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>KaHilaB T., ny3blHI-IH 1,1,B. 
"1Tepau1-10HHaR cxeMa AflR Hefll-!HeHHblX 3aAa4, 
OCHOBaHHaR Ha MeTOAe ycraHOBileHI-IR 

P11-91-259 

l,13y4eHa 1-1repau1-10HHaR cxeMa AilR He111-1He11Horo ypasHeHl-!R, nony'leHHaR 
Ha OCHOBe MeTOAa ycraHOBileHl-!R. 1,1cxOAHOH 3aAa4e conocrasneHO HeI11-1He11-
HOe 3B0I1IOUI-IOHHOe ypaBHeH1-1e. CoorseTCTBYtol.J..laR AI-ICKperHaR cxeMa npi,,
BOAI-IT K 3aAa4aM, AflR 41-!CfleHHOro peweHI-IR KOTOpblX 6blfl np1-1MeHeH Henpe
pblBHblH aHanor MeTOAa HbtoTOHa. Pe3yflbTaTbl np1-1MeHeHbl K peweHI-IIO rpa
Hl-14HOH 3aAa41-1 AflR He111-1He11Horo Al-l<pcpepeHUl-laflbHOrO ypaBHeHI-IR sroporo 
nopRAKa. AoKa3aHbl reopeMbl O MOHOTOHHOH CXOAI-IMOCTl-1 KaK 1-1repau1-10H
HOH cxeMbl B uenoM, TaK 1-1 1-1repau1-10HHOH HblOTOHOBCKOH cxeMbl Ha Ka>KAOM 
ware 1-1repau1-111. 

Pa6ora BblnOI1HeHa B na6oparopi,,i,, Bbl41-1CI11-!TeflbHOH TeXHI-IKl-11-1 aBTOMa
ri,,3au1-11-1 01,1 A 111. 

Coo61..1.1eaHe 061,e.a;HHeHHoro HHCTHTyT8 RAep!fbIX Hccne.a;oeaHHH. Ily6Ha 1991 

nepesoA asropos 

Zhanlav T., Puzynin 1.V. 
Iterative Scheme for Nonlinear Problem 
Based on Stabilization Method 

P11-91-259 

An iterative scheme for a nonlinear equation obtained on the basis of the 
stabilization method is studied. The original problem is associated with a non
linear evolutionary equation. The corresponding discrete scheme leads to non
linear problems which are solved by the continuous analog of Newton's met
hod. The results have been used to solve the boundary value problem for a 
nonlinear differential equation of second order. The theorems about the mono
tonic convergence both of the iterative scheme as a whole and of the iterative 
Newton scheme at every step of iteration are proved. 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 
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. 0,IUiH l18 CIIOCO6OB IIOCTpOelill.li HTepal.U!OHHllX CX8Nj ~ pememm CTa-
1.U!O~ap!lllX sa'Aa~ 6as11pyeTCH Ha_MeTO'Ae ycTaHOB.nemm/I~31 . TaKlle 11Tepa-
1.U!OH!llle cxeMH IIOJIY'I810TCH KaK pe8yJll>T8T IIpRMeHemm:·pa8HOCTHWC amrpoK
CIDAaI.Un1 COOTB8TCTBYJOmHX 3BOJIIOLU!OHHblX ypaBHemiit. Ilpu: 3TOM YCJIOBWi cxo
,IU!MOCTH TaKIDC CX8M MOI'YT 6UTI, HCCJ18'AOBaHll KaK CaMOCTOHT0Jll,HO, TaK ll 
B CBII8ll co CBOftCTBaMH pemeHHH SBOJIIOD;ll:OHHOro ypaBHeHKH. 

B 'A8HHOli pa6oTe paCCMOTpeH IIepBlltt IIO'AXO'A K ll8~8HIIIO CBOftCTB KT0-
paD;ll:OHHllX cxeM. D II.I paCCMaTpHBa!OTCH YCJIOBKH CXO,IU!MOCTK KT8paIUrOHHOtt 
CX8Mll ,IJ;JlR H8JIHH8HHOrO c}JyHKIU{OHaJII,HOro ypaBHe!IIDl,IIOJJY'leHHOft WOpMaJll>HO 
KaK pasHOCTHaH aIIIIpoKcHMaD;ll:H cooTBeTCTBYJOmett SBOJIIOrtii:oHHott sami~n. B 
rr.2· K8yriaIDTCH YCJIOBIDI CXO,IU!MOCTH TaKHX llTep~Kli HeJIHHeliHOH rpaHH'IHOll 
8a'Aa~H ,IJ;JlR ,n;Kqx;pepe!IW{SJII,HOro ypaBHemm BTOporo IIOpH,I(Ka. Ilpll 3TOM Ha 
KalK,ll;OM mare OCHOBHoro HTePal.U!OHHOro IIpo~ecca HCIIOJII,8YJOTCH Hl>IOTOHOBCR.He 
HTepa~. 

I. MeTOll YCTaHOBJI9HHH lIJL<I WVHK!lliOH8Jll>HllX ypaBHeHHli 

PaCCMOTpllM Hemi:HeiiHoe QlyHKIU{OHaJII,HOe ypaBHeHHe 

tf(z)=O (I.I) 

r'Ae H9JIHHeiillllii OIIepaTop. <I' OTO6paJKaeT B-IIpOCTpaHCTBO X B B-IIpOCT
paHCTBO Y • Ilpe'AUOJIOOtllM, ..;TO ypaBHeHll'.e (I.I) HM88T 8,n;KHCTB8HHO8 peme
Hlle z" B Blll!YKJIOli o6JiaCTll n IIpOCTpaHCTBa x ·:a :s. o cymecTBYJOT 
HeIIpepllBHlle IIpO118BO'AHll8 lf'(z) , <i'11(z) , IIp~eM JlllH8HHblli OIIepaTOp 
cf' (zl m.,eeT orpaHH'leHHllii o6paTHllft oIIepaTop C lfl1Czl l-f. BBo~ 

HeIIpepllBHllii IIapaMeTp t e [o, a:, ) , COIIOCT8BHM YPaBH8HHID (I.I) a6cT-
PaKTHYJ{l HeCTaD;ll:OHapHYJ{l 8S'A8~ Komn: 

dz 
B(t) ·- = <f (z (t)), 

dt 
(I.2) 

z(O)=z
0

• 

3'AeCI, zo - 8S'A8HHllll BJieMeHT 113 IIpOCTpaHCTBa X 11 B (t) 
H8KOTOpliH JlllHettmnt onepaTop, nepeBo~ B-npocTpaHCTBO X B Y. 

Ilpe.znioJIODM, ~To SS'Aa~~ (I.2) KMeeT pemeHlle. Eca z Ct>- z" II.PH 
t - 00 , TO ypaBHe!Die ( I.2) COOTB0TCTBY8T M0TO.IIY ycTaHOBJI8HIDI. 

K.nacc ypaBHeHmt M8TO'Aa ycTaHOBJ18HWI ,IVlJI 8S'Aa~ (I.I) o6O8Ha~HM ~apes 
Q o.<> • H3B8CTHb18 M8TO.u;H peme!DIH H8Jll[H81iHHX ~OHaJll>HllX ypaBHemnt, 

r;;;~:;:;~:'l(i~. I i,1 ,., f•,./- ,.·i -'.-,,~.t_c.; ,_.1~~ ~ i 

~ !E~l:;'<'jhfr ;:,:',','l,~j1,0.ll~JJ!llti , 
f !,Y,NaJmOTEH~ . 

·-.... ........ 



Tamre, K8K HerrpepUBH!Iil 'HaJior MeTo.n;a fuIOTOHa (HA!,Uf/ 4 , 5~ HeJgepHBHHll 

aHaJior R -rrpou;ecca16 ' 7 , 8BOJ1IOIJ;HOH!Illli HI,IOTOHOBCIOOI rrpou;ecc < MDI'YT 

6UTI:, 38IDICaHH B ~li,1.(8 (I.2) C paaJIIf<l'.HHMll onapaTOpaMH B • Ilpn H8KOTOpUX 

ycJIOBIDIX rJI~OCTH R o6paTIDIJOCTR orrepaTopa B IDAeaT M8CTO COOTHOllleHHe 

z ( t)- z X npn t -- 00 • TaKRM o6paaoM' BC8 yrrOMHIJYTUe BUllle M8TO-

~ IlpRHllAJI8.lKaT KJiaccy Q 00 • 

PaCCMOTpIDA c.nyqail:; . Kor.n;a B(tl = E - a~HH'IHHil orrepaTop, a 

. tf>(z) ' napeBO~T npocTpaHCTBO x B ca6H; Tor.n;a sa.n;atia (I.2) npuo6pe-

T88T Bli,l.( 

· dz(t) -~ . <P (z(t) ), 

dt 

z (0) = zo " 

(I.3) 

PaccMoTpIIM cJI8.JJY101l{eEi ~cRpaTHoe no napaMeTpy t npn6.mmeHue s~a~ 

(I.3): 
n+1 n z -z 
,z; 

0 z 

n 

z· 
0 

;= If (zn+1), 
(I.4) 

o<.'r;n:!,1
1 

ROTopoe, B c.nyqae ycTaHOBieHIDI,MOJKHO paccMaTpHBaTI, K8K I!Tepffi:(HOHH!lli 

· npou;ecc pellleHim s~a'III (I.I). CclJOPMYJIHpyeM O,ll;HO ,ll;OCT8TO'IHO8 YCJIOBIIe 

ycTaHoBJieHIDI pemeHiiff s~a~ {I.4). 

TeopeMa I:I. IlyCTI:, BUIIOJIHmOTCH ycJIOBIDI:_ 

I. )l.Jm Ra.l!Q!;oro n pemeHne s~a'In (I.4) c~ecTByeT n np:rma.n;JieJKHT BU

IIyKJioii o6JiaCTR o . 
2. B o6JiaCTH D c~eCTByeT npOH3BO.n;HM <lipellle IP' (z) li o6paTHUH 

onepaTop (E- 't" <.P' (z)) -
1 , npli'IeM· BblIIOJIIDieTCH HepaBeHCTBO 

HcE-'l::lf'<z»-
1
//~ q.(1, o<'T: ~ 1. 

Tor.n;a pellleHRe 3~8'Ili (I. 4) CXO~TCH IIPH n - eo 

3~8'IH (I.I). 

4OKa3aTeJII,CTBO. 0603H8'IID/J 
(I.I) u.(I.4) JierKo rro.nyqaeM 

~ n+1 n 
(E-'tn<P'Czn) )e = e • 

r.n;a Z = c;{ Zn+ 1 + ( 1- o( ) ZX 
!1 n · n . 

8n+1=zn+1 

o(n E (0,1). 

2 

X 
- z • 

(I.5) 

R pemeHHIO zx 

Hs ypaBHemrii 

(I.6) 

.B CJl!JJY nepBoro ycJIOBIDI TeopeMu nMeeM zn c D • Tor.n;a c~ecT:ayaT 

orrepaTop CE- ,z;ncp'cznl >- 1
• Us (I.6) c ~aTOM HepaBeHCTBa (I.5) 

no.nyqaeM 

//en+111 f 'q. ~en u~ ... ~ qn+1. geou. 

0Tcro.n;a CJie,DyeT, 'ITO zn- zx npn n- oo •. TeopeMa .n;oKa3aHa. 

Hemrnef!llYJO sa.n;a~ (I.4) MOJKHO pel!laTr,, HaIIpID/Jep, c nouolllI,10 JIU6o Henpe
pUBHoro aHaJiora MeTo.n;a fuIOTOHa, JU160 nTepau;nil 

(E-'l: tp 1(zn))vn =<.f(zn) 
n 

zn+1 = zn + q;; vn 
n 

(I. 7) 

KOTOpUe IIOJIY'I8HU M81'O,ll;OM IIBB3H.7ll!Heapnsrunnl31. B HTepau;IDIX (I. 7) 
B8JIWtHHa ,z;"n HrpaeT pOJII, IIapaMeTra R,9CT8CTB9HHO,ea BU60p MruKHO 
CBH38TI:, C MHHHMH3aIJ;Heil H8BH3KR / 9 , □/. 

2. l1Tepaupm lIJJ,II .rrndxbepeHUU8JII,HUX ypaBHeHHH 

2.I. B Ka'IeCTBe IIpHMepa paCCMOTpliM KpaeBYIO 3~a~ 

z" = f(x,z,z') O~x~l. 
(2 .1)· 

z(O)=z(e )=O. 

IlycT:r, u(x) , u(x) - .n;BaJJOJ;U HerrpepHBHO ~qxllepeHD;IIpyewe Ha [o, C] 
cpyma.um, y.n;oBJieTBOPHIOIIU{e. O,ll;HOpO.n;HHM .KpaeBllM YCJIOBIDIM R HepaBeHCTBY 

u(x)<::.U(x) IIPH O<.x<l. IlyCTI:, D={O$~~f,u(x):l.z~U(x>J" 

- BUIIy.KJIM o6JiaCTI,. Ilpe.n;IIOJIOJKRM, 'ITO 3~a'Ia (2.I) ID/J88T e~HCTB8HHOe 
pellleHHe_ z}f B o6JiaCTH D. )l.Jm 3~a~ (2.I) UTepau;M (I.4) HM8JOT 
Bli,l.( 

n+1 n z -z 
it:,, 

= 
2

n+1II 

z0 = z
0

(x) 

f(x,zn+1,zn+1 r 

zn+1 (0) =zn+1 (-l ) = 0 
(2.2) 

r.n;e z (x) E D. IIpa.n;rroJIOiKRM, 'ITO 3~a'Ia (2 .2) HM88T pemeHRe 0 

npu R8JK,ll;OM ll)liKCHpoBaHH0//1 n H 'ITO 8TO pemaHHe TaKJKe IIpHHa.n;JI8.llIBT 

o6JiaCTR D. YcJIOBHe (I.5) B TeopeMe I.I BllIIOJIHHeTCH IlpH orrpe.n;MeH

lillX orpaHRtieHIDIX OTHOCHT8JlI,HO H8JlHH8HHOll y}JHKIUlli f(x,z,z') .Hee 
IIpOH3BO.n;HHX. 

TeopeMa 2.I. ilyCTI, (IJYHKIJ;HH f(x,z,z') HMeeT HerrpepUBHH8 
npOH3BO.n;HHe no apryMeHTaM z, z' 

H BUIIOJIHeHo YCJIOBlle 

3 

.n;o BToporo IIOpH.n;Ka BRJIIO'lHTeJII,HO 



fz(x,z,z') ~ O > 0 ·' (2.3) 

B o6JiaCTH D. Tor.n;a l!Tep~ (2.2) CXO~C.lI npH n-<X) K peruemm 
zx sa.na'Ill (2.I). 

1IoKa3aTeJibCTBO. 06osHa'IBM en+t=zn+T_zx. 

(2.I), (2.2} IlOJIY"iaSM 

en+1n·_ f t . - . -• }en+l - (f ( ~ _, l+ T }en+1 
-- z•· x,zn,,zn z x,z.-n.'"z.n "'t',t 

en+l (0) = en-i!'l ( t l = o 

- n+l x 

lls ypaBHemra 

en 
-'1:n '(2.4)· 

r.n;e zn=a.nZ +ft-«nlZ , ~e:(o,n. 
B CHJIY yCJiomm (2.3.} H: ,z: > o sa,naqa (2.jl IIMeeT e,ll;l!HCTBeHHoe peme

mre H ]J)IH.. ee pemeHIDI crrpaB~.ItlllIB8 on;eHKiII 

II en+l/lcf q /fen ff c 

r,n;e f e r c= max l e cx1 f. 

q= __ 1_. - < 1 

1+ Ii 'C n 

a,x,e. · 
Hs (2.5) .lICHO,-'lTO ff en[ c- o IIplI n-oo 
n- co . TeopeMa .n;oKasmra. 

(2.5) 

, T.e. n X z -z IIplI 

CJie;uyeT OTM9Tl!Th, 'ITO II.PI! IlCCJie,JJ;OBaHl!lI CXO,ll;HMOCTl~ nTepaD;l!OHHOro 

npou;ecca ]J)IH... sa,n;a"Il! (2.I} o6wmo HaKJia,r1;HBa10Tc.a: orpaHH'!elmiI Ha HeJllI

HeHHY,10 qacT:E> ypaBaemu/121_ . .I!:,Jm: onpe,n;eJieHHOro KJiaCCa H9Jll'IH9HHOCTJI 

B/I37 aaii.D;e1m 06111H~ yCJioEm, npH KOTOIJUX: IIMeeT MecTo cTa6l'!Jll!3aIJ;lI.lI · 

peruemm. Y CJIOBHe (2,.3} qacTO, BCTpeqaeTru/14 •IS/· B HCCJl9,I(OBamra KpaeBHX 

sa.n;a'i (2.I}. 
/~.2

1
.n:mr 'IlICJieHHoro pemeffili'r HeJil'IHe2HOK sa,naqII (2.2) npIIMeimM 

HAi\lli 4 •5 • B pe3YJII,TaTe w IIMeeM HTepaD;l!omnm nponecc 

L~vk=vk-f , ( n+l n+t •) ' _ (f ( n+T n+l 1 + .!_) _ rn+l (' ) 
z x,zJC • zk vk z x,zk ,zk 't:n vk - k 2.6 

vk (OJ=vk {f,)=O , 

n+f n+l 
,zk·H .=-,zk +O-kvk., zn+l=zn, n, k=0,1, ••• , 

0 

r.n;e zn+t~zn 
n+l k 

rk 'Crt' 
n+l +f( n+f , n+l') 

- zk x,zk ,zk 

O<~f 1 (2. 7) 

(2.8) 

~OlitHO cg]OpMy-Jli!POBaT5YC..~Omm: rJio6a.m;Hoft CXO,ll;l!MOCTH HTepaIJ;l!ll· {2.6)

(2.7). 

4 

), 

!1 

i' 
t 
\. 

i 

l 
f 

' ii 
i 
J 

I 
I 

TeopeMa 2.2. Ilpe,n;noJIODM, qTo Bee ycJIOBl!.lI TeopeMH 2.I BHilOJIH9Hll 

li KBa.Ili)aT~Ha.lI <.POIUa fziJ2+2fzz•'J•i+fz•z•· rl OTHOCl!TeJII,HO 
! li 2 IlOJl01KllTeJII,HO ( OTpmi;aT9JI1,HO) noJiyonpe,n;eJieHa BO BC9li pac

CMaTpHBaeMO.ii o6JiaCTlI onpe,n;eJieHIDI D, T. e. 
t 2 

fzz (x,w,w' l! +2fzz, (x,w,w' )j·~+fz, z, (x,w,w' l·p ~ 0 ( ~ 0) , 

Ilycn npl! HSKOTOpOM saaqemra k ~ O BHilOJIIDISTC.S: YCJIOBHS 

n+l 
rk ~ 0 ( ~ 0) 

Tor,n;a IIMeeT MeCTO MOHOTOHHaJI CXO,JJ;IIMOCT:Ei HTepaD;l!OHHOrO npon;ecca 
(2.7): 

n+1 n+l n+l n+l 
z !:: ••• ~zk+2 S, zk+l ;!, zk ' 

n+l n+1 n+1 . n+1 
(zk ~zk+l·~ zk+2~ ••• ~ z ). 

(2.9) 

(2.IO) 

(2.6)-

(2.II) 

noKa3aTeJII,CTBO. IlplI BHilOJIH8HHII ycJIOBHH (2.3),(2.IO) ,ll;l!qxj}epeH

IJ;l!aJll,HllH orrepaTOp L~ B (2.6)_ JIBJii!9TC.lI MOHOTOHHHM/I6/ (CM. CTp.356-

358) H, CJ18.I(OBaTeJI1,HO, HMeeM vk~ 0. Tor.n;a H3 (2. 7) BHTeKaeT, 
qTQ 

n+l 
zk+1 

J];aJiee samnneM 

< zn+l ~ k 
rn+l 
k+l B BlI.!(8 

n+1 n+l 6'., ~ . 2 ~ ,.. · . , 2 el rk+l = (l-~)rk + -2- fzzvk + 2fzz•· vkvk,+fz'z_'·•_Vk J (2.12) 

r.n;e' l° - saaqeHIIe. qJYHKIJ;ID! f B HeKOTOpo:ii T01iK8 U3 o6JiaCTH D. 

ECJllI yqecT:Ei H9.PaB9HCTBa (2.9) .H (2.IO). TO H3 (2.12). CJI9JJY9T Hepa-

BeHCTBO r~:~ ~ 0. 0TCJO,IJ;a, K8K K B IIp8,lJ;!lJJYllt8M mare, IIOJJY'Ia8M 

z~!! ~ z~!~ lI T.,lt. J[erKo Bl!.I(8Tb, qTo,_IIpH qlllltCHpOB8HHOM n 
ITOCJ18,JJ;OB3T9JI:E,HOCTb f z;t1 } MOHOTOH,HO y6HBmont~: 06osaaqHM 

en+1=zn+l_zn+l • • Tor.n;a Jl8rKO npoBepHTb, qTo amn+l 
m m 

y,n;OBJI9TBOpil9T 

Ln0n+1 
mm 

n+l - +1 - 1 n+l (em )"-f (en )'-(f+;;:-)em 
z' m z a.,n 

=rn+1, m , 

en+l (O) = en+l ( l) =O, m=k, k+l, •••• , 
m m 

(2.I3) 

r.n;e f - 3H8'!18HK8 qiymaum f B H9KOTOpott T01iK8 1!3 06.nacu D. 
n+l <:: o 

0TC:a:,,1Ui. KaK R Blillle. IIOJJY'Ia0M HepaB8HCTBO em - ,1(JlSt BC8X 

m;;::.k. . TaKHM o6pasOM, BepHo (2.II) :e:, CJ1e,1toBaT8Jll,HO, MOHOTOHHrur 

orprumtieHHaJI CID!3Y llOCJie_ioB8T0Jl:E,HOCTb l!M90T npe,IteJl. IloruuteM, 'iTO 

·. ·s 



i 
I 
1, 

1 . n+1 n+1 
im zk = z • 

(2. 1;3)°'.' cnpaBe,n.mma o~elIB/II/ 
~eHCTBHTeJII,HO, ,n.11iI perueHIDI Sa'Aaqn 

ll 0t
1 II ~ ct• 1lrt1

~ • 
. C C 

(2.I3') 

Ms qJOPMYJJH (2.7) SICHO, ,qTo A11iI CXO.I(IIMOCTUllOCJie'AOBaTe.7ll,HOCT1I zt1 

Heo6xo.IU™o, '!To6u vk- o np:n k - oo • C .zwyroll: cTopoHU, B CHJJY 

YCJIOBHSI (2.3) H 'rn>O orrepaTop L~ B (2.6) l!MeeT orpaHH'!9HHID1 

o6paTHUH onepaTop //<L~ > -
1 U f. '/t· Ms ypaimeHIDI (2 .6) Hafr.neM 

n -1 n+1 
vk = (Lk) . rk 

n+1 
0TCIO'Aa SICHO, qTo rk .- 0 npH k - 00 , Jlll()O B IIpOTIIBHOM CJzy-
qae MU IIpHlllJlll 6u R BblBO.JJY, qTo vk He CTpeMHTCSI R HyJIIO rrpn k -- 00 • 

3TO rrpoTIIBOpeqnJio 6u TOMY, q;o IIOCJie'AOBaTeJU,HOCTh z~+1 CXO~TCJI 

rrp:n k-- 00. Tor'Aa HS (2. I3 ) BUTeRaeT, qTo 

II n+1 n+1 \\ 
z - zk c - o npn k - oo • 

. AHa.i:tor:ntmHM o6pasOM ,ItORaSUBa8TCSI BTOpM qacTl, H8paB8HCTBa(2.II). 

TeopeMa 2.2. yToqIDJ:eT 'AORaSaTeJII,CTBO TeopeMU HS pa6oTul171. 

2.3. Teo~eMa 2.I yc~aHaBJIIIBaeT cxo.I(l!MocTh HTep~ (2.2). Crrpa
Be.n,mma TaRllte CJie,D,yJOIIlM 

TeopeMa 2 .3. IlyCTh r~ (m >, 1) SHaROllOCTOHHHa Ha HHTepBaJie 

(o,e l :n BUIIOJIHJIIOTCSI Bee ycJIOBKf.! TeopeMU 2.2. TOr'Aa HMeeT MeCTO 

MOHOTOHHM: CXO.I(l!MOCTh HTepa~ (2 .2). TO ecn crrpaB9.IiJJIIBU HepaBeHCTBa 

zxt. L m"' m-1 
- ... - z - z 

( 
x "m m-1 

. Z~•••~Z~Z 

IIPH 

rrpn 

m r
0

;,,.0 

rm~ 0 ) 
0 • 

(2.14) 

(2 .I5) 

JlorrnsaTeJll,CTBO. IlycTh r~ . ;;, 0 

TeopeMe 2.2 crrpaBe,1J,JllIBH HepaBeHCTBa 
m ~1. Tor'Aa, corJiacHo 

m . 'm m m m-1 
z ~ ••• ~ z2 l: z

1 
f z

0 
= z 

0TCID'Aa,H HS (2.2),(2.8) HMeeM 

2 m+ 1 _ zm 11 , " , 

m+1 o m+1 f ( m+1 m+1 ) m +f ( m zm_ ) r 0 = "t'm - z 0 + x,z0 , _z
0 

.=-z ·, x,z, 

m m-1 
z -z > O 

. 1:"m-1 ,,. 

CJie'AOBaTeJII,HO, BUIIOJlHJIIOTCH HepaBeHCTBa zm+l ~ zm _f zm-l 

'i=1, 2, ·.: ·; • Heo6xo.I(l!Mo 'AOKaSaTh HepaBeHCTBO zx !, zn· 

HazypaJII,HOM n ~ m • ~ 3Triro paCCMOTpHM paBeHCTBa 

6. 

r:+~~ o 

IIP1I Jl106 OM 
I 

n'' n n 1 n+1 -z + f(x,z ,z.) = r
0 

xi x x• z - f(x,z ,z ) = 0 , 

Us HMX Jierno uoJmo rrpm1Tn x Ba,n;aqe 

zn(O)=zn(l) =. 0, 

zx(O)=zx(l)=O 

(zx - z">" - f (zx-zn)' - f (zx-zn) = rn+l 
z 1 

· z o 

[zx-zn] = 0 
x=o,l . 

3'Aech t - sHaqemrn gJYHRIUrn f B HeRoTopo.ii cpe,IUieli TOqJte, rrp:1rna,n;-

~"l8Jit81Ilefr D, • 0Tc.IO.D;a C yqeTOM YCJIOBHH (2.3) 1-I r~+l ~ 0 IIOJzyqaeM 

HepaBeHCTBO zx - Zn .f 0 

AHaJIOrll"IHh!M o6paSOM ~ORaSb!BaJOTCSI HepaB9HCTBa (2.15)~ PaCCMOTpHM 

ellle o,IUio YTBe.P1K)l:eHRe, xapaRTepHSYJOIIlee xaqecTBeHHoe cBoftcTBO pemeHRH 
.IUIQxi)epettmiaJII,Hou·sa~aqn (?.I). · - ·· 

TeopeMa 2.4. IlycTh BHIJO.,"IHmOTCH HepaB9liC~BO (2.9) n'yc.noBIDI 

T80p9M.bl 2 .I. Ilycn TaIOKe ~qxpepeHI.UI8JU,HOe HepaBeHCTBO 

z"-f(x,z,z')!, 0(~0) (2.16) 

HMeeT XOTSI 6hl O'AHO H8IIOJIO.lK.HT8JlhH09 (He OTJ):tmaTeJII,HOe) pememie, y~oB

JI9TBOpmomee ycJIOB1IHM z (o l ~z < l .) =O. Tor~a J)eruemre RpaeBou 

sa,n;aqn (2 .I) H9IlOJIOJK!IT8Jll,HO (HeOTpm~aTeJII,HO) Ha OTJl8SRe [o, f.]. 
EoKasaTeJlhcTBO. HorrOJio.lilliTeJlhHOe pomeIDie HepaBeHCTBa (2.16) 

B081>Me111 J3 RaqecTBe Haqa.m,'Horo ·rrp:n6.nruieHHSI 13 nTepa~· (2.6), (2. ?) , 

T.e.. · z 0
~ o, z 011

- f(x,z 0 ,z01 )'-60. .Tor'Aa l!S (2.8) Bh!TeRaeT 

HepaBeHCTBO l 
0 

1 2o-z 111 1 11 oll O QI 
r = -- - z +f(x,.z ,.z ) = -z + £(x,z ,z J ~ 0. o , q;

0 
" o • o . o . 

'OTCIO.D;a JICHO, qTo IIMeeT M9CTO MOHOTOHHM: CXO.I(l™OCTl> ItaI, ~ Herrpeplill

HOrO BHaJIOra M8TD'Aa Il:blOTOHa, TaK 1I Will IITepaIUlli (I.4). TrurnM o6paSOM, 

BHIIOJIHHJOTCSI HepaBeHCTBa 

z"~ .... ~zn,f •••• ~z 1 ~ z 0
~ 0~ 

CoBeprneHHO aHaJiorwmo .I(ORaSb!BaIOTCSI o6J)aTHUe HepaBeHCTBa. 0TM9T'"'7 '!J:TO 
c IIOMOIIlhID npe.ICJiaraeMoro 1ITep~uoHHoro npo~ecca 'Il'!cJieHHo pemeHU I I 
HeKOTOpble ypaBHeHHH, BCTpeqaiomnecSI 13 HeJI1IHeiiHOli TeOp1IH IIOJIH IIP1I HSY~ 
qemm BSaHMO'AeilcTBIDI MeMeHTapHUX qacT~. 
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