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B HaCTOR~eH pa6oTe HCCJleAyeTCR aonpoc YCTOH4HBOCTH peweHHH 
BHAa 6ery~eH BOJlHbl B KJlacce y6b1Ba10~HX ¢YHK~HH AJlR o6o6~eHHOro 
ypaaHeHHR 6eHmaMeHa - 6oHa - MaxoHH (GBBM) 

ut+(a(u))x-utxx=O, x1cR, t2:,0, 

/1/ 
a(O) = 0, u(x, 0) = g(x). 

/1/ 
B AOKa3aHO cy~eCTBOBaHHe eAHHCTBeHHoro r1106aJ1bHOro pewe-

HHR ypaaHeHHR 6eHmaMeHa - 6oHa.- MaxoHH /BBM/ 

U t + U X + UU X - U tJ:X = 0 • 

noAo6Ho ypaaHeHHIO KopTeaera - Ae ¢pH3a, ypaaHeHHe /BBM/ MOAenH
pyei ¢H3H4eCKHe npo~eccw, B KOTcipwx npOHCXOAHT ypaBHOBeWHBaHHe 
AHCnepCHH H c11a60H HeJlHHeHHOCTH. 0TMeTHM pa60Tb1 12• 31 ' rAe ypaa
HeHHe (GBBM) paccMaTpHBaeTCR AJlR 60JlbWHX pa3MepHOCTe~ npocTpaH-

~ ~ rRn CTBeHHOH nepeMeHHOH x~ H HCCJleAyeTCR aonpoc cy~eCTBOBaHHR r110-
6aJ1bHOro peweHHR B 3aBHCHMOCTH OT noBeAeHHR ¢YHK~~H a(u) /BHA 
HeJlHHeHHOCTH/. 

B· pa6oTe 141 , HCnOJlb3YR cneKTpaJlbHWH MeTOA, 6eHmaMeH noKa3aJl 
YCTOH4HBOCTb ¢opMbl peweHHR BHAa yeAHHeHHOH BOJlHW AilR ypaBHeHHR 
/BBM/. 

OcHOBHblM pe3yJlbTaTOM HaCTOR~eH pa60Tbl RBJlReTCR AOKa::saTeJlbCT-
80 YCTOH4HBOCTH <IJOPMbl peweHHR BHAa 6er~eH BOJlHbl AJlR ypaaHeHHR 
(GBBM) a c11y4ae, KOrAa HenHHeHHOCTb a(u) YAOBJleTBOpReT HeKoTo
pwM ecTeCTBeHHWM YCJlOBHRM. B 4aCTHOCTH, B aamHOM c11y4ae CTeneH
HOH HeJlHHeHHOCTH (a(u))x = ±uPux no11y4aeTCR YCTOH4HBOCTb AJlR 
nio6oro p > 0. 

1. TEOPEMA cYmECTBOBAHHR rn06AJlbHOro PEWEHHH 
3A,QA4H KOWH 

nony4HM HHTerpanbHoe ypaaHeHHe 
t 00 

u(x, t) =AU= g +Bu= g(x) + r r K(x-() a(u)d(dr, 
0 -oo 

rAe 
K(x) = !..sgnx.exp(-\x\), u(x,O) = g(x). 

2 

/2/ 
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06o3Ha4HM 4epe3 1
(: T= Cb(R x[ 0, T]) npocTpaHCTBo HenpepblBHblX 

¢,yHKL!HH, pasHoMepHo orpa HH4eHHblX s o6nacTH R x [ 0, T]. 

Jle.M..Ma 1 • nycTb a(u) (;; C1(R) 1,1 nycTb g(x) - HenpepblBHaR ¢,yHK-
1..!HR Ha R 1,1 sup I g(x) I .:5 b < 00 • TorAa cy111ecTByeT t0 (b) > 0, Ta-

x GR 
KOe, 4TO HHTe.rpaJJbHOe ypaBHeHHe /2/ HMeeT peweHHe U(X, t) , 

u(x,O) =g(x) 1-1 u(x,t)(;;'C:c. 
0 

· l{ox:asame.11t>cmeo. nycTb vi (;; 1(:\ , 
0 

/to onpeAeJJHM AOnOJJHHTeJJbHO/. TorAa 
11v.llie <R, 

l to -
i = 1,2, 

1Av1 -Av2 I= IBv 1 - Bv2 I 
rAe a(R);,, sup la'(x) I, 

Ix l.:5R 

S I IV 1 - V 2 II '(;t , a (R) t , 

B3RB sup s /3/, nony4HM 

IIAvl -Av2 lie ,S toa(R) II vf - V 2 ll1e , toa(R) ·S 0 < 1. 
to to 

B 4aCTHOCTH, II Bvllie s0nvn1e H OTCIOAa 

I IA v I lie s b + 011 v I Le s b + 0 R ~ R • b s u - 0) R. 

Tenepb Mbl MO>KeM nono>KHTb 8 = 1/2 1-1 R = 2b, 4TO ,qaeT 

t < 1 
o - 2a(2b) 

/3/ 

/4/ 

/5/ 

/6/ 

TorAa ycJJpBHR /4/ 1-1 /5/ o6ecne41-1Ba10T HenOABH>KHYIO T04KY u(x, t) G 
(;; 1(:t onepaTopa A. neMMa ,qoKa3aHa. 

0 
04eBHAHO, peweHHe u(x,t) HHTerpaJJbHoro ypaBHeHHR /2/ He-

npepblBHO AH¢,¢,epeHL1HpyeMO no t. 1-1 AJJR T 6 t 0 
00 

u, =(Au),= JK(x -,)a(u)d' ~•(::T. 
-oo 

0TCIOAa BHAHO, 4TO Uc l;JenpepbiBHO AH¢,¢,epeHL!HPYeMa no X H 

utx = a(u) - ; f e -lx-'1a(u) d' G 1('.'T 
-00 

171 

Tenepb, ecJJH ,qonyCTHM, 4TO g(x) - orpaHH4eHHaR ¢,yHKL!HR KJJacca 
C 1(R)' TO 1-13 /2/ BblTeKaeT' 4TO u(x, t) - HenpepblBHO AH¢>¢,epeH
L!HPYeMa no x. CJJeAoBaTeJJbHO, Mbl MO>KeM npo,q1,1¢,()lepeHL1HPOBaTb /7/ 
no X • noJJy4HM 

"" 
utxx = (a(u))x + f K(x -,) a(u) a,= (a(u))x + u t. 

-00 
TaKHM o6pa30M' Mbl noJJy4HM CJJeAYIOIJIYIO JJeMMy. 

2 

Jle.M..Ma 2. nycTb a(u) (;; C 1c:n. g(x) G C 1 (R). sup lg(x)I < 00 

X (;;R 

H nyCTb u(x, t) G 1e T - peweHHe HHTerpaJJbHOro ypaBHeHHR /2/, cy-. 
111eCTBYI01J1ee B CHJJY JJeMMbl 1 • Tor ,qa u (x, t) RBJJReTCR peweHHeM 
ypasHeHHR /1/, x GR, t (;;[0, T] H ux, u,, utx• u txx (;; 1(:T. 

C.11eocmeue. Ecn1,1 limg(x) = o np1,1 x ➔ ±00, To lim u = limu t == 
= Um u tx = 0 np1-1 x ➔ ± 00. 

YTBep>K,qeHHR CJJeACTBHR BblTeKalOT 1-13 Toro ¢,aKTa, 4TO eCJJH ¢,yHK-
1..!HR v(,) - Henpepb1BHaR 1-1 limv(i;) = 0 np1,1 , ➔ ±00 , TO Ta.Koe >Ke 

CBOHCTBO HMelOT 1-1 ¢,yHKL!HH 

00 -lx~v(,) d(, r e 
-oo 

00 

f K(x - () v{() d (. 
-oo 

KpoMe Toro, Hy>KHO y4eCTb, 4TO u(x,t) RBJJReTCR npe,qeJJOM nocne-

AOBaTeJJbHOCTH n1,1Kapa un·= Aun-1• Uo = g. 
flycTb Tenepb g(x)~C 1 (R)nH1(R)/3,qecb 1,1 s ,qaJJbHeHweM H 8(R), 

s ?_ 1 - npocTpaHcTso Co6onesa co cTaH,qaprnoH HopMoi::i ll · 11 5 /. no
MHO>KHM /1 / Ha u(x, t) 1,1 npoHHTerp1,1pyeM no x 1,1 t s o6nacTH 
[-N,N]x[O,t]. nony4HM 

N N 
( (u 2 + u 2) dx - f (g 2 + g, 2) dx s . 

-N -N 

t . N 
= ( [ -2ua (u) - P(u) + 2u u tx ] ! d r , 

-N 0 

r,qe 

¢ 
P(¢) = -2 ( a(s)ds. 

0 

YcTpeMJJRR B /8/ N K 6eCKOHe4HdCTH, B c1-1ny Toro, 4TO 
<;. C 1 ( R) nH l(R) 1,1 yTBep>K,qeHHR neMMbl 2, nony4HM 

Q(u) = f (u;+ u!)dx = f (g 2 + g ' 2) dx npH t (; [ 0, t 1. 
-00 -00 

0TCIO,Qa, np1,1MeHRR HepaBeHCTBO Co6onesa 

½ ½ 
sup I u(x, t 0) I :: II u(x, t 0 ) II = Q (u) = Q (g) 
x~R 

/8/ 

g(x) <;. 

H B03Bpa111aRCb K oueHKe /6/, MO>KHO yTsep>K,qaTb, 4TO, nOBTOPRR 
paccy>K,qeHHR, np1,1se,qeHHble a neMMe 1, nony4HM rno6anbHOe no spe
MeH1-1 peweH1-1e u(x,t) ypasHeHHR /1/. Mbl nony4HJJH cneAYIOIJIYIO Teo
peMy. 
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Teope.Ma 1. nycTb a(u) ~ C 1(R). g(x) ~ c1n H 1• TorAa ypasHe
HHe /1/ HMeeT eAHHCTBeHHOe rno6anbHOe peweHHe /B KnacCH4eCKOM 
CMblCne/ u(x.t). x~R. t~ o. ux• ut• utx. Utu ~,eoo. 

,a01,asame.1Z'b cme O. EAHHCTBeHHOCTb peweHHR BblTeKaeT H3 cne
AY~UIHX cTaHAaPTH~x paccymAeHHH. AonycTHM npoTHBHoe H nono>KHM 
w -= u 1 - u2 • rAe u 1 (x. 0) = u2 (x. 0) = g(x). AnR w HMeeM ypas-
HeHHe 

wt + [(a(u 1))x -(a(u 2))x] - wtxx = O. w(x. 0) = O. /9/ 

YMHO>KHM /9/ Haw H. npoHHTerpHpyeM no x B HHTepsane [-N,N]: 
N N 

J (ww t + wx w tx> dx - J (a(u 1) -a(u 2))wxdx + 
-N -N 

+[(a(u 1) - a(u 2 ))w - wwt ]IN =0. 
X -N 

YcTpeMnRR N ➔ 00 H onRTb nonb3YRCb neMMOH 2 H TeM, 4TO 
= wxt • nony4aeM 

wtx = 

00 00 
f (ww t + w x w xt ) dx - J (a (ul)) - a (u 2 )) w x dx = 0 • -~ -~ 

l-1MeeM 

00 00 

J (a(u1) -a(u 2))wxdx ~ C(t) f lwl lwxldx :5C(t)Q(w). -~ -~ 
3AeCb C(t) = sup la '(s) I, 

a,i;;[.:.A,A] 
rAe A =A(t) = max (sup lu 11, sup lu

2
1). 

x<;_R xt;;R 
TorAa 

dQ 00 
- =2.f(wwt +wxwxt)dx ~2C(t)Q, 
dt -oo 

t 
Q(w) ;:s[Q(w)J • exp( f C(t}dr). 

t=O O 

0TC~Aa Mbl nony4aeM, 4TO Q(w) =0, TaK KaK [Q(w)]t=o=O. Cne-
AOBaTenbHO, w =0. 

B03spa111aRCb K HHTerpanbHOMy ypasHeHH~ /2/, Hecno>KHO nony-
4HTb cneAY~lllHe YTBep>KAeHHR. 

Teope.Ma 2. nycTb a(u) G- C 8 (R). g(x) ~H 8(R). rAe s~l. Tor
Aa cy111ecTsyeT eAHHCTBeHHoe rno6anbHoe peweHHe u(x.t) ypasHe
HHR /1/. npH 3TOM u(x,t) G-C([O, ,oo};H 8(R)), u (x,t) G-C([0,00); 

s+l 00 2 2 [ 
H (R)) H Q(u) = f (u +u )dx He 3aBHCHT OT ti;; o.~. 

X 
-00 

4 

0TMeTHM' 4TO npH s > 1 u(x. t) RBflReTCR KnaCCH4eCKHM pewe-
HHeM ypaBHeHHR / 1 /, a npH s = 1 u(x, t) RBnReTCR L 2 - peweHH-
eM / 1 / /T. e. AflR n~6oro t?. 0 / 1 / YAOBneTBOPReTCR no4TH BC~AY 
no x/. 

X 

nono>KHM v(x, t) = J ut(Y, t) dy. TorAa /1/ 3anHweTCR s BHAe 
-00 

v x - v XXX + (a (u)) x = 0. 

YMHO>KaR /10/ Ha V H HHTerpHPYR no x. nony4HM 
00 00 00 1 • 

o= J (a(u))xvdx =- r a(u) vxdx == 2 I P'(u)utdx. 
-oo -00 -00 

rAe P(¢) =-2 fa(z)dz. 
0 

BseAeM HenHHeAH~A ¢yHK~HoHan 

E (u) = Q (u) + f P (u) dx = f (u ! + U 2 + P(u)) dx , 
-oo -oo 

/10/ 

/11/ 

KOTOPblH He 3aBHCHT OT t /a c11ny / 11 / /. E (u) 6yAeT HrpaTb cy-
111ecTBeHHy~ ponb B AOKa3aTenbCTBe yCTOH4HBOCTH, 

2. YCTOt141-1BOCTb PEUJEHl-1~ Bl-1AA 6ffYIUEt1 BOJlHbl 
YPABH EHl-1~ / 1 / 

3a¢HKCHpyeM KOHCTaHTy c, TaKy~, 4TO a'(O) <l, H 6yAeM HC
C 

KaTb peweHHR /1/ B BHAe 6ery111eA BOflHbl: 

u(x. t) = ·<ll(x -ct), ·<IJ(y) G- C 3 (R), 

/12/ 
'<Ii (y) = '<ll' (y) = <I>,, (y) = 0 npH Y = ± oo. 

noACTaBnRR /12/ B /1/ H ABa pa3a HHTerpHpyR, nony4aeM ypaBHe-
s 

HHe ·<1>' 2 = U(<ll, c), rAe U(s.c) = s 2 _ _g_ J a(z)dz. 
C 0 

AonycTHM, 

4TO ¢YHK~HR U YAOBneTBOpReT ycnoBH~: 
/Hl./ Cy111ecTsyeT KOHCTaHTa A=A(c)> 0, TaKaR, 4TO U(A,c)= 

= 0, aU(A,c) /0, U(s.c) > 0 AflR O<s <1A. 
as 

EcnH /Hl/ BblnOflHReTCR, TO HCKOMOe peweHHe <l>='<ll(y,c) on-
A 

peAenReTCR npH noMOUIH ¢opMym1 f ds = IY 1- KaK B 151 , Mom-
<I> ,JU(s,c) 

5 



' 

HO noKa3aTb, 4TO ·(J>(y,c) .RB/1.ReTC.R 1.jeTHOH <l>YHK4HeH OT Y, '¢(0,c) = 
a11> 

=A, O<·IJ>(y,c)<A y-1,.0, 

.llanee, IJ>(y, c) AH<!><!>epeH41-1pyeMa 

aJ+k 
, .. ·IJ>(y,c), j+k=s2, k=sl, 
ayJack 

npH IY I ➔ 00 • 

""ay(y, c) = 0 <=> y = o . 

no napaMeTpy C H npOH3BOAHble 

3KCnOHeH4HaI1bHO y6bJBalOT 

Uenb HaCTO.R~ero naparpact>a - AOKaaaTenbCTBo ycTOH4HBOCTH pe
weHH.R IJ>(x - ct) ypasHeHHR" / 1 / OTHOCHTe/lbHO nceBAOMeTpHKH 

d(u, II>)= inf llu(x, t) -·IJ>(x -,-ct) 11 1 • 
(1;;R 

BTopoe OCHOBHOe npeAnO/lOlKeHHe: 

/H2/ .!_ ..!!_Q(IJ>) > o. 
_c de . 

C{j)opMy111-1pyeM ocHoBHOH peaynbTaT HacTo.R~eH pa6oi"b1. 

/13/ 

Te ope.Ma 3. nycTb BblnonH.RIOTC.R yc11os1-1.R /H 1/ 1,1 /H2/ 1-1 nycTb 
U(X, t) ~ C ((O,oo); H1 (R)) - peweHJ.1e ypasHeHH.R /1/ C Ha4anbHblMH 

AaHHbJMH u(x, O) = g(x) Ac H 1 (R), cy~ecTByio~ee s c1,111y TeopeMbJ 2. 
TorAa A/1.R KalKAOro t > 0 cy~eCTByeT 8 > 0' TaKoe, 4TO ec111,1 
d(g, II>) <8, TO d(u, II>) <t A/1.R scex t (;; [O, oo) • 

.lloKaaaTe/lbCTBO TeopeMbl 3 OCHOBblBaeTC.R Ha cneAYJO~eM YTBePlKAe-
HHH. 

llpeo.11oxe HUe 1. Cy~eCTBYIOT nO/lOlKHTe/lbHbJe nocTO.RHHble 
8 0,m, He aas1-1c.R~He oT t, TaK1-1e, 4TO ec111-1 d{u,IJ>) <8 0 1,1 

Q(g) = Q((J>)' /14/ 

TO 

1 der 1 2 -M: .. -(E(u) - E(IJ>)) > md (u, II>). 
C C -

/15/ 

npH nOMO~H npeAilOlKeHH.R 1 
KaK B /S/ • 

TeopeMa 3 AOKa3blBaeTC.R TaK lKe, 

Tenepb AOKalKeM npeA/lOlKeHHe 1. 
3a(j)HKCHpyeM t 2: o. MOlKHO noKa3aTb /6,71, 4TO inf B /13/ AOCTH

raeTC.R B KOHe4HOH T04Ke '='{t). nonolKHM h(x,t)=u(x,t) -
- II> (x - , - ct), TaK 4To d(u, cl>) = II h Iii. nepen1-1weM paseHCTBo 
/14/ B BHAe 

2(11>-IJ>",h) +llhll
2 =0. /16/ 
1 

np1,1 nOMO~H TOlKAeCTBa 

-ell> - 1-p'(IJ>) +ell>"= O 
2 

6 

/17/ 

\.,:.· 
,, 
d 

' 
:_µ 

,;-

'':f 
, !J 

BblBOAHM paseHCTBO 

~ .r P'((J>) hdx = II hll~. /18/ · 

Tenepb, 1-1cno11b3Y.R /18/, nony4aeM 

1 1 -M: = - f (P(u) - P(IJ>))dx = 
C C . 

= ,!_ .f (P '((J>) h + p "((J> + Oh) h2 ) dx = (Lh, h) + I , 
C 2 

rAe 

d 2 a'( cl>) d 2 U "(cl>) 
L = - - +1- --=- --+---

dx 2 C dx2 2 

I= f .!..(a'(tll) -a'(tll+Oh)).h 2 dx, 0<0<1. 
C - -

/19/ 

3a<!>HKCHpyeM y 1,1 npOAH<l><!>epeH41,1pyeM no c TOlKAeCTBO /17/, a nOTOM 
nO/lOlKHM y = X - ( - Ct, no11y41,1M 

tll" - (J> -= c L (J> ( (J> = o<b ) • 
C C OC 

/20/ 

CneAOBaTe/lbHO, (L (J> • <l> ) = .!..( (J>,, - (J> • (J> ) .. - ..!... _!_ Q ( tll) . 
c o c c 2c de 

Y4HTbl-

Ba.A yc11os1,1e /H2/, OTCIOAa BblBOAHM, 4TO 

(Ltllc, tile) <0. /21/ 

C ApyroH CTopOHbl, 1,13 /16/ 1,1 /20/ BblTeKaeT • 

1 2 
(Ltll , h) = -llhll l. 

C 2C 

/22/ 

B AanbHeHweM np1,1 nony4eH1,1H 04eH~H A/1.R ~ M: Mbl 6yAeM cy~ecT

seHHO 1,1cnOI1b30BaTb cneKTpanbHble CBOHCTBa onepaTopa /19/ 1,1 co
OTHOWeHH.R /21/ 1,1 /22/. Ha-aa l,1HBapHaHTHOCTH L OTHOCHTe/lbHO 
CAB1,1ra apryMeHTa X ➔ X + T cneKTp L He 3aBHCHT OT t. TaK KaK 

1 "( ..,) . 1 U ,, ( 0) 1 a '( 0) noTeH4HaI1 - U .... CTpeMHTC.R K npeAeny a = - - - --> 
2 2 C 

> 0 np1,1 Ix I ➔ oo, TO onepaTop L HMeeT HenpepbJBHblH cneKTP a885 = 
= [ a 2 , oo). 06oaHa4HM 4epea f > O caMoe Manoe no110lKHTeI1bHOe 
co6CTBeHHOe 4HC/10 onepaTopa L / ec111,1 L He HMeeT nOI10lK!,1TeI1bHblX 
co6CTBeHHblX 41,1ce11, nonOlKl,1M f =a 2 /. Ha paseHCTBa L·(J>' = 0 . 
H CBOHCTBa (J> BblTeKaeT, 4TO HenoI10lKHTeI1bHa.R 4aCTb cneKTpa L co
AeplK!,1T ABe T04KH >.. - < 0 1,1 >.. 0 = 0. 06oaHa4HM 4epea ¢_ HOpM1,1po-
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BaHHY~ co6cTBeHHY~ ¢yHK~H~, COOTBeTCTBY~~y~ co6CTBeHHOMY 4Hc
IlY >.._. 

Tenepb npeACTaBHM h H <l>e B BHAe 

h =h_+h 0 +h+, ·<tie =f-:+fo+ f+, 

rAe 

h _ = (h, ¢ _) ¢ _ , 

r_ =(<lie,¢_)¢_, 

(h, <Ii') <Ii, , 
ho= ll<l>'ii2 

( <lJ C• <lJ, ) ·<lJ, • 
ro = ll<Ii'll 2 

Hcnollb3yfl opToroHailbHOCTH, nony4aeM 

(L <l> C , h) = >.. - (f - ' h - ) + (L f + ' h + ) ' 

(L h, h ) = >.. 11 h 11 2 + (Lh , h ) , + + 

(L<li , <l> ) = >.. 11 f 11 
2 + (L f , f ) . 

C C - - +. + 

/23/ 

npH noMO~H BBeAeHH~X ¢yHK~H~ 3anHWeM 

(Lf +, f +> < - >.. _ 11 f _II 2 
, 

/21/ H /22/ B BHAe 

/24/ 

1 2 ( 
(Lf+' h+) = ~llhll1 -A_ f_,h_) • /25/ 

CneKTpanbHOe pa3nomeHHe onepaTopa L AaeT 

(Lh • h ) > e 11 h 11 2 
• 

/26/ 
+ + - + 

Ha OCHOBe COOTHOWeHHM /23/-/26/, CileAYfl paccymAeHHflM e 151 , npH-
AeM K HepaBeHCTBY 

2 3 4 
(L h , h ) 2:. m 2 I I h I I - m 3 11 h ! I 1 + m 4 I I h 11 1 , 

rAe noCTOflHHble m > 0, j = 2, 3,4' He 3aBHCflT 
npepblBHOCTH a'(z) j e cerMeHTe [-8o,A+8o] npH 
::; 80 HMeeM 

III< m
2

11hll
2

• 
- 2 

H3 /27/, /28/ H HenocpeACTBeHHO~ o~eHKH 

8 

/27/ 

oT t. H3-3a He
I h 1 .s; I I h 111 :S 

/28/ 

..!. 6E > I lh I 12 - m 11 h 11 2 , m = max 1...!. a' (z) I 
C - 1 1 1 - C 

z<:[-8 .A-
0

+8] 
0 0 

cneAYeT, 4To np1-1 d(u, '1>) = llhll1 <80 HMeeT MecTo HepaeeHCTBO 

.!.~E > m llhll 2
1 

= md 2(u, <Ii). 
C -

3AeCb KOHCTaHTbl 8 O' m He 3aBHCflT OT t. npeAnomeH1-1e 1' 
CTe C HHM TeOpeMa 3 AOKa3aHbl. 

IlpUM.ep. PaccMoTpHM ypaeHeH1-1e 

u, ±uPux- u tu =0. 

a BMe-

/1±/ 

Ycnoe1-1e /Hl/ BblnOilHHeTcH np1-1 c> 0 Ailfl /1+/ 1-1 np1-1 c<O Ailfl 
I 1-/. PeweH1-1e u(x, t) = <ll(x - ct) HMeeT BHA 

·""'() ( jcj(p+l)(p+2) . h2 PY )lip 
"'y = -"-------sec - . 

2 2 

TorAa Q(<ll) = c211! M, rAe M > o, He 3aBHCHT OT c. 0TC~Aa .1.. gQ{:g>J > 
C de 

> 0 1-1, CJ1eAOBaTeJ1bHO, ·clJ flBJlfleTCfl YCT0~4HB~M Ailfl Jl~6oro p > 0. 
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