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P5 - 12523 
*H~Koe E.n., KHp4ee K.n. 

YcTOH4HBOCTb ye~HHeHHOH eonH~ ~R ypaeHeHHR 
a2 u 3 

- ± ( u- u ) 

MeTo~ 6eHmaMHHa npHMeHeH K Hccne~oeaHH~ ycTOH4HBOCTH 
ye~HHeHHOH BOnH~ HeKOTOporo HenHHeHHOrO ypaaHeHHR. C HCnOnb-
30BaHHeM HenHHeHH~X $YHK~HOHanoa, HHBapHaHTH~X OTHOCHTenbHO 
BpeMeHH H y~oeneTBOpR~~HX HeKOTOp~M orpaHH4eHHRM, nOKa3aHa 
YCTOH4HBOCTb 11$0pM~··. 

Pa6oTa BblnOnHeHa 8 na6opaTOPHH 8~4HCnHTenbHOH TeXHHKH 
H aaTOMaTH3a~HH OHRH. 

Coo6weHHe 06'beliHHeHHoro HHCl'Hryra R.QepHbiX HccneaoaaHHA, ,Uy6Ha 1979 

P5 - 12523 
Zhidkov E.P. , Kyrchev K.P. 

The Stability of Solitary Wave of ::~t=±(u-u3 ) 
Equation 

We proved the stability of the shape of the solitary 
wave of the listed equation by the method of Benjamin, which 
is based on the investigation of some nonlinear functionals 
invariant with respect to time. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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)l.)l(ei!Jpeii u KaxyTaHH . B pa6oTe 1 1 1 paccMoTpenu Bonpoc o6 yc

TOH'IHBOCTH ye.nuueuuoii Bonubl ,nn11 ypaBHeHHJI KopTeBera .ne 

cllpu3a B paMxax nHueiiuoro npH6nH)I(eHHJI . IieH)I(aMHH B pa6oTe
1 
!I 

OTMeqaeT, 'ITO pa6oTa )l.)l(ei!JpeH H KaKyTaHH He ,naeT Y.llOBneTBOpH

Tenbuoro peweHHJI Bonpoca, Tax xax HeT rapaHTHii, 'ITO H3 ycToii

'IHBOCTH B paMxax nuueiiuoro npu6nH)I(eHHJI BbiTexaeT ycTOH'IHBOCTb 

ye,nuueuuoii BOnHbl ,nnH nonuoro uenuueiiuoro ypaBHeHHH. B 3TOii 

)l(e pa6oTe .Eeu)l(aMHH, ocTpoyMHbiM o6pa30M ucnonb3Yll cnexTpanb

HYID TeopHID , .nan nonuoe peweuue Bonpoca o6 ycTOH'IHBOCTH ye.nu

ueuuoii BOnHbl .nn11 ypaBHeHHll KopTeBera .ne «llpH3a . 0TMeTHM, 

'ITO ,nnll npHMeHeHHll MeTO,IJ;a IJeH)I(aMHHa ,IJ;OCTaTO'IHO HanH'IHJI JlBYX 

uenHHeHHbiX I!JyHKIJ,HOHanoB, HHBapHaHTHbiX OTHOCHTenbHO BpeMeHH . 

TaKHM o6pa30M MO)I(HO HCCne,noBa Tb H ypaBHeHHJI, HeHHTerpHpye

Mble MeTO,IJ;OM o6paTHOH 3a,IJ;a'IH pacceliHHll. 

1. IIpeoaapumeAbHbre pace~.compeHUJf 

HacTollwaJI pa6oTa noCBJIIIJ,eHa npuMeueHHIQ MeTo,na .Eeu)l(aMHHa 

K HCCne,IJ;OBaHHIQ yCTOH'IHBOCTH ye,nuHeHHOH BOnH~ ,nnll ypaBHeHHJI 

a2u 
axat = £ ( u-u 3) . r.ne ( ~ ± 1 /1/ 

YpaBHeHHe /1/ HMeeT peweHHe BH,na ye,nHHeHHOB BOnH~ <I> (y) = 

- 112 
th (2 C y), r .ne 0 < C < "" , y = x- C - 2 

( t . /2/ 

Cne,ny11 MeTo.ny IieH)I(aMHHa, 6y,neM uccne,no:&aTb ycToil'IHBOCTb 

"I!JopM~" peweHHJI /2/. 
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Onpe~eneHHe ycTOH'IHBOCTH. <I> ycTOH'IHBO oTHOcH-

TenJ.Ho MeTpHK d 1 H d 11, ecnu ~n.11 Ka)l(~oro 1 .., 0 cymecTayeT 

8£, TaK'ITOBJ[d 1(u , <l>)]t- 0 $8 cne~yeT ct 11(u,<l>) ~ ' · t'_O. 

3~ecb u - peweHBe ypaaHeHB.II /1/, KOTopoe y~oaneTaop.lleT He

KOTOpbiM ecTeCTBeHHbiM ~OfiOnHBTenbHbiM Tpe60BaHHJIM. 

flyCTb I ( U, <I>) - $yHKUBOHan, BHBapBaHTHblH OTHOCHTenbHO t , 

xor~a u RBn.lleTC.II peweHHeM /1/. Tor~a ycTOH'IHBOCTb 6y~eT 

fiOKa3aHa, eCnB cymeCTBYIOT KOHCTaHTbl a" 0 , /1 > 0, A " 0, TaKHe, 

'ITO KOr~a d 1_s: A npH t "" 0, TO 

2 
ald 1 (u,<l>)] ~I(u,<l>) npa t=O, /3/ 

/3 [ d 1 / u , <I>)] 
2

::; I ( u , <I> ) npB t :_ 0. /4/ 

flyCTb U ~<I>+ h JIBn.lleTCJI peweHHeM /1/, Y~OBneTBOpRIOmHM 
cne~yJOmBM ycnoBB.IIM: 

aj h (X, t ) ~n.ll n1060r0 t ~ 0, .IIBn.II.IICb $yHKUHeH OT X , npHHa~-

ne)I(BT W ~ ( R) /npocTpaHCTBO Co6oneaa c HOpMoi ! I h I I : 

=! j (h2+h' 2)dx!1 / 2 / ; 

6/ lim U X = 0 llpH X -> ± oo ; 

B/ lim U t ~ 0 llpB X --> ± oo • 

flyCTb r - rpynna C~BBrOB Ha OCB X, r f(X)s.f(x-(). 3a$BKCH

pyeM ( B llOKa)l(eM, 'ITO B3 ycnOBB,.II "a" BbiTeKaeT, 'ITO 

T U (X , t) - <!> " W ~ (R.) . /5/ 

)J.eiiCTBBTenbHO: 

ru(x,t)-<l>(y) = h(x - ( , t)t<l>(y - 0 - <l>(y), 

-2 1 
r~e Y=X-C E t.Oqeau~HO,BJ"a" cne~yeT,'ITO h(x-(,t)~W2 (R). 

A ~n.11 BToporo qneHa BMeeM 

<I>( y-O -<1> (y) = -
sh(2- 112 C 0 

--------~ ·------
- 112 - 112 

ch(2 C(y-())ch (2 Cy) 

1 
~.;;; W 

2 
(R). 

B ~anJ.HeiweM 

d1(u, <l>) =- llu-<I> II: IIh l lsl j (h
2

+h'
2
)dx!

112
. /6/ 

4 

MeTpHKY ct 11 Ja~a~HM ¢opMynoi 

ct t u . <1> ) ~ inf II r u - <1> II, 
11 . /7/ 

3TO HMeeT CMbiCn B CHny /5/. 0TMeTHM H3BeCTHbiH $aKT, 'ITO 

W ~ BKna~biBaeTCJI Henpepb!BHO B CO /npOCTp~HCTBO HenpepbiBHbiX 

¢yHKUHH, acqe JaJOmHx npH x -• ± "" I. llpH 3TOM BbmonHReTc.ll 

oueHxa 

- 1 1 ~ 1 
sup : f ( x) i :. 2 I i f ! 1 , f r· W 2 (R. ). 
x<=' R 

Bae~eM HenHHeHHbie ¢YHKUHOHanbi 

""' 2 
E (u) ~ I u dx , 

X 
--<'-

M(u) f (u 2 - 1) 2 dx. 

Ycnoaue "a" rapaHTHpyeT cymecTBOBaHue E (u) B M (u) . 

/8/ 

/9/ 

/10/ 

HcnonLJYR /1/ H ycnoBH.II "a", "6" B "a", HeTpy~Ho noxaJaTb, 

'ITO E (u) H M (u) HHBapBaHTHbl OTHOCBTenbHO BpeMeHH t. 

)J.oKa)l(eM ycTOH'IHBOCTb a ¢opMe /3/, /4/, r~ e a xaqecTae 

I(u , <I>) 6y~eM ucnonbJOBaTb tiM - M(u) - M(<l>). CHa'lana noTpe-

6yeM ~ononHHTenLHO 
00 

2 ~E ~ E ( u ) - E ( <I> ) T I (2 <I> h + h ) dx = 0 . 
X X X • 

- oo 
/11/ 

J1HTerpupy.ll no 'laCTJIM B HCnOnb3Y.II /11/, HeTpy~HO nony'IHTb 

f\.M ~ L j (h2 +-C 2(3<!> 2-l)h2)dx+4 j<!>h3 dx+ j h4dx. 
c2 -oo X -oo 

8 2M + 8 3M + 8 4M /12/ 

2 
Tax xax <I> ~1. TO, ucnonb3Y.II /8/, nony'IBM 

~M £. 2mllhll
2 

+ 2-J211hll
3 

+ 2-
1
llhll\ /13/ 

-2 
r ~e m = max ( C , 3) . 

llycn llhll~ A. Tor~a 
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~M <aJJhll
2

. r,lle az2m+2v'2A +2- 1 A2 
/14/ 

TaKHM o6pa3oM, Mbl HMeeM uepaseucTBO /3/. 
~JIJI TOrO 'IT06bl DOJIY'IHTb OQeHKH CHH3Y, paCCMOTpHM 

2 2 00 2 2 2 2 o M = -:Jr I ( h x + C ( 3 <I> -1 ) h ) dx 
c -oo 

2 00 2 2 3 2 
= - I < h + c (2- ---- ) h ) d y . 

c2-oo Y 2 -112 
ch (2 Cy) 

/15/ 

-2 "' r,lle y 2x-C ct , t - "'HKCHposauo. Pa3JIO>KHM h ua 'leTHYIO Hue-

'leTHYJO 'laCTH 

h(y)~f(y)+g(y) , h(-!y)sf(y)-g (y). 

TaK KaK ch -
2

( ~ y) JIBJIJieTCJI 'leTuoii 4>YHKUHeii, HMeeM 
·../2 

2 2 2.. 
8 M(h) =o M(f)+ o M( g). 

2 2. O!leHKa CHU3Y OAR o M(g): 

2 4
00

2 2 3 2 
0 M (g)= :::-:z- I I g + c (2- ------ ) g I dy 

C o Y ch2(2-J/2 Cy) 

llOJIO>KBM Z = i;C:;- Y H BBe,lleM BHTerpaJI 
v'2 

K ~ I"" I , 2 12 2 g - -- g ldz 
O ch2z 

~- - g'l, 
dz 

.!9I""I ,2 6C2 ld K=~ g ----- y. 
Co Y ch2(2-1 / 2Cy) 

Tenepb paccMoTpHM Ja,lla'ly ua co6cTBeHHble 3Ha'leHBJI: 

rjJ " + (12 ch - 2 z +A ) if; ,.. 0 . rjJ (0)~0. 

/16/ 

/17/ 

/18/ 

/19/ 

A - .neii:cTBHTenbuoe, if; ( z ; A) onpe,lleneua ua [0, oo) a orpauuqeua 

npH Z -+ oo.lloBe,lleHHe 12 ch - 2 Z DpH Z -+ oo DOKa3biBaeT, 'ITO BMeeT 

6 

} ., 

MecTo cny'laii "npe,lleJibHOB TO'IKH" 13 1 . TaKHM o6pa3oM, cymecT

B)'JOT KOHe'IHOe 'IHCJIO OTpHQaTeJibHbiX C06CTBeHHbiX 3Ha'leHHH 

A 1 < A 2 < ... < A r < oo • a [ 0 . oo) JIBJIJieTCJI uenpepbiBHbiM cneKTpoM. 

Ecnu g E- L
2
(0 ,oo), TO cymecTsyeT npeo6pa3oBaHHe 

00 

G(A): J rjJ (z; A) g(z)d z . 
0 

g ( z) : I rjJ ( z ; A ) G (A) d p (A ) . 

r ,lle p (A) - uey6b1Bal011{aJI 4>YHKUHJI. 

/20/ 

3anHWeM paseHCTBO TiapcesaJIJI )lJIJI 4>YHKUHH g H g r- L 2 (0,"") : 

r g(z)g(z) dz =I G(A)G(A )dp (A). /21/ 
0 

Ecnu g ~ W i (0, oo) H g' cTpeMHTCJI K HYJIIO npu z..,.,, MO>KHO noKa-

3aTb, 'ITO 

f(g' 2 - 12 ch- 2 zg2 )dz= f AG 2 (A)dp(A). 
0 

/3TO CJie,llyeT H3 /21/ H /19//. 

/22/ 

131 3a,lla'la /19/ HMeeT pOBHO O,llHO C06CTBeHHOe 3Ha'leHBe 

/4.19/A 1=-4 C COOTBeTCTB)'JOII{eH C06CTBeHHOH 4JyHKUHeH r/J
1
(z) = 

15 ·112 shz 
= ( --) ---· . Tor)la H3 /22/ HMeeM 

2 ch3z 
2 ()(j 2 

K = ·-401 +I AG (,\)dp(A), 
0 

r,lle G
10

f.;, 1(z)g(z)dz. 

HcnoJib3YJI ycnosae /11/, ueTpy,nuo noKa3aTb, 'ITO 

01 ~ _(15)1 / 22 
8C P 

K=- 15 p
4 

l6 -- + c2 

00 

P 
2 = I 11 ~ dx ~ II h 11 

2 
• 

00 

2 15 4 I AG (A)dp(A) ~ - --211hll . 
o 16C 
2 

Tenepb, cpasuasaJI o M (g) c K , nony'laeM oueuKy -

00 g2 
o2 

M (g).? - 4-- II h 11
4 

+ J ( ~ +4 g 2 ) dx. 
8v'2C 3 

-oo C 

/23/ 

/24/ 

/25/ 

/26/ 
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3. OijeHKa CHU3Y 6AJI o 2M (f). 

lloKa)l(eM, 'ITO cymeCTByeT TaKOe KOHe'IHOe a, 'ITO 

~ 2 ~ ~ 

J I u ( x- a)- <I> ( x) I ~ inf J I u (x · ()- <I> ( x ) I dx • \ . 
(~ R -au 

060JHa'IHM 

u(x-()-<l>(x) ·· r((x)., W~(ll) /HJ ycnooH.R/5//; 

u(x-()-sgnx W((x), 

W(( X) = r {!-X) + 8 (x ). 

TaK KaK 

<!> (X) - sgn X ·~ I) l X ) ; 

! ,2-1'2 - ,x C 
1 . ' 

r((x) E W
2

(R.) H O(x) = -2sgnx ~~~---'- L (-. ..,,,.,), 
c 2 

ch x --= 
TO W ( (X) <:- L 2( - ·oo , +"" ). V 2 

Bb16epeM rrocneJJ.OBaTenbHOCTb I ( n l . TaKyJO, 'ITO 

11 z lim j I u (X-· ( 11 ) - <I> (x) l 2 
dx = lim r I w 1: - e 12 dx . 

n -oo ll ~o... s n 

/27/ 

0TCJOJJ.a, TaK KaK \V(
11 

E L 2 . cne)l.yeT, 'ITO cymecToyeT W0 ;:.. L 2 (- ... ,"') 

H 

00 2 
lim J l W " - W0 l dx ~ 0 
n - oo Sn 

00 2 
J l w 0 - e l dx . 1 . 

HJ ycnoouJJ: "a" HMeeM 

lim u ( x , t ) - ± 1 . /28/ 
X •±oo 

~orrycTHM, 'ITO I ( n l He COJJ.ep)I(HT KOHe'IHbiX TO'IeK crymeHHJJ:. 

Tor.11.a cymecToyeT ~oJJ.rrocne)l.oBaTenbHOCTb ( 11 k ... + oo /unu 

( nk ... - oo I. 0TCJOJJ.a, ucnonbJYJJ: /28/, nony'laeM 

-2 X > 0 
(lim ( n = + oo ) ; W0 (x) = l 

0 x < O k->oo k 

0 X > 0 
W0 (x) =! (lim ( = -oo). 

2 X < 0 k->oo nk /29/ 

8 

Ho /29/ rrpoTHBope'IHT TOMy, 'ITO W
0 

~.,; L 
2 

( - oo, oo) . Cne)l.ooa-

TeJJbHO, I ( 11 l HMeeT KOHe'IHYJO TO'IKY crymeHHJI a H W 
0 

... u(x-a)-
Tor.11.a 

-sgnx. 

"" 2 "" 2 
t\ -- J IW -01 dx ~ J !u(x-a)-sgnx-(<l>(x)-sgnx)!dx ~ 

- co 0 - oo 

00 2 
= J I u ( x- a) - <I> ( x) I dx . 

Terrepb HCI10Jib3YJI TOT ~aKT, 'ITO HHTerpan B rrpaBOH CTOpOHe 

B /27 I CTauuoHapeu OTHOCHTenbHO ( B T. (=a, HJ /28/ rrony-

'laeM 

00 00 

0 ~ f u '(x-a) I u(x -a) ·-· <l>(x) ldx = J u(x-a)<l> ' (x)dx. 
/30/ 

TaK KaK Mbl XOTHM 110JIY'IHTb OUeHKY CHHJY 'lepeJ MeTpHKy d l1 , 

KOTOpaJI Ja)l.aeTCJI ~OpMyJJOH /7/, TO MO)I(eM C'IHTaTb, He yMeHbWaJI 

o6mHoCTH, 'ITO u(x-a),.,<l>(x) +h(x). TaKoH Bbi6op h 6y)l.eT JJ.OCTa

TO'IeH, TaK KaK 

I i h 11 ~ ct 11 c u . <ll ). 

Tor.11.a /30/ JanuweTCJI a BHJJ.e 

00 

f h<l>'(x)dx .. 2 f f<l> '(y)dy. 
0 

HH)I(HJOJO on;eHKY JJ.JJR 

/31/ 

/32/ 

2 4 ""2 2 3 2 o M(O = -flf +C (2--------)f !dy /33/ 
c2 o y ch2(2-112Cy) 

Mbl 110JJY'IHM, 011JITb HCI10Jib3YJI CITeKTpaJJbHYIO TeOpHJO, paCCMaT

pHBaJI HHTerpan 

oo( ,2 6 2 ,[2 oo / 2 3C ll 
J "' f f - ,_- f ) dz = - f ( f - -----) dy /34/ 

o ch z Co ch2(2-1/9Cy) 

H Ja)l.a'ly Ha C06CTBeHHble JHa'leHHJI 

¢" +(6ch- 2 Z+A)¢=0, ¢' (0) = 0. 
/35/ 
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3a,D.a'fa 1351 HMCCT pOBHO O,D.HO C06CTBCHHOC 'IHCJIO A 1 ~ -4 

C COOTBCTCTBYJOtnCB co6CTBCHHOB 4JyHKII;HCB ¢ 1 (z).( :)V
2

-
1
- . TaK 

chl'z 
00 

KaK H3 1321 BbiTCKaeT, 'ITO f f(z)¢
1 

(z)dz • 0, TO 
0 

j ! ( z ) ¢ 
1 

( z ) dz 2 0 , 
0 

J =f(f'2 __ 6_f2)dz = f.\~2(A)dp(.\) ::_ O; 
o ch 2z o 

a2M( f) = Y..2... J + ~ j f~dx + 7r2dx + 6 Joo (1-- --1--) dy ; 
c c -oo -oo 2(2 - 1'2 ) ch Cy 

00 00 

2 ( 1 2 2 a M f) ~ 2 f f X dx I f f dx . c -oo -oo 

• 2 
06'be,D.HHJUI 1261 H 1361. nony'faeM ou;eHKY ,D.JIJI a M (h): 

' o2M(h) ;: j (~ h~ + h2 )dx- ____gi-l l hll 4. 
....,. C 8C 3..;2· 

4. ,[foKaaameAI>C11160 ycAoaHoii ycmoii'luaocmu 

Hcnonb3YJI OllJITb 181, HMCCM 

a 3M ;::: -4 sup I hI j h 2 dx >_- 2 v 2 II h 113 . 

06'be.D.HHJIJI ou;eHKB /37 I B 1381, nony'IHM 
' 

~ M >_ e llhll 2 -2v211hll 3
-

15 llhl!4
• 

sc 3{2 

r.D.e £2 min(~.1). 
0603Ha'IBM C 

r1(y)=ry2_ 2 ..;2y3- 15 y4; 
sc 3 v'2 

rt' (y ) = y (2 f - 3 • 2 ..j 2 y 
15 2 ---- Y ). 

2c 3 ..;2 
10 

1361 

1371 

1381 

1391 

1401 

cZiyHJCI{BJI 7J'(y) BMCCT TpH ICOpHJI: OTpHu;aTeJibHWi, HOJlb H UOJIO

)ICHTeJibHWi. 0603Ha'IBM UOJIO)I(JITCJlbHWA KopeHb 'fepe3 Yo , 1J' (y
0

),.(). 

IlpB 3TOM 4JyHJCI{BJI 1J (y) Ha BHTCpBaJJe [0, Yo ] pacTeT OT HYJIJI .D.O 

1J (y0 ) > 0 B B T. y =yO BMCCT MaiCCBMyM. 

Bw6epeM A xax noJIO)I(JITCJibHWB xopeH.b ypasHeHBJI 

2 - 3 1 4 Yo 2m A + 2 V 2 A + -A = 1J (- ) • 
2 2 

Tor.D.a, cpasHBBaJI HepaseHCTBa 113/ H 139/, nony'faeM 

[d 1(u,<I>)l 0 ::;:A < ~ 
t= 2 ' 

~ M > {3 II h 11 2 
, r .D.e f3=LTJ<~). 

y2 2 
0 

1411 

/42/ 

/431 

Bo3spamaJicb Tenep.b x onpe,D.eneHBIO MeTpHXB d 
11 

B o6'be-

.D.BHJIJI HepaseHCTBa I 131, I 421 B I 431, nony'faeM OJCOH'fa TenbJIO 

2 
a [ d 1 ( u , <I> ) l t= o ::: t\ M, 

~ 
~ M ::_{3[d

11
( u ,<I>)I , V t ;_0. 

1441 

~M He 3aBBCBT OT t. TaJCBM o6pa30M, Mbl ,D.OJCa3aJIB yCTOB'IBBOCTb 

<I> npu ,D.ononHBTenbHOM ycnoBBH E(u) =E(1>). 

5. ,lfOKa3a/lleAbCIII60 YC1110U'IU60CIIIU 

Tenepb ocso6o.D.BMCJI oT orpaHB'ICHBJI E ( u) - E (<I>) : 

2 oo dx 
2 c f-

E (<I>) ~ f <I> ' dx = 2....,., ch 4(2 · Vl(; x ) 
2Cy'2 

3 1451 

IlonaraJI u-<l>+h, onpe.D.enuM Taxoe <I> E c cooTBeTcTsyromeA 

CE, '1To6w E(<l> )=E(u). Ilono*HM a • ..Q..,b ~ £.¥=-. Tor.D.a 
E v2 v2 

4 
00 

2 4 00 
2 

-3 b ~ f (<I> + h ) dx = -
3 

a + f (2 <I> · h + h ) dx : 
X X X X X 

-oo - oo 

4 oo 2 a 112 . 2 
- I a - b I = I f C2 <1> h + h ) dx I < 4 <-) II h II + II h II . 3 ' _.,.. X X X - 3 

/46/ 

tt 



HeTpy,nHo no,nC'IHTaTh, 'ITO HMeJOT MecTo oueHKH 

j (<l>-<t>E) 2dx ~ 8(ln4-1) I a- b i , 
- oo a b 

/47/ 

00 2 -
f ( <l> ' -<l> ~) dx ~ ~- I a- b I . 
~ 

/48/ 

H3 onpe,neneHHJI /7 I MeTpHKH d 11 BhiTexaeT 

/49/ 

t :::. 0 . /50/ 

113/46/ BhiTeKaeT, 'ITOCE - C, KOr,na [d 1 (u,<l>)]t-0 ~11 h l l·0, 
H TaK KaK KOHCTaHThl aE H {3 E 3aBHCJIT HenpephiBHO OT C E, TO 

a E • a , f3 E • f3 npH II h II • 0 

C ,npyroif CTOpOHhl, Mhl HMeeM 

/51/ 

/52/ 

Kor.na Ja,na,nHM li hll ~ct1(u,<l>) .nocTaTO'IHO ManhiM, TO H3 /47/, 
/48/ H /51/ nony'laeM, 'ITO ,nocTaTO'IHO ManhiM 6y,neT H d 1(u, <I> E) . 

HaxoHeQ, c y'leTOM HenpephiBHOH JaBHCHMOCTH a E H ~ OT CE , 

HeTpy,nHO nony'IHTh ycTOH'IHBOCTh KaK cne,nCTBHe H3 /49/, /50/ 
H /52/ 
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