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B pa60Te/ 5/ AOKa38HO, ~TO RBH~e paSHOCTHHe CXeNN MaKCHU8HbHO

ro HeqeTHOrO nOpfiAKa TO~HOCTH, HanHcaH~e no HeCHMMeTp~HOMY qeT

HOu,y Ha6opYTOtleK,"-j ....
U-~.,t:	 L a, ,) l'\, ~ O.-J J ~ k ....ú.; t. 

t =w ~ 
YCToRtiHB~ B C H 06J1a,qaIOT CBoACTB8.MH, 6JIH~KHMH K OnTHMaJIbHbtY. 

I."" IJ o "'~Lk..,
W o , w, sap,aHbl.,nnR onpe,qeJIeHHR u.. L .. , j u.. k:'-J 

v .) . 
Hy*Hbl AOnOJIHHTeJIbHble 'rpaHHQH~e YCJIOBHR. B npe~araeMoA pa60Te ~fi 

cxeM nopRAKa TOtlHOCTH O(L3
) , O(L 5") npeAJIOlKeH~ YCToRqHB~e 

rpaHHtlH~e YCJIOBHR. AnJl ypaBHeHHR u.... ... (Lx = O nHilleN annpOKCKua-, 

QHD MaKCHMaJIbHOro nop~Ka TOtlHOCTH 
2,1(-L 

""~l. ~ k- ,
lA, ~ -::	 0 C;i ~d- ,) ~ ~ ~..J .: • .-J te; -.L • 

J - o V ( .(,~ L)
nOPRAOK annpOK&tMaQHH aa pemeHHH O L - . ,n,rUI npOBepKK 

YCToAtlHBOCTH nOCTaBJIeHHOR JIeBoR KpaeBoA 3aAatlH HCnOJIbsyeTcR CHC

Te~a aHaJIHTHtleCKHX B~HCJIeHHA Rf DILC 1t1/. B CJIytlae 1.: t , 
K:: 2,,; 3 nOKa3aHO, tlTO cnexrp cnepaeope nepexcna OT onOR K 

CJI~IO ~ JIeEHT CTporo BHYT~H e~HHHtlHOrO Kpyra. JS - oTHomeHH~ ma

rOB ceTKH. ,ITPH i s; L 3aAatla RaWH YCrORtlHBa/5!.. TorAa COrJlaCHO 

TeopeMe Il,- C}. K~J /3/ YCTo~HBa paccaaepanaeaaa JIeDaR 
...... J. 

KpaeBaR 3aAatla. Ha npaaoR rpaHH~e HeAOCTalO~He ~ ~ HaXO,qRT-

CR aH8JIOrHtlHO ~ 

li 

cL 
h-.

Lt~+i=L .' (to - -I- . 
(. . LJ â' L - t{,.. · ,li-K ~ · 

J:. N-2K+-{ 

TOtlKY cneKTpa ~ Ha30BeM npocToA, eCJIH xapaKTepHCTHqeCKOe ypaB

HeHHe 

2 

. K- L a z 1'+ e, 
~ "X-

lc = L: t
 
t :- "
 

He HMeeT KpaTHbIX peweHHA, MeHbWHX no MOAYJIIO eAHHHqbl. 

B 06lqeM cnyuae (AJIR JII06oro I< H nlOC5oro rI. s- 1 ) AOKa3aHO, 

~TO, onepaTOp rrapaxoAB OT ~OH H CHOro npaBofi HpaeBO~ 3aAa~ Ha 

YiMeeT npOCTWC To~eH cnearpa ERa a,IUiHHqHOrO ltpyra o TeM 

CSMHM HCCJI8AOB8HHe YCToAtlHBOCTH CBeAeHO K HcC~eAOBaHHIO "KpaTHNX 

TOtleK cnexrpa" o ÔTO ,6oJIee npOCTaR aanava B qHCnaX no cpaBHeHHIO 

c s~atleA onpeAeneHHR Bcero cneKTpa, cOAeplK~eA napaMeTp i;o 

,l{JIR 1. 'z t ' k:: s:~ 3/ .. '..J 8 npRMblM paCtleTOM nOKaaSHO, ~TO 

xapaKTepHCTHtleCKOe ypaDHeHHe HMeaT KpaTHble pemeHHR, MeHbWHe no 

MO,ItYJIIO 8AHHHQbl, JIHWb npH Ial < 1. • B peSYJIbTaTe JlQKasaHO, tlTO c;. 
He HMeeT TOtleK cneKTpa B 06JIaCTH '21~ L, H,SHatlHT,paCCMaTpHBaeMaR 

npaBaR Kpa~BaR 3~aqa YCToAtlHBa. 

'TaK KaK eCTb TOJIbKO OAHa HaKJIOHHaR xapaKTepHCTHKa, H3 YCToA

4HBOCTH S~atlH RaWH H nOJIy6eCKoHe~HblX xpaeaux sa.n-atl (npH J. ~ t ' 
K' :: 21,; ~ ) CJIeJ13eT/6/ YCToAtlHBOCTb S~aqH c ABYMR rpaHHQaMH: 

11 (; IN II ~ C./ h, ~ €'x f (t N) o BpaCSOTe it.- o. r 'tiklj /3/ HC-

CJIeAYeTCR YCTO~HBOCTb B l2. o Ho HS HHTerpaJIbHOrO npe,AcTaBJIeHHR. 

G"'" /3/ H OQeHOK lWHKQHH rpHHa sa.n-atlH KOWH B MeTpHKe l/5/ 
cneJ13eT YCToAtlHBOCTb paccMaTpHBaeMblX KpaeB~ sa.n-atl B MeTpHKe (; • 

nepexoAHM K AOKaSaTeJIbCTBY. neBaR KpaeBaR sa;r,atla HCCJIeAQBaHa npH 

,,~ 2.,; 3 AHaJIOrHtlHO pa60Te/4/ sa.n-aqa· O,npeAeJIeHHR cnearpa one-o 

paropa G- CBO,qHTCR K peureHHIO nonHHOMH8JIbHOrO ypaBHeHHR. 

neDaR KpaeBaR aa,g,atla. cJIyqaA to;:: z.. 
HCXoAHaR Henpep~BHaR KpaeBaR 3SAatla 

tL-i; + u,	 =0/ t ~o X ~ O 
.J .J 

U,(x) O) :: t (.>cJ ..i ~ (O,.) 1;) ::: O~ 
annpoKCHMHPyeT~R pasHocTHOA KpaeBoA sa;r,atleA 
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~+.t. _ L IN 
\ 

L lL "" .L ....... _ .L 
. 

0

U, J - - te U-~-.t + i{; V-i + ic u,J iG u...~+i.,.)
 

~~O/ ~~!J.,;
 

Lt~ = t (Jt) ~ ~ ~ O...•; 

tt:= O 
(I) 

""-tL 5"" .... i!) "'- S- U~ .L u.,""
(t.,t = iG u,o+ IT lLL - TI ~+ 1b 3· 

3.o-eCb H' HHJlte, eCJI101 3TO Cne~1018.JIbHO se OrOBapHBaeTCR, ~ =t . 
nOpR.o-OK armpcxcaaauaa na pemeH101H ecrs 0(2./) . 0603Ha'Q101M 'Qepe3 

t rHJIb6epTOBo npOCTpaHCTBO nOCJIe,D,OBaTeJIbHOCTe~ '1T: [~} , 
J~ O , 1013 ~1J , y.o-OBJIeTBOpRlOlq101X rpSJU1'QUblM YCJIOBHRM (I). C 

RBJIReTCR TO'QKO~ cneKTpa onepaTopa ~ , eCJI101 c~eCTByeT HeHyneBaR 

nOCJIe.o-OBaTeJIbHOCTb 11 1013 :t,TaKaR, 'QTO • G- ~= e CU-, • Ha30BeM 

'~ 0606~eHHO~ TOqKO~ cnexepa orteparopa G- /3/, eCJI101 cooTBeTCT

ByD~aR 1T RBJIReTCR npenenoa nOCJIe.o-oBaTeJIbHOC'Te~ H3 ~:L' TO'Q~H 
cnesrpa H OTBe'QBJOlIt101e 101M 1T Haxo.o-RTdR 1013 peilleHHR "cnexrpansaoã 

aanava":
 

"2 1I~ =- fG ~-.:l" + rr ~-1. + i9~ tr~ - ls ~+t ~ ~ ~~,j'
 

~ = o, / 

4 

,!I,nR OC,T8.JIbHblX e I~dz)J <' :1.,J .; =1~ 2., CneKTp8JIbHaR 

aanaaa 101MeeT np101 J'2 )~ i peneaae 

, (r~, = C,L '1; + C~ 1.; / ~L ( 2) -=1= ~ l, (~) ~ 
eCJI101 P('li) -;: P(~~) ,r~e 

p( z) =- S- + (z= - i ~) Z T !) i.2, - L ~ 3 
i{, i b " t G i G • 

CJIyqaA KpaTHblX ~ paCCMaTp101aaeTCR OTAeJIbHO. 

CnpaBe~JI101BO COOTHomeH101e 

p(tj ) - P(~~) =(XL-:t.L) {f:>-ibZ:- !>(~1.+IJ.2,)+ 
(3) 

+ (~J..'" -t ~1 ~,t, + ~,t,~) }. 
CJIe,D,YR/4/ , nOJIO*101M 

X:;: 'lt-T ~ ... .) J = ;,tL' I oL • 

Ms TeopeMbI BbeTa 101MeeM 

X-~ = ~-i'~~ ~-t ==-9. 
c nOMO~blO c~Te~ R~D~CE B (3) no.o-.o-enaeM nocJIe.o-oaaTeJIbHble 

CTaHOBKH 2 = (~-X + t)/ i b , X =J J., -t 9J . B 

pe3YJIbTaTe nOJIyqaeM 

i>-rUro + H)/-31J"-r G.J - 1. =O. 
ÔTO ypaBHeHHe 101MeeT Tp101 pemeHHR, MeHblli101e no M0.n-YJIID eAHH101q~:

Ji = 0,33666 ••• ; J~)~ = 0,0~56+ (,0,1??9 ••• 

TIo H101M onpeneaaorca oi! : 

21. = 0,1804••• ; Z,t 3 =0,43102+ ~Ot21?? •• 
v 

TeM caMNM no~a3aHo, 'QTO ~ He 101MeeT npocTHX TOt.leK cneKTpa B. 06

JIaCT101 Ii! 111- i . J\paTHble 1 Y,D,OBJIeTBopmoT ypaBHeHHIO 

'l3-r9Z-2.=O. 
Jlerxo nposepars , tlTO ecrs O,I],HO aemecreexuoe peweHHe na [0,1 tJ 
H nsa KOMnJIeKCHO-conpm<eHHhIX paneaaa t 60JlbillHe no MO,IJ,yJIlO e.o-HHHl\bl. 

J\paTtfOMY 3HaqeH101Kl ~ , MeHbweMY t t OTsetlaeT O < C < i.. • 
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i 
l-fTaK, gOKa3aHO, tlTO ,IVIR te = 2.. oneparop nepexcna OT CIIOfl K 

CJIOIO JIeBO~ KpaeBOA a8,n;atlH ae HMeeT TOtleK cnexrpa B 06JIaCTH Ji!'~ J. • 

3aMetlaHHe. 3gech H ,n;anee npH pemeHHH nOJIHHOMHanhH~X ypaBHeHHA 

HCnOIIh30B8IICH MeTO,n; napa6oJI. B CIIyqae Heo6xo,IJ;HMOCTH 

perneHHR YTOtlHHIIHCh no MeTO,n;y Hh~TOHa. 

ReBaR Kpaea8R a8Aatla, cIIYtlaA k~ ~ 

PaaHOCTHaR KpaeBaR aagatla 

U"h.1'1.,: _'3_ 
~ t5'"', 

U- ..... 
J-3 

_ .2.S
2. ~G 

u. ..... 
~ -:I. 

+ 15""0 
2!>b 

lL ...... +' J.SO 
~-1. 2~b 

k.. 

lL J -
2.S

,2S""G 
..... 

u.~* t 
'3 ..... 

h~O ~~3:+ 2,5'"' U. J+S!. ./ ./ ..,J 

u~ : j(JL)) J~O; 

lL~=o 

.Lt.~i't.=.Q u,;: + 3iS-u, ..... - ,:liO ~"'- i" J...ll "" 115"" --1':L "" 
L :t!>G ~S-~ J.. 2.S-& ,1, .25""S U3 -~S-G u,~ 2!)' u..~ 

.....+{ -L .. tO 5' .... ~ J. O	 ""_ 1Q. u...... ~ 1. .... '3 ..... 
l..t.t, =2S"G U. + 2,~b Ui + 1SG	 u.t, 2Sb ~ + ~S-G Lt!t -~S-G US • 

annpOKCHMHpyeT HCXO~HYIO Henpep~BH~ JIeBYD KpaeBYD 3~aqy. ITOPH

,n;OK annpOKCHMal.\HH aa pemeHHH ecrs ott5') . ITp" 12 J ~ L 
xapaKTepHCTHtleCKOe ypaBHeHHa 

3-15"Z+15"O~t.+ (t50-25"G2.)Z3_ fl S Z 't + 3~5"'=O 
HMeeT TpH pemeHHR, MeHhmHe no MO,IJ;yJIIO e,IJ;HHHUbI, 2 , 'Z~ , Z 3 •t 

KaK H BblIIIe, 'Xt, (1.) = 1 
CneKTpanhHaR 3~aqa HMeeT pemeHHe 

,,. ~ J ~ 
v~ ~ C,t. ~.t -+ C.., 2,t. -+- Cl~,) .) ~ '=/= ~.~ 

eCIIH ~ y,n;OBJIeTBOpReT ypaBHeHMIO 

i. 1. !
e;Jj:: cL,t = O..J rAe~i (~~) ri ('lL) ~~ (fla) 

f~ ('XL) r~( lL.J rL ( ~3) 

6 

~1. ( z):;:' GJ l' (3 ! s:- .2-5"G~) X - 2" 1oX. '"T l 2.b Z J - 'J. S" Z 'L-1- 1- :l:'~ 

~'- ('l,) ::- 1- tIO ~ X + (2.! o- .z se ~) ~ ~ - 1- oX 3 + i, LZ 'i. - J ~ ?" 
B~HTaeM H3 I-ro H 2-ro CTOII6l.\OB COOTBeTCTBeHHo 2-A H 3-A cTon6

u,~. MMeeM' 

o O 1.eJ:J = (t1- '):~) ( ~~- XJ ) J et	 ti (Xi) XL) rJ (XJ.) X!) ri (73) =: 

lf:z.(~i)X~ lj'#-{ ~J xJ r1,(:f~) ,l
: ('li - x..){'X:I.- ~~)c;h J) r~e 

fi (:li) t%,) =- 15"b ~ l' 3 i S-- :UD{'lil' t,) 'r itG ('lt r lJ.·2~'" Zz)

lL - 't. S' ( 'E1.+ rx~) (~1." ~ l:) -r 1 {'l:L .,. X~ + 1.J. ~L (Xt~T 21, X~ + :et)}J 

rt.(Zv Xa,) =-2-~b.e (1,1.1" lt.) + l.D.f+ t1.0('l1+ ZJ- 'fO('Z:tC,t21.~.(, 1

+ Xt')+ 1L{'l,t.-t l,)(Z;+ Z~)- 3{1-L\ + l~"'+ ~i:l%. ('1-t+ ~1~~+ 2:)). 

B~' H3 nepBoro cToJI6l.\a BbI4HTaeM BTOpoA, nOIIyqaeM 

V'=~:t -x3)a'etll~JxL>~"A X.)· lft(:l"/~') ~ .-' rAe 

IJ cf"L (XL> :l",.-' :f~) lf'" (:l,,-, lJ))/ 
Vi.L =,- .2,10.,. 1tG (XL+2a,,+ ~3)-lJ.fi"(}.t-f' t;;+ ;l:--+'X1~.u + 

'lLX~+X2,.X3) + t t»: + x;, + X; + Xj ,l :z.. ;l-3 -#- ~)..J 
, -, 

1;.1 = - tS-G~ -+ 2.. tO -10(ZL-f''l.~-t''l;l)+ 2! [tlJ."'+:l1.'-r ~t + 

-t Xi21." r, l3 -t ~II.. ~J) - .3 ('1,;+ Z:.,. z/ + XJ.. Xl, 1 3 + iJ.J 
(4)?= 1-L2. ( l",1' :t.) T 1Axt ... ~t) + X,,:l. (lI. d 3) . 
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HaHOHe~, B nOCHe~HeM Onpe~eHHTene H3 BTOpOrO CTOH6~a B~HTaeM
 

nepsaã, ywiOJKeHHbltt aa (2,t. -+ l3) . B pe3YHbTaTe HMeeM
 

1l = (XL-ZL)(XL- :l3) (:l,;-lJ) Jd ~:: ~: 11-> rAe 

~1. =-:LSG 2-t- 31S--1~b ('ltX~+ ~1%3T ~..t.XJ)+ lJ.f)(I+2.Z.J.lJ.~ZJ

- 1- { '1,1 X~:C3 (1.1 1'~.\, -+ 1) + (2: l' 'l2,./J.j- X.}J..) ( Z.1 XJ., + ~1 x, + 

L
+ X..t.~3)	 -+ ('lJ.L'X.~t..1" 'l,txJ -r X;: l.J~)} ..J 

c;-:u, = lOS""'" 1- O ( X1 Z,2, + X,t 2 3 "" ~~~J -21. (7-ri,X1Z.c.,:l~)+ 

+ 3 [ ~i ~2. 13 (XL 1 :l.c." 'l3) + (~t+ IJ:- -f 1?;) (~~~1.'" 2/. 2 3 i 

+ 7~~a) -t (rx/'XJ..,~ -f Xt2..X32.. "1" '1",f" XJI,,)} . 

IIoHo!tHM	 x= Z1+ XJ., + X3 '. )j = z, t,t,·..l3
 

u= z, Xl,,'" Z1 t 3 .,. 1.2" X.3 •
 
Tor~a	 (eM: (4».'I = Ux -	 3/1, 

3.JIeMeHTbI .	 f~' MorYT PblTb npencrasneaa HaK q,YHKUlIlH It,)( 'J ' 

-/ 
fi i =- ~ 1O T f 2 cj( - 'i. f) ( X 1._ lk) i" ":1 (X 3 - 17 - SJ) .J
 

~ ~ =- .tÇ(; ~ -r 3 f f>. - t zb U. -;- li -S- ( U.x d) - 1-(XJ.(L -?l - U~) ...,
 

~ 1. =-: .2.s c2 + 1 t O - ~ 0)( ~ ~ t. [x J.._ U,) -:3 (X 3_ :lJ-sj)..J
 

~",:= ! os:+1 O IA" - :L { (U Xd ) T 3 ( X L U. - -XJ - U "') •
 

H3 COOTHOmeHMP. BbeTa nO~aeM CHCTeMY: 

8 

SÜ+J_-K. 
- --' (5)J + X (;S--X) =5"0 2~' 2~ J 

3 -)I. 

:L~ 

3 

OTCIOAa X H' ~ MOrYT 6b1Tb np~,D,CTaBJIeHbI KaK 4>YHf<IUU1 J . C nOMO

~bro C~CTeMbl RfDUCE OC~eCTBJIHeM COOTBeTCTBYIO~e nO~CTaHOBKH B 

ltt JI ct~·	 " =O H OCB060JK,IJ.aeMCR OT Pa,D,YlKMOB. B pe3YJIbTaTe 

nO.JIyqaeM nO.JIHHOMHaJIbHOe ypaBHeHHé: 

~t 

<f(~) = z= A(t) ~3i-t =, O, 
r.n,e(J Q=1 O 

Alll:0e2969
 
AI21:191'1&7601
 
AI31:3~2e65e76462 

A141:37826600644634
 
A(51: 19917195816 492 45
 

A(61:7!~e821eI149458B 

A(71:1~e68e26e8~9aeI5650 

A(8): 18}40.HeS690Je2e3067 
A(91:17)5493709ge)7035~16 

A( lel:7e~44e276e76~e7e26123
 

All11:~44e5)5e499'4779~6gee6
 

A(171=177680~69329525e200e725
 

Ar 1~):345619766e5e67e95~58~04
 

A(14)=~6~'9806446)62158657~51
 
A(151~1440e9192672"Pl~77n461~0
 

A( 1~)=69'0112el141~266267937~1 

AI 171:4e'~694126797'262427446 

AI !! I. I 176 t 1217" 978 226H 11 ~ e ~ 545 
A ( 1ç I : " 95 4 " 886 9 347 66 4 720,1e2 2 ~ 4 
A(2e)=~27522e7egelee72931564711 
A(21):2B921997267515~56ge149~e2 

A(22):96~ le762202~5e55914772~
 

A(2~1:'~979672e,,751e93727~~0~4
 

A(2~):~ge8'4'll18'62~)52099199
 

A(25):48e140~46576895'e~lee~'
 

AI?e):448792 7Z27301922 442657'
 
A(27):49!841467714eeJ20691594
 
A(2e):25!98J4~67865211J6~5e75 

A(2ç):~e'6ee62754963451e1500 

A(~rl~4'!9632255~769ge34375 
A(Jl):2'~8~274'7J~6~~6,~0 

AI32l:21~5J12~76776695312' 
A(3~):14i970254e915546875 

A(34):552e210749~~46e75 

A(3~ ):13!39~~~!25e00e0
 

A('e):2BI8276~671e75
 

A 13i): 1922167968 75 
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Ilo J.. HaXO,IJ,HM 2. ~ • TaK KaK ae TOJIbKO Bbl,qeJIeHHbIe Z.. Y,IJ,OB CnpaBeAJIHBbl COOTHomeHHR 

JIeTBOpR~T COOTHomeHHRM (5), MorYT nOJIyqHTbcR JIo~~e TOqKH cneKTpa, 

HO OHH JIerKO OTAeJIR~TcR/4/. Ece 36 pem~HHA, ~ ~ JI~aT BHYTpH 

eAlIIHHtlHOrO xpyra, J{eBRTH OTBetla~T ,2 .: ,60JIbWHe no MOAYJIIOJ,; 
I, HO cooTBeTcTByIDU(He X ~ 60JIbWe no MOAYJIIO 3: 

Ji, ~. x~ 

~ 

-O,!135"; 1,5"~ 5"; -b, i~i; 

-O,OO'lJ±~ O,!i2. 
,/
. O,2.2.9'i.=i= ~ t,lJ.l~~ - .2., 9.t3!" ~ '1, 953~ 

0, tH~5"t: i. 0,05"63; t, G5"2. :;: L 0, 2.33; ~li, {;2.+ c: 0,991."; 

0,1'1. L3:; ~ 0,2.(} 't3; f , i 9c =t: ~ t, 00 ,{; J..~, 101= ~ 'l, Gil i; 

;" JI,; 'J =)J IJ:> + o(i O-'t) · 

HaAAeH1Jl "JIOJKHble TOtlKH cnexrpe", HanoMHHM,' tlTO X::- 2 1 + .lz. + lo:>, 

rne fl; I s 1. KpaTHble 3HatleHHR Z YAOBJIeTBOpRIOT ypaBHeHlIIIO 

b' z 5"- 2,,5':L ~ - 1. ~o :;t ~ + 5""0 X - 9 = O. 

ÔTO ypaBHeHHe HMeeT ABa pemeHHR, MeHbWHe no MOAYJI~ eAHHH~bl
 

z;
,) 
~= o.Lccs e ; O,t1:1'J.
 

H3 xapaKTepHCTHtleCKOrO ypaBHeHHR HaxOAHM 

2~2.= ~,G9ItJ:+ ~ O,'41~<f. 
~ 

PeweHHe CneKTpaJIbHOA 3aAatlH·H~eN B BHAe
 

,..... ~ ,~ )
 
v~ z Ci Xi l' C,t, 'I 1 i -I- CJ 2" )
 

C; onpeAeJIm<lTCR H3 rpaHHtlHbIX YCJIOBHA
 

c, l' C'3 :: O)
 

'tu C1. T "tu. C~:: OI
{ 
rt2.t. Ci 't 't.u . Ct, =O . 

'tu =('~S-- 25"G2.) ('lLXJ)-2.,lO(ZL2J-l:>j"'12~('l./-ZJJ)

'1
 -/6" ( xl- t 3" ) + '1 ( :l.t- :lJ') .)
 

'ti 2. =(3!S"'"- 2.sG2) z,- ~ 2. O«; ..,. J 1~ %.1,3 - uo 21.t. .1- J S-~j.~ 

't.tt z .fO~{X1.-X-~) + (210-tS-{;z0('lt.~-23j - 'tO(fJ/~-l,}) + 

+ ,11. (~/·-l3:i.) - 3 {Z/'"- .t3S-) ..J 

( .'\ t O J ." s:l,:u, = i OS- ~t + ~tO - Si.2~.J ~~ -.2A [1.J. +-I'J. ~l - tsa; . 

CtlHTaeM OnpeAeJIH~eJIb 

Je:C I1 ~ ~' J) =- 9J!>, Gt ± i J. ~ 3 s , t! (; i . 

3HatleHHR XL.) 1 3 YTOtlHRIOTCR no MeToAY Hsoroaa, nOJIyqaeTcR 

cxonamaaca nOCJIeAOBaTeJIbHOCTb npH6JI~eHH1JlX- 3HatleHHA J..e, i IJ rc~' U. 
3AeCb npaseneaa YCTaHOBHBmHeCR 3HaKH 3HatleHHA Je-i JJ 't~' IJ. 

B TaKOM CMHCJIe HaAO nOHHMaTb Bce npHBeAeHH1Jle pe3YJIbTaT1Jl tlHCJIeH

HbIX paCqeTOB. 

HTaK, nOKa3aHO, tlTO le;C I1 'ti/JI 4:=0. 3~atlHT,HeT"KpaT-

HblX TOqeK cneKTpa 
l

: B pe3YJIbTaTe AOKa3aHO, tlTO B cJIYtlae, J. = t.-l 
K=j JIeBaR KpaeBaR 38Aatla He HMeeT TOqeK cneKTpa B 06JIaCTH 

J~J:?r!..
' . 

IlpaBaR KpaeBaR 3aAêtla 
f. 

Ilocae 38MeHbl.x na - X npasas spaeaas t38Aaqa ,lVIR ypaB~ 
~ 

HeHHR Ui -t u,)( =O nepexonar B JIeByID KpaeBYIO 38,1J,atly ,lVIJt 

ypaBHeHHR Ui; = U)(. 
TeopeMa. fJyCTb ,lVIR yp8BHeHHR U,. =: U~ HCnOJIb3yeTCJt 

pa3HOCTHaH cxeMa MaKCHMaJIbHOrO nOPRAKa TOtlHOCTH, HanHCaHHaR no 

HeCHMMeTpHtlHOMY qeTHoMY Ha60PY TOtleK 
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J( 
....T.! ')"1 U.....	 't:u.J	 =L-4 aI, J.,t,,,I ~ ~ .~-J..J J..= r./ .L $!..J k-~D~ 

t =- k''''L 
"t

a = a .:- (_l)t . C2,k-i (k-rL). -. (i-J.)ol (!+J..) ... (~~l"'oL) 
t k-'t- (-l~J.,) G~-1)! 

u.~ a~aHbI. 
I,"'+t IJ"'+,l U""TJ,

EcnH He~OCT~D~He W o,) W 4..J .,. / Ic'-Jl. H8XO~HTCH 

,. 
H3 annpOKCHMSQIiH U... :: UX M8KCHMBnbHOI'O nOpH,IJ.KS TOllHOCTH 

~~-L 
k. ... t. '"Ç' t'V, . U. ~ = ~ ci li , ) i- ;: o,., !..,) .. '..J /(- 2..,., 

d
TO Hccne~OB8H~~CTOAqHBOCTH paCCMaTpHBaeMoA neBoR KpaeBoA 3~atlH 

"	 li r 11
CBO~HTCH K Hccne~OBaHH~.KpaTHHX TOtleK cneKTpa~. EcnH KpaT

u 
Hble TOtlKH cneKTpa ne~aT CTporo BHYTpH.e~HKQHOI'O ~YI'at.paCCM8T-

pHBaeMSH KpaeBaH 3a~atla YCToAtlHBa. 

lloKaaaTenbcTBo 

fiapaMeTpbl snnpOKCHMaQHH ae~ c~~ RBnHDTCH pemeHHRMH 

cne~~HX CHCTeM: 

t 2",,~! 

1:: L Qe" L = ~ c~/,) ,; ~ o~ ...,) K-.t.." e~ - k'... .1	 ) Ud"O 

K 1."-t
J.:: 2: tae-' (6)~ =z=	 !/- ~) ci ,Jt=-""1'1 ) ': o

d %,)(. 1.. .)c 

Jv~= G es: Cle J-" = L. V,·,)'·c~' " e=- Jc-tL ) !~ o 

K 2.."- j 2, i::":~tJv i,~;; L: e:t,,-t ae. • J ~)c-;	 z= ~'-t) - CtJ' 
J"~ oe=-k ... ! 

12 

PaCCMOTpHM MHOrOqneHbI 

fLJc-1	 , 2./C- 1 J 
e.. K-i-" fiI 

11	 ~ ( z);: 6 at-;:'.;t Z - z 6 c~'/ X ~ ~ :: D~ ....." IC-.f.. 
I tõ:o	 d';:o (J 

i 
;}-	 JIeMM8. MHorOtlJIeHbl p~ [X) HMe~T npa 2 ': L HOJIb KpaTHOCTH 

~K 

P,,- (X)	 :: - C,
J 

.t.l!=-;L . (~_i)2.J(; ~Jc:':.2-': (x), 

H03~HQHeHT npH cTapweM qneHe IQ • (x) pasea I.
\{... "'-,2.-c. 

3aMeTHM I	 tlTO npa o« J., -c 1 sce C~/ :U:-t =1= O. 
B CaMOM	 ,IJ,eJIe, 

C, = ~ W(-~~ -U-i)I ... .1 - i"" J....J ... < ,tr;-.2- ,:~ rL) _ 
"J2-Jr;;-j ~21r J_~) , .". 

\.: ""-;1 1.1 { , (' ) ! f 2~-:G-" .2.jc-J-~W -1,.1-l,-- ~ »: :» - ..J '.J •.. .J .,., 

rne "W (XI."" ... < X.... ) - onpe~enHTeJIb BaH,IJ,epMOH,IJ,a. ~3Be-

CTHo/1/ .	 tlTO 

! ..... 1
Xl. . -. XIovW(Xi~	 .. ~ Xw) = JJ = n(X~-1). 

l ~t/ . k,.-{ -! 

XJ. .... x.... 
/1
• i 

nOKa38TeJIbCTBO neMM~. noK~eM, qTO 

\) I ( ) (2. je-!) ( ) 
p~ (t = p~ i ::,.. := p,,' i = O. 

Dpe,IJ,CT8BHM F: (~) B BH,IJ,8 
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K :U:.-j,,, • ' L'I P.(x)" X,K-1 {G a, zé- -~ c.. xr '] "z":t "f(~J. 
e= -fC+t ti =0 (J ~I 

" 
t ~"'-! 

MMee.. A(1.) " 'f/i) =Z. Qt - z: C.. ' "O 
i:: - te ".L J' =o (/ 

o, 

J 
~anee nonyqaeM . ) 

• Ft' (X) ,,(x K~9'1'(t) + XK·1.t eI/,t;l t_ ?=1Cij fJ'-') zi-'J= 
oe=-k+! d: '. 

=(zK-L) I f(~ -+ Z ~'L fi (z). 
Hs ABYX nepB~ nap ypaBHeHH~ CHCTe~ (6) cHeAYeT, qTO
 

f( i) ::: Tt (1) =o. OPOH3BoAHall nopanxa e HMeeT BHA
 

,p(t){z) =(x K.t'lLr(:t)+(l- K.~(I''l:.. (x) + .. + X K.t-t<if; (z)... 

l< ~ e 2.1c- t: 3 '_,,' 
rne T~ (:1,) =""2: u, e ~ - ~ C~/' V-i). :lU .
 

e=- Jc:1' t ti ~ o (/ ,
 

Hs (3t'f.) -(! napblypaBHeHHA (6) cnenyer , qTO f;,(~)=o.
 
CneAOBaT8JIbHO, P(i) = P'(i) := .. , = P (.2.Ic.~) ( 1.):: O.
 

~HbHenmee npOABH~eHHe HeB03MO~HO, TaK KaK HcnOnb30BaH~ Bce 2k
 

napu ypaBHeHHA CHCTeMbl (6). TotIKH cnexrpa (; ,pacnOJIOJKeHHbIe
 

BHe eAHHHqHOrO Kpyra, llBJIll~TCll pemeHHeM cne~~e~ anre~paHqeCKOA 

SaAaQH. OpH J 2 J ~ i xapaKTepHCT~eCKoe ypaBHeHHe HMeeT pOBHO 

(le-L) pemeH.Bit/3! , MelilllllRX no MO.o.yn!O eAHHHUbl. 060SHaqHM HX l ,. 

Qepea ~L (2).) 12.JrJ..J ...~ ZIc-t (.~) . PemeHHe CneKTp8.JIb-

HoA 38AaQH 
Jte 

2{)j =L: at-/JjTt, J ~ K-t, 

e=-k1'l 

{ :t~·L 

2 lJ: :: ç= C~i ~, ~ .: O, ,.'. tç-L. 

d=0 O O ... 
14 

te-i J 
H~eM B BHAe ~ t: 2:= gt z, (r) . Ilapauerpa et,

f=! v 
onpeAenRIDTCR H3 rpaHHqH~ YCHOBHA 

!c-I' ') .2.I'-t K-i ~ 

~(L: ~t, x; z= c.. {z:. ~e x[) / ':'~ ...... K·2. o 

~=L 
z: 

/=0 ;J P=i 
STa CHCTeMa HMeeT HeHYHeBoe pemeHHe, ecnH 

lU:-! 
(7)Jei }} z X~ - f= c~/ 'li' IJ;; rLJ )) !;;e U =o. 

d eO o , 
ypaBHeHHe Anll onpeAeHeHHll cneKTpa ~ nOJIYqeHO. B CHJIY xapaK-

TepHCTKtIeCKOrO ypaBHeHHll 

IC. :3 
e;i/,.,/ Je-.l.2 =6 Ct 1 2e.. ..) 

~:-"+L 

'I'orna l ~ t B (7) MOJKHO nepenacars B BHAe 

~to:-i . . 
. te.1 J - Ic:+ l + -L ( )

t.; = Z l ~ Ct 3 2 e -?= ci/' Ze =:li, . PI: ~t.- • 

t 3 = d ':: o-i'+- L . 
2.k:' 

Ho COrJIaCHO JIeMMe ~ f'le,) =- c~~ ~k:-L (2( t.) (í{ Ic-l,-': (t1~). 
CJIe~OBaTeJIbHO, H3 e- ro crozõua MOJKHO B~eCTH MHOJltHTenb 

- ~+ i ;;, ) 2. ~ 
Xl. . ~Zt - f • 

IJoCH€"' aroro nOA 3HaKOM onpeAeJIHTeJIll B (7) OCTaeTCll 'MaTpHl.\a Il.lJIc:eJt 
(IJ L L 2, i IC-i 
71..,t = 0,- te+i + W1 li" + W:L f],t + ." + "\:-1. 'Z~ / 

1. IC-L 

r~t = Q,-~+L 2 t ,t w,: zt+ , .. + W~-L Ze, » 
I •• 

1c-3 "-,2, te-.2,

lfk-1.,1t = CL-Jc.H 2 t + W!C-.e. 2f,,..;
 

lj'".a",t = a-IrU Zi
!C-L

'. 
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HanOMHHIII', qTO 

n (' ) jc-:! (1<-01.) ... (i.-J) rl (I.+J) ". (k-u,oL) 
W-):;-t1. -: - i 

(-K+L+cL) (~k-l).l 

Ci-t::+i "* O npa O < oL < i 
OqeBH~HNM 06paaOM B Jti )/ ljJ;e IJ MO~HO Ha6aBHTbCR OT 

... 
~ BHe~HarOHanbHHX eneMeHTOB, nocne qero OCTaeTCR onpe~enHTenb 

BaH~epMOH~a. 

HTaK, nonyqeH HBH~R BH~ onpe~enHTenR B (?): 

K-i (k-t (1, -1.) ~K} .
Jet nl~tll = CCL".J n t OC-L JW(XL)"".I X~_.)= 

I e::: i 2e"	 . 

= (IL_".J"-«	 f/ (xt-:r) n(Z;-7). 
f'L z; ° 1 (/ <. " 1::-.1 

z, , ........
ITpH J 21 ~ 1	 paccaarpasaeaae tt- ;., (~=. ~..J .... k-lj 
CTporo MeHbme no MorornD e~HHHQbJ. IToeTOMY ela R'l ,'t JI =t= o 
npa J~ J ~ 1.. ,eCJIH TOJIbKO 

fl.(2~' -~.)	 * o. 
L~<" s 1'-1.. , 

OCTseTCR HaRTH ~ , KOTOphIM OTBellaIOT KpaTHbJe Z ,MeHbnme no 

MOA,YJm e~HHHQbJ. TSKHe Z.,J Z!-. onpeneaanrcs aa CHCTeMbl 

' K-.f. _ ~L a t
 
2l, - ~ e-K+t. 2,


f:: o 
.t~- t. 

~-!	 e{ (1<- t) a Z =L: etLe-~+t z ; 
e= o 

PaCCMSTpHBaeMaR	 CHC'1'eMa liMeeT He õoaee ~ .-:-1.) pemeHd. 

TeopeMa AOKaaaHa. 

"	 1/KpaTHbte TOqKH cnexrpa Halm8HH,IJ,JIíl r:L = t !C= 2.J 3 

:' ...,/ J. ,lJ.nR TaKHX ~ H ~ npa , :2' ~ i '. He 06Haq 
PYMeHO KpaTHbJX Z, MeHbWHX no MO,IJyJJIO e~HHHUbJ. 

B SaRJIlO1l8HR8 npasenea pe3~nbTaTbI paCqeTOB,IVIR K=2.).3 .
°I 

Bepaeacs K npasoa xpaeaoa aanaue MR ypaBHeHI-iR U. t 1- UX -= O,

I ITpaBaR xpaesas 3a.!laqa IC == ~..J rL ':: t 

IN'" L (..... - "'" """) J }JUt a = -~- - lt~_~ T 9 U,J-L + 9 U".) - u...Jt-J., ) ~ -1-J 
te; 

hl'L; (~ ....... w ~)
 
u.- N :: -t-G 5' U, ti + 1. 5' u: N-1. - 5' li(, N-.2; + u., /01-.3 • 

ITOP~OK annpOKCHM~HH sa TOqHOM pemeaaa O( t 3) 
ÜÓHapYJK6HI:l ~Be	 "KpaTHble ToqKH cneKTpa" 

+- •
2i;,~ =0, S"'G 91.J.3 ~ /" O~ 3'2S-J...G ./ ) 2 

J J L 
/ -e 1.. 

ITpaBM KpaeBaR 3anatIa, ·--1K = 3 oL = 2..,__ L 

k."":1. j (..... ..... .;..... " 

~ =....1.- 3 u,.J-~ - ss u'J-.l. -t 1.5"0 u,J-1. -Lso LL J 
~ ss« 

- 2,5'" Ut;:t ;- ~	 U- ;:~) .) J ~ N-~~ 

u,"" +L - -L	 (G 3 ~: + 3i S- li;_ L - li Ou.;-02, + 12.G~ ;JJ - 2.S'b IV 

)	 
• 

...... ...".

'rí -IJ.S U,N-'t + 1 U~N-5" ..) 

h."t J (...... ....... ......
 ~ tA,.	 . = --:l- - 1 U-N + i 05" ~N'1. -lo ~ t O U,AI-.t. 
}I-L 2,S'G 

"'- v...)
- '10 U,Z-3 + ti ~JJ-':t - 3 lt N- S • 

IJoPRp,àK annpOKCHM8.UHH aa TOqHOM pemeHHH O( LS) 

, 

J 

16 17 



"2 t.J L :: 0, S-li i S"c± i O, S O2 S-./ 

2 3 ::: 0,J"039, 

ü6HapYJKeHbI TpH "KpaTHble TOtlKH CneKTpa" 

J i! L 2..), < 1..-J 

I 
~ 

I 

~ 
I 

,I 

~; 

I 

. " 
I. renb~H~ A.O. "MctlHcneHHe ROHetlHbIX paaHocTe~", 

MocRBa, ~M, 1959, c.IO. 

2. Hem A,G. REDUCE Userls Manual 2-nd.Un1v.of Utan, 
191J~ 10p.· 

JlliTEPATYPA 

3. H.-O.Kre1ss. Stab1l1ty Theory for D1fference Approaimat1ons 

of ~xed In1~1a1 Boundary Value Problema .Math.of Comp., 

1968.vol.22,N°101,p.10J-111 • 

4. Maaena H.E., Cep~KoBa C.M. 

~ccne~oBSHHe YCTO~HBOCTH o~o~ paaHocTHoA KpaeBoA a~atlH 

C npHMeHeHHeM CHCTeMH SHaHHTHqeCKHX B~HCHeHHA , 

MaTeM8THKa, 1985 10(281); c.55-61. 

5. Cep~KoB8 C.M. ACHMnTOTHtleCKHe CBoAcTB8 pa3HOCTHNX cxeM 

MaKCHMaHbHOrO HetleTHOrO nopR~K8 TptlHOCTH • MaT. a8Me~KH, 

1982, T.32, B~n.4, c.5I?-528. 

6. Cep~KoB8 C.M. 06 YCToRtlHBOCTH pa3HOCTHUX Kp8eBbI~ a~aq C 

HaKHoHH~H xapaKTepHCTHK8MH nOCTORHHoro 3HaKa • *EM K ~, 

19?5;r .• T.15, ~ 5, 1333-1339. 
r 

'I' 

PyKOllRCD nocTYnana B R3~aTanDc~ 

3I MapTa I987 ro~a. 

OT~an 

18 

Ma3ena H.E., CepA~KoBa C.H. P11-8]-204 
AononH~TenbH~e rp~H~4H~e ycnoB~fl AnR paaHOCTH~X cxeM 
MaKC~ManbHoro He4eTHoro nopRAKa TP4HOCT~ 

. AnR paaHOCTH~X cxeM MaKC~ManbHoro He4eTHoro nopRAKa T04HocT~/2k-1/ ~peA

nomeH~ AononH~TenbH~e rpaH~4H~e ycnoB~R Toro me nopRAKa T04HOCT~ /2k-1/. 
AOKaaaHa YCTO~4~aocTb B C neao~ KpaeaOH aaAa4~ np~ a a 1/2. k • 2,3. 3AeCb 
a - oTHoweH~e waroa ceTKH. Ha~60nbwy~ TPYAHOCTb npeACTaBnijeT onpeAeneH~e 

cneKTpa onepaTopa nepexOAa OT enoR K cno~ G. HcnonbayeTcR paaB~TaR HaM~ 

paHee MeToA~Ka C np~MeHeH~eM c~cTeM~ aHan~T~4eeK~X a~4~eneHH~ REDUCE. 3aAa
48 onpeAeneH~R eneKTp8 G CBoA~TCA ·K peweH~~ non~HOM~anbHoro ypaBHeH~R . 
YCTo~4~BoeTb npSBOH KpaeBol1 38A8~11 B C AOKaaaHa AnR a. 1/2. k • 2,3, ••• , ~ 

B 06~eM cnY4se Inp~ n~OM k ~ n~60M a ~ II AOKaaaHo, 4TO onepaTop nepexoAa 
OT cnOR K enolO npaBol1 Kpaeaol1 3aAa4~ He ~MeeT "npocT~x"T04eK eneKTpa, BHe 
eA~H~4Horo Kpyra. Ha yeToH4~BoeTH nony6eeKoHe4H~x KpaeB~X aaAa4 npaKT~4eCK~ / 
cnenyer YCTOH4~BOCTb 3aAa4~ c ABYMR rpaH~llaM~: 11 Gn 11 s c, n ~.exp(bN). 
3Aecb N - 4~cno T04eK no x. 

Pa60Ta B~nonHeHa B na60paTop~~ B~4~cn~TenbHo~ TeXHHK~ ~ aBTOMaT~aall~~
 

OH~H.
 

npenpHHT061>e.zllDleHHoro lDIeTHrYT8 RJlepHblx HccneAOB8HHA• .uy6Ha·1987 

nepeBOA aBTopOB 

Mazepa N.E., Serdykova S. I. P11-8]-204 
Additional Boundary Conditlons for the Difference 
Schemes of Maximum Odd Accuracy 

For the dlfference schemes of maxlmum odd accuracy (2k-l) we set.the 
additi6nal boundary condltlons of the same accuracy (2k-I). The left boun
dary problem stablllty In C 15 proved for a '" 1/2, k a 2.3. Here a 15 mesh 
ratlo. The maln dlfflculty conslsts In flndlng of the spectrum of the 
operator of the transltlon from layer to layer G. We use our previously 
developed methods with appl Icatlon of the symbol ic computatlon system 
REDUCE. The spectrum definitlon problem ls reduced to the pcl i
nomial equat ion··solution. The rlght boundary problem s t ab l I ity In C l s pro-" 
ved for a = 1/2, k = 2, ... , 8. In general case (for any k and any a ~ 1) 
it is proved that the operator G of the right boundary problem has no 
"s lrnpl e spec t rurn point" outside the unlt clrele. The half-infinlte dlffe
rence boundary problems stabll Ity Implles praetlcally the stabil Ity of the 
problem with two boundarles: IIGnll.sc, n ~ exp(bN). Here N Is the number of 
points in x , 

The investigation has been performed at the Laboratory of Compúting 
Techniques and Automation, JINR. . 
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