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1. 0611Ule CBOi1CTB8 H3nY"'eHHSI sneKTPOHOB, Bpalll81011UlXCSI no 0Kpy1KHOCTH B Maf'
/1/ 

HHTHOM none (CHHXpOTpOHHOf'O H3ny'leHHS!). H3BeCTHbl (eM., HanpHMep, ). B npH-

MeHeHHH K YCKOpHTengM peweHbl 38Aaqa 06 H3ny'!eHHH Cf'YCTKa sneKTpOHOB H BRHH
/2 3/ 

HHH sKpaaa, napannenhaoro nnocKoCTH op6HTbl, aa xapaKTep asny'leHHH • • 

B ASHHOA pa6oTe 6yAeT paCCMOTpeHO asny'leHHe sneKTPOHHOf'O KOnbUa C_TOKOM, 

nnOTHOCTb KOTOpOf'O CTSUHOHapaa, HO MOAynHpOBSHa no npOH3BOnbHOMY 38KOHy. Konh

UO sneKTpOHOB BpamaeTCSI B MSf'HHTHOM none, npa STOM OHO M01KeT HMeTb mo6yro, 

OTnH'IHYIO OT Hyng, nocTOSIHHYIO CKOpOCTb KSK nenoe B HanpasneHHH CHnOBblX nHHHA 

Maf'HHTHoro nonH (oAaopoAaoro B ocesoM aanpasneaHH). B o6meM cny'lae npeAno

naraeTCSI T8K1Ke, 'ITO KPnhllO neTHT BHyTpH nyCTOli KpyrnoA MeTannH'IeCKOA Tpy6hl 

KOaKCHanbHO eli. 

TaxOf'O THna 38A8'1H MOf'YT BCTpeTHTbCSI B HSKOTIHTenhHbiX CHCTeMaX, nnas-

MeHHbiX ycTaaosKax H aeKOTOphiX APYf'HX cny'!aSIX npa MOAYnHUHH nnoTHOCTH, Bhi

ssaaaoli 83HMyTSnbHOH HecHMMeTpHeH M8f'HHTHOf'O nonSI, na6o HeyCTOH'IHBOCTSIMH 

Tuna, aanpuMep, OTpBUaTeRbHOli M&CCbl. 

2. PewaM saAa'ly o6 asny'leHHH aenoABH1Kaoro B oceBOM aanpasneaaa Konbna, 

nepeXOA K ABH1KyllleMyCSI KOnhUy 6yAeT npOH3Be)leH B o6meM BHJle HH)f{e. 

llnSI npoCTOTbl C'IHTaeM KORbllO 6eCKOHe'!HO TOHKHM, TaK K8K y'leT KOHe'IHOf'O 

Manoro pa3Mepa KOnhUa npH 38Jl8HHOM 3aKOHe pacnpeneneHHSI nnOTHOCTH npOH3BOAHT

CSI npOCTO (no Kpaii:aeii: Mepe, npH MSROM OTHOWeHHH paAHYCOB KOnbUa): Torna nnOT-

HOCTb 38pS!Ila H TOKa B KOnhlle npeACTBBHM B BRAe: 

p(cp, t)= e8(r-a)8(z)o(cf,.t), 

( 1) 

3AeCb B -paJlHYC KOnbUa, 0 - nHHeAHaH TinOTHOCTh 'IHCna 'IBCTIHl B KOnbUe. 
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Tax K8K Mbl C'IHTSeM pacnpeAeneaae IIROTHOCTB CT8ItBOH8pllb1M1 T.e. BCe snez:

H mcy • 
,.To TpOHbl Bp8Dt810TCB C 0ABII8KOBOJI: yrnoBOJI: CKOpOCTbJO 

eH .... H • H 

a(¢,t)•a(¢>-f'U t), 
H 

H BBRSI:eTCB rrepHOAH'IeCKOJI: ljJyaz:naeJI: </> - I'd t 2.: • B o6meM cnyqae, npa e -xpa'l'-

HOJI: MOAynsrna:a: IIROTIIOCTH nepHOA paBeH -r- H U rrpeACTABnBeTCll B BRAe PBAA 

cllypbe: 

a(¢>-f'UH t) • I a., 
21T n 

f1 
D 

r T "< <~> ') e 
21T 

'" C ¢>-I'd n t l 0 ., mf m • 0, ± 1, • • • e • • 

-Ill</> , d <f> ', <f> , • <f> - I'd H t , 

Peweaa:e ypaBaeaaJI: Anll 9nexTpoMarHHTHbiX rrOTema:anoB 4> , A , a 

6yAeM HCK8Tb B BRAe: 

(2) 

A • 

ell• - 1- I e '"I.P-f'UHtl j ell (r) e tt" dk, l8) 
2 IT ll "• k -· 

Anll A, H A a - 8H8nOrH'IHO, TorAa nocne IIOACTAIIOBKII (8) B ypaBH&BH!I llanaM-

6epa (c K8nH6pOBKOJI: nopeHua) C y'leTOM (1) H (2) rronyqaeM cneAyiODllle ypaBBe

HH!I AnSI KOMIIOHeHT cllypbe IIOT&Hili!AnOB (3H8'1KH D H k AnSI Kp8TKOCTB: IIOKA ony

CKaeM): 

3aecb 

d 2 41 1 d() 2 n 2 • 
+ - -- + ( r - -- ) 4> ( r ) • -· 4 IT e fl ll ( r - a ) , 

d 2 " d r r r 

2 2. 

~+...!_ ~+(r2 
d r 2 r dr 

n + 1 2 
--- ) A ( r) -I- n A .,~.( r) • 0, 

r2 • r2 -;-

2 
d Ar~, l d A.,~. 2 ----r- + - ____:r_ + ( , 
d r r d r 

2 

n+1)A +I 
-2- .p 
r 

2 
r 2 

=-41Te{3.pun ll (r-a). 

,~ 
n 2 I'd 2 

H 

c 2 

4 

k 2 

n A 

~ ' . 

(4) 

l5) 

t . ,;, 

' 

1
:'~' 
• T 

.
I;. . '•'. 

" ~· . 
. .I 

!\~ 

3aAMeMCSI peWeHBeM ypaBHeHBSI ( 4). npeACTI;\BBM ll ( r- lo ) B BBA 

• x) 
ll ( r- a) • a f I 

11 
( K a) In ( K r )lc d K • 

0 

a AenSI aa onepaTop neBoA qacTH (4), nonyqaeM qacTHoe peweaae 

.. 
4>H•-41Te a 

11 
a f 

I,(Ka)I
11

(Kr) 

2 
! KdK. 

-IC 

Tax xaK aa caMOM Aene 38TfX8!1He rrpa rrponeTe npocTpaHCTE 

OTnH'IHO OT HynSI, r 2 
HMeeT ManyiO MHHMY!O q8CTb1 H BHTerpan I 

ell •21T 2 eu a 

(I) 
I, ( r r >. H , (r a ) , r < a { H n ( ll 
I (rt)H (rr), r>a 
" " 

06mee peweaa:e ( 4), Koaeqaoe rrpa: r • 0 , paBHO 

4> -CI,(rr)+4>H 

llnH onpeAeneHHH IIOCTOHHHOA C HaKn8AblB89M rpaHH'IBOe ycnOBBE 

COBepweHHOrO npOBOAHHK8 - Tpy6bl pa.ltByCa b 

E. I t - b- o. 

TorAA OKOH'IATenbHO cPypbe-KOMDO!IeHTA CKangpHOrO IIOT&BilHAna 6~ 

Ill 
4> (r)• 21T 2 eu a[ u (a-r)I (rr) HH (ra)+u(r-

n, k ll n 

xi (ra)H 11 '(rr) 
" " 

"(x)• 

I (rr) I (ra)H
11

'(rb) 
" " " 

{ 

1, 

0, 

(, b ) 
ll 

ll > 0 

ll < 0. 

l . 

nepeAAeM K peweHB!O CHCTeMbl (5) AnSI A B A • • BBeAe~ 
r 

TenbHble ljJyHKilHH A B A , paBHble 

A•A.p+IA, 

A .. A .p-I A , 

TorAa rrony'IHM AnSI A H A 'pa3Bli38HHbie' ypaBR&HHSI: 

x) 3AeCb .11 Aanee IIOA lnlzl 
HYJO ljlyHKill'lJO EeccenH. 
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hi C'IHT89M pacnpe.Qeneaae DnOTHOCTH CTailHO!lapHhiM, T.e. BCe sneK

'CSI' C O.QHH8KOBOA yrnOBOA CKOpOCTbiO 
H 

eH 
H•H ,TO Ill 

mcy • 
,P-111Ht), 

• B o6meM cnyqae, npa t -Kpa'.l'-HO.QH'I9CKOA ljlyaKUHeA .p - Cd H t 

UnOTHOCTH nepHO.Q paaea ~IT H U npe.QCT8BnSI'9TCSI' B BH.Qe p.lllla 

D 

(,P-ruHt) •I CT
11 

2tr 11 

T "< <~> ., 
2 IT O 

1 n I,P-ru 11 t I D • mt m • 0, ± 1, • • • e , , 

e -1 n,P , d .p ', .p , • .p - f<l H t • 

ypaaaeallA .QnSI' sneKTpOM&rHHTHhiX UOTemaanoa ~ , A , a 

BH.Qe: 

ell-
00 lk • 

lni,P-cuHtl f ell (r) e dk, 
I e n, k 
n -eo 2 IT 

(2} 

A • 

l3} 

aaanoraqao. Tor.Qa nocne no.QCTSHOBKB (3} B ypaaaeaaSI' ~anaM-

·BKol!: nopeana} c y'leTOM (1} a (2} nonyqaeM cneny10mae ypaaae-

HT $ypbe nOTeanaanoa (aaa'llta n H k .[{nSI' KpaTKOCTB llOKa ony-

+ 

1 
+

r 

d~ n 2 • 
--+(r

2
- --)~(r)•-4trea IJ(r-a), 

d r r 2 " 

d A, ( 2 _ ~)A ( r) -1-2- n A ,~.( r) • 0, 
-- + r 2 • r2 'f' d r r 

2 d A .1. 
2 +L--l::.+(r 0

...:!:...!..)A +1-2-nA 
r2 .p r2 r d r 

,2 

-4tref.l a 8(r-a). 
¢ n 

n 2 cu 2 
H 

c 2 

4 

.. 

k 2 

(4} 

l5} 

.,, .· 
' ' 

,, 
jp 
.~~~ 
. ,~·t ,·· 

.;i.rf 
'l•il• 
:·~~~ 

'~~:;· 

3ai!M6MCSI peweaaeM ypaBH9HHSI ( 4), npe.QCTE'!BHM 8 ( r- &. ) B BH.Qe: 

.. x) 
S ( r- a) • a f In ( 1< a) In ( Kf )lc d 1< • 

0 ' 

H .QenSI aa onepaTop neaol!: 'laCTH (4), nonyqaeM qacTaoe peweaae 

.. 
~H•-4treCT 11 8 { 

0 

I
11

(Ka)I
11

(Kr) 
2 2 I( d I( • 

r -K 

{6) 

(7) 

TaK K8K Ha CaMOM .Qene 38TfX8PK9 npH nponeTe npOCTpaHCTBa BHyTp~ Tpyfihl 

OTnH'IIlO OT aynSI, r 2 HMeeT ManyiO MHHMYIO qaCTb, H HHTerpan 

(I) 
I

11
(rr)_H 

11 
(ra), r<a 

ell•2tr 2 ea al 
H 'n { r > a • 

I 1 I 
(ra)H (rr), 

11 n 

06mee peweaae ( 4), Koaeqaoe npa r • 0 , paaao 

~ .. C I 
11 

( rr) + ~H 

/4/ 
(7) Bbi'IHCnS!eTCSI : 

(8) 

(B) 

~nSI onpe.QeneHHSI llOCTOSIHHOA C aaKna.QbiBaeM rpaaaqaoe ycnoaae 11a noaepxHOCTB 

coaepweaaoro npoBO.QHHKa - Tpyfihi pa.QHyca 

Ez 1,. .. 0. 
b 

b 

(10) 

Torna OKOil'IST9nbHO $ypbe-KOMDOP91lT8 CKSnS!pHOrO llOT6HilHSna fiy.QeT HM9Tb BH.Q: 

Ill 
~ (r)•2tr 2 ea a[a(a-r)I(rr)HH (ra)+a(r-a)x 

n, t a n 

xI (ra)Hill( ) In(rr) I ( r a) Hill (r b) 
n D rr - n n 

I (rb) -1 

{ 

1, 
"(x)• 

0, 

n 

X> 0 

X< 0, 

(11) 

nepeA.QeM K peweHHIO CHCT9Mbl (5) nns A, a A • Baet~eM .QBe acnoMora-• 
TenhHhie ljlyaKnaa A a A , paBHble 

A•A¢+1A, 

A • A ¢-I A , 

Torna nony'laM nnH A B A 'paaa!l3aHHbie' ypaaKeaas: 

x) 3,~:~ecb a nanee non Inlzl 
HYIO ljlyHKilHIO Beccens. 
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2 

~+..!_~+[r2 
dr2 r dr 

2 -

~+.!_~+[r2 
d r 2 r dr 

(D - 1) 2 I A __ , 4 " e u n f3 rp {j ( r- a) 
r2 

2 

~]A --4rreunf3q,6(r-a). 2 
r 

npeJlCTSBnS!S! {j (f-a) B Bll)le HHTerpana Tllll8 (6) , HO C HHJleKCBMR !jlyHKilRll: 

Cans, p8BHblMH II -1 Jlns A II II + 1 JlnS A , n<my'IIIM peweHIIS BRJl8 

(12) 

Bee-

(9) 

c npOH3BOilbHblMB nOCTOS!HHblMB c I II c2 . .ll.llll cllypbe KOMnoaeHT A r B Aq, pewe

HHS! cne)lyrowae: 

1 1 2 
A,~.. • - C I ( r r) + - C I + ( r r) + rr e a e7 f3 ,~.II C7 ( a - r ) x 

'f' 2 I D -I 2 2 D I D 'f' 

(13) 
(I) (I) (I) 

x [ I ( r r) H ( r a) + I ( rr) H ( r a) 1 + u ( r -a) x [ I ( r a) H ( rr) + 
n-t n-1 n+l n+l n-4 n-1 

(I) 

+ ln+t(ra)Hn+l(rr)]J. 

1 1 2 (II It 4) 
A =-CI frr)- -C I (rr)+rr eau B,~..lu(a-r)[l (rr)H (ra)U 

r 2·1 n- 21 2 n+ I 11 · 'f' n-1 n-1 

( I) (I) ( I) 
-1 (rr)H (ra))+u(r-a)[l (ra)H (rr)-1+

1
(ra)H +t(rr)]l. n+t n+1 n-1 n-1 n n 

.llnll onpeJleneBB.ll llOCTOS!H.IIblX C I a c2 Ha06XO.QliMO RCllOilb30B8Tb ewe 2 

rpaHB'IHblX ycnOBHS! .118 llOBepXHOCTH COBepweBHOro npOBO.Q.IIBKB: 

H,/r=b=O, 

dH 
__ z/ =0 

d r r = b 

ana JlnSI KOMnoaeHT cllypbe seKTopaoro noTe.a:naana 

~ . 

A ,1.. I = 0 
'P r== b ' 

iJA 
--·; 

iJr •= b 

6 

..!_A (b). =- b 

(15) 

Bbt'lacneaBs llaiOT: 

2 (I) 

C I • 
lrr aeu

8
f3.p 

I~ (rb) 

H 
8 

(rb) (JI 
I I ( ra )[ I ( r b)- H ( r b) 

D -1 1 D ( r b) n+ I n-; 1 

+ 1n +I 

Ill 
H 8 (rb) Cll 

(ra)[ I (rb)-H (rb)]l. 
1 (r b) n + 1 n + 1 

D 

l rr2 a e e7 f3 H111(rb) c 11 
C 2 • - n rp I In _

1 
( r a) [ " 1., _

1 
( r b) - Hn _

1 
( r b: 

l'(rb) ln(rb) 

Ill 
H,. (rb) 111 

+I +
1

(ra)[ I 
1
(rb)- H +t(rb)]J 

n ln(rb) n- " 

HMeSI Tenepb Bblpa.lKeHHll Jlnll anettTpOMarHBTHbiX nOTeanaanos, M 

nHTb aanpst.lKeHHOCTb a.lleKTpB'IeCttoro nons Eq, a, C.lleJlOBBTellbao, Cp4 

nepHOll HHT6HCHBHOCTb H3ny'leHRS! no ~pMyne: 

dW 
d t 

+oo 
=2Rei J 

n>·o -oo 

.. 21r 

f f 
0 0 

j* 
rpD 

E ¢ r dr drp' dz • 
n 

Y'I.HTblBBS! (1), 6yJleM HMaTb ll.IIS! HHT6HCHB.IIOCTH aany'le.BBA Ha 11 -oA 

dW" 
- ---., 2c f3 a eRe u* 

d t ¢ D -·oo 

+oo 
J E¢ (r•a) dk. 

n,t 

HMeeM 

</> "\! ¢ 4l n, k(a) In · ¢ 
E (a)=ln[-A (a)- 1=--[{J,~..A (a)-~ 
n,k c n,k 8 8 "fJ n,k 

Bbipa:>Kenae (13) c nocTOBHHbtMB (16) a (17) npa r =a MOJKHO ynpo 

nonh3YB COOTHOWCHHS!: 

21' (x)=l (x)-1 (x), 
n n-1 n + 1 

N' -N 1'=-
2
-. 

n 11 n n rrx 

7 
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2 
1 d A [ 2 _ (a -1) ] A •- 4 " e u f3 _,_ 8 ( r- a) --+ r 2 11 't' 
r d r r 

1 d A + [ 
-;-~ 

2 
(a+l) -- ---r-] A""- 4tre a

11
{3cp8 (r -a). 

r 

(12) 

a)B BHA8 HHTerpana THTI8 (6), HOC HH.O.eKC8MB $yHKnBA Bee-

1 .o.nll A B n + 1 Ami A , nony'IBM peweaBSI BB.O.a (9) 

OCTOSIHHb!MB c I B c2. Dnll cllypbe KOMTIOH8HT A, B Arp pewe-

1 2 
( r r) + - C I + 

1 
( r r) + " e a u f3 _,_II u ( a - r ) x 

I 2 2 11 11 "t' 

) (I) (I) 
( r a) + I ( r r) H ( r a))+ u ( r -a) x [ I ( r a) H ( r r) + 

1 11+1 n+l 11-1 11-l 

(13) 

(I) 
+ I

11
+

1
(ra)H.,+ 1 (rr)JI. 

1 2 (I) ''4) 
-C

2
1 + (rr)+1T eaa B_,_la(a-r)[I (rr)H (ra)U 

2i 11 l 11 't' n-1 n-1 

[ 
I I) ( I) I (ra))+u(r-a) I (ra)H (rr)-I+ (ra)H +

1
(rr)] • 

n-1 n-1 n 1 n 

HBSI TIOCTOSIHHbiX C I H c2 H806XO.O.HMO HCTI0nb30B8Tb 81!(8 2 

Ha TIOB8pXHOCTB COB8pW8HHOr'O npOBO,[lHHK8: 

Hr/r=b=O, 

dH 
--·; =0 

d r r = b 

cllypbe BeKTopaoro noTeHnBana 

Ac/J/reb=O, 
( 15) 

aA 1 --'/ =--A (b). ar r= b b 

6 

• 

Bbi'IBcneHBll .o.aiOT: 

C I • 

2 
ltr aeo

8
/3.p 

I' (rb) 
11 

(I) 
H 11 (rb) Cll 

II (ra)[ I (rb)-H (rb)]+ 
a-1 I 11(rb) •+I •-:-1 

Cl) 

+I 
11+1 

H 11 (rb) Cl 1 
(ra)[ I (rb)-H (rb)]l. 

1 (r b ) 11 + 1 11 + 1 
11 

irr2aeu f3 H111(rb) Ill 
c 

2
• - 11 cp I I _

1 
( r a) [ 

11 1
11 

_
1 

( r b ) - H 
11 

_ 1 ( r b) 1 + 
l'(rb) 11 I(rb) 

11 

Cl) 
H

11 
(rb) 111 

+1+
1

(ra)[ I 
1
(rb)- H + (rb))l 

n l.,(rb) 11- " I 

(16) 

(17) 

J.iMeSI Tenepb Bbtp8lK8HBSI AnSI aneKTpOM8r'HHTHb!X TIOT8HTIH8nOB1 MOlKHO Bbi'IBC-

nBTb aanplllKeaaocTb aneKTpB'IecKoro nonS! Erp B, cneAOBaTenbao, cpe.o.aiOIO sa 

nepBO.tl BHT8HCBBHOCTb B3ny'ISHBSI TIO ¢opMyne: 

dW 
d t 

... 
=2Rei f 

a>·o -oo 

.. llr 
f f j* 
0 0 cp D 

E cp r dr drp' dz • 
n 

( 18) 

Y'IBTb!B8SI ( 1), 6y.O.eM BM8Tb AnSI BHT8HCBBHOCTB B3ny'I8HBA H8 11 -oA rapMOHBKe: 

dW 
- --

11
- .. 2c f3 a eRe u* 

d t tP n _,eo 

+oo 
JEep (r•a)dk. 

n.,k . 
(19) 

HMeeM 

cp '% cp ¢n,k(a) In·· <P 
E (a)eln[-A .(a)-· l=--[{3_,_A .(a)-¢ .(a)lo.0 ) 

n,k: c n,a: 8 a 'P n,. n,-. \~ 

Bblp8lKCJIB8 ( 13) C TIOCTOSIHHbiMH { 16) B ( 17) TipH r "' a MOlKHO yTipOCTHTb1 HC-

TIOnb3YSI COOTHOWCHHSI: 

2 I' (x)el (x) -I (x), 
n n-1 n+l 

N' -N l'e-
2
-. 

(21) 

n n n n rrx 
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I 

Tor.Qa 

¢ 2 
An,k(r-a)•-rr aeunf3¢ l1 .. _ 1(ra)N .. _ 1(ra)-ln+l(ra)N n+ 1(ra) + 

4 2 
--I +/ra)l 

1
(ra)-1 1(ra)[l (rb)N 1(rb)-N (rb)l + 1(rb)]-

l trr b n n- n- n n- n D 

+-- ----------------------------------------------------2 In ( r b) I ~ ( r b) 
(22) 

-1
2 

(ra)[l (rb)N (rb)-1 (rb)N (rb)] 
n+l n-1 n ~11 n+l J 

ITp11 noacT.auoaKe (20) n ( 19) c A¢ 11 <I' , aaaaeMhiMH BhipaJKeUHSIMI! ( 11) 

(up!! r = a ) I! (22), OCT8BHM 'lllOHhl, KOTOpblO MOI'YT .QBTb BK118.Q B BOillOCTBOH-

IIYIO 'l8CTb IIOTOpb; Up!! 9TOM !IOTpy.QIIO y6e.QI!TbCil, 'ITO HHTOI'pHpOB81IHO CIICAYOT 

llpODO).UITb IIO o6naCTI! BOillOCTBOI!HhlX 3118'10HI!li r 
OUJH 

, T.e. no k OT Hy liS! 

± --- . Torna nony'IHM: 
c 

{32 P. 
2 

dWn nUJH 

- --- _ 4 2 f3 2 I I 2 c d t -· - " c ¢ a e u n n Re 1 f + 
N ( r b) 2 n 

12 I n(ra) 1 (rb) 
n 

4 2 --I (ra)l (ra)-I {ra)[l (rb)N (rb)-N (rb)l (rb)l-
rrrb n+l n-1 n-1 n n-1 n n+l 

(rb) I' (rb) 
n n 

2 
-In +I (r a)[ In _ 1( r b) N n ( r b) -I n ( r b) N n+ 1 ( r b)) 

l d k • 

.QO 

(23) 

8KJiaA B MHI!MYIO qaCTb !!HTOI'pana D (23) IIBIOT fiOJIIOCa fiOI!blHTOI'panbHOI'O Bblp8)!<0-

IIH51, COOTBCTCTDYIOillHC ypaBIICI!H51M: 

I (rb)=O, rb=s ,p=l,2,3, .... 
n np (24) 

I! 

I' ( r b ) = 0, r b = 8' , p = 1. 2, 3, .... 
n np (25) 

f1pH OTJIII'!IIOM OT uynSI 3aTyXaHHI! IIOJ!IOCa JielKBT BbllliO I!OliC'rBHTCWbHOI\ OCR, IIQ-

3TOMY I!HTO!'pan (23) CDOAHTCH K rnaDHOMy 3H8'1CHHIO, BKIIB.Q OT KOTOpOI'O paBOH 

Hy niO, I! IIOllYDhi'IOTBM B IIOJIIOCaX, YMIIOlKOHIIhiX HB + 1T I ( o6XOII OC06biX TO'!OK !IpO-

II3BOIIHTCS! CIIH3Y !Ipll HHTOI'pllp0B8HHH IIO DCillOCTDCIIHO!f OCH k ll HCII01lb30Ba-

IIHH .Qei\CTBI!TCI!biiOI'O r ) • 

8 

t . 

i 

'~ 
i ·~ 

~• .. ' 

l I, 

~~~ 
J 

~~ 

ITocne Bhi'lHCneHHSI Bbi'leTOB H uecnolKHhiX, 110 nnHHHhiX npeo6pa 

ynpOillOHHlll OKOH'l8TOilbllhiii peaynbT8T 6yAeT HMOTb BH.Q: 
2. a 

dW 
D 

dt 

s 2 2 
=8rr ac{3,.~.e luI n! I 

'f' a k np 

2 2 2 
n b f3¢ 2 

X ( 1 - -~---'- ) - f3.p I 
a2s2 k' 

8 n P 

b 
2 

k "" 

s' np 

np np 
b 

2 
k' 

np 

I ( s -) N (s ) 
n np b n ap 

I , 
n (sap) 

X 

I'
2
(s' 8 )N'(s' n np b n n' 

I ~, ( s~ P) 

B iflopMyne (27) CyMMRpOB8HHO B nepBOM 'lllOHO HilOT no DCOM p 

CTBOHHOM kn p t y.QOBIIOTBOpS!!OillRX ypaBI!Olli!IO": 

k ,. . I -s
2 

nl) V _ .np 
2 ---

c b 2 

a BO BTOpOM no liCOM p IIpii BOillOCTBOHl!hiX k ' 
------------n p 

, H8XO.QI!Mb!X I 

n2cu2 s'2 
k ' e V ___ H_ - ---!!..2. 

np C 2 b2 

YpaBHOHHO (24) OCTb HO 'ITO HHOO, K8K .QHCnepCHOHHOO ypaBHOHHO 

(25) - .QHCnepCI!OHHOO ypaBHOHIIO H - BOIIH B Kpyl'IIOM BOIIIIOBO.QO 

pa30M, !!OO.Q!!OpO.Q!IOO apall(a!Oil(OOC51 KOilbUO B036yJKil80T ll TO I! npy: 

DOIIH C Hl!TOHCHBHOCTb!O Ha n -oil rapMOHHKe, onpenemreMoll <);opM) 

3, PeaynbT8T (27) IIOIIY'IOH llllS! HOnOI!DI!)KIIOI'O I<Oilbll8 B Tpy6c 

Cll llll OH, CCIII! KOilbiiO KaK UOIIOO .QDHlKOTCS! C np01!3DOilbHOli, HO noc 

CKOpOCTb!O B.QOilb OCH Tpy6hi? EcnH yCIIOBHO 'IOpOHKOBCKOI'O H311Y'IOI!Itll 

,, 
HO BbiiiOIIH9HO, TO BCO H311Y'l01IHO CBS!38HO C KpHBOIIHHefiHblM llBHlKOill 

HOB B MSI'HHTHOM none. Yi3DOCTHO, 'ITO IIHTOHCHBHOCTb H31ly'l9Hllll flc 

811TH8, no9TOMY B CHCTOMO KOOpllHHaT, B KOTOpOII KOilbllO K8K UOIIOO 

(conyTCTBY!OillOfi CHCTOMe KOOp.QI!HaT), H31ly'IOI!ll0. 6y)lOT T8KI!M )1(9, l 

6opaTOpHOli CHCTOMO. 

B conyTCTBY!OiliCII CHCTOMC 6y.QCM HMeTb CIIO.QYIOIUYIO 38.QB'ly: E 

none H (B TOM JKO CBMOM, 'ITO H B na6opaTOpHOH CI!CTOMO) Bpil 

cp -oft CKOpOCTbiO C {3 ..1. ( paBHOli C {3 cp "' ~;:1=:::::;;;:. 
'f' nau / 1 _ {J 'I 

• 
llO C 

9 



2 a e un {3¢ I I
11

_
1
(ra)N 

11
_

1
(ra)- In+ I (ra) N n+l(ra) + 

2 
ra) I

11 
_

1 
( r a) -In _

1
( r a)[ In (r b) Nn _ 1(r b )-Nn ( rb) I11 + 1 ( r b) )-

In (rb) I~ (rb) 
(22) 

1 

(ra)[I (rb)N (rb)-I (rb)N (rb)] 
+ 1 n -I n 11 n + I J 

OBKO (20) fl ( 18) C Acp II <f' , A8Ba9Mb!MII BblpalK9111!SIMII (11) 

22), OCTaBHM 'WO!Ihl, KOTOpb!e MoryT naTb BKJ18A B B911leCTBeH

; npH aTOM HeTpyAllO y6eAI!TbCS1, qTO IIHTerpHpOB8HIIe cnenyeT 

CTII BelllOCTBCI!IlbiX auaqcHIIli r 

a llOJiy'II!M: 

2 2 l I 2 ~ - 4 " c {3 ¢ a e u n . n Re I 

r.WH 

c 

J 

, T.e. no k OT Hy JISI 

2 N (rb) 

12 I 11 (ra) ;n(rb) + 

2 
:ra)I (ra)-I (ra)[l (rb)N (rb)-N (rb)l (rb)]-

n-1 n-t n n-1 n n+l 

I (rb) I' (rb) 
n n 

1 
(r a)[ In _

1
( r b) N n ( r b)-In ( r b) N n+ 

1 
( r b)) 

l d k • 

no 

(23) 

'18CTb Hl!TOI'f'ilJl8 B (23) JW!OT nomoca HOLlblHTerpaJibHOI'O Bblp8)1Ce

~IUIIC ypaBIIOIIJ!>1M: 

I (rb)=O, rb=s ,p=1,2,3, .... 
n np (24) 

I'(rb)=O,rb=s' ,P=l.2,3, .... 
n np (25) 

Hyng aaTyxamm noniOca nelKaT Bbillle neliCTBHTC!nbHOll oc11, no-

23) CBOAI!TCH K rnaBHOMy 3HaqeHIIIO, BKJiaA OT R;OTOpOI'O p8B9H 

TaM B rromocax, YMHOlKOHilhiX Ha +"I ( o6xon oco6hiX TO'!OK npo-

rpl! IIHTCI'pllpOB81Ull! no D911l0CTBOHHO:i OCII 

bro r ) . 

8 

• 

I 

k II HCIIOJ!b30B8-

i 

ll' i'· 

i ·~ 

·-.1 

,( 

J. 

II' 

nocne Bbl'IHCJI9HIISI Bbl'leTOB II 119CIIOlKI!biX, 110 )lJIIIHHblX npeo6pa30B8H.IIf!: .II 

ynpO!Il9H.IIl!:l OKOH'IaTellbHbll!: pe3yllbT8T 6yneT IIMeTb Bl!Ll: 
2' 

d -w I (s ~)N (s ) 
2 s n np b n ap 

--"-=8~r 3 acft~e 2 lu l n!I "P x 
dt "~' " k b 2 k I' (s ) np np n D.J) 

(27) 

2 2 2 
n b f3.p 2 

X ( 1- ---'-) - f3.p I 
a2s2 t' 

np np 

s' 
np 

b 
2 
k' 

np 

I'
2
(s' a )N'(s') 

n np b n np 
l· 

I ~· ( s ~ P) 

B lj!OpMyne (27) CyMMIIpOBBHHe B nepBOM qnene HAeT !10 BC9M p npn Bema-

CTBei!IIOM kn P , YAOBJI9TBOpSI!OIIlHX ypaB!IeHHIO': 

k n2cu2 2 
np ,. V H _ '~np 

2 ---
c 

(28) 
b2 

a BO BTOpOM 110 BC9M p DpH B9lll9CTB9HHhlX k ~ P , 118XOAIIMbiX 113 yp8BH0HII!I: 

0 2"'2 8 ,2 

k ' = V ___ H_ - --.!!.1! 
np c2 b2 

(28) 

Ypasne1111e (24) ecTb ae qTo IIHOe, R:aK AIICnepcnoaaoe ypaBH9HIIe E - Bonn, a 

(25) - nHcnepcaoaaoe ypaBHeHae H - sonH B xpyrnoM BOJIHOBoae. TaKHM o6-

pa30M, HeOAHOpOAHOe Bp811l81011leeC51 KOJibUO BOG6yJKAaeT II Te II npyrne Tllllbl 

BOlli! C IIHTeHCIIBHOCTbiO Ha n -ofi rapMOHHKe, onpenengeMoli q'opMynofr (27). 

3. PeayJibT8T (27) nonyqeH nng nerrOABII>KHOro Konbua B Tpy6o, CoxpaaaT-

C51 nu 011, eCJIH KOJibUO K8K U9JI09 ABH>K9TC51 C llp01!3BOJibHOI!:, HO IIOCT051HHOii 

CKOpOCTbiO BAOJ!b OCR Tpy6bi? Ecn11 ycnoBHe qepeHKOBC~oro 1'13JiyqeHIT!I B Tpy6e( E = IL= 1 ) 

!19 BbiiTOJIHeiiO, TO BC9 H3Jiy'leHIIe CB513aHO C KpliBOniiHOfiHbiM ABIIlK9llli9M aneKTpO-

HOB B M8I'HIITHOM none. YI3B9CTHO, qTO HHTeiiCIIBHOCTb 113JiyqeH1151 nopenu-HHB8pH

aHTH8, 1103TOMY B CHCTeMe KOOpAHH8T, B KOTOpOH KOJibUO K8K llGJIOe IIOKOIITC~I 

( CO!IyTCTBYIOIIlefi CIICTeMe KOOp/lHH8T), H3nyqeH!Ie. 6yne'r TaKHM )1(9, K8K ll B na-

6opaTOpHOli CHCToMe. 

B CO!IyTCTBYIOIUefi CHCTeMO 6yneM HMeTb CJieAyiOIUYIO aanaqy; B M8l'HIITHOM 

none H (s TOM lKe C8MOM, qTO II B na6opaTOpHOH CIICTeMe) npal!laeTC51 KOnb-

cp -ofi CKOpOCThiO C{J..I.. (paBHOf!: C {Jcp 
6 

1 
). !-Ia !IGI'O 

"~' na V1- {J !!' 
• 

uo c 

8 

.J 



,. 

I .I I; 

:! 
i· 

• 

napannen&no caMoit ce6e aaneTaeT MeTannaqecKaH Tpy6a. HeTpyAHO ycTanoBBTb 

c noMolllbiO cilopMyn JlopeHU-npeo6pa3oaana51 noneit a odmax rpaHB'lHbiX ycnoaaA 

/5/ 
B ABBJKYDlHXCll cpeAaX , 'ITO rpaHH'IHble ycnoBBll H8 noaepXHOCTH ABBlKymerocg 

napannen&no caMOMY ce6e ( v,. • 0 ) coaepwessoro npoaOAHHKa ocTaiOTCH TeMB 

lK6, 'iTO H AnSI H61lOABBlKHOrO npOBOAHHK8. 

Ta!I:HM o6pa30M, 38A8'l8 nenHKOM CBOAHTCSI K ylKe pemessoA, H ljlopMyna (27) 

OUBCbiB86T B3nyqesae B ABBlKyJllerOCH KOnbna. fipH STOM !lOA {3 rP H8AO llOAp8-

3yMeB8Tb rP -YIO CKOpOCTb B conyTCTBYIODleA CBCTeMe KOOPAHH8T. 

4. fipeJKAe 'leM accneAOB8Tb nony'lesaoe peweaae,coaeplllBM npeAen&abiA 

nepeXOA K B3ny'l6HHIO Kon&Il8 B CB060.QHOM npOCTp8BCTBe, T.e. yCTpeMHM •b• 
K 6eCKOB8'lBOCTB. 

DC<I 
8KnaA B CYMMY BBOCSIT 60n&DlB8 KOPBH cWHKilBA EeccenSI, nopSIAK8 --.!! b 

c 
H pa3HOCTb M6lKAY COC6ABBMH 3B8'l6BBSIMH k,.P CT8HOBBTCSI 0'16Hb ManoA. 

llk,. 11 •k n,p+l -k.,,p •-

llk, 

• ll • 
np np 

k b1 
lip 

, . , 
"" np k bl 

lip 

, . 
np 

I 
k np b 

(30) 

fioACTaangg (30) a (27), 3aMeBSIH ciJyBKilBB Eecceng oT apryMesTa a 
lip 

8CHMnTD-

TII'ISCKBMB Bbip8lK811BSIMII R nepeXOASI OT CYMMIIpOBaiiBH II: IJHTerpHpOBaHIIIO, nony-

'iBM: 

dWn 1 I I 
--ch ac{3 e luI D 1-

dt rP n 

""'H 
2 -c-

+{3 f 
<Po 

I 
I ' (r a) d k I 

II 

""'H 

l 

B o6oax HHTerpanax CAenaeM 3aMeny nepeMeHHhiX: 

I ni{Jt 
I (ra ) ( 1 - ..:.......!.::. ) d k + 

" , 2 8 1 
(31) 

~ r 1 • 
nf3.p . 

f3.pnsln(J, dk .,_ -
1
-sln(Jd(J, 

10 

• 

·~, 

TOr AS 

di,. 2 2 2 2 2" 2 2 2 ,2 
--4rr elu I c{3,.,_n f [ctg Ol (n{3,.,_sln0)+{3,.,_1 (n{3,.,.sln0)]alll6 

dt .. "I' 0 " "I' "I' .. "I' 

C y'l6TOM TOrO, 'iTO AnH TO'l6'lHOrO 3apSIAB ( l"' 1. (1 ( ,.,. ') 8 ( rP ') 
"I' ---) 

I 
JlaeT 

1 CT ll I 
1 

----2-2' 
4 rr a 

nony'leHHhiA pe3yn&TaT npeAen&soro nepexoAa (32) coanMaeT c B3Be, 

/1/ 
MynoA llJOTTa AnSI HBT6HCBBHOCTB B3ny'leHIIH Ba D -oil rapMOH. 

fipOB8A6M ABn&aeAwee npeo6pa30B8HB6 K 6onee YA06HOMY BRAY 

(27). B nepaoM qnese, TaK KaK 1,.( s,. )• 0 , 3aMeHBM N (s )•· P ft np 

BO BTOpOM qneae, npH I '
11 

( s: P ) • 0, MOlKHO nony'iHTb: 

2 
I " ( s ' ) • ( __ n_ -1 ) I ( s ' ) . 

n np 
1

,2 n np 

np 

YqTeM TaKJKe, 'ITO 

k:p 

n2 2 2 
• CUH S --r- - _2!..£. c b2 = 

2 2 a n /32b2 
__ n_p_ ( rP 

b2 s2 a -1). 
Dp 

Tor)la aMeCTO (27) 6yAeM !IMeT&: 

dW .. 
dt 

2( a 
2 . 2 k I I -) 

16 rr a c {3 e 2 1 u 1 n [ ! __!!.2_ II np b 
</> n 

2 

13¢ ! 
+ -b--2 k' , 

n~ k 
Dp 

n2 
(1--) 

s'2 
np 

knp s2 1'2(s ) 
np 

I' 2 (s' _!_) 
" np b 

I~) 
n np 

n "" 

] . 

YcnoBHSI pacnpocTpasenHSI E H H - eons B Tpy6e (ycnoene aeweCTBe 

H k' 
np 

) MOlKHO 38fil!C8Tb TaK: 

s {3 > __ n_p _ _! 
¢ n b 

11 

•• np a ----nn>~ 

n b 

IJ r -------~----



oA ce~e aaneT8eT MeT8nnuqecK8B Tpy68. HeTpynao ycT8BOBBTb 

yn nopeau-npeo6p830B8HHB noneA a o6max rp8aaqsyx ycnoaaA 

/5/ 'pen8x , qTo rp8uaqsye ycnoaa11 sa noaepxaOCTa nsalKymerocs 

oMy ce6e ( v -o 
D 

) coBepwessoro npoaon&HK8 OCT8~H TeMB 

nO.OBHJKHOrO npOBO.OHHK8. 

aoM, 38.08'18 nenHKOM CBonHTCst K yJKe pemesuoA, a <jlopMyna (27) 

esae a .OBHJKymerocs KOnbU8. llpa sTOM no.o f3 r/> B8no nonpa-

yJO CKOpOCTb B conyTCTByJOmeA CHCTeMe KOOpnHH8T. 

qeM accne.ooB8Tb nonyqessoe pewesae,coaepmaM npenenbsYA 

eHHIO KonbU8 B CBOOO.OHOM npOCTp8BCTBe, T.e. yCTpeMHM •b• 

ftt<) 
MMY BHOC51T OOnbmHe KOpBB <jlyBKUHA Beccenst, fiOPHJlK8 -.!!. b 

e 
y COCe.OHBMll 3B8qeBHSIMH k,.P CT8BOBBTC51 O'leBb ManoA. 

s t!. • "s np "P Dp -k .. - =---- I • p + 1 D,p 
k b2 

k ftp b Dp 

"., 
t!.k' DJ> -----np k b2 

Dp 

B (27), 3aMessst <jlyBKUBH Beccens OT 8pryMesTa a 
Dp 

(30) 

aCBMnTo-

eBHSIMH R nepexong OT CYMMHPOB8BBSI K RHTerpapOB8HBIO, nony-

2 2 .. s, aef3¢e 

Dt<)H 

2 -c-

+fl f 
rl>o 

llt<)H 

2 e 
u I n I - f 

n 

2 
I ' (r a) d k I 

D 

a n 2{3 1 

I (ra) ( 1- _::_!:..!/!_ ) d k + 
" r 2 a 2 

(31) 

n8x c.oenaeM 38MeHy nepeMeHHhiX: 

f3q,nsln(J, dk 

lO 

tt# 

nflrp 8in6d6, 
a 

Torno 

dW,. 2 2 2 2 •" 2 I 2 ,2 --4, e luI e{J_..n J [etg 61 (n{J_..slnO)+{J_..I (n{J_..IinO)]IinOdO. 
dt D 'I' 0 D 'I' 'I' D 'I' (32) 

B ( r/> ') 
C y'ieToM Toro, 'ITO .onst Toqequoro 38pHJl8 (t .. 1,u(¢')•--) <!JopMyn8 (2) 

I 
.08eT 

1 u,. I 1 -----~-~~' 
4, a (33) 

nonyqes&hiA peaynbTaT npe.oenbsoro nepexo.oa (32) COBU8naeT c B3BaCTBOA <jlop

/1/ 
MynoA lliOTT8 AnSI BBTaBCBBHOCTH aanyqeHH51 88 D -oA rapMOHHKe. 

llpoeeAeM .oanbseAwee npeo6paaoBaBHe K 6onee y.oo6noMy BRAY <jlopMynhi 

(27). B nepaoM •meue, TaK KaK I,.( 8 )• 0 , aaMeHHM N (s )•---....::;
2 __ _ 

"P n Dp " 8 I, ( s ) 
BO BTOpOM qneue, npH I' ( s' 

D Dp 
) ., 0, MOJKHO nony<JI!Tb: 

2 

I"(s' )•(--n--l)l(s' ). 
n np 

1
,2 n ap 

Dp 

Y'lTaM TaKJKe, qTo 

k:p 
n2 2 2 (<) H S 2 2 

• ~ - ---!!..£. - •np n {3 2 b 2 
c b2 - --~~ ( ¢ b 

8
2 

8 
-1). 

11p 

Tor.oa BMaCTO (27) 6y.oeM HMaTb: 

2 k I2(. ....!.... ) 
16 "2 a e f3 e 2 I o" I n [ I. --'!.L. II 11 P b + 

¢ k,P s2 1'2(s ) 

dW 
11 

dt 
np n DJt 

I' 2 ( s ,, ..!_ ) 
n np b 

n 2 I 2 (s') ]. 
(1---) 11 np 

s'2 

2 

f3 ¢ I 
+ --~ k' 

b np k' 
np 

11p 

np n np 

(34) 

(35) 

YcnoBHst pacnpocTpaseuas E u H - Bona B Tpy6e (ycnOBHe BameCTB8HHOCTH k np 

H k ' ) MOJKHO 38nHC8Tb T8K: 
np 

s fJ > __ n_p_ ~ 

¢ n b 

I, 
11p a ----

n b 
(36) HlUI 

11 



K ~ . ~/ 
OpHB ~yHKUBH beccenH YA0Bn9TBOpHIDT ycnOBHHM : 

8 > 8, 
I np -----> D 

np np n 

8, 
np -----
n 

npa n .. eo • (37) 

Ta~taM o6paaoM, Korna aapsnw apamaiDTCH nocTaTo~Ho 6naaKo K noaepxaocTa 

Kpyrno!l Tpy6bi , MOryT B036ylKA8TbCH TOnbKO BhlCOKHe rapMOHHKH, npa~eM BCer-
8 2 

na paHbme aany~aiDTCH H-sonHbi, HanpaMep, npa bJ = 0, 7 ( {3 </> .. 1 ) H-son-

Hbi soa6yJKnaiDTCH aa~aaas c n • 12 , a E-aona&I,-npaMepao, c n .. 40 • Ecna 

JKe ...!_ AOCTSTO~HO 6nH3KO K &AHaane H 
b 

a 
f3.p< -b-. (38) 

TO H3ny~eHHH B006me H&T aa niD6biX rapMOHHKaX. 3TOT BbiBOA CymeCTBeHHO OT

nH~8eTCH OT peaym,TaTos pac~eTa aan~eaas aapSI.!la, spamaiDmerocH a6naaa 
/3/ 

M&Tanna~eCKOli IIOBepXHOCTH ~ 

OTcyTCTBHe aany~eHHH Ha 6na3KRX paCCTOHHHHX OT H30I'HYTO!i MeTanna~eCKOli 

nosepxaocTa MOJKHO noaHT&, ec~JH o6paTHT&CH K aaanoraa c aany~eaaeM liepea-

KOBa, 

~830BbiJl MHOlKIITellb D -oil rapMOHIIKH RM99T BRA 

-1 ( c:u I - n </>- t a ) 
e 

OTCIDAa MOlKHO H8IIHC8Tb AnH ljla30BOil CKOpOCTH BOnHbi 110 83HMYTY tf> 

c:u r 
v </>- ---n 

(39) 

HcnonbayH CBSI3b MeJKAy c:u 

HanpaMep, (24): 

H k cornacao nacnepcaoHHoMy ypaaaeHaiD, 

2 

• 2 2 2 np ) 
c:u - c (k + ~ • (40) 

MOlKHO II<>ny'IB:Tb ycnosae, npa KOTOpOM cjla30B8!1 CKOpOCTb (39) !Ia ASHHOM pa-

nayce 6yneT MeHbme c 

r 
2 

2 •
1 

---:r-< k + ~ )<.1. 
n b 

(41) 

12 

f_ . 

B cany (37) ycnosae (41) .BbinOl!HHeTCH nnH r , He cnamxoM 6naaKo 

a, cnenosaTen&Ho, aoa6yJKAes:ae sona npa naHaoll: cKopocTH v </> sne~ 

B03M~HO nam& !Ia KOHS~IIOM paCCTOHHHH OT IIOB9pXHOCTH BOnHOBOAS. 

Ecna aoa6yJKneHae sonaw c ~aCToToll: n c:u H B03MOJKHO IIPII AI 

trapaMeTp8X BOnHOBOA8t TO, KBK He'l'py)UIO IIpOB&pHTb1 cjlaaosaH CKOpOC1 

(39) 6yneT OOBII8A8Tb C 83BMYT8llbaoll: CKOpOCTbiD sneKTpOHOB II CBHXpo 

B3~eBRe MOlKHO Tp8KTOB8Tb K8K aany~eaae l£epeBKOB8 Ha </>-wx BOllE 

pona TpaxTosxa BCTPe~aeTCH a pBJle pa6oT nocnenaero speMeHH (eM., 

Co6CTB9HHO I'OBOpH, H H3n~eHBe IIpll ABBlKeHHH IIO Kpyry B CsOC50ABOM 

CTBe MOlKHO OTOJKA9CTBnHTb C 113~eHHeM l£epeHKOB8 ( ~aCTOThl D AI 
H 

AS B03MOJKHhl II ycnosae CH8Xp0HH3M8 BhliiOlJBHaTCH upH niD6b!X CKOpOC1 

OnHaxo, no HameMy MaeBRID1 cnenacjla'!ecKoe aany'leaae, CsSI3aHHOO 

Hli9M 38pBJlGIB, B ABHHOM Cn~ae CHHXpOTpOHHOe1 HM&ST MHOrO OTnH'IHll 

CTBeHHO 'lepeHJtOBCKOI'O Hany'laHHSI, He cBH3aaHOI'O C yCKOpeHHeM, H 111 

nsteTCSI C8MOCT051TellbHhlM cjlH3H'IeCJtHM SIBneHHeM, XOTH C006palKeBRSI. 8H< 

MoryT OK838TbCH trOlle3HhlMR, KaK IIOK838HO Bhlllte. 

CnenaeM eme onHo aaMe'Jaaae 1t cjlopMYne (35). npa ee awaone a 

nonaranoc&, 'ITO HB onaa aa xopHell cjlyHxnall Beccenst He coanana&T c 

nHH8T OCR k EcnH 3TO HMeeT M&CTO, TO MOlKHO IIOK838Tbr 'ITO k • 

C$1 IIOlJIDCOM 2-ro IIOpBJlKa IIOAhlHTerpan&HOI'O BblpalK&HHH (28) H Bhl'191 

sea ayniD. Hany'I&BRe COOTB9TCTByiDIItell: MOAhl B ltpHTH'IeCKOA TO'IJte ( 

k' • 0 ) OTCyTCTByeT. npa ManblX k' BTOpOll: 'lneH B (85) ABeT ' 
np np 

HO 6on&myiD HHT&HCHBBOCTb aany'I&HBSI MOAhl s6naa11 ltpiiTH'IecltOll TO'II 

3880 C npennonOlK&HB&M 06 OTCyTCTBIIII SaTYXBBIIH B Cpene B CTSHKBX 

Y~taaaaaa!l oco6eaaocT& npasonaT x HeperyngpHOMY xapaxTepy Ba'lan 

Jt8 CII9KTP8 aany'I9HilH: r~pMOHBKB C BOM&pOM n , BbiCIItBe MOAhl KOT 

K KpHTH'IeCKOli TO'IIt& ( k ' • 0 ) 1 
np 

xapaxTSpawx napaMeTPoB {3 </> , a 

cneKTpy • 

B036YlKA8IDTCH B&CbM8 CBnbHO, B II) 

H b 3TH cjlniDKTY8IlBB n.epeM&IItal 

Y'leT Manoro, HO KOH&'IHOI'O aaTyXBHHH npaBeAeT K H&KOTOpOMY C 

cneKTp8 1 HO 3TO Tpe6yeT OC060rO paCCMOTp&HBH, npa ysenB'I&HIIB p8AM 

son a ,, b'' aa c'leT 6om,mero 'laona reaepapyeMblX MOA Bb!6pocw E 

TSKJKe crnaJKBBSIDTCH a xapaKTep cneKTpa npa6naJKaeTca K pacnpenenel 

Ta (32) s cso6onaoM npocTpaHCTBe. 
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IHI beccenn 

> 8, 
np 

> D 

~I 
yAonneTaopnroT ycnoBHSIM : 

I np --- ... ~-+ ft .. GO • (37) npu 
n n 

o6pa30M, KOI'AS aapS!Ahl apamaroTCSI AOCTSTO'IHO OliH3KO K noaepXHOCTH 

bl , MOI'YT B030Y*A8TbC51 TOllbKO BhlCOKHe rapMOHHKH, npH'19M seer-
a 2 

anyqaroTCH H-aonHbi. HanpHMep, npH --.- = 0, 7 ( {3 .. 1 ) H-aon-
b• rp 

roTcn aa'IHHan c n .. 12 , a E-aonHI:,I,-npHMepao, c a .. 40 • EcnH 

TSTO'IHO OliH3KO K 9AHHHII9 H 

a 
{3¢ <-b-. (38) 

BOo6me HaT H8 liiDObiX 1'8pMOHHK8X. 8TOT Bb!BQA cymeCTB9HRO OT

pe3yllbT8TOB pacqeTa HanyqeHHSI aapSJ.aa, apamaromerocn a6naaH 

/3/ 
li noaepXHOCTH --;-

'BHe H3liY'I9HHSI Ha OliH3KHX paCCTOSIHHSIX OT H30l'HyToli M9T8liliB'19CKOli 

MO)!(HO nOHSITb, ecnH OOp8THThCSI K 8H8liOI'HH C H3liY'I9HH9M tfepea-

MHO)!(HTem. n -oli rapMOHHKH RMeeT BRA 

-1 ( c:u t - n rp- k • ) 
e 

R8IIHC8Tb AliSI tjlaaoaoli CKOPOCTH BOliHbi IIQ 83HMYTY ., 

"' r v ¢ .. ---
n 

(39) 

Sl3h Me)!(Ay "' B k cornacao AHcnepCHOHHOMY ypaaaesuro, 

) : 

2 

"' 

2 

• 
ac

2
(k

2 +-;;....}, 
b (40) 

.Tb YCliOBHe, IIpH KOTOpOM cjla30B8SI CKOPOCTb (39) H8 ASBHOM pa-

eT MeHbme c 

r 2 
2 

-:r< k 
n 

(41) II 
+ np ~}<I. 
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B CHny (37) ycnoBue (41) BbiUOliHHeTCH AliSI r , He CliHWKOM t5mi3KOM K b 

B 1 Cli9AOB8TellbHO, BOa6y)!(AeBR9 BOliH IIpH ASHHOil: CKOpOCTH V </> aneKTpOHQB 

B03MOJKilO liHJDb H8 KOH9'1BOM paCCTOSIBHH OT IJOBepXHOCTH BOliHOBO.Qa. 

ECliH aoa«Sy~eaae BOliBhl c 'ISCTOTOA nc:uH B03MOlKBO npH ASBHhlX 

II8p8M9Tp8X BOliHOBO.!Ul, TO, KSK BeTPYAHO npoaepHTb, cjlaaoaag CKOpOCTb BOliHhl 

(39) OyAeT OOBnSASTb C 83HMyT8libHOli CKOpOCTbro aneKTpOHOB H CHHXpOTpOHH09 

aanyqeHHe MOlKHO TpaxTOaaTb xax aanyqeaae l.lepesxoaa sa rp -hlx aonsax. Taxoro 

po.tta TpaKTOBltB BCTp9'189TCl1 B PSIA~ paOOT nocneJtBero BpeMeHH ( CM. , BanpHMe/.
6• 1{. 

Co6CTB9HHO l'OBOpl1, H H3liyq9HHe npa ABHlK9HHH no Kpyry B CBOOOABOM npocTpaH-

CTBe MOlKHO OTO*A9CTBliSITb C H31Iyq9Bll9M l.lepeHKOBa ('laCTOThl D QIH TaM acer-

A8 B03MOlKHhl H yCliOBHe CHIIXpOHH3M8 BhlnOliHSI8TCSI IIpH liiDObiX CKOpOCTl1X V </> ) • 

0Asaxo, no sameMy MBeHHro1 cnenacjluqecxoe uanyqeaue, CaSI3aHaoe c ycxope

HHeM 38pSIAOB, B A8BHOM cnyqae CHHXpOTpOHHOe, RMeeT MHOI'O OTliH'IHli OT co6-

CTB9HHO 'lepeHKOBCKOI'O H311Y'I9BHSI, ae CBSI38HHOI'O C ycxopeUeM, H II03T0My HB

Ill1eTCSI C8MOCTOSIT9llbHbiM cjlH3R'I9CltHM SIBli9HHeM, XOTH COOOp8lK9HHH_ 8H8liOI'HH H 

MOI'YT oxaaaTbCH noneallb!MH, xax noxaaaao ablme. 

C.ttenaeM eme o.ttao aaMe1Jasue K cjlopMyne (35). ITp.H ee Bb!SO.tte aesmso npeA

nonaranoc&, 'ITO HH o.ttHB ua xopseA cjlyBKnuil: Eecceng se cosna.ttaeT c Ha'lanoM xoop-

ARHaT OCR k EcnR STO HMeeT M9CT01 TO MOlKBO IIOK838Tbr 'ITO k • 0 SIBliSW"l'-

C:$1 nonroCOM 2-ro IIOPS!Alta IIOAbiHTerpallbBOI'O BhlpalK9BHSI (23) H Bbi'I9T B HeM pa

BeS: ByliiO. 11any1JeHHe COOTB9TCTByromelt MOAb! B KpHTH'19CKOA TO'Ilt9 ( k • 0 RliH 
np 

k' "0 ) OTCyTCTSyeT. flpH MSlibiX k' STOpOA qnes: B (35) ABeT CKOllb yro.tt-
np np 

S:O 6om.myro HHT&HCHBHQCTb H3liy'I9HHSI MOAb! BOliH3B KpBTH'19CKOA TO'IKH, 'ITO CSSI-

38HO C npeAIIOliOlK9HH9M 00 OTCyTCTBHH S8TyX8HBSI B Cpene H CTeHKaX SOliS:OBOAS. 

YxaaaHaaH OCOOeHS:OCTb npHBOABT K HeperynHpHOMy xapaKTepy H8'18libHOI'O Y'ISC"l'-. 
Ka CIIeKTp8 H3liy'I9HRH: rapMOHHKH C HOMepOM R , BbiCWBe MOAb! KOTOpbiX OliB3KB 

K KpHTH'I9CKOA TO'I:Xe ( k ' " 0 ) , 
np 

xapaKTepHbiX napaMeTpoa {3 rp , a 

cneKTpy. 

S030ylKAaroTCSI B9CbM8 CHlibHO, H npa B3MeHeBHH 

H b 3TH tjJliiOKTyaUBH n_epeM9W8roTCSI no 

Y'leT M8liOI'O, HO KOBe'IHOI'O 38TYX8HHSI npBB9A9T K HeKOTOpOMy Cl'li8lKHB8HHro 

cneKTpa, HO 3TO Tpe6yeT OCOOOI'O paCCMOTp9HHSI. flpa yaenH'I9HHH p8ABYC8 BOliHQ-

BOA a ,, b'' 38 C'I9T 6om.wero 'IHCna !'eHepapyeMbiX MOA BbiOpOCbl a CIIeKTpe 

T8KlK9 Cl'li8lKHB8IDTCSI H XapaKTep CIJ9KTpa IIpHOliHli<89TCSI K pacnpeAeneBHIO llJO"l'

Ta (32) a CBOOOAHOM npocTp8HCTBe. 
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5, B npettbiAYmHe cllopMynbl ttnn H3ny'leHHB HeottHopottHoro no t/J Kon&ua eo-
2 

men cllaKTOp I u I · , onpeaenneMbllt cllopMynoA (2). BenH'IHHY 4 rr 2 a •1 u2 1 .. .. 
MO)KJIO H83B8Tb cllaKTOpOM KOrepeHTHOCTII CHHXpOTpOHHOrO H3ny'leHHH K0nb!l8 118 II -olt 

rapMOHII:Ke; o603!18'1HM ero 'lepea s n, N 

I 
ll,N •4rr

2 a2 1u 12
, n •kf', k •1,2, 3, ·· · .. (42) 

2 
Ka11: y)Ke OTMeqanoc&, ttnn TO'Ie'IHoro aapHAa •.,, N • N , 'ITO COOTBeTCTByeT non-

Holt Korepe!ITHOCTII: 11:3ny'leHHB, AllanorH'IH8B (42) Benii:'IHII8 BBOAHnSCb rrpH pac-

CMOTpeHII:II: H3ny'le!IHB OTAenbHbiX cryCTKOB ( f ~ 1) 
12/ 

38piDKeHHbiX '18CTHU B YCKOpH-

Ten rot 

ITpeACTSBnBeT HHTepeC Oll8IIHTb 38BHCHMOCTb cllaKTOpa Korepe!ITHOCTII OT HOMe-

pa rapMOHHKH a 
AnSI lleKOTOpb!X MOAenelt pacnpe.~teneiiii:SI nn<::~~:_:.s.:~~ 

no 83HMyTy, 0603118'1HM ITOCTOHH!IyiO COCTSBnS!IOIUYIO naHei!:aolt ITJ10THOCTH 'lepe3 U 
,- ...... 0 

a rny6uay MOAynH!lHH 'lepea a 
0 

a .. 
a- a 0 I maz 

(1 
0 

1 
2

" N u •-- f o(¢')d¢'•-
0 

21T " 21T a 

N - non11oe 'IHcno 'lacTan B KOnhne. 

r . CTyneH'IaTaB MOAenb: 

u(¢')ao +au x { 
0~¢·~1T/r 

0 0 

TorAa 

s .. 
t e. N 

4 
2 2 

a N 

IT 2 k 2 

-1 
IT 

p-'5..¢':5 2rr 
p 

k·2m-1, mal,2,3, 

0 ~: .. 0 

(43) 

(44) 

Eonee 6nH3KOfl: K B03MO}I{Jib!M pacnpe.~teneHII:SIM MO}I{eT 6biTb CJ10AYIOIU8H MOACnb, B 

KOTOpOfl: ITJ10THOCTb M811H8TCH no CTerreHHOMy 38KOHy: 

14 

u(.t..') 4au f
2 

., • o + a 
0 IT 2 x: 

rr I ,2 • (-) - rp • -rt/2t < rp, <, /2l. 
2t 

( , ) I ( , ')l , , . I • 
- - + - -rp ' - < q) <IT t ' 2t e 2t 

IT 2 , IT I , , 
-(F) +(rp+T) • -rr/t<¢ <-rr/. 

8hi'III:CJ18!IIISI AIUI STOlt MOAenB A810T: 

S 2t-ctaNI 
td,N• eke • k-2m-1, m•1,2 , ' ... 

ITpRBeAeHHble rrpRMapbl IIOK83biBBJOT, 'ITO c pocToM aoMepa rapMOIIBKB 

_:epeBTBOCTJI B9CbM8 tSDICTpO lM911hW8eTCSI H DQI MPQJD!ll!l, RMApmd 

rrepROAOB no lt0111oll)'1 4Ja.KTB'I9CKB BHT91ICHBHO MO}I{eT Bi¥v'8 TbCS UQllBj 

c IIOMepoM a • C , B aToM cymecTeeaHoe oTnB'IHe Hanyqeaan cryCTBl -
aanyqeHBSI TO'Ia'l:lloro aapSUU~. ConOCTasnnn sTOT BbiBOA c peayn&TaTai 

ABM K Bb!BOAY 1 'ITO stjlcjleKTBBIIo& B3ny'I9HH9 KOnbll8 B Kpyrnolt Tpy6e ll] 

6yAeT BM&Tb MecT01 &CnB llpB 38A811Hb1X napaMeTpax Kon&ua H sonac 

6)'JK.q8eTCSI f -aa MOA8 B 1 H8060pOT1 ecna f -MOtta He p83pemeaa B 

( T .. 1), TO RanyqeHBe 6yAeT npaltTB'IeCKB OTcyTCTBOBan.. 

nBTepaTypa 

1. n.ll.. nauay 11 E.M. naljlmRit. Teopaa nong M. 1962. 

2, L.I.Sblff Rev.Scl. Iaatr. 17, p. 6, 1946. 

3. J. Nodvlck 111d D. Suoa Phya. Rev. 96, p. 180, 1954. 

4. r.H. BaTCOII. •Teopaa 6ecceneBbiX ljlyHKiliiA!' Hn 1949, MOC!tB8, q,] 

5. n.ll.. nauay II E.M. nllcllmllll. 3neKTPOAIIH8MIIK8 cnnomHbiX c peA. ' 

6, K.A. BapcyKOB. )!(Tell, T. XXXW, s, 5, CTp. 561, 1963 r. 

7. A,H. llueno. )!(Tell, T. XXXW, Bhln. 6, CTp. 731, 1963. 

PYJtOUBCb UOCTynRn8 B B3A8TenbCitBI OTA8J1 

29 BlOHB 1967 r, 
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AYWBe cj>opMyJibl AJIH B3ny'leHB.II HeOAHOpOAHOrO ITO </J KOJ!bll8 Bo-
2 

1· , onpe,qenseMbiA cj>opMy,noA (2). BenB'IBHy 4 rr 2a 21 0 21 
D 

ISKTOpOM KOrepeHTHOCTH CBHXpOTpOHHOrO B3ny'leHBH KOnbll8 HS ft -oft 

HS'IHM ero 'lepea 5 n, N 

.. 
ll,N 

~ 4, 2 
a 

21" 1 2 
• n .. k e • k - 1, 2. 3, ... 

n 

2 

(42) 

OCb, AJIB TO'Ie'IHOrO 3apSIAa 8 
11

, N • N , 'ITO COOTBeTCTByeT ITOJI-

H H3ny'leHHSI, AHanorH'IHSB (42) BenH'IHHS BBOAHJI8Cb npa pac-

HHB OTAeJibHbiX cryCTKOB ( f R 1 ) 38pRmeHHbiX 'ISCTHil B YCKOpH-

T HHTepeC OlleHHTb 38BHCHMOCTb cj>aKTOpa KOrepeHTHOCTH OT HOMe

AJIB HeKOTOpbiX MOAenel! pacnpe,qeneHHSI ITJIOTHOCTB B KO~ -------------- ····-·--
HS'IHM ITOCTOBHHYIO COCTSBnBIOWYIO JIBHeitHoA ITJIOTHOCTH 'lepe3 0' O 

UHH qepea a 
0 

0' - 0' 

I"""' 0 a .. 
0' 

0 

1 
217 

o(¢')d¢'• ~ 0' --- f 0 2rr " 2rr a 

0 'l:SCTHU B KOn&ue. 

n&; 

(¢')au +au x { 
O~¢'~rr/r 

0 0 -1 " e-:.c/>'5_ 2rr 

4 a 
2 

N 
2 

f,N., ,2k2 kB2m-1, m=I,2,3, 

t?! ~-. 

( 0 

(43) 

(44) 

03MOlKHbiM pacnpe,qeneHHSIM MOlKeT 6biTb CJieAyiOWSH MOACJib, B 

MeHSieTCSI ITO CTerreHHOMy 38KOHy; 

14 

•• 

2 
4cao

0
f 

u(tf>')•o + x 
0 ,• 

( 2 ~ ) I - "' ' 
2 

• -, I 2l < 4> , < , I 2l. 

( " I ( , ')2 , ' I • - -) + - -¢ • - < ¢ <, [ . 
2l f 2t 

If 2 •" 2 t, f -( 2f") + ( .P +T ) , -rrl < cp <- rrl 2 , 

8hi'IHCJieJmSI A,llB 9TOI! MO.ttenH naiOT: 

2 
I' 2 I 

S a ¥ 
kfN• I 1 ,ka2m-1,m•12 • , k , ' •.. 

(45) 

(46) 

npRBe.tteHH&Ie npBMepbl DOKA3biB810T, 'ITO C pOCTOM HOMepa rapMOHBitB cjlaKTOp KQ:., 

:epeHTHOCTJI BeCbM8 6hiCTpO lM9111:tW88TCSI B np1 MQQJD!IIJI, •yemmeJ geCKOIIbKO 

nepaoQOB no KOGbuy, ~KTHqecxa HHTeacasao MO*!T '3DV''TbCS qQpaas roAMOH''8 

C HOMepOM D • f • 8 9TOM CyWeCTBeHHOe OTJIB'IHe H3Jiy'leHRB cryCTKa 'laCTBil OT 

H3ny'leass TO'Ie'lsoro aapBAA. ConOCTaanss aTOT BbiBOA c peayn&TaTaMR n.4, npaxo

.ttRM K BbiBOAy, 'ITO ac~NileKTRB!Ioe R3ny'leHRe KOJ!blla B Kpyrnolt Tpy6e npB Aa!IHOM f 

6y,tteT BMeTb MecTO, &CnB IIpR 3aAa11HhiX napaMeTpaX Kon&lla R BOJIIIOBOAa B03-

6yliQl;aeTCs f -as Mona •• sao6opOT, ecna f -Mona ae paapemeaa B sonsoaone ( +" 1 ), TO R3ny'le!1Be 6y.tteT npAKTR'IeCKB OTcyTCTBOBa'I'I>. 

naTepaTypa 

1. n.JJ.. &ll.ttay • E.M. n.ljlm•n. TeopRSI nons M. 1962. 

2. L.I.Shiff Rev.Scl.laatr. 17, p. 6, 1946. 

3. J. Nodvick sad D. Suoa Phya. Rev. 96, p. 180, 1954. 

4. r.H. BaTCOII. "TeopBSI 6ecceneBbiX cjly!IKDHII! Hn 1949, MOCKBA, '1.1, CTp.471. 

5. n.JJ.. nall.ttay • E.M. naljlwm. 3neKTpO.ttB!IaMBKa CITJIOWHbiX cpeA. «<lM M,1957. 

a. K.A. BapcyKOB. :lKTCII, To xxxw, B. 5, CTp. 561, 1963 r. 

7. A.H. Jl11.tten:o. :lKTCII, T. XXXW, Bhlll. 6, CTp. 731, 1963. 

PyxODRCb llOCTyDRnA B R3A8TenbCKRII 0Til8JI 

29 KIOHH 1967 r. 
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