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Bse.Qeaae 

B ITOCne.QHee Bp9MH B CBB3H C HCCR9.QOB8HHHMH ITO H8KOITHT9RbHblM KOR&U8M
1 

BCTpe'IHblM ITY'IKSM H T,.Q, 6on&moe BRHMSRHe y.qenseTCH BOITpOCSM YCTOlt•:HBOCTH 

6 6 /1,2,3/ 
UHRHR.QPH'19CKHX H KOn&U9BbiX 0 p830B8RHlt OR&WHX TOKOB , KpoMe· H3B9CTROA 

HeycTOlt'IHBOCTH "OTpHU8T9R&HOA" MSCCbl B HSKOITHTenbHblX KOR&USX 6biRH o6aapy

M9Hbl TSKMe aeyCTOA'IHBOCTH, CBB38RHbl9 C KOH9'1ROA rrpOBO.QHMOCT&IO CT9HOK KOMy "". 

/4,5/ 
Xa, B KOTOpbllt DOM9W9H HaKarrnHB89MblA DY'IOK , 

Xopowo uasecTao, 'ITO aapslKeHH&Ilt TOK 'ISCTHU B MarHHTHOM none aeycTolt

'IHB, B ReM HSpH.Qy C B biW90TMe'leHHOA DpO.QOR&HOlt aeyCTOlt'IHBOCT&IO THUS aljlqleKTS 

OTpHU8T9R&HOlt MSCCbl MOryT p83BHB8T&CH TSKlKe rrorrepe'IHbie HeyCTOi'IHBOCTH, no

cne.QHHe CBB38Hbl C H3M9_HeHHeM lj!OpMbl UY'IKS H rrpHBO.QHT K nosmneHHIO "lKeno6KOB" 
1 

"3M99K" H T,.Q, XOTH H 0'19BH.QH01 'ITO 6eCKOHe"'HO ITpOBO.IlHWBlt KOlKyX He MOlKeT 

Bbi3B8Tb DOSIBReHHH .QODORHHTen&HblX HeyCTOJl'IHBOCTeA, npe.QCTABRHeTCH BeC&Ma HR

TepeCHblM paCCMOTpeTb BnHHRHe SKp8RHpOB8RHH RS p838HTHe HeyCTOlt'IHBOCTelt, 803-

/tj/ 
HHKSIOWHX B DY'IK9, B pa60Te 6&In DpOBe.QeR 8R8JlH3 pa3aHTHfl HeyCTO.I!'IHBOCTH 

OTPHUSTeJl&HOlt MSCCbl B 3Kp8RHpOB8HHOM rry'IKe, llemo HACTOSillleA pa60Tbi-BblHCRHTb 

rrpouecc pa3BHTHH rronepe'IRblX aeycTo.I!'IHBOCTeA B ny'IKe, aKpaaaposaHHOM rrposo.QH-

WHM SKpSHOM, 

1. nonyqeaae .QHcnepCHOHHoro ypSBHeRHH 

/6/ 
B pa60Te HSITHCSRO .QHCITepCHOHHOe ypSBHeHHe, CBH3biB8IOIUee 'ISCTOTbl KSK 

ITpO.QOn&RbiX, TSK II DODepe'IRbiX BORH C HX BORROBbiMH 'IHCRSMH If rrapaMeTpSMH 

CHCTeMbl, 0.QH8KO .QJlH HCHOCTH H3Jl0}1{eHHH rrpe.QCTSBRHeTCSI uenecoo6p83Rb1M UOBTo

pHT& OCHOBHble MOMeRTbl H o6my10 ITOCTSHOBKy 38.Q8'1H, 
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PaccMaTpHsaeTCSI 6ecKoHe'IHO TOHKHii uHnHHAPH'IeCKHii cnoii aapRlKeHHhiX '!aCTHU 

B MarHIITHOM none •. Cnoil: OKpylKeH UHnHHAPH'I8CKHM a6COniOTHO npOBOASilllHM KOlKYXOM, 

8 BbJ6paHHOA UHJlHHApH'18CKOA CHCTeMe KOOPAHHaT OCb HanpasneHa BAOnb OCH 

O>KpaHa, KOTOpblll 6yAeM C'IHTaTb KOaKCHanbHblM CO cnoeM '!aCTHU. 3aAa'!a pemaeTCSI 

B nHH9JlHOM npu6nHlK9HHH, TennOBbiM paa6pOCOM npeHe6peraeTCSI • .£lnSI npOCTOTbl 

a 
C'IHTa9M --a;-= 0 • .£lyMa9TCSI, OAHaKO, 'ITO 3TO orpaHH'I9HH9 HeCylUeCTB9HHO H npo-

B9A9HH09 paCCMOTpeHHe cnpaBe.[lnHBO AnSI BC9X BOnHOBblX 'IHCen k , AnSI KOTOpblX 

BbJUOnHSI9TCSI ycnOBHe pacnpOCTpaHaHHSI H93aTyXaiOlUHX UHnHHAPH'I9CKHX BOnH. 

cui 2 
---k 

c2 z 
> 0. 

(1,1) 

CU - '18CTOTa paCCM8TpHBa9MOJi BOnHbl, 

8 CT8UHOHapHOM COCTOSIHHH Ce'!eHHe TOK8 npe.ncTaBnSieT co6oA KOnbU01 paAHyC 

KOToporo paaeH r 
0 

CKOpOCTH CBeT8 C 

CKopOCTb B HanpaaneHBH re . BblpalKeHHaSI B e.nHHHUaX 
cu r 

1 
paBH8 f3 • __Q__Q. 1 r.ne CU - '18CTOT8 o6palU9HBSI K8lKAOH 

0 c 0 

'18CTHUbJ: 

e Ho 
( 1.2) cu 

em 
0 

Y
0 

H 
0 

- BHemHee MarHHTHOe none, e - aapSIA qacTBUbi, m 0 - ee Macca, 

y .. ( 1- {3 
2 

) -t/2 • PaaeHCTBO ( 1.2) nony'leHo npa ycnoaau: 
0 0 

v eu 2rr r 
--·- = 0 0 << 1 ' 

m c 2 y 
0 0 

( 1.3) 

Yo 

rAe U O - nosepXHOCTH8SI nnOTHOCTb '18CTHU, 

EcnH K8lKA8SI '18CTHU8 KOnbU8 CMeCTHnacb no pa.nsycy H8 BenH'IHHY e ( (} O 1 t), 

a no a3HMYTy-H8 BenH'IHHY TJ ( (J 1 t ) 0T H9B03MylUeHHOJl '18CTHUbl, KOOpAHHaTbl Ko-
0 /3/ 

Topoli B MOMeHT BpeMeHH t eCTb I ro' e o• I. TO ypaBH9HHSI .nnR e B 17 ecTb 

2 2 e "' r 
e+w (1 -y le-cu y 2 ~ .. --(E +--0 -

0-H ), 
o o oo m r c z 

0 y 0 ( 1.4) 

e 
:,;+cu 0 ( .. y3 

m o o 
E e . 

4 

_)~ . - - ........... -~-- --------· --

To'!lta B4A ( B 
d a a 

-=-+cu --
d t at o a e H - cyTb 

& 
E,, Ee ' 'I 03H8'18eT 

aanpRlKeHBOCTH, CBSI38HHbJe c nosmneHHeM TOKa H aapRAa B03MymeHHR. Csstaas co

CTasnHJOruBe CKOpOCTH B03MYlU9HHbiX '18CTBU H nnOTHOCTb B03MYlU9HHblX 38pSIAOB qe

pe3 ypaBH9HH9 aenpepb!BHOCTH, MO lKHO H8nBCaTb nHH9HHbl9 UpHp8lU9HHH TOK8 B BH.ne: 

l -e u 6(r-r ), 
r 0 0 

J-,•u ~ B(r-r) -u
0

cu
0

r (B'(r-r
0

). ., o at o o 
( 1.5) 

8blp83HB E t , E (J , Hz 'lepe3 J t H J (J 1 Mbl 38MKHeM CBCTeMY H c.ne-

naeM yp8BH9HH!I ( 1.4) C8MOCOrnaCOBaHHbiMH, 8TOT llpOUeCC 1 TaK lK9 K8K B npny

/6/ 
qeaue ( 1.5), no.npo6ao sanolKeH a • 3.necb npsae.neM peaynbTaT 

D2 
)--[{3 'I C+l(l-f3 f3 )(A] 

/32 cu 0 cu 
2 2 2 2 2 

-p (+(1-y )cu l-Ieu y P'l"' 0 (1-{3 f3 
0 0 , 0 0 0 cu 

ln
2 

fJcu 

0 ( 1.6) 

2 
-p " + 

02 
lpcu

0
(•{ 

Yo {3: 

(f3cu'l B +1(1-f3
0

f3cu)(Cl 

flpB nony'I9HHH ( 1.tl) C'IHT8nOCb1 'ITO ( B 

elcu t-ln~ 0 " 38BHCHT OT (} O B 

8 CHCT9M9 ( 1.6) npHHHTbl cne,nyiOlUH9 0603H8'19HBH: 

2 
n 

p • cu _, n cu 
0 ' 

2 eu
0

2rrr
0

cu
0 

mo c 2 Yo 

cu r o 
fJ cu"' _n_c_ ' 

A cu r 0 1 cur 2 "' r _ .. J ( __ ) .H 11 ( __ o } _ J ( __ o } 0 , 
fT n C n c . .n c 

B cur 
J' (--o-} Hill 

ll c ll 

cur 2 cur 
'(--o)..: J' (_:_g_} D, 

c ll c rr 
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cur (II cur 1 cur cur cur . cur 
J:_=_LJ (--o )H '(--0)+-J' (~)Htll(~)-J (--o )J' (----ll)D, 

11 2n c n C 2n c n cDC n c 

Htll '(~) 
n C 

D ~------
J'(~) 

n C 

b - paAHYC sKpaaa, WTpax y ~yaxuaA BeccenH oaaa'laeT AH~~peauaposaaae no 

apryMeHTy: 

Ha cacTeMhi { 1.6) cneAyeT .[lacnepcaoaaoe ypasaeaae 

p2(p2-cu2 )~ 
0 

cu 2 ( 
1 _ y 2 )-p

2 

~ ( l _ {3 {3 ) p 1 C 0 o IB-
0 

cu 
. {3~ 

p 2 4 
- -.- ( 

1 
_ {3 f3 ) 2 • 0 n 

2

(1- ,s f3 )2 
,92 

0 
cu lA]+ o Col 

cu y2{34 
0 0 

§ 2, Hccne.[losaaue .[lacnepcaoaaoro ypasHeHHH B OTCyTCTBHe 

npoBOAHwero sxpaaa 

(1.9) 

.llm1 nony'leHHH .[lHCnepCHOHHOrO ypaBHeHHH, OOHCblB810Wero UHnHH.[lpH'IeCKOA cnoA 

B OTCyTCTBH8 3Kpaaa, Hy}KHO ~OpManbHO B ypaBHeHHH ( 1,9) nonolKHTb D m 0 • KaK 

6y.[leT noKaaaao HHlKe,sTa onepauaH a.[leKBaTaa nepexoAi K npeAeny b .... , 'ITO 

03Ha'laeT yAaneaae 3Kp&Ha Ha 6eCKOHe'IHOCTb, npa 3TOM B { 1.8) A .. A I • 'B .. B I, 

C -+ C 1 

A ... A/ D•O I B • B/ D•O I C aC/D,.o I \2.1) 

flepeXO.[l!l K 6e3p83MepHblM nepeMeHHblM p' • _P_, BH.[lHM, 'ITO ypaBH8HH8 (:.!.1) 

HMeeT BH.[l: 
cuo 

p'
2

(p'
2
-1)=t f(p'), 

(2.:.!) 

!)2 II 

r.[le t - ManhiA napaMeTp, a B aaweM cny'lae t• -f-=-•-«t. Ypasaeaae \2) 

MOlKeT 6biTb peweao MeTOAOM nocne.[lOBaTenhHhiX npa6~heaah 0no sTOMY ManoMy 

6 

., I • 
f· ' 

• ·',t 
'• .\ 

t ';{::·· 
•,!,~ 

.:.~. 
fllJ:; 

<$,' 
'II( 
'•./ 

,J<'· 
~· 
·~:f;. 

r;.~·;_ -
1

··~.· 
' 

' 
' 

: 

~ 
•,. 

napaM8TPY, flepBaS CTyneHb BTT8p8IlHOHHOA npoue.[lypbl npHBO.QHT K 

, 2 ( , I 

YP8BR8HHIO 

p p ' -·1)- 0. {2.3) 

113 STOro Bhlp8lK8RHS Cn8.QY8T, 'ITO CYIIl8CTByiOT .Qse B8TBH KOne6aHHA 

p ·- 0 (2. 
B 

p'-;tl· (2. 

/3/ 
no aaanoraa c nnocuM cnoeM (eM. HHlKe a B ) nepsyro seTsb OTHOCST 

COOTB8TCTB8RHO It npO.QOnbHbiM Kone6aHHHM, BTOpyro - K nonepe'IHbiM, .lleACTBHTenb 

BaS H MRHMaS 'laCTII llOnpaBOK K B8TBH (:.!,4), CBS3aHHhie C ManbiMH 'lneHaMH B 

ypaBH8HBB (:.!,:.!), XapaKTepH3YIOT COOTBeTCTBeHHO C.QBHr 'lar:TOTbl llpO.QOnbHbiX Kone 

6aa11il: II HRKpeM8HT H8YCTOil'IIIBOCTII1 06H38HHOA TaK Ha3biB88MOMy sljl<tleKTy 'OTpHUa 

Ten&Roil:' MaCChi, STa BE!1:Bb 1tone6aaaA .!IOCTaTO'IHO xopowo aay'leaa (eM., aanpa-
/1 2/ . 

M8p 1 
1 

), ll03TOMY llO.Qp06HO OCT8HaBnHB8TbCH Ha HCCne.QOB8HHH ypaBH8HHS (2,1) 

B o6naCTII p '• 0 Mhl He 6yaeM. OTMeTaM TOnbKO ('ITO aenocpe.[lCTBeaao cne.Qye 

113 yp8BJI8RHSI (2,1)) 1 'ITO HHKpeMeHT HeyCTOil'IHBOCTII Ha llpO.[lOnbHb!X KOne6aHHHX 

nponopusoaanea KBa.llpaTROMY Koparo aa Manoro napaMeTpa t , T.e. Im cu .. ..;;-

flepeA.QeM K IICCne.QOBaHHIO ypaBHeHil!l (2.1) B o6naCTH p '• + 1 • BTopaH CTy

ll8Hb HTTepauHOHHOA llpOile.Qypbl npBBO.!IHT K 

, 2 0 2 

P - 1 • -·-- ( n + 
Coli 

1) 
2 I I [ J ' (a) + K J (a) ]

2 

n -= n (2.6) 
0 

-[] ', (a) ± K J, (a)] [ N; (a) ± K N, (a)] I , 

r.11e Al ro 
a•----, 

1-{3 f3 
0 Q) 

K• 
c f3cu 

. , B 
no naraH p • + 1 + --- , nony'IBM 

Alo 

rt II II 2 ,. '( )]J\2,7) B ·-·--•-"' (11+ 1) I[J' (cz)+KJ (a)] -0 (cz)+KJ (a)][N cz)+KN (cz , 
II 2 0 - D -• D D - D D -• ll 

Yo 

BH.li8KC II y KOMUneKCHOA nonpaBKB K '18CTOTe COOTB8TCTBY8T HOMepy rapMOHBKB, 

Hcnom.aya csoilcTBa ~YHKUHA Beccen/
71 

N' (-x)a N' (x) + 21 J' (x), 
n n n 

nerKO npoBepHTb 1 'ITO .QnH rapMOHBK II"' 0 H D = 1 cymecTsyiOT TonbKO cna6o-

aaTyxaromae peweHJI!I BHAa: 
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. II 

Jm 8 .. -· ..!...._ -•- cv [ J ({3 ) _ 13· J ( f3 ) ] 2 

0 2 )I 010 00 0 
0 

(2.8) 

" 2 
Jm /5

1 
. I •-·2 rr -•- cv O { J' ( 2 f3 

0
) + K 1 J 

1 
( 2 f3 ) ) , K = 

1-2{3. 
~ . (2.9) 

t, y 1 0 1 
0 

2f3o 

3TO 03Ha'la9T
1 

'ITO l!SlKa Y'IBT C06CTBBHHbiX CHn JtOnbUa IIpHBOliHT K yCTOil

'IHBOCTH ero OTHOCHTBnbHO H3MBHBHHSI 6onbWOPO PSliHYCS H CliBHPa ltSK uenoro, 
x) 

.D,ng rapMOHH!t II > 1 IIOSIBnSIIOTCSI H9yCTOil'IHBbl9 peweHHSI BHliS . 

rae 

rr II 2 2 
JmlJ .. --•-(a-1) cv [J' (a)-K J (a)] 

fi.l 2 Yo o n "n 

1111 -·1 2 
1- f3 

I II I 0 

(2.10) 

a•<llll-1)f3 0 , K 
D 1111-·1 

. ~f3o 
HHKpeMenTbl HM910T rapMOHHKH C II >'1, .. Ha (2.8) cneayeT, 'ITO MSKCHMSnbHhie 

TSK KaK
1 

HCIIOnb3ySI SCHMIITOTHKY ljlyHKUHA Eecceng IlpH II >>1 1 nony'IHM 1 'ITO C 

pOCTOM II HHKpeMaHT Jm lJ ., II e -~ 11 
0 TO BCTb 3KCIIOH9HilHanbHO CIISl!SeT, 

B aaKnro'leaae aaaaoro rraparpa¢a OTMeTHM, 'ITO aeficTBHTenbHaB qaCTb ypa~ 

HeHHH (2 ,1) OnpeaenHBT IIOIIpaBKY K qaCTOTe 1 CBH3aHHyro C C06CTBeHHbiMH CHIIaMH, 

OaaaKO IIpH IlpHHSITbiX rrpel!IIOIIOlKeHHSIX aTa IIOIIpSBKa HMeeT OTHOCHTeiibHblfi IIOpSI-

11 
JlOK -t_ 

1 
1103TOMY He npeJlCTaBIISIBT HHTepeca, 

Yo 

§ 3, Co6CTBeHHbie Kone6aaas uanHHllpa'leCKoro enos 
aapslKeHHbiX 'laCTHU IIpH HaiiH'IHH IIpOBOJlSIWBPO SKpaHa 

BepaeMCB K ypasaeaaro ( 1.9). Hcrronbays paccylKJleHHB1 npaseneHHbie B rrpe

JlhiJlyweM 118parpaljle
1 

IIBPKO y6eJlHTbCH 1 'ITO H B 3TOM cnyqae CYWBCTByroT JlBB BBT

BH C06CTBCHHbiX KOne6aHHfi TOHKOPO UHIIHHllpH'IBCKOPO CIIOSI aapBlKBHHbiX 'laCTRU: 

x) /3/ 
3)laCb HYlKHO OTMBTHTb1 'ITO B HBYCTOfi'IHBbiB peWBHHSI BHJlS (2,9) He 

6binH IIOny'IBHbl, 3T01 IIQ-BHJlHMOMy1 CBSI3aHO C rrpenenbHbiM rrepeXOJlOM Q) .. 0 
B IIpaBOfi 'ISCTH ypSBHBHHSI (2,1) 1 'ITO IIpH peii!ITHBHCTCKOM BpSIIleHHH 'laCTHU f3 •1 
aecnpasennaso. 0 

8 

I ,, 

' ~ 
~::;' , I 

·~' 
:!Ji;' l 
·, ' 

. -} 
',1 

I 
l~ 

,'j 

~ .!, 
I ~:. 

tt 

'\ 

j 

KBa3HIIpOJlonbHbl9 H KBa3HIIOII9pa'IHbla, nepBa!l BaTBb COOTBeTCTByaT 'laCTOTaM 

/6/ 
Q) • a Q) O , KOII96SHH!I B6nH3H ltOTOpbiX HayCTOfi'IHBbl C HHKpaMaHTOM 

·---

11 j 2( b- r 0 ) 

Jm Q)• + n -- b • (3.1) 
Yo 

KOTOpbiA yM9HbW89TCSI IlpH yMBHhWBHHH paCCTOSIHII!I MBlKJlY CIIOeM 'laCTHU II 3KpaHOM, 

nonpoCiHee 0 pSCKa'IJte KB83HIIpOAOnbHbiX KOne6f\HHil ( B03HI!Karowefi H 3AeCb B peaynb

TSTB a~eltTS 'OTpauaTenbHOii" MaCChi) IlpH Haiiii'IHII 3Kpaaa CM, pa6oTy OAHOPO R3 

/6/ 
aBTOpOB , 3l!eCb Mbl Cionee II0Ap06HO OCTSHOBHMC!I HS HHTepeCHOM aljlljleKTe IIOnHo-

PO IIOAaBneHHSI KB83HIIOIIepe'IHbiX HBYCTOfi'IHBOCTBH ( BeTBb CV ~ ( n + 1) cv 
- 0 

UHnHH-

liPH'IeCKHM aKpaHOM C 6ecKOHe'IHOH IlpOBOJlHMOCTbro, Cpa3y lKe cneAyeT OTMBTHTb 1 

'ITO TaKoe nonasneaae nonepe~hlX aeycTOH'IHBOCTefi OTCYTCTByeT An!! rrnocKoro aa

x) 
p!!lKBHHOPO CliO!! B6II1!3H IIpOBOliSIWBfi CTBHKR , 

PacCMOTpHM ypaBHBHHe ( 1.9). npeACTSBnSI!I ljlyHKUIIID XaaKen!l B BRAe H ( 
1 t z) c n 

c J il ( z) + i N n ( Z ) , nerltO rrony'IRTb BMBCTO ( 1. 7) 

N'(~) 
.. c 

B .. I rr { J' (a) N' (a) -· J ' 
2 
(a) -;:- ] 

ft D D J'(-(V-V-) 

(3.2) 

n C 

N'(~) 
D C 

A .. i rr [ J (a) N (a) - J (a) b 1 , 
D D D J' (-Q)--) 

D C 

(3.3) 

N'(~) (3.4) 

C =I rr [ ..!._ J ' (a) N (a) + - 1- J (a) N ' (a) -J (a) J ' ( cz) " c ] . 
2 D D 2 D D ft ft J, (~) 

D C 

Ha BbipaJKeaaA (3.3)-(3.4) cneAyeT, 'ITO Ami a~1 ( IlpH STOM Cl > 0 II. .!!!.!_ > 0 
- c-

senH'IHHbi A • B H c 'IHCTO MHHMbl
1 

1103TOMY npaBa!l qaCTb ypaBHBHHSI ( 1.9) 

AeficTBHTenbHa. Ha aToro aenocpeACTBBHHO BhiTeKaeT 1 'ITO Knaaarrorrepe'IHhle 
itoiie-

H n >1 ycTOfi'IHBbl 1 a ABfiCTBHTanbHSSI 
CiaHH Sl C 'laCTOTSMH Q) '" (a + 1 ) Q) 

---~-----------~· 0 x) noApo6aee o rrnocKoM cnoe s6naaa rroABOAHWefi cTeHKH H npeAenbHOM rrepe-

xoAe OT uunHHApR'IeCKOfi reoMeTpHH K IInOCKOii CM. HH>Ke 1 ·§ 4, 
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rrpaaaSI qaeTb ( 1.9) orrpenenSieT nHwh rrorrpaaKy K eo6eTaeHHhJM 'laeTOTaM Kone6a-

HHilx). lleikTBMTenbao, rrper.~eTaansm P B BHJle p • + C&l 
0 

+ lJ , nony'IHM 

" /J•+..!!.....-8-C&I (n+1)~J'(a)+ K] (a)[N'+KN (a)-{]'(a)+KJ (a) 
2 y 0 -· ft ft II- II II - 11 

0 

b 
a m(n+l),S --· 

1 -· o r 
0 

N' (a ) 
!...__! 

J ' (a ) 
II I 

] ' (3.5) 

0eTaeTeSI paeeMOTpeTb rapMOHHKH e ft ::: 0 I TBK KBK )lnSI HHX a • (n + 1) ,S 
b - 0 

H _C&I __ OTpHUaTenbHbl, 11erronh3YSI eOOTHOW8HHSI nnSI EeceeneBhiX cjlyaKnHA e OTpHc 

uaTenhHhiMapryMeRTOM N_ (-x)aN(x)+21J(x), J (-x)eJ (x) 
D II D -1\ ft 

BMSeTO (3.2), rronyqHM 

B .. ~ril Jl,nl <!a!)Nlnl <!a!)-J'I:I (!a!J 

C&lb 
Nlnl ( 1-c-1) 

]' <!~!) 
In 1· c 

I' 

N' (!~ !) 
Ae~rifJI~~I<Ia!>Ninl.(lai)-·JI:l <Ia!) 1~~1 c I, 

J' <1~1> I .. I. c 

(3.6) 

(3.7} 

c = "!I -+ J ·, ft I ( I a I ) N "" I <I a I ) + +- J 1111 <I a I ) N Ill I <I Q 1J <I a I ) X ( 3.8) 

N' <!~!) I .. I c 
X I. 

]' (!~!) 
1~~ I c 

0Te10na enenyeT, qTo BhJpalKeRHSI nng A , B H C , orrpeneneaahte cjlopMynaMH 

(3,2)- (3,4), H BhiBOJlhl 0TROCHT8flbHO yeTOA'IHBOeTH errpaBe)lflHBhl )lng flJ06bJX rap

MOHHK KB83HnonepeqaoA B8TBH Kone6aaHA B TOM 'IRene H )lflSI D < 0 .. 
. x) 

OTMeTHM epasy, 'ITO Bhlwenpuaeneaaoe paeeyJKAeHHe o6 yeToAqHBOCTH KBaSH· 
nonepe'lahlx Koq_e6aauA eoxpaaHeT eHny nuwb npu BhmonaeaHH aepaaeaeTaa ~ << 1 , 
TaK KSK IlpH --4- -> 1 ypaBH8HH8 ( 1.9) SIBflSieTeSI Tpaaen8HJl8HTHbiM H MOJt?'e~ 
HM8Tb KOMIIflSKtll:bJe KOpRH, 

10 

·~-"""" .:.:;.~-' 

§ 4. 11eenenoaaaae yeToA'IHBOCTH sapS!lKeaaoA TOKoaeeyweA 
nnoeKoeTH, aaxonSIUieAeg a6nasa npoaonSIUiero aKpaaa 

.llnSI TOrO qT06hJ BbJSieHHTb eymeeTB8HHh18 pasnaqag B yeToflqHBOCTH DHflHH-

npHqeeKOrO enOS! sapS!lK8HHhiX 'ISeTHU, OKpyJKeRROrO npOBOJlSIUIHM SKpBHOM, 

OT rrnoeKoro enoS! a6nusu rrpoaon>~meA CTeHKH, paeeMOTpHM sana'ly 

0 eo6eTaeaahiX Kone6aaHSIX noenenaero. ByneM C'IHTSTb, 'ITO cnoA pacrronoJKeH a 

ToqKe x .. a , a npoaonSIUiaSI cTeHKa - B x '" b • nonaraeM nanee no aaanorHH c 
a 

npeJ:IhiJlYIUSA 38Jl8'1eil, 'ITO a;- = 0 , 3apSI)J{8RHhle 'ISCTHIIhl JlBHJKyTCSI B DQnO)J{HTenb-

HOM aanpaaneHHH OCH Y C HepenSITHBHeTCKOil eKopOCTbJO V O • nerKO npoaepHTb, 

'ITO eyiUeCTByeT CT811HOH8pH08 rMJlp0JlHH8MH'18CK08 COCTOSIHHe JlflSI TaKOA CHCT8Mbl, 

y ..... YpaaaeaHe nnSI noTeHuHanoa B03MymeaaA B o6nacTH 

tvo X< b HM810T BHJl 

o I a.l 11 • " 
"'1 C&l 2 "1 4,., "'1" I 

~A +--A .,_ --J ; A .. A + A 
1 c2 1 c 1 1 1 1 

(4.1) 

(4.2) •t cu2 • I • 
~<P +--<P •-4wp; 

c2 

¢1 ,. '¢ + cp I 

~ 

/6/ 
38IIHW8M nnOTHOCTH TOKa 11cnonb3YSI MSTOJl, aaanorH'!Hbiil npennO)J{SRROMY B 

H 38pS!Jl8 B BH)l8 

.. 
j1 =J'1 (y,C&~)lJ[x-a(y,C&~)] (4.3) 

pep'(y,C&I)B[ x-a (y, C&l)] • (4.4) 

npHMSHSISI npeo6pa30B8HH8 <l>ypbe no X H y K ypaBH8HHSIM ( 4.1) H ( 4.2), IID-

nyqHM 

A 1 (x,k 2 ,C&~)• ~" Jj'(a,k 2 ,C&I) 

., 4w cp (x,k ,C&I)=-fp'(a,k ,C&I) 
2 c 2 

.. 
k .. ( kl 'k2' 0) 

11 

1 t ( z- Cl, 
e 1 

k2-~ 
c2 

1t (z-a) 
e 1 

k 2 (&12 ---
cl 

dk 
I 

dk 
I 

(4.5) 

(4.6) 



HCII01Ib3YH )deTOA H300pa.lK&HHA, II<my'IHid Bblp&.lK&IIHH AnSI IIOT&IIItHanOB 803/dYIIt&-

IIHA B oonaCTH X < b , CBSI38HHblX C HanH'IHeld IIpOBO.QSIIItei'O 9Kp8H8 

:2 4tr I e'kl(2b-a-z) 
A (x,k1,c:u)•--JJ (a,k 1,c:u) dk 

I c I c;u2 I 
k ---

cp I {X, k I , Ql ) • 4 If f p J (a , k 
2 

, Ql ) 

c2 

tk (2b-a-z) 
e I 

k "' 2 

c2 

dk 

HaKOHeit, IIOTeHitHanbi B oonaCTH X> b HM&IOT BHA 

tt 1 [( ( x-b)+b-a] 
e 

I 

n 4rr 11 n 
A (x, k.,"') • --- f j (a, k 

2 
, c:u) 

l • c --------dk 

n k ) 4rr f n k ) cf> (x, a•"' •- p (a,.a,c:u 
( 

2 2 2 A1 2 I 
( k +k ---rl' 

I 2 c 2 

lk [(cx-b)+b-a] 
e . I 

(2k2+k2 c:u2 dkl 
I 2---c 2 r II 

(4.7) 

(4.8) 

(4.9) 

(4.10) 

.. r II iJcp 
Y.noaneTaopss ycnoaa10 KanaopOBKH divA + __...... ·--- = 0 H 

c at 
2 

ycnOBHSIM npa x • b , nony'IHM (y'IHTbiBall ypaasesae k "'r 11 

rpaHH'IHblM 
c:u2 

--c-~- , cnpa-

B&.QnHBO& BO BCeX TO'IK&X, KpOM& X • a ) CHCTeMy ypaBHeHHll 

k j' - k j ' -·A • 8 , 
I y 2 x 

ck 
~ j ' - k c p ' + _c_ k A • - ---2

- B , 
c x I Ql 2 Ql 

c:u ' ' c 'c -j -k cp +-k A"'--k 8 
c Y 2 Ql I fQI I ' 

(4.11) 

rAe 

A •k j 
1 + k j 

I y 2 x 
( 4.12) 

11 II 
B .. (k

1
j 

7 
-k

2
j,., ( 4.13) 

12 

2 c:u• 
( •1-0-rll)--

k 2 c 2 

I 

DepBbl& liB& ypaBH&HHSl CHCTeMbl (4,11) naHeitH0-38BHCHMb1 1 II09TOMy pellleHHe (4,11) 

eCTb 

' 
A= ( k I j 'y - k 2 j ', ) ; 

(4,14) 

' -+ 

B ., 2 
( k I j ~ - k 2 j ',. ) , (4.15) 

_(__+ 
( 

DpeAnonaraeM .nanee (Ami npocTOTbi) sKpas 6ecKoHe'IHonpoBoLlllll\KM r .. oo , 

2 c:u2 
TOI'll8 ( -o f --

2
-- H 

k c 2 

I 

A • - ( k 1 j ',. - k 2 j ', ) , (4.15) 

B • 2 ( k 
1 
j'

7 
- k

2 
J', ) . ( 4.17) 

<l>opMynbi (4,16), (4,17) COBM&CTHO C (4,12), (4,13), (4,5)- (4,8} H ypaBHeHHeM 

HeiipepblBHOCTH ~ + div j "" 0 II03BOnSIIOT nony'IHTb Bblpa.lKeHHSI AnSI nonell 
at 

B03Mylll&HHll B nHHeitHOM IIpH6nH.lKeHHH, 

H 

H 

dk 
4rrip'0 c:u ,. ., n 1(z-aielt 112b-a-z)) 1 4,18) 

f[k v -k v K]le 
2 

•; 
2 I y 2 " k -c:u C " cc:u 

dk, (4.19) 4rri p~ ,. ,. n 1 (x-a) n 1 (2b-a-llt)) 
E .,_ Jk (k v -k v K](e +e 

J: ' 2 l Y 2 X k
2-cu 1 /c 2 

E 
y 

"' 
4, i p, d k 
__ _;:.o_Jk [k :; -k:; K](en 1 cx-c)-ett 1 (2b-•-•') 1 

"' 
I IY 2x 2 2 2 

k -c:u I c 

cu'e Ql -·k
2

v
0

, K•l 
"' v 0 

2 
k 2 c 

(4.20) 

DpH HHTerpHpOBSHHH DO d k I B BblpS)!{eHHSlX (4,18)- (A,2Q) Hy)!{HO BBeCTII 6ec

KOHe'IHO Mance 3aTyxasae .nns npaaanbsoro o6xo.na nonJOcoa no.nHHTerpanbHblX 
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2 "'2 
Bb!pBN<eHnii, T.e. B~ICCTO 3H8MCH8TC/HI k - --

C2 

2 "'2 
HyN<IiO OHC8Tb k - f -- , rne 

c2 
( It I .. 1 \, npu STOM MoryT f HME'CT l\.lanyJO nonO)!<HTenbHYJO MHHMYJO Jl068BKy 

cyweCTBOBBTb JlB8 BH)la KOne6aHHit: DOBepXHOCTHble H HanpaBnSieMble BOnHbl, nepBble 

I f 2 cu2 
x B unne exp -a I x I I H a~ " k - -- , BTOpbie -j 2 2 c2 

HMC!OT 3llDliCHMOCTb 0T 

-exp I i a 
1 
I x I I n a s ~ - k 

2 
• OnaaKo nocTaTO'IHO nony'IHTb nucnep-

1 c 2 

cnoHaoe ypaaneHne nnSI onaoro anna Kone6aauli, TaK KaK nepexon K npyroMy suny 

KOHe6aHnii OCyWeCTBnSICTCSI npOCTOii 38MCHOii a -+ i a I , noJICTSBnSISI ljlopMynbl 

(4.18)- (4.20) B nuaeapH30B8HHblC ypaBHeHHSI runpOJIHH8MHKH 

... av ... ...... eE e 
-+v(Vv)e--+-
a t m m c 

... v H], 

nony'IHM Cl!CTCMY OJlHOpOJIHblX ypaBHCHHll JinH B03MyiUeHH11 CKOpOCTell 

· ( ' q I ) "' · pI " -1 CU + -- V + (I --- - CU . \ V e 0 , 
co' X cu' HO y 

q2 .. p2 ., 
(i--+cu )v -i(w'+--)v eO, 

, HO r , y 

"' "' 
rae 

2 2 q e jfl p k K2 IT ( 1 21a(b-•) -f)·(b-a) 
1 o · 2 -- +e e 

a 
) . 

q e-ifl-ak 2la(l>-a 
2 o 2 x11e 

e -'I I b- a) . 

PI •-q2, 

2 21a(b-a) -'l(b-a) 
p =if' a11(1-e e ). 

2 0 

4 rr e p 
0 

.. 
V X H 

(4.21) 

.. 
vY 

(4.22) 

(4.23) 

(4.24) 

(4.25) 

(4.26) 

(4.27) 

3aecb BBCJlCHbl cnenyJOIUHe 0603H8'ICHHSI: f!
0 

e 

KOHCTaHTa, nponopunoaanbHaH Jmt • 

'1 - nonOlKHTenbHSSI 
ma 

14 

113 ypaBHeHllii ( 4.22) H ( 4.23) nony'IHM JlHCnepCHOHHOe ypaBHCHHC, OnHCLIB8Kl

WCC C06CTBCHHb!C KOne6aHHSI HCCnenyeMOH CHC. TCMLI: 

,2( '2 2 ) '2( ) 2' ' ( 2 cu "' -cu ~-f<J P +q - tp w"' - P q +P ) HD 2 I I HO 2 I I ' (4.28) 

Mbl C'IHTaeM, 'ITO nnOCKllii cnoii H8XOJlHTCSI BO BHCWHCM none. 3TO COOTBCT-

CTnyeT nOHBneHHJO B (4.22), (4,23) H (4,28) 'IBCTOTbl cu H 
0 

• 3TnM Mbi no6uaa-

eMCH nonuoii ~anoruu c npeL\hiJiywell aanaqeli. Eonee Toro, KaK H paabwe, 6yneM 

00 
nonaraTb ----« 1 . 

"'1iD VIa ( 4.28} BHJIHO, 'ITO Hyneaoe npn6nHlKCHHe no STOMY napaMeTpy ManOCTH Me-

TOLlS nocnenoaaTenbHblX npu6nnlKeHnii, naeT: 

(U 
1 

11!111 01 cu,- + CiJ 
HO 

(4.29) 

npu 9TOM 'ISCTOTbl f<J' "' :!: C&lH O SIBRSIJOTCSI 'I8CTOT8MH nonepe'IHLIX KOne6aHHH 

enoS!. 3To yTaeplKneaae nerKO nposepHTb, ecnn nonolKHTb a ( 4.21) E Y = 0 • npH 

sTOM nucnepcnoaaoe ypaaneaue npHHHMaeT san 

( 
, 2 2 ) , , I 

cu -·cu cu • - q "' - p cu 
HO I I HO (4.30) 

0TCJO)l8 cnenyeT, 'ITO BeTBb (&), •+ (&) 
HO 

SIBnSieTCSI HeyCTOli'IHBOH H HHKpeMeHT He-

yCTOli'IHBOCTH lJ HSXO)lHTCH H3 yp8BH9HHSI: 

lJ- + 
1 

2 CU H 0 

x) 

[ -Jm q 
1 
+ Re p 

1 
]. 

BepaeMCSI K ypasaeHHIO (4.28) • LlnSI seTBH cu'•+cu 
- HO 

(4.31) 

nony'IHM: 

lJ "+ _1_ [ -Jm ( p + q) - 2 Rep ]. (4.32) 
- 2 2 I + I 

C&lHO 

npHHHMSSI BO BHHMSHHe (4.24)- (4.27), BHJIHM, 'ITO B OTnH'IHe 0T npe)lblJIYIUeil 38-

JlS'IH cjlopMyn&I ( 4.31), ( 4.32) naiOT aeayneBbie HHKpeMeHTbl nnSI nonepeqaoli: BeTBH 

Kone6aaaA. 

BeTBb Kone6aanli: cu' = 0 accnenoaaTb ae 6yneM. 3aMeTHM TORbKO, 'ITO nna 

Hee nonyqaiOTCSI HHKpeMeHTLI,nponopUHOHanbHble KB8)lp8THOMY KOpH!O H3 DROTHOCTH, 

x) 3aMeTHM, 'ITO no BHJIY OHO COBnanaeT C ypaBHCHH9M ( 1,9), 
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§ 5. 06cy~aeaae peaynbTaToa 

ITpoaeaeaaoe HccneaoaaHHe noaaonHeT BHA9Tb xaqecTseaaoe paanaqae a ycTo-

qHBOCTH nHnaaapaqecxoro sxpaaHpoaaaaoro cnog a nnocxoro cnog oxono npoaoas

mel! CT9HKH IJO OTHOIU9HHIO K KBa3HIJ01IepeqabiM KOne6aHHHM, 8 § 3 6binO IIOKa3aHo, 

qTo HaJ1HqHe 1Ip0BOAHIU9I'O UHllHHApHqeCKOI'O SKpaHa CpbiBaeT HeyCTOJ!qHBOCTb STOI'O 

BHAa KOne6aHHJ!, C apyrol! CTOpOHbi1 H3 § 4 CnenyeT, qTo llllOCKHJ! 3KpaH MOlKeT 

yaeJIHqHaaTb HHKpeMeHTbi >({eno6xoaol! HeycToi!qHaocTH. Taxoe paanaqae, no-aana

MOMy, CBH38HO C pa3nHqHOJ! CTpyKTypoJ! H306pBlK9HHJ! Qng llllOCKOJ! H UHllHHApaqe

CKOJ! reoMeTpHH, OaaaKo cymecTayeT aenocpencTaeaabil! npenenbHbil! nepexon ljlop-

Myn nHnHHApHqecKol! reoMeTpHH nnH aenHqHa A , B H 
C (eM. (1.7)) npa 'pac-

1IpHMJ19HHH' 3BAaqa K Q I , q 2 , p 2 • ITpa STOM AHCnepCHOHHOe ypaBH9HHe (4.30) 

IIOJlHOCTb!O rrepeXOAHT B YPBBH9HHe (1.9), (ITpa YCllOBHH, qTo B (1.9) HylKHO cqa

TaTb y 
0 

= I). 

'Pacnpeneneaae" aaaaqa cocTOHT a ycTpeMneaaa r .... 
0 b .. oo , HO 

b- r 0 HYlKHO cqaTaTb xoaeqaol! BenHqaaol!. ITpa ocymecTaneaaa SToro rrpenenbao

ro rrepexona Heo6xoaHMo IIOMHHTb, qTo rrpa rronyqedaa KosljJijJanaeaToa (1.7) npenno-

naranocb cymecTaoaaaae y ~ 
Manol! IJOll0lKHT9J1bHOJ! MHHMOJ! qaCTH, .llnH llpHMe-

pa IIOKalKeM aCHMIJTOTHqeCK09 COOTBSTCTBHe .B9J1HqHHbl A 
aenaqaae q 

1 KaK BHAHO H3 cpaaHeHHH ypaaaeaal! {1,6) H (4.21), (4,22), MelKny A 
H ql 

nonJKao cymecTBoBaTb cnenyromee aCHMIITOTaqecxoe cooTHomeaae 

2 n2 
l1< ---A 

{32 
0 

..;ql/[)2 
0 

HCIIOJ1b3yH aCHMIITOTHqecKHe (I) 
paanolKeHHS! AllH IPYHKUHi! H n ( z) H 

qaM: 

A 1 IQr 
~- e o 

2 
( 

lQr 
e o +e-laro )+....!..(elaro 

4 
+ e-lar 0 .) 

(5.1) 

Jn ( z) , rrony-

IQb 

I e L5.2 ) 
1 ( IQb -IQ!, 

- e -e J 
2i 

CoxpaHHH B KpyrnbiX a• ~ . BbiAenaM y "' MHHMYIO qacTb c.>•c.> '+ i'l. c 
cxo6xax (5,2) rnaBHbie qneabi, rrporropnaoaanbHbie e 'l•o 

2la(b-r
0

) 
A .. 1 + e 
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-?JCb-r
0

) 
e 

'Jb e , HMeeM: 

(5.3) 

--------------------------------------------------------------------_J~~ 

HeTPYAHO BHA9Tb, qTO KOsljlljJHUH9HTbl npu A H q TaKlKe coanaaaiOT, ecnu 
n 

nonolKHTb k 
2 

• ---, Vo•cuora. 
ro 

Aaanoraqao MOlKHO IJOKa3aTb COOTB9TCTBH9 MSlKAY OCTallbHblMH B9J1HqHHaMH: 

n ~ 2 
1<---/J'- c•q ;n 

a2 ,..,~ 2 ,t 
~-'o (5.4) 

n 2 2 2 
-- {3 B•p /0 

{32 "' 2 0 
0 
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