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Если система диффе ре н ц иальных ура вн е н ий гипе рболического 

типа имее т характе рист ики одного знака, то при решени и крае

вой зада ч и с двумя границами требуется зада вать гра н ич ные ус

лов ия лиш ь на од ной из г раниц ! ! , на той, из кото рой выходя т 
характе ристики. Для определенности будем считать, что все ха

рактеристики в ыхо дя т из левой границы. В таком случае решение 

задачи с двум я г ра н ицами совпадает с решением левой к ра евой 

задачи . Если з а да ча решается методом конечных ра з нос те й ,- могут 

потребоваться граничные условия на об еих г ра ниц ах. На правой 

границ е ставятся дополнительные граничн ые у с ло вия. П р и э том 

возникает задача об оценке в лияния дополнительных граничных 

условий. Пусть п о р я д о к аппрокс имации левой разностн о й кр ае вой 

з ада ч и /р .к ,з./ есть O(h Q) , h - шаг по х, " (-тенью" дополни
тель ных г р а н и ч н ы х условий назовем обл аст ь, вн е которой ре шение 

р.к.з. с двум я г раницами отличается от решен ия левой р. к . з . 

на величину по ря дка O(hQ+( ) . П р едпол а г ае т ся , что левая и пра

вая р.к.з. устойчивы в С . Доказано, ч то при n ~ exp( bN ) , N = h - ~ 
11 е -тенью" являет ся погранич ный сло й \ II - N ' ~ О( l n N) • Для та

ких n ограничены степени ОП оп ератор а п ер ехода от слоя к слою 
! 2 ! О l ' O n l ' р.к.з _ С двумя границами • ц енка ,1 I S. с справедлива для 

вс ех n ~ О при дополнительном ограничен ии : лев ая и правая р ,к.з. 

не должны им еть точек спектра на един ично й о к ружнос т и . В та 

ком случ а е уда ется доказать, что на высот е n = O(N) 11 с - те н ь " 

и сч езает. Далее последовательно прив оди т ся мат ем атическая по

ста но в ка задачи , Доказываются ~ритерии устойчивости в С р .к.з. 
n 

Строится интегральное представление !'1 11 уклон ения р ешения р.к ,З. 

с двумя границами от решения соотв ет с твующе й левой р ,к .з. 

Доказываются оценки !'1 ~ в С, из которы х с л е д у ю т оценк и 11 е 

тени" . 

Рассматривается разностная краевая з адача 

n + 1 
U II 

r2 
I, 

е =  r 1 
Ае 

n 
U 11 - е • n ~ О , 11 1 ..... N -l. /1/ 

и ~ (11 • 

8 1 

и П 

I 
I, 

е =1 
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n 
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3,qeCb U~ - BeKTOpbl paSMepHOCHl k; A£. Bel' Cfj - nOCTORHHble s 1 n 
vn

MaTpl-IL\bI. npe,qnOJ1araeTCR, 4TO r1;:: 1, r2;:: 1; MaTpHL\bl A_rl ,A r2 I. Bft vf • 0, •••• -r1+1. /5/i f = 1HeBblpolK,qeHHble, 

060sHa41-1M 4epea R rl-lJ1b6epTOBo npoCTpaHCTBO nOCJ1e,qOBaTeJ1bHO

CTeH u'" (u-r1 + 1••• ,u v "'" uN + r2 - 1 ) , y,qOBJ1eTBopRIOU\I-IX rpaHl-I4- nYCTb /4/, /5/ annpoKCI-IMl-lpyeT HenpepblBHYIO K.3. C norpeWHOCTblO 
HblM YCOOBI-IRM /2/. HopMa B R ,qaeTCR COOTHOWeHl-leM II u Ii'" max !U v I . O(h q ) • ECJ11-1 /4/, /5/ YCToH4HBa Be, TO peWeHl-le /4/, /5/ OT

1,:::;v':::;N-1 J11-14aeTCfI OT peWeHI-IR I-ICXO,qHOH HenpepblBHoH K. s. Ha O( h q). Haso

no,q I Uv 1 nOHI-IMaeTCR MaKCI-IMYM Mo,qYJ1eH KOMnOHeHT BeKTopa llv ' BeM II ( -TeHblO" 06J1aCTb nepeMeHHblX V, n, BHe KOTOpoJ7i 
3a,qa4a /1/, /2/ MOlKeT 6b1Tb aanl-lCaHa B onepaTopHoM BH,qe: 

n nu + 1 ""Gun OnepaTOp nepexo,qa OT CJ10R K COOIO G ,qeHcTByeT I-IS J{ lun - v O(hqH 
)v V • 

B R , ,. 
3a,qa4a /1/, /2/ YCTOH41-1Ba Be. eCJ11-13 c > 0 TaKaR. 4TO ,qJ1R BHe 06J1aCTI-I II (-TeHI-I" peWeHl-le /1/, /2/ OTJ11-14aeTCR OT peWeHI-IR 

Bcex uocJ{ 1-1 Bcex n:?! 0 Ilunll .$ clluoll. ,/lM YCTOH41-1BOCTI-I /1/, HenpepblBHoH KpaeBOH sa,qa41-1 C ,qBYMR rpaHHL\aMH Ha TY lKe BeJ1H4H

/2/ Heo6xo,qI-lMO. 4T06bl 6blJ11-1 YCTOH41-1Bbl COOTBeTCTBYIOU\l-Ie sa,qa4a HY O(h q ), 4TO H peWeHl-le /4/ .. /5/. HanoMHHM, 4TO B HenpepblBHOM 
KOWI-I!3/, J1eBaR 1-1 npaBaR P,K,S. ,/laJ1ee ,qOKaabIBaIOTCR KpHTepHI-I YC CJ1Y4ae peweHHe K.S. C ,qBYMR rpaHHL\aMH COBna,qaeT C peweHHeM 
TOH41-1BOCTI-I B C poKeS. B npOL\eCCe ,qOKaSaTeJ1bCTBa CTPOI-ITCR MaTe J1eBOH K.S, OL\eHKH Ae=u~-v~ Haxo,qRTCR H3 HHTerpaJ1bHOrO npe,q
MaTI-I4eCKI-IH annapaT, Heo6xo,qI-lMblH ,qJ1R OL\eHKI-I II f -TeHH", CTaBJ1eHI-IR 4epes onepaTopbl peSOJ1bBeHTbI, Ha4HeM C v~.u:' ve 

nYCTb ~ - XapaKTepI-ICTI-I4eCKaR MaTpl-IL\a: AHaJ10rI-l4HO npe,qbl,qyU\eMY BBe,qeM B paCCMOTpeHl-le rl-lJ1b6epTOBO npo

CTpaHCTBO n0J1y6ecKoHe4Hblx nOCJ1e,qOBaTeJ1bHOCTeH BeKTopoB v = tVv ~ 

V:2 -r1 + 1, y,qOBJ1eTaopfllOU\I-IX /5/, C HOPMOH Ilvll = max I vvL 3a
V;:: 1r2 I£¢ 

~ l: Aee ,qa4a /4/. /5/ sanHCblBaeTCR a onepaTopHOM BI-I,qe vn + 1 = Ovn, T04

e=- r 1 Ka KOMnJ1eKCHOH nJ10CKOCTH Zo HaSblBaeTCR T04KOJ7i cneKTpa 0, eCJ1H 

3voC J{ ,llvoll .;, 0, TaKaR, 4TO OVo= Zovo. PeweHHe /4/, /5/
/4

MOlKHO npe,qcTaBHTb ! B BI-IAe HHTerpaJ1a~i - ee C06CTBeHHble SHa4eHI-IR~ Hs YCTOH41-1BOCTI-I Sa,qa4H KOWI-I CJ1e

,qyeT, 4TO I\(¢)I .$ 1 ,qJ1R Bcex 0.:::; ¢ .:::;211', npr/lTOM ["-1(¢)! =1 
V n = __1_ r (0 - Z I ) -1 Z n d z v 0. 

J1I-1Wb B HSOJ1l-1poBaHHbIX onpe,qeJ1RIOU\~lX T04Kax eO. B oKpeCTHOCTI-I /6/21Ti r 
onpe,qeJ1RIOU\Hx T04eK ~i ,qonycKalOT paSJ10lKeHHe 

KOHTYP r OXBa"blBaeT BCe 'r04KH cneKTpa G. oco6b1e T04KI-I peaOJ1b~1 
\(¢) = eltp\i"'o+iYI (¢-¢o) + (ia1-{:3j)(¢- ¢o) + ... I. BeHTbl (G - z I) -1. ,/lJ1R yCTOJ7i4I-1BOCTH Heo6xo,qI-lMO, 4T06b1 cneK'tp G/3/ 

I1elKaJ1 B e,qI-lHI-I4HOM Kpyre I z I .$ 1. nOCTpoeHHe (G- zl )-1 B oKpecT

3,qeCb "'0' ¢o' at BeU\eCTBeHHble, f3 1 >0, Ili L\eJ1ble. npe,qriOJ1araeTCR, HOCTH Iz 1=1 CBRsaHO C peweHHeM CI-ICTeMbi 

4TO ace Yi < 0, ,/lJ1R npoCTOTbl 1-13J10lKeHHR ,qaJ1ee paccMatpj,jBaeTCR 
t2e,qI-lHCTB6HHaR onpe,qemilOU\aR T04ka ¢o =0, nOJ1araeM TaKlK6 '" 0 '" 0, 

v > 1,
Hs ,qOKaaaTeJ1bCTBa 6YAeT flCHO, 4tO peSYJ1bTaT BepeH EI o6U\eM l: Af llv+f - ZU v = fv' 

f = -rlCJ1Y4ae, 
/7/neBaR p,K.a., OTBe4alOU\aR /1/, /2/, I-IMeeT BI-I,q 

81 
u l: Bft Ue' i '= 0, -1 J .. , -r1 + 1,J 

t f = 1 

r2 
vn + 1 nl: AD v II • n > 0, v ~ 1 J /4/ 3,qeCb tU I I-ICKOMaR, a {fv I 3a,qaHHaR nOCJ1e,qoBaTeJ1bHOCTH HS J{ •v L V+L  ve",- r1 nOcJ1e saMeHbI 

2 3 



dimYv=r (r1 + r2)k.Yv = ( l)." + r2 _ 1 •••• • Uv .... , Uv - r 1) T • 

CHCTeMa 171 npHHHMaeT BHA 

YV+1 M(z)Yv + Fv' v::: 1. 
181 

s 1+ 1 

I1Y

1 
= ~ (O,Be]Ye


e=r1+ 1 

MaTpH~~ Be COCTaBneH~ Ha HCXOAH~X KpaeB~X MaTpH~ Bet. 4epea 
M(z)o50aHa~eHa pe30nbBeHTHaR MaTpH~a '" 

-A;i· Ar2 -1 1-A;21. (Ao-zI) -1-1\2' A -rl 

I 0 0r o 0 I '" 

o o o 0 

o o o o 

M(z) 

Co6CTBeHHbie 3Ha~eHHl'I Ic. a./ M(z) YAOBneTBOpl'llOT xapaKTepHCTH
~eCKOMY ypaBHeHHIO 

r2 

Det( 1 Ae/(f - zI) o. 

f= -r1 


H3 YCTOi1~HBOCTH aaAa4H KOWH c.neAyeT'4
1 

, ~TO npH z i > 1 M(z) 
HMeeT r1' k C.3" MeHbWHX no Mo~ynlO 1, H paBHO r2.k C.3., " 
60nbWHX no MOAynlO 1. 0603Ha~HM HX ~epe3 K!, i 1, ••• , r 1. k 
H K j' j '" rl. k + 1, , .. , r cootBcTCTBeHHO. 1-13 ycnoBIIlR YI < 0 
cneAyeT, ~TO npH AOCraTO'-lHO MamlM 8 IK j I > d -1 > 1 AnR Iz' ? 1 - 8 • ., 
nYCTb xapaKTepHCTHqeCKaR MaTpH~a HMeeT e C.3.Aj ,AI(1) = 1. 
HM OTBe4aeT e C,3. pe30nbBeHTH0I1 MaTpH~~ /(I'K 1(1) *" 1, nYCTb 
3TO nocfleAHHe Ha /( l' ••. , /( r1 • k • OCTanbHble !KII ~ d < 1 npH 
I z I :<:.1 -8. H3 npeAnonOIKeHHl'I, ~TO ¢o = 0 - eAHHCTBeHl-laR onpeAe

nRIOU\aR TO~Ka H ¢o 0, cneAyeT, '-lTO BblAeIleHHble II(· I < 1 (i=r1.k
-£+1, ... ,r1.k) BCIOAY Biz! ?l,Z #1. B OKP~CTHOCTH ¢=o 

.¢ 
(z = 1 ,z f! ) BblAeneHHble K HMelOT pa3nOIKeHHl'I Toro IKe nma 13/,t 

4TO H nopOIKAalOU\He HX Ai : 

+ ~I-ial 1j121Lj
KI (1jI) '" exp I J.;L + ••• t. 

y2ILi + 1Yt 
I 

l!ILI 
TaK KaK Yi < 0, K03$$H~HeHT npH IjI HMeeT oTpH~aTeIlbHYIO BeU\ecT-
BeHHYIO ~aCTb, CorIlacHo H3BecTHoi1 TeopeMe /5 ! B o6IlacTH !z I ;:::1-8 
onpeAeneHO HeBblpOIKAeHHoe aHaIlHTH~eCKoe npeo6pa30BaHHe nOAo6HR 
T(z), npHBOARU\ee M(z) K 6IlO4HOMY BHAY: 

Ml1 0]
TMT -1 = 0 M22 ' Iz I ::; 1 - 8.[ 

6IlOKY M 11 OTBe~aIOT IK II .::: 1, 6IlOKY M 22 -K Ji 1 npH Iz! ? 1, B OK
peCTHOCTH z = 1 AononHHTeIlbHblM npeo6paaoBaHHeM nOAo6HR B M11 

BblAeIlReM 6IlOK S, KOTOPOMY OTBe~aIOT KI (1 ) = 1. npOH3BeAeHHe npe
o6pa30BaHHi1 no-npeIKHeMY o6oaHa~aeM ~epea T( z ): 

TMT -1 rtf1 ~ 0 1 ! z - I I < 8, dim S '" £. 

L 

/' "/

/M22
,/ '" .. .J 

CneKTp M1 IleIKHT CTporo BHYTPH eAHHH'-lHOrO KPyra. nOCIle 3aMeHbI 
Wv =TYv CHCTeMa 181 npeo6pa3yeTcR K BHAY 

I 1 + (T Fv )1 v > I,Wv+ 1 M11 WlI • 

II II + (TF )IIWlI + 1 M22 wlI 11 • 191 
s 1 + 1 


T - I T - II " B ( T - I T - II)
21 W 1 + 22 WI =..... I; 21 W~ + 22 WI; • 
~ = r1 + 1 

4epea wJ, wU ()603Ha~eHbI sepxHHe r 1. k H HHIKHHe r2. k KOMr10

HeHTbI wI'; T21 ' T22 - 6IlOKH T-1: 

T- T-]T -1 11 12.[T- '1'
21 22 

T21 - KBaApaTHaR MaTpH~a pa3MepHoCTH rl. k • PeweHHe 191 BblnH
CblBaeTCR B RBHOM BHAe 

11 - 1 

Wi MlI- 1w l + " MII-l-~(TF)I II > 2


11 1 ..... 11 1;' - •II 
~ = 1 

5 
4 



II MV _ i - 1""; (TF )II v > 1. 
/10/ 

Wv ( v 22 ( 

s 1 

1 -1 II -1 "" 1 ( )1 + B~ (T F ()Il •
WI K1 K 2 w 1 +Kl ... Be TFe 

( '" 1 

AHaJll1TVl4eCKI1e MaTpI1l.\bl KlJ K2, B}, B~ saBVlCflT OT I1CXOAHbIX no
CTOflHHblX KpaeBbix MaTpI11.\ B /5/ VI npe06paaoBaHVlfI nOA06V1f1 T(z): 

_ 81+1 _ ,-1 _ 81+ 1 _ e-l ,c. 

Kl '" T21 - I- B (T 21 M11 • K 2 =-T22 + I- BeT22 M22 • 
r 1 + 1 .r 1 + 1 

... 
ECJlVl 81 ;; rl, TO AJlfl 1 .$ e .$ S 1 

Bl = B .T- .M f1-( BIl = B .T- • Mr1-~e rl + 1 21 11' ( rl + 1 22 22 

Ecnl1 lKe 81 :> rl, TO npVl 1 ;£ ( :5 r1 

81 + 181+ 1 

I- B T- Mf-1....f BIl = I- B T- Mf-l-{Bl 
n f 21 11 • e n e 22 22e L=rl+1 L=rl+1 

/lJlfl OCTaJlb HblX e, r 1 + 1 .$ e .$ 81 

81+ 1131+1 


Bt '" I- B T- Me-1-e. Bll I Bn 
L 
T-

22 
Me

22 
-1-e

•
e e=± e+ 1 e 21 11 e e= e+ 

141 
T04KVI cneKTpa JleBO~ p.K.S. YAOBJleTBOpfl~T ypaBHeHVI~ to 

Det K 1 (z ) o. 

np~1 >1CCJleAOBaHI1V1 YCTOH411eOCTI1 OCHOBHblEe 6nOKI1 xapaKTepl-1Cnl-
II: 

4eCKOH iii peaOJlbBeHTHOH MaTpl-1L1 AOnOnHI1TeJlbHblM npe06paaOBaHI-1eM 
nOA06V1~ B OKpeCTHOCTIiI onpeAeJlfl~~I-1X T04eK npIiIBOAflTCfI K HopManb~ 
HOMY BHAy /S • 61 • 6YAeM C41i1TaTb, 4TO 6JlOK S npVlBeAeH K KBaaVllKOp'" 
AaHOBOH HOpMaJlbHOH 1ll0pMe /tli • TorAa 3JleMeHTbI K-l(z) MorYT

1 
I1MeTb oc06eHHOCTI-1 TOJlbKO l.\eJloro nopfiAKa. 


CnpaBeAJlIiIBa 

TeopeJ.1.a 10 /lJlfl Toro, 4T06b1 JleBafl p,K.a. /4/, /5/ /npl-1 YCJlO

BI'II1, 4TO Bce Yt < 0/ 6b1Jla YCToH411ea e C. He06xOAVlMO 11 AOCTaT04

HO, 4T06b1 BblnOJlHflJll1Cb YCJlOBlilfI 1-3: 

6 

1. /lOJllKHa 6b1Tb YCTOH41-1Ba B C COOTBeTcTBy~~afl aaAa4a KOWI1 /3/ , 
2, CneKTp G AOJllKeH JlelKaTb B eAI-1HI14HOM KPyre Iz 1$1, 
3. B T04Kax cneKTpa H9 eAI1HI14HO~ OKPYlKHOCTI-1 3JleMeHTbI K11(z) 

MorYT IiIMeTb nOJl~ca TOJlbKO nepBoro nopflAK9. 
J/OKa3ame.f//:) cmao. B OKpeCTHOCTVI onpeAeJlfl~~IiIX T04eK 6JlOKI-1 Mll , 
M2il1Me~T TY lKe CTPYKTYPY, 4TO iii xapaKTepl1CTIiI4eCKafl MaTpIiILla. 

n03TOMY Ol.\eHKIiI /CM. /6/, /10// 

max 11: i :5 c max ! (v i , rAe 
v > 1 v ~ 1 

v-I 
1 wIIIn I- Mv- - e (T F ) 1 zn dz I-1Jll1 ( z ndzfv v •e= 1 11 e

iz! = 1 zl '" 1 

/3/
AOKaablBa~TCfI aHaJlOrl-14HO AOKaaaTeJlbCTBY Ol.\eHoK IllYHKI.\I-1I-1 rpl1Ha • 
OCTaeTcfI oqeHI-1Tb I-1HTerpaJlbl OT M~il,wl·zn. PflA, npeACTaBJlfl~
~IiI~ w ~l /10/, 3KcnOHeHLlI1aJlbHO 6blCTPO CXOAI-1TCfI npl-1 Iz i ~ 1 - O. 
/loKaaaTeJlbCTBO oqeHKI-1 

1 I 
max I f MV - W zndz I < c max (v

11 1 

v2, 1 Iz 1=1+0 

v~l 


CBflaaHO C oqeHKoH I1HTerpaJlOB 

/11/Y;= f ¢-SA~(cf,)e'v¢d¢, A1(0) 1. 

r 
¢ 

r 
o 17-17 

KOHTYP r npeAcl'aBneH Ha pl-1cYHKe. Oc06eHHOCTb 06xOAI-1TCfI no Ma
JlO~ Ayre B BepxHeH nOJlynnocKOCTI-1. B OKpeCTHOCTI-1 ¢ = ° Al (¢) 
I1MeeT paaJlOlKeHlile /3/. B OCTaJlbHblX T04Kax -17 S; ¢ S; 17, ¢ "0, 

(1/21' ) 
IA,(¢) I < 1. nOJlOlKl-1M =V+YI· n • I j I ,!; cn 'cnpaBeAJlVlBa 

Ol.\eHKa 
8 - 1 

8
1 ~ i ~ n~ 1 f x- exp (-~, x 2fl, ) dx I • /12/ 

roo 

7 



alB ~CXO~HOM ~HTerpane B Ka4eCTBe 06XO~R~eH ~yr~ 6epeM I¢ 	 + K-II- BI(TF)I + BII (TF )11 + K-1K M-N+1 x /13/(-1/2/.1 ) (-1/2J.L ) 	 1 ( "" I (( ( ( 1 2 22 
n i. nOcne 3aMeHbi ¢ n I X OHa nepeXO~~T B ~yry e~~

H~4HOH OKpy~HOCT~~ np~ X ! > 1 roo ~~eT no Be~eCTBeHHOH OCH 0 Jlo-
N-I 	 a2 n ' 	 (1/~ ) 1 I II II

Ka3aHa orpaH~4eHHOCTb Yv 1 np~ s :s 1, I j I s; en I, JlnR ! j I > x IK-~ I- MN- 1-( (TF )1 + K-1 1 C(TFN_() +Cr; (TFN~) I, 
(112/.11) 4 3(=1 11 ( 4(=n

> en o~eHKH Yvi npH 60nbw~x n CTPORTCR C nOMO~blQ MeTo~a 

nepeBana 171 • JlnR j < 0 KOHTYP HHTerpHpOBaH~R ~etjJopM~pyeTcR B N -I 


~en04KY n~HHH Ha~CKopeHwero cnycKa, npOXO~R~HX 4epe3 T04K~ ne (E-K-1K MN~1K-IK M":N+l)w II = K- 1 K I MN- 1-( (TF )1 + 

4 3 11 1 2 22 N 4 3 ( 1 11 (

peBana, pacnono~eHHble B HH~Helii nonynnocKOCTH. Kornyp npOTaCKH
BaeTCR 4epe3 oc06YIQ T04KY ~ Ha~o ~enaTb nonpaBKY Ha Ben~4HHYao1 
Bbl4eTa np~ ¢=O. CnpaBe~nHBa Ol\eHKa iRes~(O)! -;;. c:Ji ::;c np~ 	 s2 

-1 (... C 1(F )1 Cll ( ) n -1 MN-Is S 1. C nOMO~blQ MeTo~a nepeBana nonY4aeM o~eHKY ~HTerpanOB no .~ +K4 ~:1 ( T N-( + (TFN _( )-r K4 K3 11 x 
~ 13/

nHHHRM Ha~CKopeHwero cnYCKa . : 

N-l 	 al-1/2/.1
X Ijl.n I 2:. c, 	 + K- 1xl-K- 1 K I M-( (TF )11 I BI (TF )1 + BII (TF )III. 

1 2 ( "" 1 22 ( 1 ( 1 (( (t.
(a -1) 2J.Ll_ s +Il.c..:.. 

(21l1 -1) 2111 2/.11 -1 
~n

Y < bx n exp ( .. dx ) • 	 AHam1H14eCKHe MaTpH~bl Kat K 4 onpe~enRIQTCR aHanor~4HO K l' K 2'v 
OH~ 3aB~CRT OT nOCTORHHblX MaTpH~ C f J ' BXO~R~HX B ycnoBHe /2/ 
Ha npaBolii rpaHH~e. YpaBHeH~e Oet K4 (z ) =0 onpe~enReT T04K~ 

n . 1!2/.1! cneKTpa npaBoH KpaeBoH 3a~a4H. CnpaBe~nHBa 
OTCIQ~a cne~yeT orpaHH4eHHOCTb I Yv I npH S.$ I, I j i > en Tt'ope.Ma 2. JlnR Toro, 4T06bl npaBa.FI p.K.3, C rpaHH4HblMH ycno
TeopeMa 1 ~OKa3aHa. BH.FIM~ /2/ /npH ycnoBHH, 4TO Bce Yl < 0/ 6b1na YCToH4HBa B C, He-

PeweHHe p.K.3. C ~ByMA rpaHH~aMH TaKme MomHO npe~CTaBHTb 06XO~HMO H ~OCTaT04HO, 4T06b1 BbinOnH.FInHCb ycnoBH.FI 1, 3. YcnOB~.FI 
B BH~e HHTerpana. npHBe~eM tjJopMynbl ~nR pe30nbBeHTbl, COOTBeT 1, 2 COBna~aIQT c ycnoBHRMH TeopeMbi 1. 
CTBYIQ~He 	/10/: 3. B T04Kax cneKTpa Ha e~HHH4HOH OKPY~HOCTH 3neMeHTbI K~1 MOrYT 

~MeTb nonlQCbI tOilbKO nepBorO nopR~Ka. KpoMe TOrO, Tpe6yeTcR, 
4T06~ 3neMeHTbI nOcne~HHX f cTon6~oB /f -pa3MepHOCTb 6nOKa $ ,

v-I 
M11	 KOtOPOMY OTBe4alOT 1Ki (t/J 0) I '" 1 / MaTpH~bI K~IK3 He HMenH OC()6eHMv-I IWI 	 I -

1 -( (TF )1 2 .s v .::: N.II wI + 11 ~. HOCTeH, 	 f =f(t/Jo).
(= 1 tiOKQ3ame.JlbCmeo. aHanorH4Ho ~OKa3aTenbcTey neopeMbi 1. JlOnOll-. 

v 	 .~ 
HHTellbHoe OrpaHH\~eH~e Ha K~K 3 e03H~KaeT no cneAYIO~eH np~4IitHe. 

N-l B cnY4ae npaBOH P.K,3. (0 -tl )-1 onpe~en.FIeTCR C()O"HoweH~AMI1

II MV-Nw II MV-1-e(rrF )11
w - I 	 1< v <N-l,22 ( , 	 v-Iv 22 N 


(== \I WI I- Mv-l-( (TF )1 v ~ N.
11 ( ,v r; =-00wI, w~ onpe~enRIQTCR COOTHoweHHRMH 
N-l 

v-N II MVII 	 _ I - 1 -( v:::;N-l.
Wv M22 w N ( v 22 ( T F ( ) II• 

N-l 

(E-K-1K ~+IK-IK MN-I)w l ",-K"i1K2 I M-( (TFl:')II +
22 c,1 2 22 " 3 II 1 t; '" 1 
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OCHoa Ha.fl meopefola. nYCTb BbinonHfI~TCfI ycnOSI1f1 TeopeMbi 3. B 06

II I 82 I I 11 II naCTI1 YCT0l14HBOCTH p. K. 3. /1/, /2/ Be, n PH n "- e bN, II ( -TeHb~" 
K",w N KawN + ~: 1 C~(TFN_~) + C~(TFN_~) , RBnReTCR nOrpaHI14HblH cooi1 III - N I .$ clnN. Ecnl1 SbinonHR~TCfI ycno

SI1f1 TeopeMbi 4, p.K.3. /1/, /2/ YCToH411Ba B C npH scex n ?O. 
TorAa OLleHKa II (-TeHH" OOnN) BepHa Anfl Bcex n. 60nee Toro, 

O<l ~ 
B 3TOM cnY4ae YAaeTCR AOKa3aTb, 4TO npH n ? dn YKnOHeHl1e peweWI 

N ~:: 0 M11 (TFN_l_~ )1 • 
HHfI P.K.3. /1/, /2/ OT peWeHI1f1 neBoi1 P.K.3. /4/, /5/8e CTaHO
BI1TCR 3KcnOHeHLlHanbHO ManblM no N. To eCTb Ha BbiCOTe n = O(N ) 

I II l -TeHb" I1C4e3aeT. 
PRA, npeACTaSnR~~HH W~ , He RsnReTCR 3KcnOHeH4HanbHO CXOAR~HM lfoKa3ame.flbCmeo. Hcnonb3YfI /6/, /10/, /13/, nonY4aeM 
CR. ~nR AOKa3aTenbCTsa YCTOH4HSOCTH npaSOH P.K.3. S C HaAO AO n 
Ka3aTb paSHOMepHY~ no n orpaHH4eHHOCTb IY~ I, v ~ 1, /CM. /11// 8 _ 1 f n 

11 2171 Tlv z dz,
B MeTpHKe £1' H3 /12/ nonY4aeM I 
 Izl = 1+8 

s/2~1
I Iyn :?; I. i yn > bn ,. 

rAev ~ 1 v 1/2,,- v _ en 1j I< ! Mv-1 I 2 '5.,11 '5., N -I,TI~ 11 Til • 
OTC~Aa H 113 113SeCTHbiX 04eHOK pa3HOCTHOH $YHKLlHI1 rpHHa cneAyeT, 

~ 4TO {yn I, v ~ 1, orpaHH4eHbl Bel paSHOMepHO no n, ecnH H Tonb
II TI ~I Mv-NWII + i MII-l-~ (TF )II 1$,.I/'$,.N.KO ecnH S =O. BblAeneHHble K., IK . (!/J ) I = 1, OTBe4a~T 6noKY S,

110 22 N ~ = N 22 ~ I /14/ 
pacnonO>KeHHOMY· B nocneAHHX £ cTon64ax 11 HHlKHI1X f CTpOKax M11' 

OTC~Aa H B03HHKaeT AononHHTenbHoe orpaHH4eHHe: 3neMeHTbi nocneA I (E K-1 K •.-N+l K-1K N-l) -l( I R) I 
HI1X f cTon6L10B K;!Kg He AonlKHbI I1MeTb oc06eHHOCTeH S T04Kax Til - 1 2M 2-Z 4 3 Mll W1 + 1 - W1 • 

cneKTpa z*, Iz* I 1. ECTeCTBeHHO, f f(z~). Ecnl1 z~ He RsnReT nOnO)l(HM
CR onpeAe~R~~e~ T04KOH (£ = 0), TO HI1KaKOrO AononHHTenbHoro or

paHI14eHHR HeT. 

I 
"" I (K-1K M-N+ 1K-1 K MN-l)~Teopefola 3. nYCTb a - onepaTOp nepexoAa OT cnOR K COO~ p.K.3. Ml ~ = 1 1 2 22 4 8 11 

/1/ ,/2/ C ASYMR rpaHHLlaMI1. Ecm", YCTOH411Sbi S C COOTseTCTSY~~l1e 
neBaR 11 npaBaR p.K.3. 11 Bce C.S. xapaKTepl1c'rH4ecKoH MaTpH4bl B 
CKpeCTHOCTI1 Bcex onpeAen~~~Hx T04eK HMe~T pa3nOlKeHHe /3/ C Yi "" M * I (K-1K MN- 1K-'l g M-N+l)~
nOCTORHHoro 3HaKa, 10 Hal1AYTCR nOnOlKHTenbHble nocTORHHble b 11 2 ~ = 1 4 3 11 1 2 22 • 
C TaKl1e, 4TO 

I On 'I < C, n ::: exp(bN).
I C 

1/21
IfOKQ3Qme.flb cmeo nOs10pReT AOl<a3aTenbCTSO TeopeMbl , Tonb

1<0 B COOl"BeTCTSY~~I1X MeCTax OLleHl<11 S L2 3aMeHR~TCR oLlE\HKaMH B 
C. 
Teopefola 4:. Ecnl1 SbinonHR~TCR ycnOBI1f1 TeopeMbl 3 H COOTseTCTBY

~l1e /1/, /2/ nesaR 11 npasafl p.K.3. He HMe~T T04eK cneKTpa Ha 

eAI1HI14H0l1 OKpYlKHOCTI1, TO lion lie::: C AnR scex n? O. 
IfOKa3ame.llb cmeo nOBTopfieT AOKa3aTenbCTBO TeopeMbi 2/21 _ CHO

Ba S cooTseTcTsY~~I1X MeCTax 04eHKH S L2 3aMeHR~TCR oLleHKaMI1 S 
C 

10 

I -
BeKTOp Til B /14/ YA06HO nepenl1caTb S SI1Ae Tlll* M1(W: + R1 ) + Rl' 
OCTaOOCb onpeAEMI1Tb w~,R1 11 wI~: 

al 
I -1 "': ~ II -1 1 I II II 

Wi =-K 1 K2 I M22{TF~) +Kl I. B~{TFt) + B~ (TF~) , 
~=l ~=1' 

"" N-l 
-1 -N+l I ~ II -1 N-l-~ I 

R1 = K 1 K2 M 22 I. M22 (TFN -1 +t) + K 4 K 3 I. M11 (TF~) + 
~=l ~=1 
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82 
+ K~1';:1 C~(TFN_.;)I +Ct(TFN_.;)III, 

II 
~ 

'" (E + M 2)R 2 • 
/15/w N 

rAe 

N -1 82 
R K-1 K I, MN-l-'; (TF )I+K-1I, CI(TF )1+CII(TF )11+ 

2 4 3.; = 1 11 .; 4 .; =1 e N-.f .; N-.f 

N - 1 81 
+ K-1K MN- 1 (-K-1K I, M-';(TF )II+ K -1 I, aI (TF )1 + ell (TF yI) 

4 3 11 1 2e = 1 22 e 1 .; = 1 E, e .;.;. 

no npeAn0110lKeHl-11O K 1-; K ~1 He I-1MelOT oco6eHHOCTeCi npl-1 I Z i > 1 
1-1 MorYT I-1MeTb n011lOca He B~we nepBoro nopHAKa B T04Kax eAI-1HI-14
HOM OKpYlKHOCTI-1. H3 YCToCi41-1BOCTH 3aAa4H KOWI-1 B C c11eAyeT, 4TO 

311eMeHTbi M~1 (z ) OrpaHI-14eHbi npl-1 I z I ~' paBHOMepHO no N. TaK 

-1 
KaK i Sp M22 (z)1 <d <1 npl-1 ,Z I ~ 1 - 8, MaKCI-1MYM MOAY11eM 311eMeH

-N N
TOB M22 (z) O~eHI-1BaeTCH cBepxy Be111-14V1HOCi P ,P (1 + d) 12. OT-

CIOAa c11eAyeT, 4TO npl-1 zJ <! 1~+ 8 1-1 AOCTaT04HO 6011bWI-1X N MaK
CI-1MYM MOAY11eM 311eMeHTOB M l' M2 O~eHI-1BaeTCH cBepxy Be111-14V1HOCi 
8 -2~ (1 _ 8 -2 PN) -~ MHOll<I-1Te11I-1, He 3aBHCHIl.\I-1e OT 8, N, KOMneH


dN
CI-1PYIOTCH 3a C4eT paCXOlKAeHI-1H MelKAY V1 pN. COOTBeTCTBeHHO 

v--1 - I ,n v-N - nf M M (W +R. .lzdZ',I r M2 R 2 zdzi
U 1 1 1

M 22
 

Izl=1+8 iz: 1+8 


O~eHI-1BaerCH cBepxy ee11l-141-1HOCi 

n ~1 N ··2 N -2 N -1", N 12 C 
c(1+8)(8 +Fi )8 p (1-8 P ) IIC:! <cp /16/ 

npH n:;, 8-1 = p-N 8. i C.'. max I (v • CT011b lKe npocl'O /3a C4eT 

v ~ 1 


.N+1 
MHOlKl-1Te11H M22 nepeA $l-1rYPHoCi cKo6KOCi B /15// n011Y4aeM. 4TO 


npl-1 n :s 8-1 


f Mv-
1 R zn dz :;, c PN 12 C 

11 1 
z 1=1+8 

Wl-1pl-1Ha " f -TeHI-1" onpeAe11HeTcH 

12 

II -N ~ v - 1 -.; II nJ ( M22 R2 - ~ M22 (TFe))z dz. 

.; = N 


ZI=1+8 

4T06b1 o~eHHTb BTopoe C11araeMoe, nepeTflrV1BaeM I z I 1 + 8 B eAV1
HI-14HYIO OKpYlKHOCTb: 

00 

f M~t I, M2~ (TFN-l+'; yl zDdz I :s cp N-v • II C 
/17/

Izl=1 ';=1 

O~eHKa OCTaBWHXCH V1HTerpa110B 

II-N n

J M22 R2 Z dz 


Izl=lt8 
~ 

CBOAV1TCH K o~eHKe HHTerpa110B 

yn f ¢-S An(ri. )e lN¢ dri.
N i '1' '1'. 

r 

paCCMOTpeHHblX npV1 AOKa3aTe11bCTBe TeopeM~ 1 /CM. /11/ Ha c.7 
C II = N /. EC11I-1 K 1"1 HMeeT n011lOca B onpeAe11HIOIl.\V1X T04Kax Ha eAH
HV14HOCi OKPYlKHOCTH, TO S = 1. n011lOCa K;1 3AeCb He Y4V1TbIBaIOTCH 

1-13-3a AOn011HI-1Te11bHOro orpaHV14eHI-1A Ha 311eMeHTbi K"41 Ka B Teqpe-
Me 2. Ha c. 7,8 6bl11a AOKa3aHa OrpaHI-14eHHOCTb V1HTerpa110B YII 

npl-1 s :;, 1. OTclOAa, V13 CYMMI-1PyeMOCTI-1 y~ B e~ npl-1 S = 0/3! H o~e
HOK /16/ - /1 7/ c11eAyeT. 4TO n PH n .$ 8 -1 '" p-N 8 YK110HeHV1e peWeHV1f1 
p.K.3. /1/, /2/ OT peWeHI-1f1 11eBoH p.K.3. ,:\n AonYCKaeT o~eHKY 

v 

~ ~. ::: c ( pN...j.I + PN '2 + e - on ) . : I ( I; . /18/ 

OCHOSHble aCI-1MnTOTI-14eCKV1e o~eHKV1 CTPORTCfI C T04HOCTbIO AO Be11H
4V1Hbl O(e-on), TaK nOAB11fleTCfI noc11eAHee C11araeMoe B /18/. 

H3 /18/ n011Y4aeM o~eHKY WHPI-1Hbl " ( -TeHH": 

(qH) InN (q + d InN < n < p-N/8npV1 

lnp b 
! N -v i :5 

Ha paCCTOAHHV1 r2·n OT npaBoH rpaHI-1~~ peweHHe 3aAa4V1 /1/, /2/ 
He 3aBV1CHT OT rpaHV14HblX YC110BV1H Ha npaBoCi rpaHV1~e. n03TOMY V1 
A11fl n.s (q+dlnN/b II (-TeHb" HMeeT WHPI-1HY OOnN). 

EC11V1 K 1 H K4 He BbipolKAalOTCH npV1 Iz I ;:: 1, TO PflAbi M:\) M2 3KC
nOHeH~Ha11bHo 6blCTPO CXOAflTCfI npH I z I 1 V1 KOHTYP r B HHTerpa11e, 
npeAcTaB11fllOll.\eM L\~, MOlKHO nepeTflHYTb Biz I = 1 -u, 0' Bbl6HpaeTcfI 

13 



CneAY~~HM 06paaOM. B OKpeCTHOCTH Z =1 B~AeneHH~e C.3. HMe~T 
(V 

npeACTaBneHHe 1(1 Z i, (Vi Yl- 1 + O(Z-l). nOnO>KHM Y min!yjl, 

i rl. k - t + 1, ••• , rl. k • npH AocTaTo4Ho MaOOM 8 /He 3aBHCA
~eMoTN/I(Vl(z)I<2/y, Iz-ll < 8< nYCTb O<d<1 TaKoe, 4TO 
BbiAeneHHble II( 1 I <d Ha Ayre I Iz i =1 I II I Iz - 11 > 8 I , a OCTaIlbHble 
C.3. Mll , M221 no MOAYOO MeHbwe d BC~AY Ha I z I = 1. Ha HenpepblB
HOCTH C. 3. cneAyeT, 4TO 3 a> 0 / a 0'( 8), HO He 3aBHCHT OT N / 
TaKoe, 4TO B~AeneHHble IK.I < (1 + d)/2 Ha Ayre ! Iz I = 1 - 0' In 
nllz-ll 	,.. 81, a OCTanbHble c.a, no MOAYOO MeHbwe

1 
Mll ,M 22 

1 

(1 +d)/2 BCIOAY Ha lz 1= 1 -0'. Ha oCTaBweHcA Ayre liz 1=1 - aln 
n! Iz - 1 I .$ 8 I BblAeneHHble I/( i I <1 + (Sa /2y). OTc~Aa nOIlY4i'1eM, 4TO 
npH Iz I = 1 -a MOAynH ::meMeHTOB M11, Mif Ol.\eHHBa~TCA cBepxy Be
nH4HHaMH cexp(3at/y) H exp(-bt) COOTBeTCTBeHHO. l1a 3THX o4e
HOK H HHTerpanbHoro npeACTaBIleHHA ~n /13/ cneAyeTv 

O'N
I~nlll <cexp(-an + 3aN ) f II " c exp (- -) II r iI • 

- y 	 y 

nOcneAHee HepaBeHCTBO CnpaBeAIlHBO npH n> 4N/y. TeM caM~M AO
KaaaHO, 4TO Ha BblCOTe n=O(N/y) II (-TeHbll HC4e3aeT. OCHOBHaA 
TeopeMa AOKaaaHa. 

B pa6oTe/81 6blJ1a nOIlY4eHa 04eHKa 06naCTH BIlHAHHA "Henpa
BHnbH~X rpaHH4H~X ycnoBH~1I nopAAKa OOnN) AIlA OAHoro ypaBHe
HHA, OTnH4H~M OT HacToA~e~ pa6oT~ MeTOAoM. 

npHHOWY 6naroAapHocTb H.C.6axBanoBY 3a nOCTaHOBKY aaAa4H 
H noneaHble o6cymAeHHA, 
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CepAlOKOIiiI C.H. Pl1-8S-810 
OlleHKa " TeHH" AOnOI1HHTel1bHblX rpaHH"IHblX YCJ10aHH AS111 CHCTeM 
pa3HOCTHbiX ypaBHeHHH C HaKI10HHblMH xapaKTepHCTHKaMH nOCTOIlHHoro 3HaKa 

PaCCMaTpHBa~TCR CHCTeMbi pa3HOCTHbiX ypaBHeHHH 

D+ 1 .2 0 


IIv I At IIv+t, n 2: 0, l:i v :s N - 1 • 

t~-rl 

C HaKI10HHblMH xapaKTepHcTHKaMH, BblxoAlIIIIHMH H3 neaoH rpaHHllbi (v + >'1 n s C, >'1 (0). 

npeAnonaraeTClI, "ITO 3Ta CHCTeMa annpoKCHMHpyeT HenpePblBHYV rHnep60I1H"IecKYv 

CHCTeMY. nOpllAOK annpoKCHMallHH eCTb O(h q ). HeAocTa~He ~:~ 

Ha npaBoH rpaH~e HaXOARTCR H3 rpaHH"IHbIX YCI10BHH BHAa 

,at If iI+1 

II • _ I B1:. II " r - 0.... , .2 - 1. 
11'+. '~, N-~ • 

of - I 
npH peweHHH cooTBeTcTBy~eH HenpepblBHoH aaAa"lH rpaHH"IHble YCI10BHR Ha npaBOH 
rpaHHlle He Tpe6~TCR. B npeAJ18raeMOH pa60Te olleHHBaeTCR wHpHHa " (-TeHH" 
06naCTH, BHe KOTOPOH peweHHe paCCMaTpHBaeMOH pa3HOCTHOH KpaeBOH 3aAa"lH OTI1H
"IaeTCR OT peweHHR COOTBeTcTBy~eH l1eBOH pa3HOCTHOH KpaeaoH aaAa"lH Ha BeI1H"IH
HY O( hq H). B npeAnOl1OIIleHHH YCTOH"I11BOCTH B C AOKa3b1BaeTCII, "ITO " ( -TeHblO" 
IIBI1ReTCR nOrpaHH"IHblH CI10H Iv-N I • OOnN ) • 

Pa60Ta BblnOI1HeHa B fla60paTopHH BbI"I~CI1~Tel1.HoH TeXHHKH H aBTOMaTH3a4H~ 
OIo\f\Io\. 

npenplIHT 06loeJ1llHeHHOrO IIHCTHT)'Ta lI,II.epHbllt HccneAoallHidt. ]ly6Ha 1988 

nepeBoA O.C.BHHorpaAoBoH 

Serdjukova 5.1. pl1-88-810 
The Estimation of "the Shadow" of the Additional Boundary Conditions 
for the Difference Equation Systems with the Slope Characteristics 
of a Constant Sign 

We consider the systems 

11+1 r2 0 


IIv - • I tAt uv+t, n.z 0, :S II ;S N ~ 1 • 

t --r 

with the slope characteristics outgoing franl the left boundary (11+ >'1 n • e. 
>'1 (0). ThlsqsyStem approxlmatei a continuous hyperbolic system with the 
atturacy O(h ). The lacking 1I~++f are found from the additional boundary con
ditions 

0+1 8e 0+1 

IlN+f "I Bte IIN-~' f., 0, ... , .2 - 1. 


<; • 1 

The corresponding continuous problem needs no conditions on the right boun
dary. Here we estimate the size of "(-shadow", the region,outslde of which 
the solution of the considered problem with two boundaries differs from the 
solution of the corresponding left difference boundary value problem by the 
quantity of O(hq+l). We prove In the C-stabil Ity assumption that "the ( 
shadow" Is the boundary layer Iv-NI = OOn N). 

The Investigation has been performed at the Laboratory of Computing 
'Techniques and Automation, JINR. 
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