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AKTyaJJHOCT 1 MOTUBUPOBKA HAa TeMaTa

Henuneiitnure BHJIHN ca OT roJsIMO 3HaYeHUE MOPaJu BayKHATa POJis B He-
JIMHEHUTE €BOJIIOIMOHHN ypaBHeHMs. PoJidTa Ha Te3u BbJHU € Jo0pe u3-
BeCTHa 3a MHTErpyeMHTe ypaBHEHH:d, KaTo ypaBHeHueTo Ha Koprteer-je
Opus (Ka®) u ypasuenuero wa Iprognnrep.

OcHoBruTe Ha TEOPUSTA 38 YCTOWIMBOCTTA Ha HEJWHEHHWTE BLJIHU 34

ypasuenuero Ha Kopreser-je Opus
Ut + Uy + Uy + Upgy = 0

1 ypaBHeHnero ua benmkavmun-Bona-Maxonu (BBM)
Uy + Uy + ULy — Uggr = 0

ca nosioxkern ot Benmxamun [11]. Toit karo Maska meprypbaiius Ha He-
JuHefiHa BbJIHA BOJIM JIO BbJIHA ¢ U3MecTeHa (ha3a WM TaKaBa ¢ pa3audaHa
CKOPOCT, TO TIOJXOJSINO € M3ydaBaHeTO Ha opOuTajHaTa i yCTONIMBOCT.
Cropes, Benpxkamun, ako u(z,t) e pemenne na Ka® win BBEM, ¢ nagasHo
yeqosue u(x, 0) = ug(x), gocrarbaao O6JU3KO 10 BbhiaHaTa @(x — ct), TO
inf [[u(-,t) = (- + )|

ocTaBa MaJikKo 3a Bcuuku t > 0.

[To-kbeHO B pejuna craruu |3, 14, 2, 13, 54] ca pasriejanu Kjaacose o
MOJIeJIM Ha YpaBHEHUS 3a PA3lPOCTPAHEHUETO HA, JIbJIIM BbJIHA B HEJIMHEH-

Ha JINCIIEPCUBHA, CPeJla,
ug + uy + vPuy — Mu, =0 (1)

Kbjero M e mnceso-audepennmaieH onepaTop JepuHUPaH dpe3 %(5 ) =
a(€)v(€). 3a mmpok kiac (&) e mokazano, 1e pbjaauTe Ha (1) ca opburasano

YCTOMUNBH. 3a IeJTa ce pasryiexja pyHKIHoHAI
G(u) = H(u) + ¢V (u)

_ 1 ptoo 2 +9 1 [F+oo 9
kbgero H =5 [ (uMu — oo de Vo= 3 [ u*dx ca 3ako-

HHN 3a CbXpPaHEHMHE U IIPpU CJCIHUTE NJOCTATBbYHUN YCJIOBUA:
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Ako juneitauaT oneparop L jgedunupan apes
L=M+(c—¢")

UMa, CJeJHUTEe CBOMCTBA:

C1) L uma upocra orpunareina cobcrseHa CroiHOCT A

C2) Cobersenara croitroct 0 Ha L e mpocra

C3) Ocrananara 9acT OT CIEKTbPa OTAEICHA OT HYJIaTa,

TO YCTOHYMBOCTTA M HEYCTOMHUMBOCTTa Ha BBJIHATA (O Ce OIpeJesis OT
snaxa na nspasa L [ 02(x)da.

[Io-K'bCHO yCTOMHMMUBOCTTA Ha BBJHU 33 XaMUJITOHOBH CHCTEMH CbC CH-

MeTpUun

up = JG'(u(t)) (2)

Kbjiero G e QyHKIMOHAIBT Ha eHeprusiTa, a J e aHTHCHMeTPUIeH JINHeeH

oreparop e pasriejan ot I'pustakuc, [ara u IIpayc [25].

Karo 1151510 3a HeJIMHEHHUTE ypaBHEHUsI C EPUOJUIHI IPAHUYTHHU YCJIO-
BUs, 3ajlavara 3a opOUTaHATa YCTONYMBOCT HE € TOJIKOBa J00pe u3cJjie/l-
BaHa. 3 I'bPBU II'bT TO3M TUII BbJIHU Ca pasriiejanu or Benpramun B [12].

[To-kbeno Anryno, Bouna u [lasom B |7] nscsensar opburainara ycroii-
yupocT Ha cnoidal Bbiinu 3a ypasuenuero na Kji®. Taka napeuenure cnoidal
BBHHE U(T,t) = p.(x — ct) na ypasuennero na Knd, ce 3ajaBar ot ypas-

HEHUETO 1

wﬁ+§¢3—cwc=f%c

KbJleTo Ay, € KOHCTaHTa Ha HHTEIPUPAHETO.
3a Bbanu ot dnoidal Tum, ycroituuBocTTa UM € n3cienBaHa or AHIYJIO

|4, 5| 3a Heqmueitnoro ypasuenue wa lpboauHrep

ity + Upy + [ulPu =0

mojncpunmpano Kin® ypapHenue

Uy + 3uuy + Uppy = 0



B |30] e pasriemana opburtasHarta yCTORIUBOCT Ha JIBYHapaMETPUIHA
IepUOJInIHa BbJIHA 33 KoMILIeKcHoTo ypaBuenue Ha Kn®d. IlogxoasT e 1a
ce ToKaXke, Ue BhbJHaTa € MUHUMU3ATOD Ha TOJIXO/ISII0 N30PaHu 3aKOHN 34
C¢bXpaHeHue.

B [33] e passur meTos 3a anaiu3 Ha JIMHEHATA YCTORYMBOCT Ha EPUO-
JINYHY BbJIHU 38 HEJIMHEHHN ypaBHEHUsI, KOUTO BKJIIOYBAT BTOPATA IIPOU3-

BOJIHaQ 110 BPEMETO.

O3HaueHnnd

Heka P = C%

o0
per € CHBKYITHOCTTa, OT BCUYKHU MEPUOJMYHU dbyukmuu C°.

C P’ oznauasame jyannoro npocrpancrso va P. 3a s € R, ¢ H*[-T,T]

o3HavYaBame coDOJIEBOTO IMPOCTPaHCTBO C HOPpMa

+00
AR =27 > (1 + kP f(R)]? < .

k=—o0

[Ipocrpancrsoro, H*([—T,T]) e XuabepToBo MpPOCTPAHCTBO ChC CKa-

JIADHO IIPOU3BEJICHUE

P —

(f,9)s =27 Y (14 [k[)*F(k)g(k)

k=—00

u H[—T,T] = L?[-T,T]. C {.,.) o3nauabame CKaJapHOTO HPOU3BE/ICHHUE
B L*[-T,T).

Esminmiaen uHTErpas or mwbpBHU PO/l O3HAUABAME C

Y dt 6 40
/0 ¢<1—t2><1—f€2t2)dt:/o i rzemg L @)

K'bJETO Y = sin ¢, a ¢

v o1 — p2p2 ¢
[ [ s = (o)
0 - 0

O3Ha4YaBaMe eJUIITUYCH MHTErpaJjl OT BTOPU POJI.



Yucsoro K ce Hapuda Mojys Ha equntuanus warerpana £ € (0,1). 3a

Yy = 1 VHTErpaJiuTe Ce Hapnu4daT II'bJIHA €JIUIITUIHN NHTEerpaJinu

(1 dt _ 3 do P A
Jy \/<1—t2>(1—ﬁ2t2)dt =l i = L5 k) = K(k)

1 — K242 z -
\ fg 114215 dt = f02 V1 —k2sinfdf = E(k)
EnunTuynusa unrerpad

ol %)_/y dt dt_/¢ db B
. 0 /(1 —12)(1 — K22 0 V1—k%sind

e cTporo pactsma ¢Gyuknns #a y. ObparHara QyHKIUST O3HATaBAME C Y =

F(¢, k),

sin ¢ = sn(u, k), Wi HaAKpaTKo ¢ Yy = snu. pyrn equnruaau QyHKIMT

ot cnoidal u dnoidal Tun ce nedpunupar no ciejHUsT HAYUH

n(u, k) = /1 —y*=+/1—sn?(u, k)
dn(u, k) = /1 — k22 = \/1 — k2sn?(u, k)

Ilen Ha aucepranusaTa

Hacrosiiara jucepraiusi € 10CBeTe€Ha Ha M3CJEeJBAHETO Ha JinHeiiHara/
CIIEKTPAJIHATA YCTORIMBOCT HA NEPUOJUIHU BbJHKA 38 HEJIMHEHHU CUCTEMU
ot ypasHenusi Ha Kieitn-I'opon.

[HenmTe, KOUTO ce TTOCTABAT B MPEJCTABEHUS TPY/L CE CBEXKIAT JIO:

1. HammpaneTo Ha MepuoudHN pelieHnsd 3a ChOTBETHUTE MOJIEJIH.

2. N3cnenBane Ha ClIeKTbpa Ha OIepaTopa Ha JTHEAPU3AIUI OKOJIO BbJI-
HUTE.

3. MzcnenBane Ha mHIEKca Ha YCTOMUMBOCT 3a CHOTBETHHUTE MOJIEJIN.

CrpykTypa 1 obeM Ha JucepTaIusaTa

C'b,H"bp}KaHI/IeTO Ha JucepTaludTa Ce CbCTOM OT TPpHU IVJIaBH, BCAKa OT KO-

UTO e pasjesieHa Ha maparpadu. Homeparusra #Ha ¢popMmyanTe B TEKCTa e



nByludpeHa, KaTo nbpBaTa Iudpa ChOTBETCTBA Ha HOMepa Ha TJiaBaTa.
Haxpas e npujioxkena JuTepaTypa, ooxparaiia 56 JurepaTypHu U3TOUHU-
Ka ¥ CIUCHK OT 4 cTaTny Ha aBTOPA.

B mbpBata ryiaBa Ha JiucepralusiTa ce pasriiexkjia ClieKTpaJjHaTa yeTo-
YUBOCT Ha, CTAIIMOHAPHY B'hJIHU 38 cucTeMa oT ypasHenust na Kireiin-Topion.
B napariad 1 Ha Tasu rjaBa ce NMOCTPOSABAT HEPUOJUUHUTE BbJIHU OT
dnoidal Tun. B naparpad 2 e usciejBana ClieKTpaJiHATa, YCTORIMBOCT HA
1pocTu U 1oJiy-1ipoctu Bbjuu o1 dnoidal Tui. B naparpad 3 e uzciejiana
CIIEKTPpaJIHATa YCTOMYMBOCT Ha IIPOCTU U 1OJIY-IIPOCTU BbJjiHU OT cnoidal
THII.

BbB BTOpa TyiaBa ce pasrjiexkja JIMHEeHHaTa YCTOHIUBOCT Ha Osraliu
BBLJHU 38 HEJIMHEHHO BBJIHOBO YpaBHEHUE W CHCTEMa OT BbLJIHOBU ypaBHe-
nHud. IIbpBO € mpejcTaBeHa TeopusaTa 3a WHJEKCAa Ha XaMUJTOHOBHU CHC-
temu. B maparpad 1 nznossBaiiku Ta3m Teopus € U3CeABaHa JUHEHHATA
YCTOMYMBOCT Ha, NepuoaudHu BbjaHu oT dnoidal Tun. B naparpad 2 e uz-
cJeJ/iBaHa CIEeKTPaJIHATa YCTONINBOCT Ha MPOCTH U MOJIY-TIPOCTHA BbJIHW 32
CUCTEMa OT BbJIHOBW yPaBHEHWS.

B ryiiaBa Tpu ce pasriiexkjia clieKTpaJjiHaTa, yCTORIMBOCT HA EPUOUIHI
BbJiHU OoT cnoidal Turn perenus nva ejna cucrema Ha [pwojunrep. Isp-
BO Ca KOHCTPYWPaHU NMEPUOJUIHUTE perieHust 3a cucremara. Cjer ToBa e
u3cJjie/iBaH CIIEKT'bP'bT Ha OllepaTopa Ha JIMHeapu3allus 1 U3I0J3Baiiku Te-
opusiTa 3a XaMUJITOHOBATA CIEKTPAJIHA 33J/la4a € 110Ka3aHO, Y€ BbJIHUTE Ca

HEYCTONYUBHU.



I'maBa 1

CHeKTpa.TIHa yCTOﬁqHBOCT Ha nnepuonvHn CTaluOHaAPHHMU B'bJIHU

3a cuctema Ha KieitH-I'opabH

B nmbpBa riasa e pasriegaHa CIeKTpaJiHATa YCTORINBOCT Ha, MEPHOINTHI

cTallMOHAPHU BLJHM Ha cjejHara cucreMma Ha Kiein-I'opmgon

Upt — Uge +u — ([u]? + Blv]*)u =0
(1.1)

Vit — VUgy + U — (6|u|2 + ‘U‘2>U = 07

kbjiero u(t, x) u v(t, r) ca kKomiiekcHo-3Hautu GyHKipu. T'bpcum BbJjiHU
BbE BUga u(t, v) = e™lo(x), v(t,x) = e™p(x), kbaero ¢ and 1 ca pean-
HO 3HAUHM Nepuoandnu byHKImY ¢ nepuos 27, 3aMecTBaiiki B cucTeMara,
ToJIydaBaMe
—¢"+op— (9 + BY%)p =0
(1.2)
— "+ ap — (B +¢*)Y = 0,
Topenm pemnenns wa (1.2) B jiBa cryuasi, KOUTO HU MHTEPECYBAT, & UMEH-
o (,0) u (¢, ¢).
Caeapalara CTbIKa € Jla JUHEeAPU3UPaMe CHCTEMATa, (1.1) OKOJIO B'bJI-

Hure. Pasriiexjame ciejinure neprypoanuu

ut, ) = " (p(x) +p(t,2)), ult, ) =e""(p(x)+q(t, 7)),

Kbjiero p(t,x) u q(t,r) ca KOMILIEKCHO-3HAUHU (DYHKIMK. 3aMeCcTBaiiKu
ri B (1.1) u urHOPMPAKK BCHYKY KBAJPATHYHN YJE€HOBE U YJICHOBE C M0~

BHCOKa, CTEIeH MoJIydaBaMe CJIeJIHOTO JIMHEHHO ypaBHeHue 3a (p, q)



Pt + 20wp; — pur + op — (B4 1)p*p — 20*Rep — 2B8¢p*Req = 0

it + 20wq; — Qro + 0q — (B + 1)9p°q — 20* Req — 2B¢p°Rep = 0
(1.3)
Cunen pasjensfe Ha peajHuTe W UMarnnepuure dactu p = F +1G, q =

R + ZS, JIMHEHUHOTO YpaBHEHNE C€ 3alliCBa BbB BHU/a
(jtt + Jﬁt + Hﬁ - 0, (14)

Kbjeto U = (F,R,G,S) u

0 0 —2w 0 H, —2Bp 0 0
0 O 0 =2 —2 H
7 w 1y — Bey 2 0 0 |
2w 0 0 0 0 0 Hs; 0
0 2w 0 0 0 0 0 H,

Hy = —02+ 0 — 3¢* — py?
Hy = —0? 4+ 0 — f? — 3?
Hy = —0; + 0 —¢" = py?
Hy = —0?+ 0 — f* — Y.
Ha orbenexum, e H* = H, a J* = —J. Ako pasriegamMe 3aadaTa 3a
cobcTBeHUTE CTORHOCTH, cBbp3ana ¢ (1.4), KaTo pasieyuM TPOMEHIUBUTE

—

U= e’\t‘?, CTUTAMe JIO CJIeHaTa CIeKTpasHa 3a/ada
NV 4+ ANV +HV =0 (1.5)

Hedbuannus 1. Kaszsame, ve xeadpamuynuim chon obpadysar om 06017-

xama (J,H) e cnexkmpaano neycmotiuus, axo cowecmsysa 21 nepuoduuna

bynryua Ve D(H) u X : R\ > 0 makasa, ue
NV 4+ NIV +HV =0.

B npomueen cayuati xazsame, e xeadpamuunusm cuon (J,H) e yemot-
YUB.



PGSy.HTaTI/ITe B Ta3U I'JlaBa C€ OCHOBaB'bT Ha CJieJIHaTa (bOpMyJIa
kv + ke + k- = n(H) —n((Id — JTH )| ker)- (1.6)

KbJero k. e 6posiT Ha nosioxkuresHuTe perenust A Ha (1.5), k_ e 6posT Ha
perenusita A Ha (1.5) ¢ moJoyKUTESIHA peasHa YacT, KbjeTo k. e obimsiT

uHjiekc Ha Kpeitn 3a KBajpaTudHus CHOII.

1.1 Ilepuoamynu crammoHapHU BbJAHI OT dn BmUA

1.1.1 IIpoctu BBbJIHU

B ro3u ciywait, mbpenm nepuopnanu perenust Ha (1.2) npu ¢ = 0. Cera

cucremara (1.2) ce cBex/1a J10 ypaBHEHUETO

"+ (1 - w2)gp — 3 =0. (1.7)
CJieJ1 eJIHOKPaTHO MHTErpupate Ha POPHOTO ypaBHEHKe, M0J1yUYaBaMe
1 a
0= ——p' +op* + -, (1.8)
2 2
W .
Q? = 3 (—@4 + 200 + a) , (1.9)

2 4 a e KoHcTanTaTa Ha HHTerpupanero. Heka a < 0

KbJleTo 0 = 1 — w
u o > 0. Heka na o3naunm ¢ ¢y > 1 > 0 NOJOXKATEJHUTE PEIIeHns Ha

—p* +20p? +a = 0. Torasa ¢; < ¢ < @y U PELIEHRETO (P Ce 3aTaBa IPe3

o(2) = podn(az, k), (1.10)
K'bJIETO
1 902 — 902 2@2 — 20
2 2 2 0 1 0
w1 = 20, 04:\/;00, K= = : 1.11
v 2 ¥} 3 (1)
Twit kato dn uma dyngamentanen nepuoj 2K (k), roraBa yHIaMeHTAT-

Hus neproji Ha perrernero (1.10) e

oT = 2[25“3), Tel= (%oo) . (1.12)
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1.1.2 Iloay-nipocTtu BBbJIHU

Pazryiexxjame ciydasi, npu KoiTo ¢ = 1. 3a nepuojudHara pyHKINAS Q,

“UMaMe CJIeJ[HOTO ypaBHEeHUue
—" +op— (B+1)¢*=0. (1.13)

Yumuo)kaBaiiku ypasaennero (1.13) ¢be ¢’ u mHTErpHpaHe Ha J[BeTe cTpaHu,

CTUramMe JJO0 YypaBHEHHNETO

p  B+1 4 2
S =2 1.14
@ 5 90+5+190 +al, (1.14)

KDBJETO @ € KOHCTaHTa Ha nnrterpupane. Heka ¢y > @1 > 0 ca mojoxuTe-

20

HUTE KOPeHU Ha TojmHoMa —pt + %pz + a. Pemennero ma (1.14) e

o() = podn(oz, ), (1.15)
K'bJIETO
20 B+1 0E — 2
2 2 2 0 1
_I_ — , a — , I‘{/ = . ]..16

B cuiia ca ciejauTe TeopemMu:

Teopema 1. Hexa 0 < 5 < 1. dn pewenue (¢,0), xademo @ onucarno 6

[ 1 (]
(1.10), e cnexmpanno yemotuueo 3a |w| > \/ TEMy» U Meycmoinuco sa

lw| < m, kademo

(2 = w)[E*(k) — (1 = £*)K(k)]

M(k) = :
()= G () — 20 = DB K (%)
Bal<p<3ulw > m, PEUWLEHUETNO € HEeYCMOTUUBO.

Teopema 2. Hexa 8 > 1. Jsynapamempuurnama pamuius om dn pewe-

nus (@, ), ksdemo @ onucano 6 (1.15), ca cnexkmpaano ycmotwusu, ako

lw]| > m, u neycmotivueu, axo |w| < m, Ksdemo
M(x) = (2 = r)[E2(r) — (1 — k) K?(k)]
 (2-r)E%2(k) —2(1 — KHE(K)K(K)
Ba0< B <1ulw > m, pewenuama (@, ) ca Heycmotueu.
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1.2 llepuoaunvyHu CTAIMOHAPHU BbJHU OT CN BIJI

1.2.1 IIpoctu BBbJIHU

Heka —p* +20p% +a = 0 uma jiBe peainu HyJln —Qg, Qo 1 JIBE YUCTO HMa-

ruHepHu —ip, i@y. Torasa, ypasrenuero (1.8) pobusa caepnara ¢popma

2 1

o = 5" + 1) (w5 — @), (1.17)

C rounocr Jjio Tpancaanust, ypapaeruero (1.17) uMa periennsi BbB Bu/Ia

() = poen(azx, k), (1.18)

2 2 2

2 2 2 Y0 [0 T $1
— =20, K =-—"-7, a=\/—m. 1.19
Yo — ¥1 QD% 90% 9 ( )

1.2.2 Iloay-mipocTu BBHJIHU

K'bJIETO

Pazriiexx tame ciydasi, mpu KoiTo ¢ = 1. 3a nepuogndHaTa GyHKIAS Q,

uMaMe CJIeJHOTO ypaBHEHUe
—¢" +op— (B+1)p° =0. (1.20)

Yuuoxkapaijiku ypasaeruero (1.20) ¢ ¢’ u cyie uHTErpupane Ha JBETe CTpa-
HH, CTUTaMe JIO YPaBHEHHETO

L

20
g+1

K'bJIETO G € KOHCTaHTa Ha uHTerpupaHe. Heka, KakTo B LPEJHUAT CJy4daii

—p* + 0’ +al, (1.21)

—p* + %pQ + a uMa JiBe peasiHu HyJIM —Qq, Qo U JIBE YUCTO UMATrMHEPHU

—ip1, ip1. Torasa, ypasuennero (1.21) mpuema caennara dhopma

1
" = 5" + 1) (w5 — @), (1.22)
C rounoct ji0 Tpancaanyst, ypasaennero (1.17) nma perienune B ciieaus
BUJL

o(x) = poen(ax, k), (1.23)

12



K'bJI€TO

05— o7 =

20, _ % a:\/(6+1)(s@%+w%).
B+1 w1+ oy 2

[Tonydenu ca ciegauTe pe3yaTaTH:

(1.24)

Teopema 3. Hexa [ < 0. Jlsynapamempuunama pamuius om cn peuie-

nua (¢, 0), xsdemo @ onucano 6 (1.18), ca cnexmparno neycmotinueu 3a
N
w? < — N e demo

4M(k)’
M (k) = (Q1 ¢, ), N(x) =]l

Teopema 4. Hexa 5 > 3. Jsynapamemasprama pamusus om cn peureHus

(¢, @), wademo @ onucano 6 (1.23), ca cnexmparno neycmotinueu sa w? <
N (k)
4M (k)"
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I'nmasa 2

JIuHeliHa yCTOUYMBOCT HA MEPUOANYHU BbHJIHU HA HEJIMHEIHO

BBHJIHOBO ypaBH€HHNE M CHUCTEMa OT BbJ/JIHOBHU yYyPAaBHEHUA

B Ta3u rnmasa, pasriexkjgaMe JUHEHHATA YCTONINBOCT HA TEPUOTUIHN BbJI-

HY 34 CJIJHOTO HEJUHEHHO BHJIHOBO yPABHEHNE
3
Uyt — Ugy +u —u’ =0, (2.1)

n cJjaeJgHaTa HEJIMHEeHa CUCTEeMa

Upt — Ugy + U — (U2 +0*)u =0 2.9
Vit — Vgz + v — (u? + v?)v = 0, '
KbseTo u(t, x) u v(t, x) ca peaaHo 3HadHE HYHKIUH.

[IbpBo 11 IpecTaBUM HAKOM PE3YJITATH OT TEOPUSTa 38 OpOsST Ha UH-
nekcure Ha Heycroitunsoct passutu B [40]. Toa Hu mo3BossiBa a mpedbpo-
UM HEyCTONUYMBUTE COOCTBEHM CTONHOCTHU B 3aja4aTa 3a cOOCTBEHUTE CTOM-
noctu BB Buja (2.3). Tosa, e Ha 6Gasara Ha wHOOpPMAIEITA 38 CIEKTHPA
Ha Pa3JIMYHNA CAMOCIIPErHATH OIIEPATOPH, KOUTO €& CKAJAPHU U MATPUYIHH,
IJIIOC HsiKOM crienuprdHn n3duciaenusi. B 3ajadara 3a cobOcTBeHUTE CTOM-

HOCTH

THV = \V (2.3)

upegnonarame, e H = H* uma dim(Ker(H) < 0o, Kakro u Kpaen Opoii
OTpUIATETHU cOOCTBeHU cToRHOCTH, 1(H), KOETO MOHIKOTa Ce Haphia WH-
nekc Ha Mops Ha omeparop H. B ponbanenne, J* = — 7. Heka k, na
e OposIT MOJIOXKHUTEJHATE COOCTBEHN CTOMHOCTH Ha CIIEKTpaJHaTa 3aJada

(2.3) (T.e Gpost Ha peasHETE HEYCTONUMBOCTH WM PEATHH MOJEIH), K. €
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OpOSAT Ha YETBOPKUTE COOCTBEHU CTOWHOCTH C HEHYJIEBH PEAJIHM U UMaru-
HEepHU 4acTH, U k; e OpoAT Ha ABOHKUTE COOCTBEHU CTOMHOCTHU, KOUTO Ca
YUCTO MUMardHepHU C OTpUIlATeNIeH WHieKC Ha Kpeitn. 3a mMmarmneprnara

JIBO#iKa cobcTBenn croiinocTu Fip, 1 # 0, 1 chbOTBETHUTE COOCTBEHU BEK-

— Zl o —
Topu 2 = . Mupekewr wa Kpeita e sgn((HZ, 2)).
<2
Barkna poJisi B Ta3u Teopust urpae kKpaiinomeprara marpuna D, jedu-
HupaHa 4pe3 cobcrBenn Bektopu Ha (2.3). [To-koHKpeTHO, pasriiexjame

obobIenoro stapo "a JH
gKer(JH) = span[(Ker(TH)), 1 =1,2,..].
Hexka dim(gKer(JH)) < oo. Usbupame 6azuc B gKer(JH) O Ker(H) =
span[n;,j =1,...,N]|. Torasa D € My«n e nedunnpano ¢
D = {Dy}ijmr : Dij = (Hii, ;).

Crenpaiiku [40|, umame caennata dopmysa, cBbp3ata ¢ 6poat Ha "He-
ycroiiunpocrure mim unjgeke Ha XaMUJITOH Ha 3ajadara 3a COOCTBEHHUTE

croitroctu Ha (2.3) u ungekcure Ha Mops na oneparopure H u D

ktam = ky + 2k + 2k; =n(H) — n(D). (2.4)

Babemexka: Karo ciescrsue, ako n(H) = 1, or (2.4) nosyvasame
ke=k =0mn

k. =1—n(D). (2.5)

2.1 VYcrommunBocT Ha dnoidal BbjHM 3a HEJIMHEITHO B'bJI-

HOBO yYpaBHEHHUe

B Tazu yact pasriexjiame JIMHeHaTa, yCTONINBOCT Ha TIEPUOJUIHN B'hJIHUA

ot dnoidal BuJi 3a HEJIMHEHHOTO BLJIHOBO ypaBHEHUE

[I'bpBO KOHCTPpYHUpPaMe IEPUOJIMIHY B'bJIHY, & CJIEJ] TOBa aHaJIu3upaMe yCTo-

anBocTTa M. T'bpeuM nepruojnaau perenust BbB Buja u(t, ) = o(x —ct).
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Caren 3amectBane B ypaBaeruero (2.6), moaydasame ciegnoro OY 3a @,
—’UJQD// _|_ 90 — @3 = 07 (27)

Kbjero w = 1 — 2. nrerpupaiiku BeJHbK, 0IydaBaMe

]_
2 4 2
2’11}( a)7 ( )

K'bJICTO @ € KOHCTAHTaTa HA WHTEI'PUPAHE.
3a a < 0, ga o3Hauum ¢ @y > @1 > 0 MOJOKUTETHUTE KOPEHU Ha

—r* 4+ 2r2 4+ ¢ = 0. Torasa, ¢ TOYHOCT JI0 TPAHCJIAIMS, PEIIEHIETO €

() = podn(azx, ), (2.9)
U UMaMe CJICJTHUTE 3aBUCUMOCTH MEK/ly lapaMeTpure

203 — 2 1 1
2 — 2¥0 2 2

- = 2.10
0z ¢ T ou0 w(2 — K2) (2.10)

Tt karo yHJIaMEHTAIHUS [ePUOJ] Ha eJUNTUYHATA (DYHKIUA dn e
2K (k), To dbyHIaMEHTATHUAAT TEPUOJ] HA © €
2K (k)

«

2T

CuriesiBaliara CIblKa € Jla HAMEPUM ypaBHeHWe Ha JinHeapusalus. Pas-
riexjame neprypoaiuu or uja u = @(r—ct)+u(t, x—ct), kbgero v(t, x)
e nepuojndHa GpyHKIus 110 £ ¢ (pyHgamerTaaeH nepuoy 271, u 3amecTBa-
Me B (2.1). Usnonssaiiku (2.7) u npeMaxBailkKu BCMUKH YJICHOBE BbB BUJIA

O(v?), nosryuapame CJIeIHOTO JUHEHHO ypaBHEHNE 32 U
vy — 2¢vy, + Hiv =0, (2.11)

K'bJIETO
Hy = —wd? +1 - 3¢°.

Tosa e camocipernar oneparop Bbpxy Lfm[—T; T nedunupano 8 D(Hy) =
12((-T; 7).
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Hedbunnurma 2. Kazsame, e 66A1aMA © € SUHETHO HEYCMOTYUBO Peule-
nue, ako cowecmeysa 2T -nepuoduuna dynwuus p € D(Hy) u X : RA >0
makosa, e

Mp — 2e\p, + Hip = 0. (2.12)

B npomueen cayuai xaseame, we @ e ycmoluueo.
Tit KaTO B TO3W CaTyvail U3CIEIBAHETO HA KBAATPATHIHUS CHOM (2.12)

HE € MHOI'O y,B;O6HO, 3aTOBa IIpuUuBEXK/JaM€ TO3U CHOII B €KBHBaAJICHTHA Xa-

MUJITOHOBA 3a/1a4a 38 COOCTBEHUTE CTOMHOCTHU

THV = V. v =["], (2.13)
v
K'bJIETO
0 1 H, 0
J —1 2c¢0, 0 1

Teopema 5. Ilepuoduunama esana o(x) dedunupana 6 (2.9) e aunetino

neycmotivuea 3a cuuku ¢ : |c| < 1.

2.2 YCTOMYMBOCT HA BBHJIHM 33 HeJIMHelHaTa CHUCTEeMa

B rasu yacr pasriexjiame JuHeiiHa yeToRYMBOCT HA IEPUOJMYHI BhJIHY 32
nesmHelina cucrema (2.2). II'bpBo mosmyuaBame JuHeapu3upaHaTa CHCTEMA
38 MEPUOANTHY BHJHN. PaschKIeHusATa HU ce OCHOBABAT Ha CIEKTPAJCH
AHAJIN3 HA PA3JIMIHN CAMOCTIPETHATH OTEPATOPH, KAKTO CKAJAPHH, TaKa 1
marpuann. Ako u(t,z) = p(x — ct), v(t,z) = Y(x — ct) ca nepuoguIHI

pernienns Ha (2.2), TO IMaMe CJIeIHATA CHCTEMA

—we" 4+ = (" + %) =0

—wip" + 9P — (p* +¢*)Y = 0.
CnespamaTa HE 33242 € J1a JIOCTUTHEM JI0 JIMHeapu3upaHaTa 3a/1aqa.
[Tonarame u(t, x) = p(x—ct)+p(t,x—ct), v(t,z) =(x—ct)+q(t,x—ct)B

(2.2), KbeTO DYHKIMHUTE P U ¢ Ca TIEPUOIMIHHU CIIPSIMO T ¢ IEPUOJT KAKTO Ha

(2.14)
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HEPUOJIMIHUTE BbJIHOBY pemleHus. [IpeneOpersailky BCUYKU KBapaTUIHU

1 II0-BHUCOKH YJICHOBE€ IIOJIy49aBaM€ YPaBHEHHUETO

Uy — JU, + HU = 0, (2.15)
K'bJI€TO
- 2c0, 0
U= J =
(P, ), ( 0 20, ) ,
n
H _waa:x +1 - 3902 o ¢2 _29077D
B —ou Wy + 1 — 392 —

Pasriex aiikn 3aadara 3a cobersenure croifnoctu Ha (2.15), KosTO €

(7 = e)‘t\?, Jocrurame Jio
NV = AV +HV =0 (2.16)

ExsuBanentnoro ma (2.16) e ciaeanara XaMuITOHOBa 33]a49a 3a cOOC-

TBEHUTE CTOUHOCTH
v

(0 L (H 0
= (5.5) = (00)

3a cucremara (2.2), pasriexjame NepuoJndHy BbJIHU BbB Buja (p(r —
1), 0) 1 (p(x — ct), (- ct)).

THV =\V, V= (“’) € X x X, (2.17)

K'bJIETO

2.2.1 HeycToiiuynBOCT HA TPOCTUTE B'bHJIHU
B To3m ciaydail nMmaMe cJIeHOTO ypaBHEHUe 3a (o,
" 3 __
—wp' t - =0
¥ PEIeHneTo ¢ e 3a1ajeHo B (2.9).

Teopema 6. I[Ipocmume nepuoduyunu pewenus (p(x),0) na cucmema (2.2),
ksdemo p(x) depunupano om (2.9) ca aunetino neycmotinueu 3a 6CuUNKY
c:le <1.
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Cera e pasriie/lavMe JIMHEAHATA YCTORINBOCT Ha MOJTY-IIPOCTUTE BHIIHH
or cnoidal Bug. 3a @ > 0 mw w > 0 ypasuenue (2.8) wMma perienue BbB

CJAEJHAS BUJL

o(z) = oen(ozx, k), |po| > V2 (2.18)
K'bJIETO
K2 = f—%, o2 1 (2.19)
205 — 2 2w w(2k? — 1)
Tbit karo QyHpamentainus nepuoy Ha cn e 4K (k), 1o GyHjpamenraaHus

4K (k)

nepuoy Ha p(z) e 2T =
Teopema 7. Ilepuoduunume 6samosu pewenus om cnoidal mun ca cnex-
MPANHO HEYCMOUNUBY 30 BCUNKU
o _ [2n7 = DE(R) + (1 = &) K(r)]"
c :

3k%(1 — K2 K?(R)

2.2.2 HeycToiiunBOCT HA MOJIy-TIPOCTUTE BbJIHU
B To3u ciydail ¢ yJI0BIETBOPSIBA CJIEJHOTO YpaBHEHUE

—we" 4+ ¢ — 2¢* = 0. (2.20)
Cuies;, uHTErpUpaHe, 1I0JIydaBamMe

1
P = E(—szf* +¢* +a), (2.21)

KbJETO @ € KOHCTaHTa Ha nHTerpupaneto. Heka ¢ g > 1 > 0 1a o3navnm

OJIOXKUTEJITHUTE KOPEHU Ha —rt 4+ r24+a=0. CBesieHO 10 TpaHCJIAIHS

110JIy YaBaMe
o(z) = podn(azx, k), (2.22)
K'bJIETO
202 — 1 1 1
2 0 2 2
—_— pr— = . 2.23
" 0 L w(2 — K?) (223)

Teopema 8. Ioay-npocmume nepuoduunu pewenus (o(z), p(x)) na cuc-
mema (2.2), xksdemo p(x) e dedpunupano 6 (2.22) ca sunetino neycmotuusu

3a 6cuuky ¢ : |c| < 1.
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I'maBa 3

CrekTpaJiHa yCTOMYMBOCT HA HNEPUOANYHMN BbJHU OT cnoidal Tun

pernieHnus Ha egHa cucteMma Ha llIpwomgmurep

B Tazm rnama pasriexxjgame ciaegHata cucreMa Ha IlIpbogunrep

iy + Uy + Ky |ulPu + 0 = 0 5.1)
iV + Vg + kolv|*v + yu?T = 0,
KbJETO ki, ko, ca HMOJOXKUTEJTHU KOHCTAHTHU, U U ¥ Ca (PYHKIUU ¢ KOMII-

JIEKCHU CTOMHOCTMU.

Pasriexxiame ciaegnara (paMuinst OT IEPUOSUIHE BbJIHA

(u,v) = (e"'¢(x),0). (3.2)

KbJleTo ¢(r) e nepuojnuna (DyHKIMs ¢ PeaJHu CTOHHOCTH U W peasieH
apamerbp.

[TbpBO 1€ MOCTPOMM ABHUTE PEIleHUs BbLB BHUJ HA BbLJIHA, KOUTO IIO-
K'LCHO 1€ aHaAJIn3UupaMe 3a yeToRanBocT. Pasriiexk jame moJy-npocTuTe Ie-
PUOJIMYHE BLJIHM BbB Buja u = ¢“'¢(x), v = 0. Cuen samecTBane B

cucreMa (3.1), mosydaBame CJI€IHOTO ypaBHEHHE
—w¢ + ¢" + ki¢® = 0. (3.3)

Heka ¢(z) = \/—,7190(@ 3a ¢ umame

¢ —wp+ 3 =0. (3.4)
Cunen uHTErpupaHe
1
©? — wp? + 3 t=c (3.5)
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Baw >0, ¢ <0, HeKa @o 1 —@y (o > 0) ca peajHn KOPEHH, a Q1 U

—i¢y ca KOMILICKCHH KOpeHH Ha mojuHoMa —z* + 2wz + c. Torasa

©” = =g — ) (2w + 5 + ¢°).

C TouHOCT JI0 TpaHCJAIdsg UMaMe CJIEJHOTO PeIleHne

QO(.%') - cpocn(ozx, ’%)7 (36)
K'bJICTO ,
2 %0 2 2 w
= — =pf—wW=——. 3.7
T T ¢ TR T T o2 (3.7)

Toit kato dbysmamentanuus nepuon wa cn(x) e 4K(k), ToraBa dyna-

MEeHTaJIHWsI TIepUoJ| Ha NeprojudnaTa (ByHKIUS @ onpejenera or (3.6) e
2T = 2K,
«

Cera mie pasriiejame JIMHEHATa YCTOMYMBOCT Ha MOJIY-POCTATA, TIePH-
OJINYHA BbJIHA, TI0 OTHOIIEHUE Ha MePTYpPOalfsd ChC ChIIUS MEePUOJL, KaTo
Ha .

Pasrutex name caegnnre neprypbamn @ = (S (z)+U (¢, z)+iW (¢, z)),
Kbjero ® = (\/Lk»lgp, 0) u (U, W) € R* ca nepnopnunu dbynxuun ¢ dymna-
menrasien iepuog 27, Coiey 3amectBane Ha U B ypasHenue (3.1) u npene6-

persailku HeJIMHEHHUTE YJICHOBE, [oJlydaBaMe CJIeJIHOTO JIMHENHO ypaBHEe-

d (U U
() oae(0) .

Omneparopure J u L ca KakTO CJIE/IBA

HUEe

0 0O 10 Ly 0 0 O

0 0O 01 O L 0 O
J = L= ’ ,

—1 0 00 0 0 Ly O

O —1 0 0 0 0 0 Ly
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K'bJI€TO

Ly = —0; + (w — 3¢%),
Ly = =07 + (w — ¢%),
(3.9)
Ly = =07 + (w — £¢%),
Ly = =07+ (w+ £¢?).
Ha orbenexum, e J e antu-cumerpuden omneparpop (J* = —7J), a L e

camocrperaar omneparop (L* = L). llle pasraegame cayuast v = ki, T.e.
korato L3 = Ls. Mame cieguus pe3ysaTaT, cCBbp3aH CbhC CIEKTbpa Ha

oreparop L.

Tebpaenue 1. 3a v = ki 6poam na ompuyamesrume cobcmseenu cmoti-

nocmu na onepamop L e wemupu (n(L) = 4). Hdpomo na L e mpumepho
(dimker £ = 3) ¢ 6asuc 1y = (¢,0,0,0), 1y = (0,0, p,0), 15 = (0, p,0,0)

Hedbunumma 3. Peuwenuemo (ew’t\/%go, 0) e cnexkmpeanto neycmotiuueo,

axo coulecmsysa nowe edna cobecmeena cmotinocm A na JL ¢ nosostcu-

meana pearHa 4acm.

[IbpBo, 1ie mpejicTaBuM TeopusiTa, pazpaborena B [36, 37| 3a uscienpame

Ha CIIEKTpaJiHaTa 3aJaqda

JLu = Au, (3.10)

KOSITO TIe MPUJIOKUM K'bM Harara 3ajgada (3.8). IlpencraBsve camo cie-
CTBHE OT Pe3yJTaTuTe, KOeTo OTroBapst Ha Hammre nean. Heka £ nma kpa-
en Opoii orpunaresnn cobersenn croitnoctn n(L) < con J : Ker(L) —
Ker(L£)*. Heka L1); = 0u V e marpuna c enementu Vi; = (L7 T, T1;).
3a camocnpernarusi oneparop L, jgeduHupame Opost HA OTPUIATESTHUTE

cOOCTBEHN CTONHOCTH C
n(L) = #{\ € (—o00,0) No(H)
Banuna e ciepnara dpopmysta nomydena B [37]

Ky + 2k, + 2k_ = n(L) — n(V), (3.11)
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KbJETO K, € OposT Ha MOJOXKUTEJTHUTE pelieHus A, k. e OpodaT Ha pelleHu-
sgTa A ¢ HeHyJIeBa peaJiHa ¥ UMaruHapHa 4acT, a k_ e OposdT Ha JBOMKUTE C
YUCTO UMATTHEPHU COOCTBEHN CTONHOCTH C OTPHUIATEIeH nHIeKC Ha, Kpeiin.

3abenexka: Heorpunaresnure nesu uucia k., k_ ca dernu. Toecr,

ako n(L) =1, or (3.11) caenpa, ve k. = k_ =0n
ky =1 —n(V). (3.12)

Ormre moseue, ako JsgcHara dact Ha (3.11) e HewerHO wmesio, Torasa k. > 1

1 UMaMe HEeYCTONIUBOCT.

Vznos3Baiiky Ta3u Teopusd, UMaMe CJeJHAS pe3yaTar.

Teopema 9. Heka v = ky. Ilepuoduunume pewenus (em\/%gp, 0), xsdemo

@ e 3adaden 6 (3.6) ca aunetino neycmotiuueu.
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CupaBka IIpmHOCH

B juceprarnusTa ce pasriexk/jia ClieKTpaJiHaTa yCTONIUBOCT Ha CTAIlMOHAD-
HU BbJIHU 3a cucTeMa oT ypaBHeHus Ha Kieitn-l'opgon. [locTrpoenn ca me-
PUOJMYHY cTaroHapHu BbjaHu oT dnoidal u cnoidal Tun. Msnonssaiiku Te-
OpWsiTa 33 WHIEKCA Ha HEYCTOWIMBOCT Ha, KBAJIPATHIEH CHOI Ca, N3CIeBAHN
CIEKTPAJIHATA YCTOWUYMBOCT Ha MTPOCTU U MOJY-TPOCTH BhjHKU OT dnoidal u
cnoidal Turm.

Pasriiesiana e 3ajiadara 3a JuHeiiHaTa/clieKTpajHaTa yCTORIMBOCT Ha
JIBV2KEIIU Ce BbJIHU 32 HEJIMHEHHO BbJHOBO yPaBHEHWE U CHCTEMa OT B'bJI-
HOBU ypaBHeHust. [I'bpBO ca KOHCTpyHMpaHW NMEPUOJMUYHNTE pernenus. V13-
MOJI3BANKHN TEOPUSATA, 38 WHJIEKCA HA HEYCTONIMBOCT HA XaMUJITOHOBA, CITEK-
TpaJHa 3ajJada ca HAMEepeHU YCJIOBUs 3a IapaMeTpHUTe Ha PeIeHUsITa Ha
HEePUOMIHUTE BBLJIHKA IIPU KOUTO T Ca HEYCTONUINBH.

Pasriejana e crekTpajHaTa YCTOWUMBOCT Ha HMEPUOJMIHU BBHJIHU OT
cnoidal Tum, pemenus Ha ejua cucrema Ha [pwojgunrep. [IbpBo ca KoHc-
TPpYUPAHU NEPUOAUIHUTE pelleHus 3a cucreMara. Ciej ToBa e u3cje/iBaH
CIEKTbPDbT Ha Olleparopa Ha JIMHeapusalus ¥ MU3I0JI3BailKi TeopusTa 3a
XaMUJITOHOBaTa CIIEKTPaJHA 33/a4da € II0Ka3aHO, Y€ BbJIHUTE Ca HEeYyCTOIi-

YUBU.
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baaroaapaocTn

Bux nckaJg Jia m3passt cBogTa 0J1aroJapHOCT U MPU3HATETHOCT KbM MOsT Ha-
ydeH pbroBojuTes npod. a.m.H. Cekan AxmenoB XakKKbeB 38 ChBMECT-
HaTa paboTa, CbJIEHCTBHETO U OT3UBYMBOCTTA MY, HHTEPECca U BHUMAHUETO
K'bM MOsiTa padboTa.

Birarogapen ¢cbM Ha Kostlerute Mu ot Kareapa Anrebpa n reoMeTpust K'bM
dakysrera 110 Maremarrka 1 nHdopmarTuka Ha Illymenckusi yHuepcurer

3a IIOAKEIIaTa U YKa3aHaTa ITOMOIII.
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