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I l/ 
B pa6oTe nonyqeuo ueo6xoauMoe u aocTaToquoe ycnoBHe ycTofiqu-

BOCTH B paauocTHbIX xpaeBbIX aaaaq Ha nony6ecxouequoft npHMoft. 

· LlnH ueycTofiqHBbIX aaaaq npuaeaeHbI oueuxu uopM cTeneueft onepaTopa nepe

xoaa OT cnoH K cnoJO, KOTOpbie HBnHIOTCH ToqHbIMH no nopHUKY .. ITpH 3TOM 

o6uapy:>KeH HOBbift no cpaaueHHIO c aaaaqeft Kowu BHU ueycToftquaocTH - no

rapucliMuqecxuft. B npeanaraeMoft pa6oTe nocTpoeu xouxpeTHbifi npuMep paa

HOCTHoft xpaeaoft aaaaqu c ueycToftquaocTblO norapucliMuqecxoro THna.KpoMe 

Toro, noxaaauo, xax npaxTuqecxu npuMeHHTb anropHTM npoaepxu ycToftqH-
/1/ 

BOCTH KpaeBbIX aaaaq, npeano:>KeHHbIH B 

HenpepbIBHaH KpaeBaH aaaaqa: 

u ( x, 0) 

u (0, t) v(0,t), t~ 0,-

aaMeHH8TCH paaHOCTHOH annpoKCHMauueft: 

n+ l n a n n a 2 n n n 
u I = u I - 2 (u i+ l - 111-1 ) + 2 (u I+ l - 2" I + u 1-1 ' ) 

V 
n + l n n n n 

v +f3(v -2v +v ), 
I I+ l I I- l 

j ~ 1' n ~ 1, 

0 0 
u = u (jh), V = V (ih), j > 0' I 0 I 0 -

n n n n 
0. u V V = u 

l' 
n > 

0 I 0 
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ITono:>KHM a =0,5, f3 =0,25. TorJla cooTBeTCTByromasi aaJla'ia Kowu ycToii-.. 
'IHB8 B L 2 H Jl8:>Ke B C) • .lleii:CTBHTenh,lJO, xapaKTepHCTH'ieCK8SI MaTpHua 

CHCTeMbl HMeeT BKJl ( /1 ° ) . rJle 

, 0 f2 

f ( ic/JJ · · 2 
• 

2 ¢ If I < 1 t. e = 1 - a£ sin cp-- 2a sin 2 , 
1 

. 

f.(e
1
¢)=1-4f3sin 2

: , . lf
2

l-::;l 
2 

npH 
a .< 1 , 

1 
npu /3 < 2 

<l>yHKllHH f
1 

(e icp), f
2 

(e'c/J) IIMeroT OJlHY TO'iKy K8C8HHSI C eJlIIHII'iHOii: OKPY:>K

HOCTbIO npH ¢ = 0 • B Manoii: OKpeCTHOCTH ¢ = 0 cnpaBeJlnHBO paano:>KeHne: 

f ( e 1 ¢ J = exp I - i a¢ - a 2 ¢ 2 + 0 ( cp 3 ) I , f ( e i cf,) = exp I -{3 ¢ 2 + 0 ( cp 3) I . 
I 2 

KoacpcfmuneHTbI npH MnaJlWHX nenuneiiHbIX 'inenax oTpHuaTenbHbie. CneJloBa

aaJla'ia Kowu ycToii:'IHBa B C • · tJT06b1 uccneJloBaTb ycToiiqn-
/2/ 

TenbHO, 

/ 1/ -1 -1 * 
BOCTb KpaeBoii 38Jl8'1H, CTpOHM MaTpHUbl M (z) 1 T (z} 1 K l (z) 1 K 2· (z) 

B OKpeCTHOCTH Z =1 1 

-A -zA 
p P-1 

I 0 .•. 

M(z)= 
0 I 

0 0 ••• 

¢ =O. l1MeeM 
-1 -J 

-A (A -z/J ..• -A ·A 
p .0 p -, 

0 0 

0 0 

0 I 0 

6-Bz 0 3 0 

0 -2+4z O -1 

1 0 0 0 

0 1 0 0 

3aMeTHM, 'ITO M ( z ) COCTOHT H3 JlBYX Bno:>KeHHbIX Jlpyr B Jlpyra MaTpiiu: 

(-2; 4, -: ) (M,(,)• M I (z) = H 

HaiiJleM co6cTBeHHbie 3H8'ieHHSI M (;;) B OKpeCTHOCTH 

Hble aHa'ieHHSI 

I 
Det ( I 

v=-1 

M ( z) YJlOBneTBOpSIIOT ypaBHeHHIO! 

V 
AK-zl)=O. 

V 

' 
4 

6-Bz :) 1 

z = 1. · Co6cTBeH-



0TCIOJla nonyqaeM JlBa ypaauennn BToporo nopstJlKa: 

~+rL-zJ+-1-=o, -~+r-1-zJ+.2... o. 
4 2 4x 8 4 Bx 

Ma nepaoro ypaBHeHnst naxoJlllM 

K = 2(z -1) ± 1 ± yz(z-1) = 1 ± 2yi<f, + O(<f,) 
1,2 -

Ha eJ:tnnnquoll: oxpy)KffOCTli I z I = 1 B oxpecTnocTn z 1 

• · Co6CTB0HHOMY 3Ha'l0Hlll0 K 1 OTBeqaeT COOCTB0HHblll: BeK-

Top M e = K e 
1 l 

MaTpnua M 
1 

( 1) no)loona )l{OpJla-

HOBOll: xneTxe. CneJloBaTellbHO, B OKpeCTHOCTlI z = 1 HenpepbIBHast MaTpnua 

M (z) He MO)KeT ObITb npnBeJlena K J:tnaronanbHoMy BnJly. Ilpeoopaao-
1 K 0 

aanne ITOJlOOllst ( 1 } npllBOJlllT ee K Tpeyr.onhHOMY BllJlY: PewaeM BTOpoe 
1 1 

ypaBHeHIIe. IlonyqaeM: 

K 
4 

= -J - 6 ( Z - ] ) - J ( Z - ] ) 
2 + ... 

0TCIOJla BllJllIO, 'ITO na 0JllIHll'IHOll: OKpy)KffOCTlI B oKpeCTHOCTli z = 1 

IK I .< 1 I K I > J : Tax KaK K (1) I K (]} B .oxpecTnocTn 
·3 - 4 3 4 ' 

Z=] MaTpnua M2(z) MO)K0T ObITb npnBe)leHa K JlIIaronanbHOMY Bll)ly.CooTB0TCTBYIO-

mee npeo6paaoaanne no)loonSJ )laeTCSJ MaTpnuell: ( K 3 K4) • Tenepb HeTpyJl-
J 1 

HO ITOCTpOlITb MaTpllUbl . T-l ( z) II . T ( z) / l /: 

0 0 1 
0 0 -~ Kl K4 

K3 - Kl K3 -K4 

0 0 0 0 1 
1 0 Kl 

-1 K1 r (z)= T (z) 

1 0 0 1 
1 

0 0 ---- 0 
K3-K4 

0 1 1 0 0 _l 0 
K3 

Kl K -K 
3 4 

T (z) UplIBO)llIT M (z) K TpeyronbHOMY BIIJly: 
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K3 0 

0 K2 

TMr- 1 I 
0 

: I 0 

CTpOHM K -I (z) 
I 

K 1 (z) = r-
21 

y ll8C 

r = s = 1, 

OTC!Otl8 nony"laeM 

.,.o 0 

I I M,, I : -K2 0 

K 
I 

0 I 10 0 

0 K4 I lo o I M22 

B 0KpeCTll0CTH z = 1, ¢ = 0 
'5 - JI - I C JI T21 M .= ( 1 -K2) 

11 J1=r 

T - 1 O 
21 = ( ) 

0 1 

-K3 1 

C 
1 

= ( 0 
1 

0 

0 

1 

0 

K -, (z) 
I 

1 K 
( ,2) = 

l-K2K3 K3 1 

1 1 
( 1 \, + 0( ¢). 

nanee CTp0HM K * ( z) 
2 

. ·5 

I • 0 K*(z) = K
2 

(z} + I JJ (z) ( 
2 

J1=I JI B 

5 

2\firp K3 1 

O)MJI-I 
0 22 , 

5 

) . 

- . - JI 
K 2 (z) = - (T 22 - I C JI T 22 M 22 J, 

J1=r 

I 
B (z} = 

JI 

I-JI 
I C Jl·r 

21 
M 

11 
l=mtz:t(r,JJ) 

B 11aweM npHMepe T - _ O 1 
22-(1 oJ, K (z) = ( KI -l ) , 

2 -J K 
4 

I O 1 
81=(10 1• 

-1 
KI K~ 1 -1+6,JJrp -4+6,Ji,4J) + 0(¢½). = -( 

2,/T"¢ -1+4,Jirp -4 
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Bee sneMeHTbl KpaeBblX MaTplIU K-/ (z) , K~1 
(z) K~ (z} 

npn z = 1 RMeIOT oco6e1111ocT1, OJlHoro n Toro *e nopHJlKa l/2~honycTn

Mbre nopHJlKlI oco6e1111ocTeil: 3JleCb TaKne: P(K
3

) = J/2, P(K
1
)=P(K

2
)=3/4, 

/1/ 
TaKlIM o6pa3OM, cornac11O nyHKTy .1 OCHOBHoil: TeopeMbl pa6oTbl I pewe-

HlISI paccMaTplIBaeMoil: Kpaeeoil: 38)laqn YJlOBneTBOpSIIOT oueHKe: 

11 u n 11 .< y c 1 + c 
2 

ln n , 

rile 00 2 ½ ( /:.0 I u: I + IV t 1
2) 

Ha JlOKaaaTenbcTBa cne)lyeT, qTo norapn~MRqecKnil: nopSIJlOK pocTa 

B £ 2 ( y c I + c2 ln n ) JlO.n)K}IO lIMeTb pewe11ne C TaKlIMlI }laqanbllbIMlI JlaH-

flbIMR: u O = 0 • V
O = 0' u O = 0 • V

O = 1 • u ~ = V ~ = 0 npn j 2: 2; 
I O O O 1 1. 

· PeaynbTaT npnMeHeHlISI peaonbBeHTbl B OKpecTHOCTlI ¢ = 0 K HaqanbHblM 

Jl8llllblM lIMeeT BlIJl: 

I 
w 

V 

fl 
w + 

I 

1 
· v-1 -I :FJ 

MII KI ( 
0 

11-I - · 
v-2 0 0 II 

M II ( -K2 0) w I + ( 
K /6yicp(1+0(cp)} 

3 ) 

K v-I /6yi¢(1 + O(cp)) 
2 

w ~I= _ M;: ( -1 / ( K 3 - K 4 ) = ( 1 / K 1 ( K 3 - K 1 ) ) , 

W II= 0 
II 

npn 

0 0 

II > 2 , K J - K 4 .= 4 + 0 ( cp) • 
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OTcroaa nonyqaeM, 'IT0 nepBaH K0Mil0HeHTa pemeHHH c T0'IH0CTbIO ao ... 
aenn'IHHbI nopHaKa e -xv aaeTCH HHTerpanoM 

(i ¢F½ 1n 
f -- (1 + 0 ( ¢ JJ K v e ¢ d ¢ 

(i ¢F½ 
= f -- (1 + 0 ( ¢ JJ exp Ii ( n - 2 v) ¢ 

. 6 J 
,[ 

6 ,r 
-4v(¢ 2 +0(¢ 3JJld¢, 

( KoHTYP ,f noxaaaH Ha pncyHKe ). 

" I 
I 

l 
n 4 

Il;m J ·: v -~ 2 - n 

/Z/<1 

' ' _,,,. 
'J' /'\ 
/ l \ 

8CHMilT0THKa aToro HHTerpana CTp0HTCH TaK: f 

aecpopMnpyeTCH B K0HTyp L , o6TeKaromna oco6yro T0'IKY ¢ = o n npoxo

a2mnft qepea ~o'IKY nepeaana, pacnonomeaayro B aepxaea nonynnocxocTn. 

rnaBHblft 'lneH acHMilT0THKH aaeTCH "nHTerpan:&HbIM BbI'leToM• 0TH0CHTenbH0 

¢ = 0 • AcHMilTOTH'leCKHft Bbl'l8T B yxaaaHHOft o6nacTH H3MeHeHHH V axcno

HeHUHanbH0 Man. rnaBHblft qneH HHTerpanbH0ro Bbl'l8Ta eCTb O (1 I ,.Jn - 2v),. 

3ToT 'lneH n aaeT B L 2 pocT nop2axa ,.J ln n 

IlpnHomy 6naroaapHoCTb H.C.EaxeanoBy aa noneaHbie o6cymaeHHH. 
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