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DPOAonbHYE HEYCTO~BOCTK 
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'lacTb I. 3cpc1JeKT OTpHQaTeJibHoA Macchi 

Hanpasneao B H3BeCTHH BhlCWHX yqe6HhlX 3aseneaaA. 
PansocjlH3HKa 



--

ITpononhHbie ( aaHMyTanhHbie) aeycToil'IHBocTH Kom~.ueBbiX aapsnKeHHbiX 

I 1-71 
ny'IKOB C 60llbiiiHM 'IHCllOM '18CTHU H3y'l8llHCb B pS1U9 pa60T o 8TH 

HeyCTOil'IHBOCTH MOlKHO paanenHTb Ha TpH OCHOBHbiX THna: . 9{jl<jJeKT OTpHUa

T9llhHOil Macchi (HOM), peaHcTHBHaSI aeycToil'IHBOCTh H HeycToil'IHBocTb aa 

C06CTB9HHbiX Monax Kone6aHHH KaMepbi, B KOTOpy!O noMeiiieH crycTOK. flo

CKOllhKY nOCll9UHSIR HeyCTOH'IHBOCTb CBSI38H8 C H3lly'leHHeM aneKTpOM8I'HHT

HbiX Bona, 6yneM H83biBBTh ee panHaUHOHHoif (PH). 

B HaCTORIIIeif pa6oTe paccMaTpHBaJOTCR TOnhKo aeycToifqHBOCTH THna 

HOM H PH; aaMeTHM, 'ITO B oTnenhHbiX cny~aRx paaneneHHe 9THX nByx 

THnOB HeycTOil'IHBOCTeft OK83biB8eTCSI H9CKOllbKO ycnOBHbiM • 

/2-5/ 
B pa6oTax yKaaaHHbie THnbi a:_eycToii'IHBOcTeif HccnenosanHch paa-

nenhHO. HcnonhaoBaHHe KMHeTH'IecKoro nonxona H annapaTa paanoJKeHHH no

ll 8/ 
neif B03MyiiieHHSI no C06CTB9HHbiM MOU8M KOne6aHHii K8M9pbl 

0 
noaBOllSieT 

paCCMOTp9Tb B 06IIIeM BHne npOUOllbHbJe H9yCTOft'IHBOCTH 38pSIJKeHHOI'O KOllb-

ua. 

Mbi 6yneM aHanHaHposaTh ycToil'IHBOCTh Konhua aneKTpoHoB, noMemea

aoro BHyTpb 6eCKOHe'IHO UllHHHOii HneanhHO npOBOUSIIIIeil Kpyrnoft Tpy6bi (y'leT 

KOHe'IHOil npOBOUHMOCTH H CBSI38HHbiX C Heft pe3HCTHBHbiX H9YCTOil'IHBOCTeit 

T8KlKe B03MOJKeH B U8HHOM M9Tone) • 
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§ 1. BbiBOJl A11CIIepCHOHHoro ypanneHI1R 

l1HT9pP.CyRCb TOnbKO a311MyTaJibHbiM JlDI1)!(9HI19M 'JaCT11U, YA06HO 1Ipl1-
/ 1, 2/ • 

M9HI1Tb M8TOJl, pa3BI1Tb!M B paoOT8X j 1Ip11 3TOM llpO}lOnhHOe JlBJDK8HI19 

'J8CTHU OIII1Cb!BaeTCSI <jlyHKU119M pacrrpeneneHI1SI B 1IpO(::Tp8HCTBe K8!10HH'J8CKI1X 

rrepeMeHHbiX (} 11 w, rne . 0 - a311MyTanbHaSI KOOpJl11HaTa ll W -0606-

IU9HHbiM K8HOHI1'19CKI1M 11MIIYJihCo HeB03MyiUeHHOe COCTOSIHI19 rry'!Ka C'II1T8-

9TCSI a311MyTanhno onnopoJJHhiM 11 ne aanncniU11M oT BpeMenn. CooTBeTcTsen

no C 3THM 1Ip91lCT8BnSieM <jlyJIKUHJO pacrrp8Jl8JI8JII1SI B Bllll8 

f(w,e,t)=~' (w)+~(w,O,t). 
0 

Dpearronaran ManoCTh B03MymenHR, ann no6aBKI1 n naqanhnoil: <jlynK-

u1111 pacrrpenenen11n rronyqaeM n11neap11aonannoe KHH8TI1'18CKoe ypannen11e 

a~ ·; a~ a~ .. -
--+ w --+ 2rreR ~£ = 0, 
at ae aw 

( 1.1) 

rae w - qacToTa o6pamen11n qacTHU, R - cpeanHfi pan11yc KOnhua, £ - aai1-

MyTanbnoe aneKTp11'19CKoe none, ycpennennoe no ce'IeHI1IO rryqKa. 

Ycpennen11e rrpononi1TCR c rroMoiUbJO <jlynKU1111 Q ( r , z), KOTopaSI naeT 

pacrrpenenen11e qacT11U n rrorrepeqnoM ceqen11u KOnbua, cneayiOW11M o6pasoM: 

(=/Q(r,z) £(} rdrdz, 

v 
rne S - C8'18HI18 K8M8pb! B IInOCKOCTI1 f, Z • 

neneHI1SJ qaCT11U 3alli1CbJBaeTCSJ KaK 

.,. 

F = ..N..... Q ( r , z )' f( (} , w, t ) , 
2rr 

4 

( 1.2) 

non naSI <jlynKU11R pacrrpe-

( 1.3) 

,:,, .' l
r_: 

.' 

' 

:1£:1j! 
.~i~\f' 

::•:.1·.~_.· .. ~~ .. ··.· 

;, ·'~· 

.:~, 

;,, !f. 
·~·~· ··\!',.· 

"' 

t 

• 

• 

rne N - rronnoe '!Hcno qacT·Hu B Konbue, a <jlynKU11H Q H ~ 
0 

BOpSIIOT ycnOBHSIM HOpMHpOBKH 

J Q(r,z)rdrdz =1 
s 

+oo 
J~ (w)dw=l. 

-oo 0 

Bhipa)!(ef!HSJ nnn soaMymenHM: rrnoTHOCTI1 aapSina H aaHMyTa, 

HMeJOT BI1Jl 

eN 
p =-Q(r, z) r~ dw. 

2 1T . . 

. 
i =~rQ(r,z).fw(w)~ dw. 

2rr 

DpeacTaBnSJSJ nosMymenHSJ rrnoTnocTH aapSIJla 11 ToKa B Bl1 
-t<Ot-n(}) 

HHft <J>ypbe ITO rapMOHHKaM e , 113 <jlopMyJI ( 1.1) t ( 

rrony'll1 M: 

Po,n i e2 RN 'lO,n 

. 0 
J = r --p 

O,n n O,n 

a~o -~d 
Q(r,z).f aw w 

0 -nw 

2 R _!!_Pn n - n .u. 

llnSJ HaXO)!(Jl9HHSI IIOJieft B03MylUeHI1SI HCIIOJib3yeM pa3JI0)!(8H 

cTnennhiM MonaM Kone6anHft, KOTOpbie nenSITcSJ na E- H H - 1 
161 

H rrpononbHhie nonHbi • CHcTeMa co6cTsennbiX <jlynKUHft BbJ6np. 

nopM11ponannofi, cornacno ycnoBI1JO 
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1. BbrBoJ::t JurcrrepCHOHHoro ypasneHHR 

OJihKO B3HMYTBJihHb!M J::tDif)K811H8M 'IGCTHU1 yaoDHO IIpH-

/ 1, 2/ -
B pa60TBX ; IIpH 3TOM IIp0;'10JibHOe ;'1BJI)!WHH8 

tPYHKUHeif pacrrpeaeneHHR B rrpo<;:TpancTBe xaHOHH'IeCKHX 

W, rae 0 - B3HMYTBJibHB51 KOOpJ::tl!HBTB If W -oooo

HH nMrryrrhc. HenoaMymennoe cocToRnne rryqxa C'IHTa

anopoaHhiM H He 3BBHCRWHM oT npeMemr. CooTBeTcTnen

.nReM !jlyHKUHJO pacrrpeaerrennR B BHJ::te 

,t)=~~ {w) +t/J(w,O ,t). 

BJIOCTb B03MYlli8HH51 1 l::tJI51 J::tODBBKH B HB'IBJibi!OH cpyHK-

!IOJIY'IB8M JIHHeapH30BBHHOe KUHeTH'Iecxoe ypanneune 

.!!.i_+ 2rreR ~( "'0, 
ae aw 

( 1. 1) 

6parueHHR qacTuu, R - cpeanuif paaHyc xonhua, c - aaH-

ecxoe rrone, ycpeanennoe rro ce'leHHJO rryqxa. 

OB0;'1HTC51 C IIOMOllib!O cpyHKUHH Q(r ,z), KOTOpaH ;'188T 

HU B liOIIepe'IHOM C8'18HHH KOJihUB 1 cneay!OWHM 00p830M! 

Q{r,z) c rdrdz, e 

v 
M8ph! B IIJIOCKOCTH f, Z • 

Cb!B88TCH KBK 

Q ( r, z) f ( e , w, t), 

4 

~ 

( 1.2) 

ITonnaSI lPYHKilHH pacrrpe-

( 1.3) 

• 

~ 

:.\ 

r.ae N - rronHoe 'IHcno 'IBCT.Hll n xonbue, a !flyHKUHH 

BOpH!OT YCJIOBHHM HOpMHpOBKH 

J Q{r,z)rdrdz =1 
s 

+oo 
It/! (w}dw=l. 

-oo 0 

Q H t/J 
0 

yaonneT-

( 1.4) 

Bbrpa)KeHHH .ctnH noaMymeHHlf rrnoTHOCTH aapHJ::ta H aaHMyTanhHoro Toxa 

HM8!0T BH.Cl 

eN 
p =--Q(r, z)Jt/J dw. 

2rr . 

j = ~ rQ(r, z)Jcu(w)t/J dw. 
2rr 

( 1.5) 

( 1.6) 

flpe.ctCTBBJIH51 B03MYW8HHH IIJIOTHOCTH 3BpHJ::tB H TOKB B BHJ::te pa3JI0)1{8-
-I({}t-n0) . 

HHil 4>ypbe IIO rapMOHHKBM e , H3 !flopMyn ( 1.1), ( 1.5) H ( 1.6) 

rrony'IHM: 

Pn =ie
2

RN(n 
Ui,n ;u;,n 

Q ( r, z) I -"'-"- ( 1. 7) 

. n 
1 = r --p 

O,n n O,n 
n 

,;" R -n-PO,n ( 1.8) 

DnR Haxo)K.!leHHH rroneil soaMymeHHH HcrronbayeM paano)KeHHH rro co5-

CTBeHHhiM MO.CIBM KOJI8DBHHil, KOTOpbre ll8JI51TCH Ha E- H H - THIIhl BOJIH 

/6/ 
H rrpoaonhHhre sonHhr • CHcTeMa coocTneHHhiX !flyHKUHil BhroupaeTCH opTo-

HopMHponaHHofi, cornacHo ycnoBH!O 

,, 
5 



v ~ 

< t) 1: ; < -r > d v ,8 
!I ~.~ 

( 1.9) .r"E 

r):(e V - o6beM KaMepJ,J. B cnyqae nerrpepbtBHoro crreKTpa CHMBon 8 ~ ~ 

!IOHHMaeTCSI B CMhiCJlC 0 - cfJyHKUHHo 

OpTOHOpM~poBARH~e nonepe"'IHhle co6cTBDHHhle cfJyHKUHH HMeiDT sun: 

E 

E' 
~ 

/0 
E 

7. 

E 
5 

II 

E r 
" 3 

- FlO.IIHbi: 

y'2iel< J '( k r)e z 
11 

r 

-lk z -lniJ 
z 

2 b T p. ,rr w~ n+l np 

y'2t:nk~ 
- J 

n 
( k r)exp(-ik z-inO) 

r z 

5 

r k 
r Jn;'(-\p) 2r. b w 

y-2- C k r 
J ( k, r) exp(-ik" z- in 0) 

2 Tr b (<J·• J n t· 1 ( A n) 

k 
Anp 

~-b~. 

- BOJJllbi: 

(1.10) 

/2n J ~ ( k .' r) exp ( -i k z z -in 0) 

2rrrk',J
11 

(A' )yl..:n2j,\' 
np np 

EO= ' v'2i J~(k/r)exp(-ik"z-inO) 
~ (1.11) 

E 
~ 

,_. 

21TbJn ( >.' )-11-n2/>.'2 
np Y np 

0' k , 
r 

= >.;p 
b 

6 

I__ .. 

/.:. 

.,. 

~ 

w 2= c 11 
( k 2 + k 2 

) ;,\ H ,\ ' - KopHH cflyHKUHA BeccenH J 
r z np np n H 

seTCTBeHHO, b - p8JlHyC Tpy6hlo 

npOJlOJlbHble C06CTBeHHble nonH H8XOJlHTCSI H3 COOTHOllieHHH 

-+f 
E =-V~ 
" " 

H 4> H8XO.l1HTCH K8K pellieHHe ypaBHeHHH 

" 

~4> =A~ 
" " " 

c rpaHH"'IHhiM ycnosHeM ~" I r=b = 0. 

0pTOHOpMHpOB8HHbie ciJyHKUHH ~ 

~ 
1 J 

" 

" y 2 1T b J (,\ ) 
0 

n+l np 

Co6cTBeHHhie aHa"'leHHH ,\ 
" 

p8BHbl 

,\ =-k2 -k2 
" r z 

H 

k 
A np =--· • b 

cyTb 

( k r) e-lk z z -In 0 

Pa3ilO:lKHM nOilSI B03MyiiieHHSI 0 38pSI.l1bl H TOKH no OpTOHOpMHpOB8J 

cTBeHHhlM cflyHKUHSJM H pemHM ypaBHeHHSJ MaKcBenna, npeHe6per• 

nonepe'IHhiMH COCT8BJISIIOIIIHMH TOK8 no Cp8BH9HHIO C npOJlOJlbHOA, 

TaTe H8XOJlHM ilHHeAHyJO CBSI3b Me)I(Jly 83HMyTailbHbiM 9Jl9KTpH'ie 

H ycpeaHeHHhiM noneM c B03MyiiieHHSJ. nocne BbiiTOJlHeHHSI YC::l 

B nony'ieHHOM COOTHOllieHHH nony'i89M ):(HCnepCHOHHOe ypaBHeHHe 
. 161 

npeano>KeHHOA ne6eaeBbiM : 
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r"E ( 1.9) < t> -~: ; < -r > d v =0 
~ I'll,~ v ~ 

KDM8jJT•lo B CJI)"Hle HerrpephlBHOI"O CIIeKTpa CHMBOn 0 ... 
1 hiCJlO 0 - tPYHKUHHo 

bonARR~e nonep8'1Hhl8 C06CTBOHHhl8 if>yHKUHH HM8IDT BH.ll: 

h!: 

- "' i !' I< J ' ( V ~ z n 

w ' 1 ( )t_ fl>) 
~ n + 

k, r)e 
-fk z -fn8 

z 

v'2 l·nk/. _ J ( k r)exp(-ikz z-inO) 
I n r 

~ I' k 
r 

J 0 ) n: 1 \.n p 5 

' \/2- e k r J ( k ) ( . k . 0 ) >--------- r exp -1 z -1 n 
n r ?. 

(<)• J n 1- 1 ( ,\ n ~) 

i\ np 
=-b--. k 

lbl: 

( 1.10) 

I v'~ ' '. J.; (k,'r)exp(-ikzz-inO) 
(i\' )\il-n 2/A 17rk',Jn 

np np 

I v2 i 
J ( ,\ ' ) J ~ ( k 'r) exp ( 'k 

11 

np v'l-n2 /A'2 r -I zz-inO) 
np 

(1.11) 

k , A' 
~ _!l£_ 

r 
b 

6 

..-

w 
2
=c

2 
( k

2 
+k

2 
);A H A' - KOpHH if>yHKUHft EeccenH J H J' t COOT-

r z np np n n 

B9TCTB9HHOt b - pa.llHyC Tpy6blo 

npo,llOnbHble C06CTB9HHb19 ITOnH HSXO.llRTCH H3 COOTHOW9HHH 

-+f 
E =-V<Il { 1.1 2) .. .. 

H ell HSXO.llHTCH KSK peweHHe ypaBH9HHH .. 

L\<11 =Aell 
" " " 

{ 1.13) 

c rpaHH'IHblM ycnoaHeM ell" I ,,b = 0. 

OpToBopMHpoaaBHbte if>yBKUHH ell CYTb 
" 

( k r) e-lk z z -In 0 { 1.14) <II • J 
- n y 2 11 b J {A ) 

n+l np 

" 

Co6cTaeBBbJe sBa'leBHH A 
" 

paBHbl 

A =-k 2 -k 2 

s r z 

H 

k 
A np 

=--. 
r b 

PasnoJKHM nonH aosMymeBHH, sapH.llbl H TOKH no opToHopMHpoaaBBbiM co6-

CTBeBBbiM if>yHKUHSIM H pewHM ypaaBeHHSI MaKcaenna, npeHe6peraSI npH aToM 

nonepe'IHbiMH cocTaenRJOIIlHMH ToKa no cpaaHeBHJO c npoaonbHoft. B pesynb

TaTe H8XO.llHM J1HHeftByJO CBSI3b M9)K.llY 83HMyTanbHbiM 9J19KTpH'I9CKHM noneM 

H ycpeaHeHHbiM noneM £ B03MYII19HHS!o nocne BbiiiOJ1H9HHSI ycpe.llH9HHSI 

B nony'leHHOM COOTHOW9HHH nony'laeM .llHCnepCHOHHOe ypaBHeHHe B lf>opMe, 
- /6/ 

npe,llJ10)K9HHOft ne6eaeBbiM : 

~ 7 



1= 
ie 2 0N 
----:r

( 277) n 
Z(O,n)f 

a t/Jo d w 
aw 
0-nc:u 

( 1.15) 

cfJyHKUHSI Z ( {} , n) - TaK .Ha3biBaeMbiA: HMIIellaHC KaMepbl C IIy"'KOM - HMeeT 

BHil 

Z(O,n)=16rr 3 R
2

i I.fdk 
z p 

OIEtr 12 
(} " + 

0 2 -CJ (k2 +k2) 

n 
2 1~ .. I 2 

2 2 2 ], 
OR (k + k 

( 1.16) 

r z z 

r11e 'lepTa 03Ha'IJaeT ycpellHeHHe COOTBeTCTByiOIUHX BenH"'HH B CMbiCne 

( 1.-2) 1 a 3Ha"'OK "tr" CyMMy BKna)lOB BOnH aneKTpH'IeCKOrO H MarHHTHOrO 

THIIOB. 

Openrrono:~~<HM, "'TO cfJyHKUHSI Q ( r, z ) HMeeT BHil 

Q(r,z)=Q(r)Q(z). 
{ 1.17) 

.Uanee llnSI IIpOCTOTbl IIOnO:IKHM1 "'TO pacrrpeneneHHe 'IJaCTHU IIO OCH Z 

HMeeT BHil CTyiieHbKH 

I. 

Q(z)= ...L a(z)a(2a -z), {1.18) 
2a z 

z 

rne· 1 z > 0 
a( z) =I 

z < 0 0 

2a z - paaMep Kon&ua s HarrpasneHHH ocH z . 

Terrep& rrony"'aeM: 

8 

.,. 

~ 

2 

IE:· 12 = 
1- oos2k a z 

b 2a 2 

n2 1ell(k.) R 2 I~(k;) 
----------------- + k2 (k2 +k2 )J 2 (A. ) k2J2 (.\' }{1--

z r r z n+l np z n np 

I~ Ill 
R2 I 2 

ell 
a 2 k 2 b 2 J 2 ( ( 1- oos2k a ) 
zz .\) zz• " n+l np 

3Jl9Cb 
b 

1 ..... • Lf Q(r)J (k r)rdr 
"' Ro n ' 

1 b 
I ·-fQ(r)J~ (k'r)rdr. 

M R 0 r 

ByneM C"'HTaT&, "'TO s !flopMyne { 1.16) "'acToTa 0 HME 

Ten&HyiO MHHMYIO 'IJaCTb1 "'TO COOTB9TCTByeT HeycTOA:"'HBOCTH o ] 

HHTerpHpOBaHHe IIO kz s { 1.16), rrony"'HM cnenyiOIUHA: peayn& 

12 16 a R2. 
Z(O,n)• " 1 

0 2I, 
a 0 

ell 

,\2 J2 (.\ p 

z np n+l np 

R
2
ib I.l 

n 2 1 2 (sin cp(.\np) + i cos cf>(Anp~ 21 ~ yfi. 
ell 2 2 ( 1_e b c 

a 2 0 
z ,\ 2 J 2 ( A ) I v' 1!2 6 2- ,\ 2 I 

~ ril ~ c2 ~ 

p 

+ 
R

2 I~ 0 
2 

• (sin 1/>(A~p )/2 +ioosp(.\'n~)/2) 

c2J2 (.\' )(1-n2/A.'2) lv' 02b2- ,\'21 
n np np c2 np 

21 ..!.z.. v' -o-=-2 -h.,...2 -.\ -:, 2=--

(1 + 2 i ~ v' 0
2 

b
2 

,\, 2 
x b ell - np 

02 b2 -2----,\,2 

e b c2 np 

I. 

C np 

9 
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ie 2 0N 
---r-
2 77) n 

Z(O ,n) f 

a t/Jo d w 
aw 
0-nw 

( 1.15) 

, n) - T8K .H83hiBaeMbltl: HMIIe.ll8HC K8Meph! C IIY'IKOM - HMeeT 

3 
R

2
i ~fdk . z 

p 

n IEtr 12 
(} .. + 

n 2 -& (k2 +k2) 

n 
2

1 cf,. I 2 

2 2 2 ], 
OR (k + k 

( 1.16) 

r z z 

H8'18eT ycpe.nHeHHe COOTBeTCTByJOUIHX BenH'IHH B CMhrcne 

OK "tr" cyMMy BKn8.llOB BOnH aneKTpH'IeCKOrO H M8rHHTHOrO 

0)f(HM1 'ITO cflyHKUHH Q( r, z) HMeeT BH.ll 

Q(r,z)=Q(r)Q(z ). 
( 1.17) 

OCTOThl IIOnO)f(HM1 'ITO pacrrpe.neneHHe '18CTHU IIO OCH Z 

yrreHbKH 

Q(z)= - 1- u(z)u(2a -z), 
2a z 

z 

1 z > 0 
a(z)=l 

0 
z<O 

pa3Mep Kon&ua B aarrpasneHHH ocH z • 

rrony'laeM: 

8 

~ 

( 1.18) 

IE:rl2"" 1-oos2k az 
b 2a 2 

2 
n

2
1ell(k,) + R 2 1~(k;) I 

k2 (k2 +k2 )J 2 (.\. ) k2J2 (.\.' )(1- --!!..!..) 
z r r z n+l np z n np .\. ' 2 

np(l.19) 

I~ 12 .. 

3.nec& 

R2 12 
ell 

a 2 k 2 b 2 J 2 ( ( 1- cos2k a ) 
zz 

1
..\) zz• 

n+ np 

b 

I • .LJ Q(r)J (k r)rdr 
ell Ro n ' 

1 b 
I •- f Q (r) J ~ (k 'r)rdr. 

M R 0 r 

Ey.neM C'IHT8Tb, 'ITO B $opMyne ( 1.16) '18CTOT8 n HMeeT OTpHita-

Ten&HyJO MHHMYJO 'laCTb, 'ITo cooTBeTCTByeT aeycToti:'IHBOCTH. BhmonHHB 

HHTerpHpOB8HHe IIO kz B ( 1.16), rrony'IHM cne.nyJOUIHA pe3yn&TaT: 

l6 a R2. 
Z(O,n)• 77 1 n2~ 

12 
ell 

a n 
z 

p ,\2 J2 (.\. ) 
np n+l np 

s R2. b 
877 I ~I 

n 2 1 2 (sin if>(,\np) + i cos if>(.\.np~ 21 ~ v!!i-: ,\ :p 
ell 2 2 ( 1_e b c ) + 

( 1.20) 
a 2 0 

z 

p 

,\2 J2 (A )/v'~2 ... A2 I 
~ ~~ ~ c2 Q 

+ R
2

1~0 2 

• (sin¢(A~p)/2+icos¢(A'n~);2) x 

c2J2 (..\' )(1-n2/..\'2) lv' 02b2- A'21 
n np np c2 np 

21 ...!!..&. v' -_n;"""2 -b.,...2 -A-, 2,----
b c2 np ( 1 2" az . I 0 2 b2 

2 + 1-v A' x b c2 - np 
02 b2 2 
-~~- -..\' 

C np 

e 
I. 

" 9 



B ljlopMyne ( 1.20) cf> (A np ) onpeAenSieTCSI ycnoBHeM 

2R e 0 lno 0 b 
2 (1.21) 

tgcp(A ) 
np 2 2 

c 2 [ ( Re 0) 2 i - ( Im 0 )2 _b_ _ A 2 
c2 ~ Q 

H aHanorH'IHO cp( A'np ). npH 9TOM 3H8'1eHHe cp 38Kn!O'IeHO B HHTepBane 

0 ..$ cp .$_ 2 TT • 

¢opMyna ( 1.20) ABeT HMneA8HC oeCKOHe'IHO!i Kpyrno!i Tpyobl C KOnb-

UOM KOH8'1HOI""O p83Mepa no HarrpaBneHHIO z • HaM erne noHaAOOHTCSI 

BbipaMeHHe AnSI HMIIenaHca AnSI oeCKOHe'IHO AnHHHOI""O UHnHHApH'IeCKOI""O 

aapSIMeHHoro cnoSI ( E - cnoA) •· B aToM cnyqae H3 ljlopMynbi ( 1.20) npe-

AenbHbiM rrepexonoM a z .... oo , 

N 
a~ -- ~ oonst, rronyqaeM 

2az 

NZ(O, n)= 
32 rr 3 R

2 
n2 a 

-----[ 
0 

1 
] . X 

02b2 -A'2) 
----2- np 
c 

I 
p 

COXpaHSISI nHHeftHyiO nnoTHOCTb 

A2 
ll> 

J 2 (A ) 
n+l np 

+ I 
IT R 21 ~( A:J ( 1.22) 

n2c2J2(A')(1-~ 
n np A'~ 

np 

113 9TOft ljlopMynbi BHllH0 1 'ITO AnSI E - cno~ BKnan B HMneAaHC AaiOT 

TOnbKO npOAOnbHaSI 'laCTb nOnS! H MarHHTHble BOnHbl 1 'ITO BnonHe ecTeCTBeH-

HO B OTCyTCTBHe BHHTOBbiX B03MyiUeHHft ( k z ~0). CnenyeT HMeTb B BHAY 1 

'ITO npHMeHSieMblft HaMH MeTOA ycpeAHeHHSI a3HM yTanbHOI""O aneKTpH'IeCKOI""O 

nonS! rro ce'leHHIO rryqKa rrpenrronaraeT no KpaAHeA Mepe MOHOTOHHOCTb 

H3MeHeHHSI IIOnSI ITO Ce'leHHI01 'ITO 9KBHBaneHTHO TpeooBaHHSIM 

A'npa r 
«1 

k z az « 1, ( 1.23) b H 

rne a 
r 

H a - Manbie paaMepbi ny'!Ka. 
z 

10 

--

I 
1 
{ 

I 
',( 

., 
j 

l 

l 

I 

')~, 
f 

'•· 

nepBoe ycnoBHe orpaHH'IHBaeT cyMMy rro p H HOMepa ra1 

KOTOpbi8 MOMHO paCCMaTpHB8Tbj BTOpoe ycnOBHe - AnHHy BOnHbl 

B z HanpaBneHHH H ero cneaoBano Obi y'IHTbiBaTb rrpH HHTerpHJ 

no k z B ( 1.16) • 0AHaKO BKnan oonbiUHX 3HaqeHHft kz B HHT 

Man, rroaToMy HHTerpHpoBaHHe Benocb B 6ecKoHe'IHbiX npeaenax 

TaKHM o6paaoM1 Mbi paccMaTpHBaeM nHIUb TBKHe B03MyiUeH 

BOnHbl KOTOpbiX MHOI""O oonbllle paaHanbHOI""O paaMepa IIY'!Ka H B l 

IUeM MOMeM C'IHTaTb IIY'IOK 08CKOHe'IHO TOHKHM. Ha Sl3biKe KHHe'I 

oaHaqaeT, 'ITO paa6poc qacTHU rro aHeprHSIM nonMeH obiTb nocTa~ 

§2. 31jJ!jleKT OTpHUaTenbHOA MaCChi (HOM) 

11ccneAOBaHHe rrpononbHbiX aeyCTOii'IHBOCTeii B KOnbUe Ha'IH4 

cnyqaSI 1 KO!""):Ia ycnOBHe H3ny'leHHSI rronepe'IHblX BOnH He BbiiiOnHSIE 

03HB'IaeT1 'ITO Mbl paCCMaTpHBaeM HeKOTOpyiO Bb!OpaHHYIO rapMOJl 

He!i 'laCTOTbl o6paiUeHHSI 1 KOTOpaSI npHM8pHO COBnanaeT C 'laCTOT4 

B03MyiUeHHSI H ll0CT8TO'IHO CHnbHO OTnHqaeTCSI OT COOCTB8HHbiX q 

KaMepbi1 COOTBeTCTBYIOIUHX 9TO!i rapMOHHKeo 

B qacTHOCTH, aTo ycnoBHe BbiiiOnHSieTcSI, Koraa KOnbUO 

HaXOllHTCSI BonH3H cTeHKH Tpyobi. MaTeMaTH'IeCKH cHnbHoe pa 

'18CTOT B03MyiUeHHSI H COOCTBeHHbiX 'laCTOT KaMepb! aanHCbiBaeTC 

BeTCTBHH C pe30H8HCHbiM 3HaMeHaTeneM B c!JopMyne ( 1.20) 

2 2 l"-'2 _ 0 2 132_b_ 1 » 2 n2{32!_ 
np Ra R2 

I ImOI 

n w0 

3necb w
0 

- cpe):IHSISI 'laCTOTa oopaiUeHHSI 'laCTHU B rry'!Ke. npH ~ 

HHKpeMeHTa no Cp8BH9HHIO C qaCTOTOA w 0 ycnoBHe ( 2.1) Bbii 

BonH3H CT9HKH Ha paCCTOSillHSIX1 YllOBneTBOpSIIOIUHX Tp900B8HHIO 
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2o) ¢> ( ,\ np ) orrpenenHeTCSI ycnoaHeM 

2 
2R e 0 lno 0 b 

2 2 
c 2 [ ( Re n ) 2 _b - ( Im n )2 

_b_ _ "' 2 

c2 ~ ~ 

( 1.21) 

cp( ,\'np ). f1pH 9TOM 3Ha'leHHe cp 3aKnJO'IeHO B HHTepsane 

( 1.20) naeT HMIIeAaHC 6eCKOHe'IHOti: Kpyrnoti: Tpy6bi C KOnb-

paaMepa rro aarrpasneHHJO z • H aM eme rroaa.ao6HTcsr 

S1 HMIIe,llaHCa ,llnSI 6eCKOHe'IHO .llnHHHOT'O UHnHH,llpH'IeCKOT'O 

nosr ( E - cnoti:). B STOM cnyqae H3 !jlopMynhi ( 1.20) rrpe-

XO.llOM a -> oo 
z 

COXpaHSISI nHHeti:HyiO nnoTHOCTb 

nonyqaeM 

32 rr 3 R
2 

n2 a 
-----[ 

n 

] . 
- A'2) 

np 

2 

I I ~ ( ,\ np) 

p A2 
Ql 

J 2 (A ) 
n+l np 

ITR 2I 2 (,\'\ (1.22) 
M nil + I 

n2c2J2(,\'\(1-~ 
n nil A'~ 

np 

!jlopMynhi BH.aHo, 'ITO .ansr E - cnosr BKna.a B HMne.aafic .aa10T 

bHaSI 'laCTb nonH H MaT'HHTHbie BOnHbi1 'ITO BnonHe ecTeCTBeH-

He BHHTOBbiX B03MyiiieHHti: ( k z ,0). Cne.ayeT HMeTb B BH.lly 1 

MeTO.ll ycpe.aHeHHSI a3HM yTanbHOT'O sneKTpH'IeCKOT'O 

HIO nyqKa npe.anonaraeT no Kpati:aeti: Mepe MOHOTOHHOCTb 

Ce'leHH101 'ITO 9KBHBaneHTHO Tpe6oBaHHSIM 

«1 
k z az << 1, 

H 

- Manhie paaMepbi ny'IKa. z 

10 

.., 

( 1.23) 

{ 

I 
.( 

! 
( 

-~ 

f1epaoe ycnosHe orpaHH'IHBaeT cyMMy no p H HOMepa rapMOHHK n, 

KOTOpbie MO)I{HO paCCMaTpHBaTb; BTOpOe ycnOBHe - .llnHHy BOnHbl B03MyiiieHHSI 

B Z aanpaaneHHH H ero cne.aoaano 6bi y'IHTbiBaTb npH HHTerpHpoBaHHH 

no k z B ( 1.16). O.aaaKo BKna.a 6onblliHX 3Ha'leHHA kz B HHTerpan 

Man, nosToMy HHTerpHpoaaHHe senocb B 6ecKoHe'IHbiX rrpe.aenax. 

TaKHM o6paaoM1 Mbi paccMaTpHaaeM nHlllb TaKHe B03MymeHHsr, .anHHa 

BOnHbl KOTOpblX MHOT'O 6onbllle pa.aHanbHOT'O paaMepa ny'IKa H B .aanbHeti:

llleM MO)I{eM C'IHTaTb ny'IOK 6eCKOHe'IHO TOHKHM. Ha Sl3biKe KHHeTHKH 9TO 

03Ha'laeT1 'ITO paa6poc 'laCTHU no 9HeprHSIM .llOn)l{eH 6b!Tb ,llOCTaTO'IHO Man. 

§2. 3!jJ¢eKT OTpHUaTenbHOH MaCChi (HOM) 

Hccne.aosaHHe npo.aonbHhlX aeycToti:'IHBocTeA B Konbue Ha'IHeM co 

cnyqasr, KOT'.ll8 ycnOBHe H3ny'leHHSI nonepe'IHblX BOnH He BbiiiOnHsreTCSio 3TO 

03H8'18eT 1 'ITO Mbl paCCMaTpHBaeM HeKOTOpy!O Bbi6paHHYIO rapMOHHKY cpe.a

Heti: 'IBCTOTbl o6pameHHH 1 KOTOpasr npHMepHO COBna.aaeT C 'laCTOTOit BOnHbl 

B03MyiiieHHSI H ,llOCTaTO'IHO CHnbHO OTnH'IaeTCSI OT C06CTBeHHhlX 'IBCTOT 

KaMepbi 1 COOTBeTCTBYIOIIIHX 9TOH rapMOHHKe. 

B qacTHOCTH1 sTo ycnoaHe BbmonasreTcsr, Korna Konbuo ( E -cnoA) 

HaXO,llHTCSI B6nH3H cTeHKH Tpy6hi. MaTeMaTH'IeCKH cHnbHoe paanH'IHe 

'laCTOT B03MyiiieHHSI H C06CTBeHHbiX 'laCTOT K8Mepbl aanHCbiBaeTCSI B COOT

BeTCTBHH C peaoHaHCHbiM 3HaMeHaTeneM B <j:JopMyne ( 1.20) 

2 2 I A ,2 - n2 {32 _b_ I » 2 Tl2 f3 2 ..!!.__ 
np R2 R2 

I ImOI 
( 2.1) 

n wo 

3.aecb w
0 

- cpe,llHSISI 'laCTOTa o6pameHHSI 'laCTHU B nyqKe. f1pH ManOCTH 

HHKpeMeHTa no CpaBHeHHIO C 'IBCTOTOti: Wo ycnOBHe ( 2.1) Bb!IIOnHSieTCSI. 

B6nH3H CTeHKH Ha paCCTOSIHHSIX1 Y.llOBneTBOpSI!OIIIHX Tpe60B8HHIO 
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b-R -R 
« _!_ + 

n/32 

1 ( 2.2) 
2{32y2 

npennonaraH BbtnOnHeHHe ycnoBHSI ( 2.2). HMrrenaHC nnH E - enoS! MO>KHO 

npencTaBHTb B BHne 

NZ(O,n) = i32"sR;rn :r a 

0 

12 ( )\ ) 2 , 
I. [ ~ np _ {3 2 I M ( Anp) _l • ( 2.3) 
P 11.2 J 2 (11. ) J2 (>.'V1-o!...XA. •2_Jpb.!_) 

np n+l np n nP' ,\'2 np R2 
np 

B cooTseTcTBHH c <l!opMynaMH ( 1.23) Bbt6epeM Q(r) = B(r-R). Torna 
r 

BbtpaiKeHHe nnH HMrrenaaca CTaHOBHTCSI 

( 2.4) 
2 

J ~ (>.~p R/b) ..... 3 2 2 
N Z( n n) I ;u,IT n a oo J ( ,\ R/b) u, = I, [ n np 

0 p=<l J 2 ( ,\ ) ,\ 2 
n+l np np 

-{32 
/(,\'X l-n2)(,\'2-n2tfb2~ 

np np )\ '2 np R2 
np 

PaccMoTpHM cny'!ail: ae o'ieHb 6on&IIIHX n, 
TaKHX 'ITO 

b-R 11. . « 
-- np max 

b 

,\ -11. 
np. max np max -r-11 ~e 1T /2 . 

2 

( 2.5) 

3nec& A np max 
MO>KeT 6btTb 6on&IIIHM 'iHCnoM: p .. ___!!_... Torna cyMMY 

max b-R 

B ( 2.4) MO>KHO pa36HTb a a . .nse: cyMMY IIO p 
OT eAHHHUbl no p max H 

OT p no 6eCKOH9'!HOCTHo 
max B nepaol!: cyMMe npoae.neM paano>KeHHe <l!yHKUHI!: BeccenH TaKHM 

o6paaoM: 

12 

--

J 2 ( ,\ Rib)-:, ( b- R )· 11.2 J2 ( 11. ) 
n np b np n+ I np 

H COOTB9TCTB9HHO nnH J •: ( ,\np R/b) · 

Bo sTopol!: cyMMe aocrron&ayeMCH acHMIITOTHKol!: <ilYHKUHI!: Bj 

nonaraH ,\ np H ,\ 'np aHa'iHTenbHO 6on&IIIHMH n • B peayn&TaT< 

cyMMHpOBaHHSI 6y.neM HMeTb: 

rne 

a) nnH HepellHTHBHCTCKOI'O cny'!aSI 

321T 3
in

2
a b -R 

N Z( 0, n) ':. -a b I' 
0 

a I - KO~HUH9HT1 M9Hbll1Hil: 9AHHHUbi 1 

6) B penHTHBHCTCKOM cnyqae1 Korna l-1-y2 
b

2 2 
-R 
~~ «1 

NZ(O,n)= 
2 s . 2 b R 1 b -R ] 3" tn a - [--a -, _ __, ___ --r 2 2 b 

0 y 

KO~HUHeHT a 2 
H9CKOnbKO 6onblll9 enHHHUblo 

TaKHM o6pa30M
1 

B COOTB9TCTBHH C peayn&TaTaMH pa60Tbl 
I 

penHTHBHCTCKOI'O rry'iKa HMIIenaHC HM99T 9MKOCTHbli!: xapaKTep ( 2 

H Mo>KeT soaHHKHyTb aeycToil:'iHBOCTb THrra HOM Ha mo6btX Man 

SIHHSIX,OT CT9HKHo B penHTHBHCTCKOM cnyqae 1 K8K BHnHo H3 4lop 

HMrrenaHC MO>KeT 6btTb KaK eMKOCTHbiMo TaK H HHAYKTHBHbiM ( z~ 

B nocnenHeM cnyqae HeyCTOi!:'iHBOCTb H9 B03HHKaeTo 
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b-R « __!_ + 
n{32 

1 ( 2.2) -R 
2{32y2 

aHe ycnoBHSI ( 2.2), HMneJlaHC JlnSI E - cnoSI MOlKHO 

12 ( A. ) 2 , 
I, [ <I> np _ {3 2 I M ( Anp) _l • { 2•3 } 
P A.2 J 2 (A. ) J2(A.'Vl-~XA.'2_.ftfb.!:_) 

np n+l np n nr/' A.'2 np R2 
np 

c tlJopMynaMH ( 1.23) Bbi6epeM Q(r) = B(r-R). Torna 
r 

2 
( 2.4) 

J~(A.:P R/b) J 2 (A. Rib) ~ 
[ n np _ {3 • 

J2 (,\ ),\2 f(,\' X 1_n2)(,\'2-n2/f~ 
n+l np np np np ,\ •2 np R2 

np 

yqaft He O'leHb 6onblliHX n, T8KHX 'ITO 

,\ -A I 
np • max up max -=- ~e: "/ 2 . ( 2.5) 

2 

6b!Tb 6onblliHM 'IHCnOM! p ., _b_ , 
max b-R 

TorJla cyMMY 

no p OT eJlHHHUbl JlO p max H 

npoBeJleM paanolKeHHe cpyHKUHi!: BeccenSI TaKHM 

12 

.... 

J 2 ( ,\ R/b)-:, ( ~ )2. ,\ 2 J 2 ( ,\ ) 
n np b np n+l np 

( 2.6) 

H cooTaeTCTBeHHO JlnSI J ~: ( ,\np R/b). 

Bo BTopol!: cyMMe aocnonbayeMCSI aCHMnToTHKOit tiJyHKUHi!: BeccenSI 1 

nonaraSI ,\ np H ,\ ~P aaa'lHTenbHO 6onblliHMH n. B peaynbTaTe nocne 

cyMMHpOB8HHSI 6y)leM HMeTb! 

a) JlnSI aepenHTHBHCTCKoro cny'laSI 

b -R 
NZ(O, n) ':. 

321T
3

in 2 a 

n 
• --a 

b I' 

rJle a 
1 

- K09#HUHeHT1 MeRblliHft eJlHHHUbi 1 

6) a penSITHBHCTCitOM cnyqae, KorJla 1 _1_ -
y2 

2 2 

b---=!_1 « 1 

NZ( 0 ,n) = 
321T

8
in

2
a b-R[_1 __ a b-R], 

n b Y2 2 b 

KOa#HUHeRT a 2 HeCKOnbKO 6onbllle e)lHHHUblo 

( 2. 7) 

( 2.8) 

171 
TaKHM o6paaoM1 B cooTaeTcTBHH c peaynbTaTaMH pa6oTbi , JlnH He-

penHTHBHCTCKoro ny'IKa HMneJlaHc HMeeT eMKOCTHhiil xapaKTep ( z ==i A, A > 0) 

H MolKeT B03HHKRyTb HeycToii:'IHBOCTb THna HOM aa mo6biX ManbiX paccTo

SIRHSIX, OT CTeRKHo B penSITHBHCTCKOM cnyqae, KaK BHJlHO H3 tiJOpMynhi ( 2.8) 1 

HMne)laac MolKeT 6biTb KaK eMKOCTHbiM, TaK H HHJlYKTHBHbiM ( Z=-i A, A> 0), 

a nocneJlHeM cnyqae aeycToil'IHBOCTb ae B03HHKaeT. 
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I, 

KaK BHJlHO H3 Bb!pa>KeHHi!: ( 2.8) 1 HMIIe)laHC JlJISI M8Jib!X n nponop-

UHOHSJieH n 2 • Ecnn n BenHK01 HO ewe ynoBneTBOpSieT ycnoBHIO n < _b __ b-R 
( IIy'lOK H8XOJlHTCSI B6JIH3H OT CTeHKH _L » 1 ) 1 TO B cpopMyne ( 2.4) 

b-R 
MO>KHO BOCIIOJib30B8TbCSI 8CHMIITOTH'leCKHM npe)lCT8BJieHHeM 6ecceneBb!X 

/8/ 
cpyHKUHi!:

1 
KOrJla HH)leKC H apryMeHT BeJIHKH H cpaBHHMbl IIO BeJIH'lHH9 

B peaynbTaTe oKa3biBaeTcSI1 'ITO anSI nocTaTO'lHO 6onbWHX n 
HMnenaHc 

y6biB8eT C pOCTOM HOMepa rapMOf~HKH. noncT8HOBK8 IIOJiy'leHHbiX Bbtpa>Ke

HHi!: JlJISI HMIIeJl8HC8 ( 2. 7) H ( 2,8) B JlHCnepCHOHHOe ypaBHeHHe ( 1,15) naeT 

JlJISI MOHOSHepreTH'leCKHX ny'IKOB HHKpeMeHTbi 1 COBII8Jl810WHe C IIOJiy'leH

/3 7/ 
HbiMH B pa60T8X 

1 
• 

LlnSI ny'IKOB c sHepreTH'leCKHM paa6pocoM HHKpeMeHT HOM yMeHb-

waeTCSI H cyweCTByeT nopor HeyCTOi!:'lHBOCTH1 aHanorH'lHO paCCMOTpeHHIO 

/1 2/ 
npoBeJleHHOMY B 1 o .fia>Ke JlJISI M8KCHM8JibHbiX HHKpeMeHTOB1 IIOJIY'l810WHX-

CSI B CJiy'lae MOHOSHepreTH'leCKHX ny'IKOB1 ycnOBHe ( 2,1) MCPK9T BbtnOJIHSITb-

CSI K8K tlJISI M8Jib!X1 T8K H JlJISI 60JibWHX n • 

TaKHM o6paaoM, B6nnan . cTeHKH HeycToi!:'lHBOCTb THna HOM MO>KeT 

cywecTBOB8Tb B 'lHCTOM BHJl9 BIIJIOTb JlO O'leHb 60JibWHX HOMepoB rapMo-

HHKo 

3ai!:MeMCSI Tenepb nccnenoBaHneM HOM JlJISI Konbua. npennono>KHM 

OIISITb
1 

'ITO yCJIOBHe ( 2.2) BbtnOJIHSieTCSio 
Torna H3 o6wero Bbtpa>KeHHSI 

JlJISI HMIIeJl8HC8 ( 1 .20) 
1 

C'lHT8Sl M8Jibii!: paaMep KOJibll8 MHOrO MeHbWHM pac-

CTOSIHHSI llO CTeHKH 

2a z «1 
( 2.9) 

b-R 

H nponenbtBaSI Te >Ke onepauuu, 'ITO H B cny'lae E - cnoSI 1 nony'lHM 

z ~ 1677
3

in 2 

bO 
[ a a 2 b.-R 0( az)] 
-+,... -+ -' 
y 2 2b b 

rne a - Kos<P.PuuneHT nopSIIlKa eJlHHHUbl. 

14 

--

( 2.10) 

B ynbTpapemiTHBH3Me, rrpn y2 >> _b __ 
b -R' 

Z( 0 , n ) ;; Sri in 
2 

bO 
b-R 

'I) 

HM99M 

Llnst M8JILIX y , 2 b 
Korna y «--.1. HMrrenaHc paBeH 

b-K 

Z( n' n) = 8 "4 ~. 
b0y 2 

B OTJIFI'me oT E -cnost, nnst o'leHb TOHKoro· KOnbua 6ea y· 

reTH'l9CKoro pa36poca Cpb!Ba HeyCTOi!:'lHBOCTH B penSITHBH3M9 HE 

JlHT1 IIO HHKpeM9HT yM9Hblll89TCSl IlpOIIOpUHOH8JibHO B9JIH'lHH9 ..! 
OaHaKo c 

T,e. IIpH 

yBeJIH'l9HH9M pa3Mepa az B03MO:>K9H CpL!B HeyCTOi!:'lJ 

KOnhuo BeJleT ce6SI TaK :>Ke, KaK E -cno 
__ a_z_ > 1 
b-R "' 

cpaBHeHHSI HHKpeMeHTOB HOM B KOJihUe H E -cnoe BBeJleM JlJISI 

nHHei!:HyiO llJIOTHOCTb a = _N __ . Toraa na ¢opMyn anSI HMrreaaHc 
2az 

( 2. 7) HJIH COOTB9TCTBY10lll9H tPOpMyJibl ( 2,8) CJI9Jly9T yM9Hblll9HH 

- .I az 
Ta JlJISI KOJihua B v b-R paa rrpH paBHbiX mmei!:HbiX rrnoTHOCTSIX 

Jlo CHX IIOp Mbl 38HHM8JIHCb 3!jl!jle'KTOM OTpHU8T9JibHOH Ma< 

llY'lK8 B6JIH3H CTeHKH, Korna BhiiiOJIHSieTcst ycnoBHe ( 2,2), Te 

Jl9M K CJIY'l8f01 KOrJla llY'lOK H8XOJlHTCSI Ha 60JiblllOM paCCTOSIHHH OT C 

IIO-I1p9:>KH9My 6yaeM C'lHT8Tb 1 'ITO YCJIOBHe ( 2,1) Bbll10JIHSI9TCSI, 0Ka3 

OHO MO:>KeT YllOBJI9TBOpS!TbCSI B l10JIOC8X Me:>KJlY peaoHaHC8MH 1 KOrJla 

Chi aocTaTO'lHO aenliKa, nocKonhKY auannTnqecKoe paccMoTpeHHe HC 

cnyqae rrpoaecTH nenerKo1 Mbi caenaeM HeKoTopble KaqecTBeHHbie B~ 

Bb!B8S!Cb Ha 'li1CJI9HHOM pacqeTe HMII9Jl8HCa JlJIS! E -CJIOSI BJl8JIH OT C 

H orpaHH'lHBaSICh JIHlllb rrepBhiMH rapMoHHKaMH, KaK BHJlHO H3 pn 

BbiJl9JIHTb pa3JIH'lHbi9 06JiaCTH 110 paJlHycy, B KOTOpb!X HMI19118HC 

li!ecTBeHHO pa3JIH'lHbiit xapaKTep. B 3ali!TpnxoaaHHoi!: o6nacTH HM 

HM99T 'lHCTO 9MKOCTHbiH XapaKT9p 1 B H938IllTpHXOB8HHOi!: - HHJlYI< 
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.tpa>KeHH:it ( 2,8) 
0 

HMIIeASHC AnSI MSnbiX n nponop-

aenHKOo ao ewe yAoaneTBOpSieT ycnoBHJO n < .JL_ b-R 
H3H OT cTeHKH __L » 1 ) 0 TO B q,opMyne ( 2.4) 

b-R 
CSI acHMIITOTH'IeCKHM npeACT8Bn9HH9M 6ecceneBblX 

C H apryMeHT aenHKH H cpaBHHMbl ITO aenH'IHH9 /S/ 

aeTCSio 'ITO AnSI AOCTSTO'IHO 6on&WHX D HMII9A8HC 

Mepa rapMOf~HKHo flOA_CT8HOBK8 nony'leHHblX :Bbtpa>Ke-

2, 7) H ( 2,8) B AHCnepCHOHH09 ypaBH9HHe ( 1,15) A SeT 

CKHX ny'IKOB HHKpeMeHTbl0 COBI18A8JOWH9 C nony'leH-

. 
aepreTn<~eCKHM pa36pocoM HHKpeMeHT HOM yMeHb-

T nopor aeycTo:it'IHBOCTH, aaanorH'IHO paccMoTpeHHJO 

• .lla>Ke AnSI MSKCHMSnbHblX HHKpeMeHTOBo nony'laJOIUHX

epreTH'19CKHX ny'IKOB, ycnoBHe ( 2.1) MC»KeT BbtnOnHSITb-

TSK H AnSI 6on&WHX D • 

, a6nH3H 
cTeHKH aeycTo:it'IHBOCTb Tnna HOM Mo>KeT 

BIInOTb AO O'I9Hb 6onbWHX HOM9poB rapMO-

pb nccneAoBaaneM H OM Anst Kon&ua. flpeAnono>KHM 

( 2,2) BbtnOnHSI9TCS'Io 
TorAa H3 o6ruero Bbtpa>KeHHSI 

20) 
0 

C'IHTSSI MSnbt:it pa3M9p KOnbUS MHOrO MeHbWHM pac-

2az 

b-R 
«1 

( 2.9) 

e onepaunn, 'ITO H a cny<~ae E - enoS!, nony<~HM 

[ a (3 2 b.-R 0( az)] -+ -+ -' 
y 2 2b b ( 2.10) 

nopstAK8 eLlHHHUblo 

14 

_.,. 

2 
B yn&TpapemiTHBH3Me, npn y » b 

b -R' 

8 3. 2 
11 1 n b-R 

HMeeM 

Z(O, n) ;:; 
bil 

·-b-. 

ilJist M8JiblX y , KorLla 
b 

2 «-ri 
y b-K 

HMIIeLlaHC paBeH 

Z( n , n) ~ 8 11
4 

i .f a 
b n-;;-· 

( 2.11) 

( 2.12) 

B oTnHtme oT E -cnost, LlJist O'I9Hb TOHKoro· Kon&ua 6e3 y<~~Ta aaep

reTH'IeCKoro pa36poca cpbiBa aeycTo:it'IHBOCTH B penstTHBH3Me ae nponcxo

AHT, JlO HHKpeM9HT yM9Hbl1189TCS'I IlpOIIOpUHOH8JihHO B9JIH'IHH9 ~· 
0LlH8KO C yBCJIH'I9HH9M pa3Mepa az B03MO>K9H CpbtB HeyCTO:it'IHBOCTH 1 

az E 
T.e. rrpn --- > 1 KOJibUO BeLleT ce6st TaK >Ke, KaK -cnow. · ·Llnst 

b-R "' I 

cpanaeHHSI HHKpeMeHTOB HOM B KOJihUe H E -cnoe BBeLleM LlJISI KOJihUa 

nnaewHYIO rrnoTHOCTh a ~ _N __ . TorAa H3 4JopMyJI LlJISI nMrrenaHCOB ( 2.12) n 
2a7, 

( 2, 7) HJIH COOTB9T£!!!LI01UeW 4JopMyJibl ( 2,8) cnenyeT yM9Hh1119HH9 HHKp9M9H-

.. / az 
Ta LlJist KOJihua B v b-R pa3 rrpn paBHbiX nnaeAHbiX rrnoTHOCTSIX a . 

Llo CHX IIOp Mbl 38HHM8JIHCh a4J4Je'KTOM OTpHU8T9JihHOW MaCChi AJISI 

IIy'IK8 B6JIH3ll cTeHKH, Korna BbiiiOJIHSieTCSI ycnoBHe ( 2.2). Terreph rrepeA-

neM K CJiy'laiO, Korna IIY'IOK H8XOAHTCSI Ha 60JiblliOM paCCTOSIHHH OT CT9HKH1 HO 

rro-rrpe>KHeMy 6yneM C'IHT8Th 0 'ITO yCJIOBH9 ( 2,1) Bb!IIOJIHSI9TCSI, 0K83b!B89TCSI 1 'ITO 

OHO MOlKeT YAOBJI9TBOpHThCSI B IIOJIOC8X Me>KAY pe30H8HC8MH 1 KOrna 111HpHH8 IIOJIO

Cbl AOCT8TO'IHO BeJIHKa, nocKOJihKY anaJIHTH'I9CKOe paCCMOTpeHHe HOM B 8TOM 

cJiyttae IIpOB9CTH H9JierK00 Mbl cnenaeM H9KOT0pb!9 K8'19CTB9HHbl9 Bb!BO.Qbl 1 OCHO

Bb!B8S!Ch Ha 'IHCJI9HHOM pactt~Te HMITeAaHCa LlJISI E -CllOSI BLl8JIH OT CT9HKH 

H orpaHH'IHBaSICh nnmb rrepBbiMH rapMOHHKaMH. KaK BHAHO H3 pnc. 1, MO)Imo 

Bb!Ll9JIHTh pa3JIH'IHbl9 o6naCTH ITO pannycy 1 B KOTOpbiX HMII9i18HC HMeeT cy-

1UeCTB9HHO pa3nHttHbtil xapaKTep. B 3amTpnxoBaHHOW o6nacTH HMrrenaHC 

HMeeT 'IHCTO 9MKOCTHbi:it xapaKTep, B H938111TpHXOBBHHO:it - HHAYKTHBHbi:it 1 
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§ 

1=~, -~~lti~~~ 

1=~2 
1.=0 

Puc. 1 

B llBS)Kjlbl 38WTpHXOB8HHOA - HMITe)laHC HMeeT OOnbWYIO aKTHBHYIO "!8CTb. 

nosTOMY nocneJlHSISI o6naCTb COOTBeTCTByeT pallH8UHOHHOA HeycTOA"'HBOCTH1 · 

KoTopaSI 6yJleT paccMoTpeHa )lanee, KaK Y*e roaopHnocb paHbWe, o6nacTb 

c eMKOCTHbiM HMnellaHCOM cooTBeTcTByeT HeycTbA"'HBOCTH HOM JlnSI 

MoHoSHepreTH"!eCKoro ny"!Ka, XapaKTepHo, "'TO "!epellOBaHHe nonoc c paanH"'

HbiMH CBOACTB8MH HMITell8HC8 fiOBTOpSieTCSI B KS*IlO'i!: nonoce Me*llY pe30-

H8HC8MH ( H8 pHCyHKe JlnSI HarnSIJlHOCTH H300pa*eHbl nHWb nepBbie JlBe nono-

Cb!) o 

06naCTSIM
1 

COOTBeTCTBYIOWHM p8JlH8UHOHHOit HeycTOit"'HBOCTH 1 6yJleT 

nocBSimeHa cnellyJOmaSI pa6oTa, 

AaTopbi rny6oKo npHaHaTenbHbi .H.B~4>aAH6epry, A.H.ne6elleBy1 

B.H.KypHnKo, H.H.HaaHoBy H ToBapHmaM no pa6oTe aa noneaHyJO llHCKyccHJO, 
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Puc. t 

- HMnenaHC HMeeT 6onbll1Yl0 aKTHBHYlO '18CTb. 

COOTBeTCTByeT p8JlH8UHOHHOft HeycTOft'IHBOCTH 1 · 

nanee. KaK Y*e roaopHnOCb paHbllle, o6nacTb 

HCOM cooTBeTCTByeT HeycToft'IHBOCTH HOM nnH 

nyqKa. XapaKTepHo, 'ITO qepenoaaHHe nonoc c paanH'I

MnenaHca noBTopHeTCSI B Ka*noil' nonoce Me*llY peao

nnH HarnHilHOCTH Hao6pa*eHbi nHlllb nepBbie nae nono-

lnTRAT<"'TBYlOIUHM panHaUHOHHOH HeycTOft'IHBOCTH, 6yneT 

npHaHaTenbHbi H.E.<I>aAH6epry, A.H.ne6eneay, 

BSHOBY H TOB8pHIU8M no pa6oTe 38 none3HYlO JlHCKYCCHlOo 
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