHCH­

MOCTl4 OT Toro, OTHOCHTBJ!bHO KaKOro H3 'c<j_JepOHAaJ!bHblX opTOB 

(eo' it. I ifo) onpeABJIBHbl THilbl BOJIH' B peaoHaTope MO~HO IlOJIY"" 

qffTb TPH rpyrrnbl pemeHHH: 
g2 • Vz -y, a 

1 ·EH=~t<(52~~.) (1-11')[f2c~2 +1)(1- ri2)-J3(lf)] 
2

8ilu~ I 

1 
_ 

11 
z 1/z · (Sa) 

E'1~ = - ~K (-p+ ri•) (~2+1)[f2(~2+1)(1-ri2)-fo(Y')]°\12 aa'§ u~ ,-E'f=o' 
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~ 

H - _c_( §2:;:1 -\'lz_1 [ 2 2- z ·Vz £ ~~-<tK)• g•+ri2; f f (s +1)(1-'1)-J3<'f>] aga'.fu~ J 

c 1-ti2 '/z 2 -yz a
2 

Htt~ =-(i.K)2( kz:;:1 ~ f [f (g2+1)(1-'1z)-J3('f)] a'la'f Ut ' 

H'fg = - ; [f \fz+1)(1-riz)-fo('f)]Y2 [C~2+1)(1-riz)(l2Ui ; 

c ( ~z+ 'l2)'/2 [ -11z a 2. EH=- tK ~z+1 f2W+ri')(1-ri2)-pCri)(t-ri')2] a'f u~ ' 

c ~2:;: 1)1/z g2:;: 'tz -1/z a 
E{O,Ey>~=~K( 1 _riz [f 2 ~-~('l)] af"U~, 

(56) 

- --=-- ~z:;:1_)Yz~[ z g2+'lz - J-Yz ~U 
HJ~ - lLt<)'- ( 1- '12 f f 1-'l' ~ Ul) a~ ari i ' 

c ( 1- '1.2 \1/t [ 2 ~ 2 
:;: 'l

2 
] 

1/2 
Hri~=-T ~2+tiz) f ~-PC'l) U~, 

H 
c 1 [ Ji :;: t?.2 -Yz Ll J- 1

/l a z 'ff=-.- - f 2--B('1)] tb2-1)(1-ri2) -UG · 
(Li<)' f 1-rii r \S + aria'f c' 

c !2- 'l2 '/e 1f. 
3. E~"'O, t:'l~ =Li<( 1-\2) [fz(~2+'l')(~2:;:1)-J3(s)(g2+1)2r z aa'! U~ ' 

c ( 1-tt' _\1/z 2·~ 2 +'t2 ]-'/z a 
E 'f~ = - t; ~ 2:;: 1 J [f ~1 + 1 - JO ( ~) ~LI~ 

(SB) 
. ·c s' + 1 ~1/2 2 52:;: '1.2 1/z 
H~g=-T(~2+ri') [f g2+ 1 -JSC~)] U~, 

c ( 1 - ti 2 )'/z 1 2 s 2 :;:. '1
2 r Yz a t Hri~ = ttK)z gz + 7, T[f 1'2+1-fo(~)J a~ari U~ , 

c 1 ~ 2 :;:ti2 -112[ -1/z az. H'f~ =t~K)z T[fz 5'+1 -}'(~)] (~z+t)(1-ri')] a~acyu~ 

IlOJ!H (Sa,6,B) CJI6AYBT KJ!aCCHW14UHPOBaTb KaK H-THilbl BOJIH. 

Bb!pa~eHHH AJIH noJie~ E-THITOB BOJIH noJ1yqaroTCH H3 (Sa,6,B) rryTeM 

aaMeHbl B HHx E ~ H - -H H - - E • qT061i1 rroJiyqeHHble rrona 

HBJ!HnHCb 6bl co6cTBBHHhlMl4 WYHKJ.IHHMH HABaJibHO npoBO~R~ero ccpepo-

'.:> 



111;zi;a s = ~o , Ha 3TOLI nonepxHOCTH ;D.OJllKHbl y,n;onneTBOpHTI>Cfl 

rpaHH'!Hble yCJIOBlilfl: 

E'l.=H~=E':f=O Ilplil s=so. (6) 

Ell\e o.ntto rpaHlill!HOe ycnon11e BbITe_KaeT 113 DAH03HatIHDCTlil yrno-

BblX clj_,epOl1,11.aJI:OHblX li!YHKD.l1rii OTHGCr1TeJI:OHO IlJlOCl\OCTlil ~= 0 lilJllil 

'l = 0 • 3Tl1 ycJIOBlilfl CBO,li,flTCfl K Bbl6opy qeTHblX lillli'I Hel!eTHblX yrno­

Bb!X c<jlepo11,n;amHbOC CJ?YHKUlili1 S('1) [ 3] l1Jllll 11x nepnblX npo~I3BO.llHb!X. 

,i..lJifl Tpex Ha6opoB 3Jl8KTpO!t.arHl1THblX KOJie6aHl1l1 (5a, 6, B) yKasaHHble 

rpaHlill!Hble ycJIOBl1fl 3aill1Cb!BalOTCfl B Bl1,ll.e: 

I 2 3 

:~m=O (R(~)=O)J :~(~)=O (R(~):oO)} R(~)=O (~~(~)=o)} 

S _ ( dS<rt) ,\ dS<'l) dS<'l) 
('t)-0 ~ =£1 ctr( =O (S('t):: 0 S(IZ) =O (cr;z::: 0) 

np11 ~=go; 

(7) 

rrp111 'l = o; 

r.n.e B CK06Kax np111ne,neHbl rpaHl1l!Hble ycJIOBlilH ,llllfl E-TlililOB BOJIH. 1113 

nap rpaHH'lHb!X ycJIOB!llL! I ,2 111n11 3 onpe,neJIHIOTCH co6cTneHHble 3Ha­
w 

'!8Hl1fl .i\ Iii co6CTBeHHble qacTOTbl K"' c . 
~Jlfl ITOJly'leH!llH OCUlilJllllilPY!Oll\lilX (He3aTyxa!Oll\lilX) perneHllli1 He06XO,l(l1-

MO, 4T06bl <jlyHKUlill1 fo( ~) l1 J3 ( 'l) He npli1Hli!Malll1 6bl OTPl-ll.\aTeJII:i-

HLIX 3Hal!eHlili1. B03MOlKHble 3HatieH~lfl KOpHeiii 3TlilX tlJYHKUillH 1 ,..., 
l1 'l 

B BhlTHHYTOM cQiepOlil;t\aJlbHOM pe30HaTope onpe,n.enmor e;ll,l1HCTBeHHhlii 

Ti1n KOJ1ec5au111ti "llleIT'!Yll\e~ ranepe111
11 [5] 

0 ~ 'rl. ~ 1 ~ 1 ~ ~o ' (8) 

,ll,Jlfl KOTOpblX :KaycTl1'l8CKlilMfA nonepxHOCTflM!ll f!BJ!fl!OTCH Bb!TflHYThliii,co­

cj)OKyCHhliii lilCXO,ll,HOMY ( ~ :. §o) ' ctj;lepOl1.Zl 

~ = ~ =( 1 + :A+ JN-4m2K2f2' 11z 
!:'1<2.!.2. ) ' 

s ~ 1 . (9a) 

J 

111 ,n;nyxnonocTHbl~ fllnep6ono111;n. 

- 'J\ - [AZ. - 4 mZ 1< 2 f 2 )1/z I 'l I < 1 ' 
rt"' 1l."' :!. (1 + 2 K 2. f 2. ' (96) 

orpaHl1l!lilBalOl1\lile 06'beM, B KOTOpor~ pacnpocTpaHfl!OTCfl reoMeTpOOITTl'l­

qecK111e nyq111 (cM. [4] ). B cnyqae cnniocHyToro c1j_iepo11.na KaycT111 -

qecKHMfA nonepxHOCTflMV! HBJlfl!OTCfl 

~ - ( 'A+ J.AL4rnz~2fi' )1/z 
§- 21<2f2 -1 ' ~ ~ 0 (IOa) 

~ _ ( )I. :t ,}A. '-4m2 K
2f 21

)
1
/2 

11.1,2.- 1 - 2. Kzfz ' 1 ri. I~ 1 . (IU6) 

~13 (IOa,6) flBCTByeT • 'lTO 0,llHOBpeMeHHO MOryT peaID'J30BaTI>Cfl 

KayCTl1l!8CKH8 nonepxHOCTfA ~' ia 111 'l,
1 

tiz • 06Jiacn pacnpo-

:TpaHeHHfl reoMeTpoonTlill!eCK!llX Jlyqei1 B nepBOM c11yqae orpam-1qeHa 

COQJOKYCHb!M l1CXO,l(HOMY ( ~ = ~o) CITJ!lOCHYTb!M CcI/e p0l1,Z{OM ~ =-I 
l1 O,llHOITOJ!OCTHb!M rnnep60J10l1,ll0M 'l = ~2 • 3rn KOJie6aHHfl onpe-

ne Jifl!OTCH He paneHCTBaMI/I (8) l1 OTHOCflTCH K nmy 11UleIT'!Yll\8tl rane pel1'! 

BTopot! Tl1II KoJie6aH111li - Tlilrr "npblra10mero Mfll!lilKa" [ 5] , peaJI1rny-

eMbI~ B 06'.0eMe. orpaHl1l!eHHOM ,n;ByMH cocpoKyCHhlM!il 0,Z{HOIIOJIOCTHb!MfA 

rlilnep6ono111,n;mm 'l =- '1. 1 

CTBaMH 

lil 'l = 'la , onpeAeJIHeTCH HepaBeH -

0 ~ 'l1 " 1l ~ ri.2. ~ 1 . (II) 

ECJ!lil B rpaH!il'lHb!X ycJIOBl1HX ( 7) BMeCTO <jllilryp11py!0Ull1X Ta.M pa;ll,!1-

aJII>HblX 11 yrJIOBblX ctj;lepo11,n,a.nbHblX <jlyHKUl1~ no.ncTaB11TI> l1X .ne6aen -

CKlile (Kna3111KJiacc11qecK11e) ac11MrrTOTl1Klil [6], onycKaH Ka~,nh!i.1 pa3 

rr 
Wa30BYIO ,l(06aBKY - Lj:"" , KOr,n;a COOTBeTCTBYIDll\aH KaycTl1Ka He pe-

aJIB3Y8TCH (.f3e ~. > 0) ' Mb! IlPlilXO,ZlfAM K "1rnaHTOBb!M ycJIOBI/lflM
11

,BilOJI-
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He attaJ!Ofi1qHblM KBaHTOBblM ycJIOBHHM B CTapoi'! KBaHTOBO~ TeOpHH 

Eopa-3oMMepqiem:.~a. BHTIHweM 

i. 
K .1 Jpt~) d~ = .1f \"tt +Ng) 

~ 

HX AJ!H nepBOH napb! H3 (7): 

II' 

AJ!H H-THilOB BOJIH, H 

s. 
K J Jp(D 

1ds = ~(~ + N~) 
~ 

H 1<) Jp ('1.)
1 

dri = n-( i T2N~+1), Nt, N'l.=o,t··· (I2a) 
-ir 

ii 
H K ~J~('!)

1

c:l1J.=3T(t+2Nii),N~, N'l.=0,1 .. ·(I26j 

-~ 

AJIH E-THilOB. 8TH KBaHTOBble YCJIOBHH CilpaBeAJIHBbl ARR THila KOJ!eCla­

HHH • OilpeAeJIHeMoro HepaBeHCTBaMH (8) ( 11 menqymaH raJiepeH 11
) B Bbl­

THHYTblX H CilJllOCHYTblX cipepoH;z\aJt:bHblX pesoHaTopax. IlpH 3TOM clJYHK -

UHH ~ls> H p(ri_) AJ!H COOTBeTcTBy10mero peaoHaTopa onpeAeJ!HlOT­

CH H3 (4) • .2(JIH BTOporo Ti.ma KOJieClaHHH (II) ( 11IlpblraIOll(Hi'! MfiqHK"), 

peaJIHsyeMoro TOJI:OKO B CilJIIOCHYTOM CqJepOHAaJibHOM pesoHaTope, co -

OTB6TCTBYIOll(He KBaHTOBb!e YCJIOBHH 3aililCblBru:JTCH B BHAe p ( ~) :> 0 • 
fff 

CJieAOBaTeJI:OHO, ~30BaH AOClaBKa - 't' B aCHMilTOTHKe paAHaJibHblX 

cqiepOHAaJibHblX clJYHKUHi'I onymeaa : 

~. ~l 

K~~clg=~Nt, K~Jp(rt)cl'1=3!(t+2N~+1)- H-THilb! BOJIH, 

0 ii, (13) 
!o ii'z 

K: ~ J J3( ~ )
1

d S: 3l(i + N!), I< i J J3('!) d'1 = 11'(t +ZN~) - E-THilbl BOJIH, . -i, 
B (12) H (13) trnCJia 2N'1 l'1 21\J'L + 1 COOTBeTCTBylOT qHCJ!aM 

HyJiei'! yrJIOBblX cipepOHAaJlbHblX clJYHKUHi'I H onpeAeJ!HlOT HX qeTHOCTb 

HJIH aeqeTHOCTb KaK 

S(7) =(-1)mS (-'1) , m=2N'l. HJIH m=2N'1+1. (I4) 
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