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1. BBEAEH~E 

603e-ras C 8-06p83HWMH A8YX4aCTH4HWM npHTA*eHHeM H TpeX4a
CTH4HWM OTTanKHBaHHeM onHCWBaeTCA IKaK B npH6nH*eHHH XaPTpH/l, 
TaK H KBa3HKnaCCH4eCKH B ~opManHsMe BTopH4Horo KB8HToBaHHA /SII 
TaK Ha3b1BaeMWM ",3_ '" 5 HenHHeHHWM ypaBHeHHeM WpeAHHrepa: 

2 <Ii'" +fl"'-a "'+a ",1",1 -a "'1"'1 =0. 11 .11 
t 1 3 5 

. . I! . I! . * . I! 
3Aecb as. a 5 > 0; fl == a /alt1 + •.• + a la lt D• a D - paSMepHOCTb 
npOCTpaHCTBa. ~H3H4ecKH HaH~onee cOAep*aTeneH cnY4aH D= 3, 
HO H ABYMepHwe. HHTenoA06Hwe peweHHA T8K*e npeACTaBnA~T HHTe
pec. EcnH HMeTb B BHAY npHno*eHHA K TeopHH CBepXTeKY4eCTH. 
'to CTOHT OTMeTHTb. 4TO ",3.. '" 5 ypaBHeHHe WpeAHHrepa nOllBnAeTCA 
y*e Ha YPOBHe AaYX*HAKOCTHOH MOAenH rHHS6ypra - flaHAay ICM./SI 
H oc06eHHo/<ll I. OAHaKO 06naCTb npHMeHeHHA YKasaHHoro ypaBHeHHA 
He CBOAHTCA K 3TOMY 4aCTHOMY Knaccy saAa4. 

TaK, ypaBHeHHe 11.11 BOSHHKaeT npH onHC8HHH Ae~eKToHoB/51 
ISAecb D:: 11 B TeopHH OAHOMePHWX MarHHToynopAA04eHHWX H MO
neKynApHwx KpHCTannOB 16.71 IcpJI!711 H B pAAe CMelllHWX np06neM 
~H3HKH KOHAeHcHpOBaHHoro COCTOAHHA. C APyroH CTOPOHW. npH Ds 3 
K 3TOMY ypaBHeHHm npH80AHT paCCMOTpeHHe 3Bonm~HH KOMnneKcHOH 
orH6a~~eH MOHoxpOMaTH4eCKOH BonHW B cpeAe co cna6WM Hac~eHH
eM HenHHeHHOCTH. PacnpOCTpaHeHHe CTa~HOHapHWX CBeTOBWX nY4KOB 
B TaKOH cpeAe T8K*e onHCW8aeTCA 11.11, ecnH D'" 2 H t HHTep
npeTHpyeTcA KaK npOAonbHaA KOOPAHHaTa 18/. HaKOHe4, ypaBHeHHII 
AAepHOH rHAPoAHHaMHKH C 3~eKTHBHWMH CHnaMH CKHPMa B KBaSH
KnaCCH4eCKOM npeAene CBOAIITCA K TOMY *e caMOMY ypaBHeHHm /9/ • 

B HaCTOA~eH pa60Te paCCMaTpHBamTCA peweHHA ypaBHeHHII 11.11 
THna yeAHHeHHWX BonH. pacnpOCTpaHAm~HXCA Ha ~oHe npOCTpaHCTBeH
HO-OAHopoAHoro peweHHII '" (i. t) :: '" e 16.1 t • "'0 = CODst • B KOHTeK
CTe saAa4H 0 CHcTeMe 60S0HOB nocn~AHee peweHHe onHCWBaeT 60
se-KOHAeHcaT. TorAa KaK npH HenHHeHHo-onTH4ecKoH TpaKTOBKe OHO 
COOTBeTcTByeT cTa4HoHapHoH MOHOXpOMaTH4eCKoH BonHe. ~MeeTcA 
4eTKall HHTepnpeTa~HII 3Toro peweHHII C T04KH speHHA H OCTanbHWX 
npHno*eHHH 11-9/. 

TaKaA nOCTaHOBKa npHBOAHT K rpaHH4HWM ycnoBHAM BHAa 
'" (i. t) ... l"-b lei (6.1 H,,) npH il! ... 00 rAe I'" 1= const • a v. =• 

=v. (:i."!11 il!) Mo*eT SaBHCeTb OT HanpaBneHHII ReKTopa i IHO He OT 
Pi _~ F 

"'VIKllt'!!i;!:O:'I 0:" 
""!Jfi~';!: ~;i::: ::~l~;.mllIr:. 
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ero AJlI1HbI II ill /. CyaqecTBYIOT ABa nma COJlHTOHHblX peweHH~ 1/;3- I/; 5 
ypaBHeHHR WpeA~Hrepa, YAOBJleTBOpR~HX rpaHI14HblM YCJlOBHRM YKa
saHHoro THna. npe*Ae Bcero, B HeKOTopOH OfiJlaCTH SHa4eHH~ napa
MeTpOB ypaBHeHl1e /1.1/ OfiJl8AaeT peweHHRMH, aHaJlOrH4HblMH Xopo
wo H3BeCTHbiM peWeHI1RM KyfiH4ecKoro HeJlHHeHHOro ypaBHeHHR Wpe
AI1Hrepa C OTTaJlKI1SaHl1eM /4acTo 	Ha3b1BaeMOro TaK*e ypaBHeHHeM 
rpocca - nI1TaeBCKoro/ 12- 4/ • npl1 0 = 2 Mbi I1MeeM B BI1,qy TOnOJlOrl1
4eCKI1e COJlI1TOHbI - SI1XPI1;. B oAHoMepHoH cl1Tya~1111 11M COOTseTCT
BYIOT KI1HKI1. KaK 11 B CJlY4ae ypaBHeHI1R rpocca - nl1TaeBCKoro, 
3TH peWeHI1R He I1MelOT JlOKaJll130BaHHblX CTa~HOHapHblX aHaJlOros npH 
o = 3. 

60Jlee I1HTpHrYlOaql1M RBJlReTCR, OAHaKO, BTOPOH Tl1n COJlI1TOHOB. 
3TI1 Hemono.rz02Utl.eC'Kue peweHHR ypaBHeHI1R /1.1/ cyaqecTBYIQT 
B APyroH OfiJlaCTI1 3Ha4eHI1H napaMeTpoB 11 HMelOT ~OPMY CTa~110Hap
HbiX nYSblpbKOB pa3pR*eHI1R 1101 • 	 AnFl KpaTKOCTI1 HI1*e Mbi fiYAeM Ha
SbiBaTb I1X npOCTO IlnysblpbKaMHII. 	 HeTpl1BHaJlbHOH oc06eHHOCTbIQ no
CJleAHHX RBJlReTCR TO, 4TO B OTJll1411e OT TOnOJlOrl14eCKI1X COJlI1TOHOB 
"nY3~Pb'KU" cy~ecm8yvm npu 	.rz~6mx O. 

OAHOSHa4Hafl ~I1SI1\.leCKafl I1HTepnpeTa~~A COJlI1TOHOB - InYSblpbKOB" 
B ofiaqeM CJlY4ae nOKa OTCYTCTByeT, 11 TeM caMbiM He COBceM eaqe no
HflTHa POJlb, KOTOPYIO 3TI1 HeAaSHO ofiHapy*eHHble ofibeKTbI MoryT Hr
paTb B npHJlo*eHI1f1X. CyaqecTByeT, OAHaKO, OfiJlaCTb, rAe HHTepnpe
Ta~l1f1 npeACTaBJlfleTCfI n04TI1 04eBI1AHoH. ~eHCTBI1TeJlbHo. paCCMOTpl1M 
cooTBeTcTBY~I1H /1.1/ $YHK~110HaJl 3Heprl1l1: 

E"'fllVfbl 2 
+U(ltb\2)JdX. 	 /1.2/ 

rAe 

2 
U(11/;1 2 )= a 11/;1 -.1. a It,t,j4 +.1.a 1t/l 16H nycn _3_<a a .ta2<..!... 

1 2 3 3 5 	 16 1 5 3 4 

BblPa*eHl1e /1.2/ Mo*eT fiblTb I1CTOJlKOBaHO KaK pa3Jlo*eHl1e rl1Hsfiyp
ra - naHAay cBofioAHOH 3Heprl111 E no CTeneHAM napaMeTpa nopflAKa 
'" 11 ero rpaAl1eHTa 13.41 • COCTaBJlA~ee OCHOBY ~eHOMeHOJlOrI14eCKO~ 
TeOpl1H ~SOBbiX nepeXOAOB.OAHOPOA-Hbie peWeHI1J1 /1.11.: t/I (x) 0 
11 '" (x) == "'0 fAJlfl npOCTOTbI MbI paCCMaTpl1BaeM ceH4ac CJlY4aH. (jJ=O/ , 
cooTseTcTaYIOT MI1HI1MYMaM U(It/lli?)11 onHCblBalOT paSJll14Hble $a3b1; 
npl1 3TOM ~asa C '" = 0 ABJlfleTCR 	 TepMOAI-1HaMI14eCKI1 YCTOH4I1BOH, 
a ~asa C '" = '" - MeTaCTafil1JlbHOH /CM. PI1CYHOK/. COJlI1TOH-"nysbI
peK" npeAcTaB~fleT COfiOH KOH~Hrypa~l1lO, AJlfl KOTOPOH t/I = t/I0 BCIO-' 

AY, sa I1CKJl104eHI1eM KOHe4HOH OfiJlaCTI1, rAe t/I fiJll13KO K HYJlIO. 

ECTeCTBeHHO n03ToMY I1HTepnpeTl1pOBaTb 3TO peWeHl1e KaK 3apoAblw 

cTafiHJlbHOH ~asbI BHYTPI1 MeTaCTafiI-1JlbHoH. T04Hee, 3to 3apoAblw 

'KpumUtl.eC'K020 paouyca" nOCKOJlbKY B OTCYTcTBl1e BosMyaqeHI1f1 

OH KaK He paCTeT, TaK H He CXJlOnbiBaeTCfI. 


2 

u 3HeprHH OAHOPOAHWX Co
CTOHHHH B MOAenH t/l3- t/l5 • 

MaJlble B03MyaqeHI1f1. OAHaKO, 
,qOJl*HbI BblSblBaTb c*aTl-1e Jll-1fio 
paCWl1peHl-1e KpHTI14eCKOro 3apo
Ablwa, H. CJleAOBaTeJlbHO, COJlI-1
TOHbI-"nY3b1PbKI-1" AOJl*HbI fiblTb 
HeYCTO~4HBblMI1. UeJlb HacToflaqeH 
pafiOTbi - AaTb MaTeMaTI14eCKOe 

o 	 I"fIol I't'l ,qOKa3aTeJlbCTBO SToro OCHOBaH
Horo Ha ~113114eCKOH I1HTYI-1~1-111 

YTBep*,qeHI1A H TeM caMbiM npeA
CTaBI1Tb AOnOJlHI1TeJlbHble aprYMeHTbI B nOJlbSY npeAJlaraeMOH I1HTep
npeTa~l1l1. ~aJlee. HeCJlO*HO 1l0HflTb, 4TO K.(1aCC HeJlI1HeHHocTe~. 
npl1BOAAaqHX K B03HI1KHOBeHHIO COJlI-1TOHOB YKa3aHHoro Tl-1na. ropaSAo 
wl1pe. 4eM npOCTO t/l3- a t/l5. HI1*e aHaJlI1S YCTOH411BOCTI1 npOBOAI1TCfI 
,qJlfl Bcero KnaCca OAHOBpeMeHHO. Heo*I1AaHHO pe3YJlbTaT OKa3b1BaeT
CJI TaK*e YHI-1BepCaJlbHblM: "nystJtpb'KU" He.rzUHeUH020 ypa8HeHUR 
WpeOUH2epa HeycmoUtl.U8tJt npu 8cex 0 U npu .rz~60M 8tJt6ope 
He.rzuHeUHocmu. 

nOPflAOK 113Jlo*eHI-1A CJleAYIOlqI1H. B pa3A.2 HOBblH Tl1n COJlI1TOHOB 
onpeAeJlAeTCfI fioJlee CTporo; AOKa3aTeJlbCTBO I1X HeYCTOH41-1BOCTI1 
COCTaBJlJleT 3-171 1-1 4-H paSAeJlbl CTaTbl1. AnJi 4aCTHoro CJlY4afl t/l3_t/l5 
HeJlI1HeHHOro ypaBHeHI1A WpeAI1Hrepa 411CJleHHO nOJlY4eHbI I1HKpeMeHTbI 
pacna,qa IInYSblpbKOB", 11 peSYJlbTaTbi paC4eTOS npl1Be,qeHbI B pa3A.5. 
B nOCJleAHeM pa3AeJle CAeJlaH PflA SaKJl10411TeJlbHblX saMe4aHI1H. 

2. COnHTOHbI- lInY3b1PbKHIl 

PaCCMOTpHM KJlaCC HeJlI1HeHHblX ypaBHeHI1H WpeAI1Hrepa 

1¢ +d¢+F(I¢1 
2 

)¢ 0, 	 12.1/t 

rAe ~YHK~HJI F TaKoBa, 4TO 

F(o )=0 	 /2.2/o 
AJlfl HeKoToporo 00 >0, a npl1 0 € [O,oo] F(o) 11 F'(o) OrpaHl14eHbI. 
~onYCTI1M, 4TO npl1 HeKoTopoM 0 ~ 1 ypasHeHl1e /2.1/ I1MeeT se
aqecTBeHHoe CTaTI14eCKOe peWeHl1e ¢, YAOBJleTSOpAlOIqee CJleAYIO
aql1M TPefiosaHI1AM: 

. A.. npl1 0>1 ¢-paAl1aJlbHO-CI1MMeTpI14Hafl ~YHK~I1f1,T.e. ¢=¢(r), 
rAe r = (1: 2 + .•• + 1: 2 ) "'. TorAa KaK npl1 0 = 1 ¢- 4eTHafl.

1 D 
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~(X)= ~(-x) • COOTBeTCTBeHHO B cnY4aeD= 1 M~ 6YAeM TaK*e 
nHcaTb ~(r)BMecTo ~(x) , nOApa3YMeBaR TeM caM~M, 4TO M~ orpa
HH4HBaeMCR nonO*HTenbHWMH 3Ha4eHHRMH aprYMeHTa. TaKHM 06pa30M, 
~(r) YAOBneTBopReT ypaBHeHH~ 

r-V(rV~ ) +F(~2)~=O. /2.3/
r r 

rAe v 0= D -1 • 

'8. 

0=9 (O)<~ (r)<O<l } /2.4/
r r npH r Ie (0. O<l ) 

0<~(O)<~(n<p1I2 /2.5/ 
o 


~(r) ... p1I2 npH r ... oo. /2.6/ 

o 

n~60e peweHHe ypaBHeHHR /2.3/ co CBOHCTBaMH /2.4/-/2.6/ 6YAeM 
Ha3WBaTb IICTaTH4ecKHM nY3bipbKOM", HnH npOCTO IInY3~PbKOM". 

Cy~ecTByeT 06WHPHWH Knacc HenHHeHHOCTeH F(I¢12),npHBoAR~Hx 
K nORBneHH~ conHTOHOB nOA06Horo THna. npHBneKaR CTaHAapTHy~ Me
xaHH4eCKY~ aHanorH~, nerKO nony4HTb cneAY~~HH 3neMeHTapHbiH KPH
TepHH. nYCTb 

E JIIV91 2 +U(191 2 
)ldx /2.7/ 

eCTb ~YHK~HoHan 3HeprHH, cooTBeTcTBY~~HH ypaBHeHH~ /2.1/, T.e. 
nYCTb U'(p) = -F(p). npeAnono*HM Aanee, 4TO nOTeH~Han U(p) I1Me
eT MHHHMYM B T04Ke Po H no MeHbweH Mepe e~e OAHH MHHHMYM 
B T04Ke PI TaKoH, 4TO O$.P <Po' ConHToH-lInY3~peKIi B03HH

l
KaeT TorAa ,ecnHI MHHHMYM B T04Ke PI 60nee rny60KHH. 4eM B T04
Ke Po' T. e. ecnH U(p ) <U (po) • /noA06Hoe cocy~ecTBoBaHHe He
cKonbKHX MHHHMYMOB xahaKTepHO ~nR MOAeneH C KOHKYPHPY~~I1MH 
B3aHMOAeHCTBHRMH/. 

HeTPYAHO nonY4HTb 60nee CTporHe ycnoBHR, He06xOAI1MWe H AO
CTaT04Hwe AnR cy~ecTBoBaHHR "nyswpbKOB". HH*e, OAHaKO, OHI1 
HaM He nOHaA06RTCR. Mw 6YAeM C4HTaTb npOCTO. 4TO F(p) TaKOBa, 
4TO ypaBHeHHe /2.3/ AonYCKaeT peweHHe co CBOHCTBaMH /2.4/
/2.6/. 

B Ka4eCTBe npHMepa paCCMOTpHM ~s_~s ypaBHeHHe WpeAI1Hrepa 
/1.1/. npe*Ae Bcero saMeTHM, 4TO ~YHK~I1R rb(x.t) = e- iru t~ (x.t) 
YAOBneTBopReT TOMY *e ypaBHeHH~ /1.1/ C a ,3aMeHeHHwM Ha a = 
= a + ru. TeM caMWM MW BcerAa Mo*eM orpaHJ4HTbcR cnY4aeM ac1.Mn

1 ... -+. I .... '1 I!TOTHK, He 3aBI1CR~HX OT BpeMeHH: ~(x,t) ... ~ (xII x ). ol-Ianee, 

B nHTepaType npHHRTO npHSOAHTb ypasHeHHe ?1.1/, C nOM~b~ Macw

Ta6Horo npe06pa30BaHHR X. t H ~, K BHAY C a 3= ± a 1 = 1, ml60 


4, 

K SI1AY C as = as = 1. B HacToR~eH pa60Te MW. OAHaKO. Bocnonb
3yeMcR anbTepHaTHSHWM npeACTaBneHHeM 3Toro ypaBHeHHR, KOTopoe 
YA06HO B cnY4ae HeHyneBWx rpaHI14HWX ycnoBHH. 

nono*I-1M BHa4ane B /1.1/ as = as = 1 It paCCMOTQHM o&nacTb 
0< al < 1/4. c nOM~b~ nOACTaHOBKH ~(X.t)=b~(J3b2X.3b4t). 

2 2rAe b = - (A + 2 p ) H 
3 0 

Alp =-2+!.a- l (1-J1-4a ). /2.8/o 4 1 1 

/1.1/ npl1S0AHTCR K BHAY 

i ~ + l\ ~ + ( I~ I 2 - IJ )( 2A + P - 3 I~ 12 ) 9 O. /2.9/too 

RBH~M 06pa30M YAOBneTBopR~eMY ycnoBH~ /2.2/. nOTeH~HanbHaR 
4aCTb cooTBeTcTBy~~ero ~YHK~l1oHana 3Heprl111 ~aKToPH3yeTcR. 

r:t 2 2 2 2 ...
E = r II V ~ 1 + (191 - 0 ) (I ~ I -A}l dx •o . 

11 3TO 06cToRTenbcTBo cy~ecTBeHHo 06ner4aeT/lOI HaXO*AeHHe AnR 
/2.9/ peweHHR ntna OAHOMepHoro conHToHa-"nY3wPbKall 

: 

~(X)=p1l2 Cb(KX) /2.10/o 
 JpotA + sb 2 (KX) 


3AeCb K 2 = Po (Po. - A) H 0 < A < Po . .llnR peweHHR /2. 10/ Tpe60Ba
HHR A lot B 04eBHAHO BwnonHeHW. npH D = 2 H 3 conHTOHHoe pewe
HHe ypasHeHHR /2.9/, YAOBneTBopR~ee 3TI1M ycnoBHRM, 6wno' HaH
AeHO 4HcneHHO 110/. KaK H npH D = 1, MHorOMepHble "nY3b1PbKH" cy

~eC~B;~:n:4~~~:C:~0~;~a:~~~a YKa*eM ABa I1HTerpana ypasHeHHR 
/2.1/, KOTopwe 6YAYT ynOMHHaTbCR HI1*e. nepBwH HS HHX eCTb non
HWH HMnynbC: 

? = i f (~*V9 - ~ V9*) d x . /2.11/ 

BTopaR coxpaHR~aRCR S6nH4HHa 

N J(I~12_p)di /2.12/o 
B TeopHH 60se-ra3a HHTepnpeTHpyeTcR KaK nonHoe 4Hcno 4acTH~, 
OTC4HTwsaeMoe OT KOHAeHcaTa, a S HenHHeHHOH onTHKe COOTBeTCT
syeT cYMMapHoH HHTeHCHBHOCTH CBeTa sa BW4eTOM nOCTORHHoro ~Ha. 
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3. AHAfl"3 YCTOA4"BOCT" 

B 3TOM 14 nocneAy~~eM paSAene MW npOAeMOHcTpHpyeM, 4TO conH
TOHw- lInY3wpbKH" HeYCTOH4HBbI B nHHeHHOM npH6nHlKeHHH. Eionee KOH
KpeTHO. Mlol nOKaIKeM, 4TO COOTBeTCTBY~He nHHeapHSOBaHHble ypaBHe
HHR AonYCKa~T paOUa.flb HO-CUM.MempUlHIlIle peweHHR, pacTy~He 

co BpeMeHeM :nccnOHe H141,la.flb HO. TeM caMWM 6YAYT HCKn~4eHbI B03- • 
My~eHHR. saCTaBnR~He / .... 3Ha4anbHo nOKoR~HHCR/ "nY3wpeKIl ABH
raTbCR; paCTY~He BOSMY~eHHR 6YAYT OAHOSHa4HO YKaSWBaTb Ha cIKa
THe HnH paCWHpeHHe conHTOHa B paAHanbHOM HanpaBneHHH. H He
YCTOH4HBOCTb B nHHeHHQM npH6nHIKeHHH 6YAeT AeHCTBHTenbHO 03Ha
4aTb peanbHY~ ~HSH4eCKY~ HeCTa6HnbHOCTb B HaweM cnY4ae 
/CP. /11/ /. 

Ka

"TaK. paCCMOTpHM ypa~HeHHe /2.1/ 14 AonYCTHM, 4TO COOTBeTCT
By~ee ypaBHeHHe /2.3/ HMeeT peweHHe ¢(r) co CBO~CTBaMH /2.4/
/2.6/. flHHeapH3YR /2.1/ B OKpeCTHOCTH 3Toro conHTOHa-"nYSblpb

ll 
• nonY4aeM AnR HH~HHHTe3HManbHoro B03My~eHHR 8¢ == (+ ig : 

(t" [-/\ - F (¢2 (r»] g =[1 g, /3.1/ 

2 2 2 -gt .. £-/\-F(¢ )-2¢ FI(¢ )](=L (. /3.212

3AeCb (i,t) , g(i.t) Be~eCTBeHHW. AnR paAHanbHO-CHMMeTpH4HWX 
B03My~eHHH HMeeM ('" ( r , t) ,g = g (r , t) • H YKa3aHHble ypaBHeHHR 
CBOARTCR K 

( =-r-"(r"g ) -F(¢2)g=L g, /3.3/
t r r 1 

- g t =-r-" (r" ( r ) r - [ F (¢
2 

) + 2 ¢2 F # (¢e )] (= Le ( , /3.4/ 

rAe npeAnonaraeTcR. 4TO r H I npHHaAnelKaT f~ (RD)- npOCTpaHCT
By paAHanbHWX ~YHK~HH B f2(RD). 101 YAoaneTBopR~T eCTeCTBeHHblM 
rpaHH4HWM ycnoBHRM B Hyne: (r (0) == gr (0) = O. "CKn~4aR g 
HS /3.3/ H /3.4/,nOnY4aeM ypaBHeHHe 

(n =-L L (r,t)'
1 e 

KOTopoe MOIKHO sanHcaTb ~opManbHO B BHAe 

L-1 ( =-L (r.t).
1 tt e 

EcnH 6w OnepaTOp L 6b1n nOnOIKHTenbHO onpeAeneH, Ha 
CTpaHCTBe f ~ cy~ec iBoBan 6101 06paTHwH onepaTOp Li 1 • 

6 

/3.5/ 

13.6/ 

BceM npo
OAHaKo L 1 

He 06naAaeT YKa3aHHbiM cBoi1cTBOM. XOTR 101 He HMeeT OTpH~aTenbHWX 
c06CTBeHH~X 3Ha4eHHH /CM.HHlKe/. CneAOBaTenbHO, HaM HYIKHO e~e 
OnHCaTb 06naCTb onpeAeneHHR onepaTopa L~l. ~ (I. i1). 

3. 1. 06paTH~H onepaTop 

Ha nepBblH BsrnRA, Mbi HMeeM cHTya~H~. aHanorH4Hy~ cnY4a~ co
m-ITOHoB,y6~BalO~l1x Ha 6ecKoHe4HocTH I'IKanenbll/ /18,17/ . npeIKAe 
Bcero, KaK 11 B YKaSaHHOM cnY4ae, y Ll HeT OTpH~aTenbHblX C06CT
BeHHblX SHa4eHI1H. 4T06~ y6eAHTbCR B 3TOM, OTMeTHM paBeHCTBO 

L ¢l(r) O.
1 /3.7/ 

B03HHKa~ee 113 cpaBHeHHR /3.3/ 101 /2.3/. EcnH AonYCTHTb, 4TO 
OTpH~aTenbHble c06cTBeHH~e SHa4eHHR cy~ecTBY~~H 060SHa4HTb 
Hal1MeHbwee 4epe3 Ao' TO COOTBeTcTBy~~aR c06CTBeHHaR ~YHK~HR 
uo(r) ,Ltuo = AOU O ' 04eBHAHo,He 6YAeT HMeTb HyneH Ha nony

OCH [0, co). OAHaKo BBHAY /3.7/ uo(r) AonlKHa YAOBneTBopRTb
f; ¢ Uorv d r = 0, i.jTO. I<OHe4HO. HeBOSMOIKHO, nOCI<Onbl<Y ~YHK~HR 

d>(r) TaKIKe He HMeeT HyneH /cM'/2.5/1. 

B cnY4ae "Kanenb" cnpaBeAnHBO ¢(r), f ~, 101 A= 0 RBnReTCR 
AHCl<peTH~M c06CTBeHHblM SHa4eHHeM L I' TorAa KaK HenpepblBHblH 
cneKTp Ha4HHaeTCR C Hel<OTOporo A> O. CneAoBaTenbHo, AnR Toro, 
4T06~ onepaTOp Ll HMen 06paTHblH. OH AonlKeH 6WTb orpaHH4eH 
Ha nOAnpocTpaHcTBo, opTorOHanbHoe K Yl<aSaHHoH HyneBoH MOAe. 
C APyroH CTOPOH~, B cnY4ae "nYSwpbKOB'1 HS /2.21, /2.6/ 101 /3.3/ 
cneAyeT, 4TO HenpepblBHWH cneKTp Ha411HaeTCR HenocpeACTBeHHO 
C A= O. 3TO 03Ha4aeT, 4TO L-l cy~ecTByeT Ha HeKoTopoH nnoTHoH 
nOA06nacTH B f~. Tal<HM 06pasoM, B 060HX cnY4aRX 06nacTb~ onpe
AeneHHR l~1 RBnReTCR nOAnpocTpaHcTBo npoiTpaHcTBa fl. aaMKHy
moe B cnY4ae "I<anenb ll 

, H n.flOmHOe B fr iii cnY4ae "nYSblpbI<OB". 
KaK M~ YBI1AHM HHIKe, HMeHHO 3TO pasnH4He npHBOAHT B nocneAHeM 
cnY4ae I< BeCbMa He06w4H~ CBOHCTBaM conHTOHOB OTHOCHTenbHO 
YCTOi:i4HBOCTH. 

B HaweM cnY4ae 3aAaHHe 06naCTH 3) (L~I) He Tal< 04eBHAHO, KaK 
B cnY4ae "Kanenb". OAHaKO HeKOTopaR ee nOA06naCTb MOlKeT 6~Tb 
onHcaHa cpaBHHTenbHo nerKO, 101 3Toro OKaSbiBaeTCR BnonHe AOCTa
T04HO AnR HaWHX ~eneH -2 

2
PaCCMOTpHM B f r (Rf) nOAnpOCTpaHCTBO fr • COCTOR~ee HS ~YHK

~HH, CTpeMR~HXCR npH r ... I< Hyn~ 6b1CTpee, 4eM r- (D+ 4) /2.00 

To eCTb, u(r)'!,2. ecnH cy~ecTBY~T nonOIKHTenbHwe nOCTORHHwe ro' 
C 14 a>(5+,,).12 TaKHe, 4TO lu(r)I<Cr-a npH r>ro • BBeme -_
AeM Ha ~r ~YHK~HoHan 

00 

1[u]= {¢(r)u(r)r"dr 
/3.8/o 
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H 0603Ha4HM g) = ker ~ • ,llPyrHMH CJlOBaMH, U(r ) t;;: 95 03Ha4aeT 
~ v J. '~r m = O. nerKO nOHRTb Tenepb, 4TO MHo~eCTBO ~ nJlOTHO 
~ f~ ,_a CJleAOBaTeJlbHO, H B ~~ /CM. 3aMe4aHHe 4.2. ~~e/, 
H 4TO !C npHHaAIlelllHT o~JlacTH 3Ha4eHHi1 onepaTopa L1 : 9) C 5{ (L1 ) 

nOCKOJlbKY !R(L ) = !C(L-1 ) , 3TO 03Ha4aeT, 4TO
1

Ha ~. 	 . -1 
4T06~ nOJlY4HTb RBHoe B~pa~eHHe AJlR Ll , 

4TO BBHAY /3.7/ H /2.5/ L1 MO~HO npeACTaBHTb 

-II -1 v 2( -1 ) I
Ll v( r) = -r ¢ (r) Ir cp cp V r 'r' 

2
rAe v(r) E ~r' v.. (O) 

~ 
L~'b<r)", ¢(r) Jd!CV 

r 

171 

= o. nOJlaraR 3aTeM 

( 
¢-2(O f d"rr( ¢('I])U('I]) 

0 

AJlR Jl1060ro Uf!- J), MOIIIHO RBHO npOBepHTb, 4TO L1 U =v e .l..r ' 
Vr(O) a 0 H L1 Li1= J:'f Ll = 1. nOJle3HO OTMeTHTb CJleAYIOIIIHe 
CBoi1cTBa onepaTopa ~~ , BBeAeHHoro TaKHM 06pa30M. 

A. nYCTb 
r 


-II -1 V 

Vi(r)",r ¢ (r) 	f ¢(OV1(O( d(; i=1,2, /3.11/ 

o 

rAe Vi (r) E !r. CooTHoweHHe 

/3.12/(VI ' L~l V ) = (Vl' V2 )e 
AOKa3~BaeTCR TorAa npOCTO C nOMOlJ4blO H3MeHeHHR nopRAKa HHTerpH
pOBaHHR /KoTopoe 3aKOHHO B CHJlY AOCTaT04HO 6~cTporo cnaAaHHR 
"t-2 npH r .. "" /. 3Aecb ( • ,.) 0603Ha4aeT, pa3YMeeTCR, 06~4Hoe 
~2(RD)cKaJlRPHOe npOH3BeAeHHe: (ul,u2) =f"" U1(r) uE(r) rVdr.-r 	 1 0 -1 )8. ~3 /3. 12/ CJleAyeT, 4TO Li CHMMeTpH4eH: V l' Ll V 2 = 
= (V 2' L"i1 V ) _ H nOJlO~HTeJleH, T. e. (V, Li1 

V) > 0 AJlR Jl1060ro He1
 
HYJleBOrO V Eo !t. 


3.2. KpHTepHi1 HeycToi14HBocTH 	 ~ 

YpaBHeHHRM THna /3. 6/ C Le CHMMeTpH4H~M H Ll
-1 

nOJlO~HTeJlbH~M 
nOCBRlI4eHa 06wHpHaR JlHTepaTypa /CM., HanpHMep,l12-151 /. llnR AO
Ka3aTeJlbCTBa HeycToi14HBocTH InY3~pR" M~ AOJllKH~ y6eAHTbcR, 4TO 
/3.6/ AonYCKaeT peweHHR, paCTYlI4He co BpeMeHeM. CneAYlOlI4aR Teope
Ma YCTaHaBJlHBaeT AOCTaT04H~e YCJlOBHR 3Toro. 

8 

L·t CYlI4e CTByeT 

3aMeTHM npOCTO, 
KaK 

/3.9/ 

/3.10/ 

-1 (,)2 

TeopeMd 3.1. nYCTb P - HeoTpM4aTenbH~~ onepaTOp, T.e. 
(u, Pli) ~ 0 AJlR Bcex U ~ g;P' H nYCTb H - cHMMeTpM4H~i1 ane:)dTOp, 
npH4eM -"" < inf H < o. ,llonyc.!HM.,z 4TO CYU4ecTByeT ¢YHKLiHR ti( r ) Eo 
c;..(~p (l~H)' YAOElJleTBOpRlOlI.\afl (u,Hu) < C. TorAa ypasHeHHe 

P f = -H rtt 

MMeeT peweHHe fer, t) TaKoe, 
pblX C, f3 '> 0 H 3cex t ~ O. 

3TO YTBep~AeHMe i1oKa3aHo B 
::TBO npHBOAHTCP B Ii I. CHMBOJl 
3Ha4eHVlR 06b14HO~ f -HOPM~, Ilull 

/3. 13/ 

4TO l!fU, t) II ~cel=lt AJlft HCKOTO' 
i13,l'41 

; He3aBHCHMoe AOKa3aTeJlb
11·11 HCnOJlb3yeTcR 3AeCb AJ1R 060

= (u. u ) l~ / cp .• oAHaKO ,1151 /. 

.llJlR Toro 4T05~ npHM€HHTb 3TOT KpMTepH~ K ~paBHeHHIO 13.6/, 
AOCTaT04HO nOKa3aTb, 4TO AJlR HeKOToporo UE IT- l""IT,(l'e) I, T. e. AJlR 
HeKoTopo.:1 ASYKpaTHO AHQ¢epeH~HpyeMoi1 ¢lYHKL(HH if E ~, TaKO~ ,4TO 
ir~) = 0, B~nOJlHReTCR 

(Ii, Le ii) < o. 	 /3, 14/ 

B CJleAYIOUW'-l pa3AeJlC Mbl npOAeMOHcTpHpyeM, 4TO TaKi-1e U Ae~cTBH
TeJlbHO CY~CCTeY~T. nepeA 3THM, OAHaKO, YMeCTHO CACJlaTb ABa 3a
Me4aHHR. 

3aMe4a~Me 3.2. H3 /3.3/ H /3.7/ 8~TeKaeT, 4TO 
J:ft(r,t)¢rVdr = O. CJ1eAOBaTeJlbHO, eJ,\Io1HCTBeHHble peWeHI-IR /3.6/, 
YAOBJleTBOPRlOlI4He /3.3/-/3.4/ V: HMelOlI4He TeM caMblM OTHoweHHe 
K aHaJlV:~Y YCToi14HBOCTH, - 3TO peweHHR C Ha4aJlbH~M YCJlOBHeM 
ft(r,o) TaKHM, 4TOfft(r,o)cprvdr = O. B 3T0i1 CBR3H CJleAyeT 
nOA4epKHYTb, 4TO npH AOKa3aT.eJlbCTBe 112 ·151 TeopeM~ 3,1 f t( r, 0) 
Bbl6HpaeTCfl 1013 J)y.' T, e. H3 ~ B HaweM CJ1Y4ae. nOCKOJlbKY )Ke ~,., 
= ker j=, YCJlOSHe.l f t (r,o) ¢rv dr = 0 OKa31:>ISaeTCR TeM caM~M YAOB
JleTBOpeHo, H H3 cy~ecTBoaaHIo1R paCTYlI4HX peweHHi1, rapaHTHpyeMoro 
C¢loPMYJl~pOBaHHoi1 TeopeMoi1, Ae~CTBHTeJlbHO CJleAyeT HeYCToi14~BOCTb 
"nYSbljJb Ka" . c4 

3aMe4aHHe 3.3. /0 rPu3uttecKOJvl cJvll:Izc.rze o6.rzacmu i; /. Orpa
HH4~eaRCb Ha nOAnpOCTpaHCTBO f~ , MbI orpaHH4HBaeMCP xopowo JlO
~aJlH30BaHH~MH B03MYlI4eHHRM~. ~nR Toro ~e, 4T06b1 HHTepnpeTHposaTb 
AOnOJlHHTe.'1bHOe YCJlOBHe 1cu] = O. 3aAalOlllee 06JlaCTb ~ cf~, pac
CMOTPHM B OKpeCTHOCTH CTaTH4eCKoro InY3~pR" ¢(r) HeKOTOPYIO 
'oH¢l~rypa~HIO ¢( r) . Pa3JlaraR HHTerpaJl /2.14/ no CTeneHRM OTKJlO
~eHHR 8¢::: '¢ -¢ '" u +iv, HMeeM 

N['¢l -N[cp] =2:f[u] 

nfUGC, 4JleHbI, KBa.qpaTH4H~e no II u II H II V II . CJleAOSaTeJlbHO, YCJlOSHe 
~[u] =0 paBHOCHJlbHO Tpe60BaHHIO,4T06~ HH¢HHHTe3HMaJlbH~e B03MY
UleHHR He MeHRJ1H CYMMap~oro '4HCJla 4aCTH~:~z::O.TaKHM 06pa30M,He
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4 

YCTOH4HB~e B03My~eHH~, KOTOp~e M~ C06HpaeMC~ onHcaTb, He B03- l(v ,L2v ) ~(Uo,L2 u o) 1",I(v ,L 2V ) -Ao I -+ O. /4.3/n n	 n n 
n .... "" My~alOT HH OAHH H3 ABYX HHTerpaIlOB P H N • 

AIl~ AOCTaT04Ho 60Ilbworo n 6YAeM HMeTb TorAa (V • L2 V ) < O.n 
-	 nOTo*AecTBIl~~ 3aTeM u(r) = vn(r) ,nOIlY4HM HCKOMoe /3.1 /. 

nOIlara~ vn(r) = uo(r) - Yn (r) ,MW HMeeM4. AOKA3ATEnbCTBO OCHOBHoro PE3ynbTATA 

npe*Ae Bcero, npOAeMOHcTpHPyeM HaIlH4He OTpH4aTeIlbHoro c06- l(vn,L 2 Vn ) -(uo,L2uo)1 '" I(Yn'~Yn) -2(Yn. L 2 u o) I ~ 

CTBeHHoro 3Ha4eHH~ B cneKTpe onepaTopa L 2• 
AOKa3aTeIlbcTBo aHaIlorH4HO CIlY4alO IKaneIlb". PaccMoTpHM Bcno $1(y ,L2 Yn ) I +21 Ao11IYn II ~ n	 /4.4/IMoraTeIlbHYIO 3aAa4Y Ha co6cTBeHH~e 3Ha4eHH~ 

L2 u(x) '" AU(X), 	 /4.1/ 

u(i) Eo f2 (R D), rAe 1.2 A~eTC~ /3.2/. nYCTb, HanpHMep, D = 3. 
nOAcTaHoBKa u(i)=z(r)r-1Yem(O,¢) ,rAe Yem - c4>epH4ecKHe rap
MOHHKH, CBOAHT /4.1/ K 

- Z rr + [t (t + 1) r-2 
+ q (r ) h '" ,\z, 

/4.2/ 


z(O) z(",,) 0, q (r) '" _ F ( ¢ 2) _ 2 ¢ 2 F '( ¢ 2 ) • 
rAe 

L2 HMeeT 3 TpaHCIl~4HOHH~e HYIleB~e MOA~ u\ (i) = a¢/aXl , 1 = 
~ 1,2,3, COOTBeTCTBYIO~He e = 1. 3TO 03Ha4aeT, 4TO ypaBHeHHe 
/4.2/ npH t = 1 HMeeT peweHHe Ai = 0, zl = r¢r. BBHAY /2.4/ 
Y zl(r) HeT 	 BHYTpeHHHX HYIleH Ha nOIlYOCH (0,"") H, CIleAoBaTeIlbHO, 
npH f = 0 cy~ecTByeT 6e3Y3IloBa~ c06CTBeHHa~ 4>YHK4H~ Zq (r ) 
C c06cTBeHH~M 3Ha4eHHeM Ao < O. TeM caM~M u (r2 = zo(r);r ~Bo
Il~eTC~ c06CTBeHHOH 4>YHK4HeH KaK AIl~ onepaTopa L2' TaK H AIl~ 
L 2, C c06CTBeHH~M 3Ha4eHHeM ~o' 04eBHAHo,UoEf~, H HeCIlO*HO 
npOBepHTb, 4TO cnpaBeAIlHBO H u~(O) = O. 

TaKHM *e 06pa30M AOKa3~BaeTC~, 4TO Le HMeeT OTpH4aTeIlbHoe 
c06cTBeHHoe 3Ha4eHHe Ao npH Il1060M D~ Cy~ecTBeHHo, 4TO COOTBeT
cTBy~a~ c06cTBeHHa~ 4>YHK4H~ uo(r) e f 2 He HMeeT HYIleH B HHTepr 
BaIle [0,,,,,) 	 H, CIleAOBaTeIlbHO, He Mo*eT npHHaAI1e*aTb MHo*eCTBY 
~=ker ~ • 

HTaK, uo(r) HeJ1b3~ HcnOIlb30BaTb B HepaBeHCTse /3.14/. OAHa
KO, KaK ~BcTByeT H3 cIleAy~ero npeAI10*eHH~, uo(r) _Mo*eT 6WTb 
nOAxoA~~HM 06pa30M annpOKCHMHpOBaHa 4>YHK4H~MH H3 ~. 

npeAI1o*eHHe 4.1. nYCTb f - ~APO 4>YHK4HoHaIla /3.8/, rAe ¢(r) 
YAoBIleTBop~eT yCIlOBH~M /2.4/-/2.6/, H nYCTb AIl~ u ~f: B~nOIlH~eT 1
C~ L 2u = AU, u'o(O) = 0, Ao < O. TorAa cy~eCTByeT 4>YHK4H~ 
- "p 00 	 4u(r) e !J.;, YAOBIleTBop~lO~a~ /3. 1 /. _ I 

AOKa3aTeJ1bCTBO. Mw nOCTpOHM nOCIleAOBaTeIlbHOCTb IVn IE~, Ta

< IIY~ 112 + Iq Imax llYn 112 + 21 Ao IIIYn II, 

rAe M~ BocnOIlb30aaIlHCb orpaHH4eHHocTblO q(r) =_F(¢2)_2¢2F,(¢2) 
H nOIlO*HIlH lIu II = 1. nYCTb Tenepbo 
yn(r) = Cny(knr ) 

C HeKoTopoH 	nOIlo*HTeIlbHoH 4>YHK4HeH y( r) e fri(Ro" Y (0) = 0r 
a nOCTO~HHwe C H k nOA6epeM TaK, 4T06w BwnOIlH~IlOCb vn ~ ~.n n 
nerKo npoBepHTb,4TO 3TO YCIlOBHe HMeeT MeCTO npH 

C "'k~ ~[Uo]/J(kn)'n 

rAe 

"" v 
J(k) = fy(r)¢(r/k)r dr. 


o 


Y4HT~Ba~ /2.5/, IlerKO nOIlY4HTb 

J(k) ~ ¢(O) 	 f "" y(r)r
v 

dr = /L> 0, 
o 

OTKYAa 

l/J(k) S /L-l. 

/4.5/ 

AIl~ nocIleAHero HHTerpaIla 04eHKY 

/4.6/ 

B~4HCIlHM Tenepb HOPMW II y II H II y' II, BXOA~~He B /4.4/:n D 


2 2 D 2 D e

Ily 11 =C k- Ily 112 Ily'11 ", C2 k 2- lly'll • n nn ' n DD 

nOIlb3y~Cb /4.5/ H /4.6/, nOIlY4aeM 

IIy211 ~ a 2k D , IIYn'112$ t32k~+2. /4.7/ 
n n 

KYIO, 4TO 
rAe ~ =/L-lIIYII'~[uo] ,t3 =/L-llly'll· ~[uo]. HaKoHe4, YCTpeMI1~~ 
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k ~ 0, C nOM~bO /4.4/ H /4.7/ HecnO~HO y6eAHTbc~ B cnpaBeAn 
nHBOCTH /4.3/. Q. E • D • 

3aMe4aHHe 4.2. 3aMeT~M, 4TO HaWHM npOMe~YT04H~M pesynbTa
TOM 6~no II, II -

~ 
0, TOrAa KaK '-[YO]= ,-[u o ] f:. O. TeM ca. n 0 ... 

-2
~M nHHe~H~~ ¢YHK4HOHan /3.8/ pasp~BeH B npOCTpaHCTse fro nnR 
Toro 4T06~ YCTaHOBHTb 3TO, B~wenpHBeAeHH~~ aHanHS RBnReTCR 
B CY~HOCTH HsnHWHHM, TaK KaK pasp~BHOCTb eCTb 04eBHAHoe cneA
CTBHe HeHyneBo~ aCHMnTOTHKH ¢(r) . Y4HT~BaR YKasaHHoe CBO~CTBO 


¢YHK4HOHana ,-, AOCTaT04HO BOCnonl!SOBaTbCR HSjiCTHO~ Teope

MOH /IS, , 4T06~ 3aKnI041;!Tb, 4TO ter,- nnOTHO B fr ' H AnR nlO60ro 

\l.oE f r CYlL\eCTByeT nocneAOBaTenbHOCTb {vn I e ~, TaKaR. !.ITO 

Ilvn "'Uo II ~ 0 npH n ... "". CaM no ce6e, OAHaKO, 3TOT ¢aKT e~e 

He rapaHTHpyeT B~nonHeH~R /4.3/, nOCKonbKY, KaK XopOWO HSBeCT

HO, KBaApaTH4H~~ ¢YHK4HOHan (U.L2U)TaK~e He RenReTCR Henpe
p~BH~M. ~MeHHO n03TOMY HaM npHwnOCb npOAeMOHCTpHpOBaTb cnpaBeA
nHBOCTb /4.3/ RBHO. 

SaMe4aHHe 4.3.. /flpocmoe Katl.eCmae1-ifWe o6VRCHeHue/. 
C ¢HsH4ecKoH T04KH speHHR Mo*eT nOKasaTbCR CTpaHH~M, 4TO 

:~::~~e~~~n:A~B:~:~::~~T~:c~~S~~~::~~N~k70::TM~:::~H:n~~O;~:~H-
nOMHHM, 4TO HSMeHeHHe 4Hcna 4aCTH4, BHOCHMoe Man~M BosMy~eHHeM 
w(r), paBHO 2'-[w)= 2f¢wr vdr- CM. saMe4aHHe 3.3/. Ha caMOM Ae
ne, paSYMeeTCR, HHKaKoro napaAOKca SAeCb HeT. ~eno B TOM, 4TO 
"nonpaBKY" Yk K B03My~eHHO u 0' f k .= - V k , MO~HO B~6paTb TaK,Uo 
4TO, C OAHO~ CTOPOH~. OHa /1CaaOpam.Utl.Ho/ CKonb yroAHo Mana, 
a C APyroH - AOCTaBnReT HHTerpany~[ f ), /ZUHeUHOMY no Yk • 
KOHe4Hoe SHa4eHHe. B caMOM Aene, nYCTb 

kY AOCTaT04HO MeAneHHOk
cnaAaeT Ha 6eCKOHe4HOCTH. TorAa 06naCTb, B ~OTOPO~ ¢ OTnH4HO 
OT p: ' BHOCHT npeHe6pe~HMO Man~i:i BKnaA B '[ Yk ], H cneAO
BaTenbHO, 

"" 
"[YIt]:S VP; f yk(r)rVdr. 

o 

nonaraR TenePb YIt(r) EtDY(kr) .H YCTpe.MnRR k ~ 0, M~ nonY4HM 
IIYk 112 = tDlly 112 ... 0, TorAa KaK ,-[ Yk ] ='-[y1 = const ! 3TO BeCb
Ma He06~4Hoe CBoHCTBO CBRsaHO C HeHyneBoH aCHMnTOTHKOH IIny
S~PbKa"; HH4ero nOA06Horo HeT B cnY4ae "KannH". 

~TaK, M~ nOKasanH, 4TO ycnoBHR TeopeM~ 3.1 B~nonHeH~. no
cneAHRR nOSBonReT CAenaTb B~BOA 0 TOM, 4TO conHTOH~-lInys~PbKH'1 
HenHHeHHoro ypaBHeHHR WpeAHHrepa /2.1/ HeycTo~4H~ B nHHeHHOM 
npH6nH*eHHH - He3aBHCHMO OT paSMepHOCTH npOCTpaHCTBa H B~60pa 
HenHHe~HOCTH F (I ¢ 12 ) • 

5. HHKPEMEHTbl PAcnAnA l'nY3bIPbKOB" '" 'S _ '" 6 

¢H3H4eCKH Ba~HOH xapaKTepHCTHKO~ HeYCTOH4HBoro peweHHR 
CKa~eM, conHTOHHoro - RBnReTCR HHKpeMeHT HeYCTOH4HBOCTH: BenH
4HHa, eMY 06paTHaR, AaeT 04eHKY BpeMeHH ~HSHH conHTOHa. Oc06~i:i 
HHTepec npeACTaBnReT, paSYMeeTCR, MaKCUMa.flb Hl11U HHKpeMeHT. 
B MaTeMaTH4ecKoi:i nHTepaType BenH4HHY r npHHRTO HaS~BaTb MaKCH
ManbH~M HKpeMeHTOM 3KcnOHeH4HanbHoi:i HeYCTOH4HBOCTH AnR ypaBHe
HHR /3. 13/, ecn~: 1) AnR nlO60ro a (0; [ 0, n 13 . 13/ HMeeT peWeHl1e 

~ Ceatf(r. t) TaKoe, 4TO II f( r. t) II AnR HeKOToporo C > 0 H Bcex 
t ~ 0, 11 ii) AnR nlO60ro t( r • t) • YAOBmln BopR~ero 13. 13/ , 

H nlO60ro E > 0 cy~ecTByeT nOCTORHHaR P > 0 TaKaR, 4TO 
Ilf(r, t) II ::; pe(r+l) t AnR Bcex t ~ O. 3flecI:> 11·1I060sHa4aeT He
Komopy~ HOPMY, He 06RsaTenbHO HOPMY f . 

HH~e HsnaralOTCR pesynbTaT~ B~411cneHI1R HHKpeMeHTO~ paAl1anb
HOH HeYCTOH411BOCTI1 Ilnys~PbKOB" AnR cnY4aR ¢S - ¢6 Hem-1HeHHOro 
ypaBHeHI1R WpeAHHrepa /2.9/, KOTopoe 06naAaeT, nO-BHAI1MOMY, 
HaH60nee WHPOKHM cneKTpOM npHno~eHHH cpeAH 06cY*AaeMoro Knac
ca MOAeneH. M~ nOKa*eM, 4TO B 3TOM cnY4ae ypaBHeHHR /3.3/, 
/3.4/ !~Me~T 3KcnOHeH4HanbHO paCTY~YIO HopManbHYIO MOAY, T.e. pe
weHHe BHAa 

yt yt
 
t( r, t) = 11( r ) e , g(r. t) = e(r) e , /5.1/ 


rAe 11 11 , YAOBneTBopRIOT 

/
/5.2 /L 1 ~ = Y11. L 2 11 =-y~ , 

11,' cf2(R D). 11'(0)= ,,(0) = O. /5.2"/ 
r 

B cnY4ae HenHHei:iHocTH F(I¢12 ) 06~ero BI1Aa HeRCHo, HMeeT nH 
peweHHe saAa4a Ha co6cTBeHH~e SHa4eHHR /5.2/ I1nH 3KBHBaneHTHaR 
saAa4a L211 =_y2L-{71, XOTR M~ H YCTaHOBl-1nl1, 4TO OTHoweHHe 

-1 0(u, L2 U ) /( U, L1 u) Mo~eT 6~Tb CAenaHO OTpH4aTenbHblM. TpH4aTenb
Hoe co6CTBeHHoe SHa4eHHe (-ye) saBeAOMO CYIL\eCTBOBano 6b1, ecnH 
6~ COOTBeTcTBy~aR C~CTeMa co6CTBeHHblx ¢YHK4HH 6~na nonHa. He
HSBeCTHO, OAHaKO, HaCKonbKO COOTBeTcTByeT HCTI-1He 3TO nocneAHee 
npeAnono~eHHe. B ¢8_¢5 cnY4ae cy~ecTBoBaHHe HopManbHoi:i MOA~ 
6YAeT npOAeMOHCTpHpOBaHO 4HcneHH~MH MeTOAaMH. 

nOHRTHO. 4TO y npeACTaBnReT C060H ~HKpeMeHT HeYCToi:i4HBOCTH 
OTHOCI-1TenbHO .fl~60U HOpM~. Sonee Toro, ~ nOKa*eM, 4TO B AeHCT
BHTenbHOCTI-1 3TO Ma?;CCUMa.flb Hl11U I1HKpeMeHT - OTHOCHTenbHO HeKO
TOPOH HOPM~, onpeAenReMOH HH*e. 
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5. 1. 4HcneHH~H aHan~3 

HTaK, nepeH~eM K pe3ynbTaTaM 4HcneHHoro HccneAoBaHHR 3a~a4~ 
Ha c06cTBeHH~e 3Ha4eHHR /5.2/, rAe onepaTop~ Ll H L2~a~TcR 
!l>opMynaMH 13.3/, 13.ql c F(¢2) =(¢2_ po )(2A+Po- 3¢ ) , 
a ¢(r) YAOBneTBopReT 12.3/-/2.6/. npe~Ae Bcero, 3aMeTHM, 4TO 
BBHAY 12 .81 n~6~e ABa ypaBHeHHR /2 .91 c pa3nH4H~MH A ~ Po ' 
HO OAHHM H TeM ~e OTHoweHHeM A/po 3KBHBaneHTH~ c T04HOCTb~ 
AO MacwTa6Horo npe06pa30BaHHR. 3TO Ha6n~AeHHe n03BonHno HaM 
3a!l>HKcHpoBaTb, 6e3 nOTepH 06~HOCTH, Po = 1. 

.llPyroe Ha6n~~eHHe, none3Hoe npH 4HcneHH~X pac4eTax, COCTOHT 
B TOM, 4TO ecnH c06cTBeHHoe 3Ha4eHHe cy~ecTByeT, TO OHO eAHHCT
BeHHO. B caMOM Aene, paccMOTpHM 3KBHBaneHTHY~ 3aAa4Y L2~(r) = 
= ALi l 17 (f) , rAe A = - Y2. H3 aHanH3a aCHMnTOTHK cne~yeT, 4TO 
AnR KBa~paTH4HO HHTerp~pyeM~x ~ cnpaBeAnHBo A < O. CneAoEla
TenbHo, ecnH 6~ cy~ecTBoBano ~Ba c06cTBeHH~x 3Ha4eHHR, Al H A2 , 
TO cOOTBeTcTBY~He 171 H ~2 06pa30B~BanH 6~ 6a3Hc ABYMepHoro 
no~npocTpaHCTBa,Ha KOTOPOM 4>oPMa (u,L!u) 6~na 6~ oTpH4aTenb
HO onpeAeneHa. 3To, oAHaKo, npOT~Bope4Hno 6~ TOMY !l>aKTY, 4TO 
3aAa4a Ha c06CTBeHH~e 3Ha4eHHR B~Aa L2U = AU HMeeT eOUHcmeeH
Hoe OTpH4aTenbHoe c06CTBeHHoe 3Ha4eHHe. 

anR 4HcneHHoro aHanH3a M~ Hcnonb30Ban~ HTepa4HOHHY~ cxeMY, 
OCHOBaHHY~ Ha MO~H!I>HKa4HH Henpep~BHoro aHanora MeTo~a Hb~TO-
Ha 1191 l~eTanH B~4HcneHHH B~HeceH~ B npenPHHT /IOI I. B O~HOMep
HOM cnY4ae B HaweM pacnopR~eHHH 6~no RBHoe peweHHe 12.10/, Tor
Aa KaK npH B~CWHX D Heo6xoAHMO 6~no BHa4ane HaHTH 4HcneHHO caM 
InY3~peK" ¢( f) , a 3aTeM nOACTaBHTb ero B nOTeHLtHan~ onepaTO
pOB Ll H Le' 3aAa4a Ha co6cTBeHH~e 3Ha4eHHR 15.21 6~na peweHa 
AnR 9 3KBHAHCTaHTH~X 3Ha4eHHH A H3 npOMe~YTKa (0,1), T.e. AnR 
A= 0.1, 0.2, ,0.9 H AnR Ka~Aoro D, D = 1,2,3. anR Bcex 
paCCMOTpeHH~X A H D 6~no HaHAeHo Be~eCTBeHHoe c06cTBeHHoe 3Ha
4eHHe. 

B~4HcneHHR 6~nH nOBTopeH~ Ha nocneAOBaTenbHOCTH cry~a~~HxCR 
ceTOK npH !l>HKcHpoBaHHoM HHTepBane HHTerpHpOBaHHR [O,Rl H Ha 
nocne~OBaTenbHOCTH paCWHpA~~HXCR HHTepBanOB [0. Rn l npH !l>HKCH
pOBaHHOM ware HHTerpHpOBaHHR h. npH CTpeMneHHH h ... 0, R ... 00 

nocneAoBaTenbHOCTb co6cTBeHH~x 3Ha4eHHH Yb.R AHCKpeTHoro aHano
ra 3ana4H 15.21 6~CTPO CXOAHnaCb K HeKOTopOMY HeHyneBOMY npeAe
ny Y InpH 3TOM 3Ha4eHHe HHTerpana 13.81 CTpeMHnOCb K Hymol. TeM 
caM~M MO~HO YTBeplKAaTb, 4TO AnR Ka~~oro A E (0,1) H D = 1,2,3 
ypaBHeHHR 13.3/, 13.ql ~onYCKa~T peweHHe BH~a 15.1/. 

nonY4eHH~e HHKpeMeHT~ HeycTOH4HBOCTH Y npHBeAeH~ B Ta6nHLte. 
T04HOCTb 4HcneHHoro peweHHA OLteHHBanaCb nYTeM BapbHpOBaHHR h 
H R. COOTBeTCTBeHHO war H HHTepBan 6~nH B~6paH~ TaK, 4T06w ra
paHTHpOBaTb TPH 4H!I>P~ nocne 3anRToH. 

14 

Ta 6./1. U /1.a . liHKpeMeHTbI HeycT.oRqHBOCTH IInY3b1PhKOB II 1/1 S_ '" 5 

D = I D = 2 D = 3A 

0.1 0.198 0,058 0,047 

0.2 0.348 0.179 0.132 

0.3 0.443 0.335 0.244 

0.4 0.489 0.496 0.376 

0.5220.5 0.493 0.625 

0.6640.6 0.458 0.692 

0.7 0.390 0.675 0.764 

0.7540.8 0.290 0.559 

0,9 0.159 0.336 0.539 

llnH paCqeTOB npHMeHHnHCh KOHeqHo-pa3HocTHbie cxeMY 2-ro 
H 4-ro nopHAKa annpOKCHM~. npH D - 1 H Bcex A Ghlna Hcnonh
SOBaHa cxeMa 4-ro nOpHAKa C mar OM h a 0.2. npH D - 2 H 3 H Bcex 
A, sa HCKrnoqeHHeM A = 0.1, MY nonb30BanHCb cxeMoA 2-ro nopHA
Ka C b = 0.05; B cnyqae lie A = O. 1 cxeMa GblJIa 4-ro nopHAKa 
H h = 0.1. AnHHa HHTepBana HHTerpHpoBaHHH R GblJIa BblGpaHa 
paBHoR 50. HCKn~qeHHe COCTaBHn cnyqaA A - 0.1 npH D = 2 H 3, 
KorAa npHllLlloCb B3HTb R = 100. 

5.2. CBO~CTBO MaKCHManbHOCTH Y 

AnpHOPH HeACHO, Mo*eT nH OwTb npeBwweHa nonY4eHHaA CKOPOCTb 
HapacTaHHA HeycToH4HBOCTH. Mw nOKa_eM, 4TO Y ~eAcTBHTenbHo AB
nAeTCA MaKCHManbHWM HHKpeMeHTOM - npH ycnoBHH. 4TO AnA OLteHKH 
Be~eCTBeHHOH H MHHMOH 4aCTH B03My~eHHA Bw6Hpa~TCA HOPMW HeKO
Toporo CneLtHanbHoro BH~a. 

8 caMOM ~ene. 3neMeHTapHO npoBepAeTCA 111,16/, 4TO AnA no6o
ro peweHHA f(f, t) ypaBHeHHR 13.61 cnpaBe~nHBO 

(f. L~1 f) ::i exp (2 r 2 t) . cout. 15.31 

r~e 

2 r = 
{-U.LIU) } 

sup •
!:(L2)(")!:(L'~) (u.Lil u) 

15.41 
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1
JlnA C06CTBeHHOrO SHa4eHI1AY BblnOJlHFleTCR y2; -<,." Le 1/)/(1/, Li 1/), 
H CJleAOBaTeJlbHO, 

y2 ~re. /5.5/ 
BOCnOJlbSyeMcR Tenepb IIAonOJlHHTeJlbHblMIi BapHa4HOHHblM npHH4H

nOM HS pa60Tbl/16~ Ee aBTopbl paCCMaTpHBalOT ypaBHeHHR BHAa 
/3.13/ C P nOJlO*HTeJlbHblM H H CHMMeTpH4HblM B npeAnOJlo*eHHH, 4TO 
H HMeeT eAHHGTseHHoe OTpH4aTeJlbHOe co6CTseHHoe 3Ha4eHI1e 
H He HMeeT HyneSbiX. PeSYJlbTaT 116~ nepe¢opMYJlHpOBaHHblH AJlA /3.6/, 
rJlaCHT, 4TO 

,r2 s:. ,r2 , /5.6/ 

rAe 

-I t{-<L1U.L1L1U) }, 
r  , (u.L u)

.1, 

a I 060SHa4aeT nOA06JlacTb 06JlacTH ~ (Le ) (') !i)(L1L ) TaKYIO, 4TOe 
AnA Jl106oro u(r) 601 cnpaBeAJlHBO (u. L 2 u)< O. C APyroH CTOPOHbI, 
nOCKOJlbKY " EI, TO SblnOJlHAeTCA 

,r e ~-(L2'1' L 1 L I '1)/<",L 1 ,,) = yl. /5.7/ 

OKOH4aTeJlbHO, K0M6HHHPYA /5.5/-/5.7/. Mbi HMeeMye = ·r2 = ,re
, 

TaKHM 06pasoM, C nOMOIQblO /5.3/ MO*HO SaKJlI04HTb, 4TO c06CTBeH
Hoe SHa4eHHe Y eCTb MaKCHMaJlbHblH HHKpeMeHT OTHOCI1TeJlbHO HOPMbI 

Ilf 11- (t.L-: f)1h. 
AHaJlOrH4HblH peSYJlbTaT Mo*eT 6b1Tb nOJlY4eH AJlR MHHMOH 4aCTI1 

,0sMy~eHHR, ,(r.t) . MMeHHO HS /3.3/, /3.41 HaXOAI1M 

In - -L I L1 ,· 

B 3TOM CJlY4ae /5.3/ CJleAyeT saMeHHTb Ha 

(I. L 11) .,:$ 81p (201 t ) • c008t. 

rAe 

02 . ,{-<L1 V • LIL1 v) }= I~ • 

~L L )~(L ) (v. Ll v)


I 1 1 

060sHa4aR L 1 Veu. nOCJleAHee paBeHcTBo MOWHO nepenHcaTb B BHAe 

2 {-(U.LIU)}\,o - sup .. I 1 ., 
!DeL) (')g)(L·1 ) . (u. L-1 U) 

2 1 
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BcnOMHHaR onpeAeJleHHe /5.4/, Mbi HMeeM 0 2 = r e 11, HaKOHe4, 
0 2 = y2. OTCIOAa CJleAyeT, 4TO ,yecTb MaKCI1MaJlbHblH HHKpeMeHT He
YCTOH411BOCTH AJlR g(r. t) ,eCJlH B Ka4eCTBe HOPMbI Bbl6paTb 
ilgll (g,L1g)'~. 

HanOMHI1M B SaKJlI04eHHe, 4TO B HaCTOR~eM HCCJleAOBaHHH Mbi orpa
HH4HJll1Cb paOUa.f!/')HO-CU.JVLMempUt.f.HtJlJ.1U B03My~eHHRMI1, H ellle npeA
CTOHT AOKaSaTb, 4TO BOSMYllIeHHR HeCI1MMeTpr4Hble /3aBHCA~He OT yr
JlOB/ He MorYT HapaCTaTb 6b1CTpee, 4eM e . Mbi HaMepeHbI BepHYTb
CR K 3TOMY Bonpocy B nOCJleAYIO~HX ny6JlI1Ka4HRX. 

6. 3AKn~4HTEnbH~E 3AME4AHH~ H HEPEWEHH~E nposnEMM 

1. npeACTaBJlAeTCR HHTepeCHbiM cpaBHHTb aHaJlH3 YCTOH4HBOCTH 
COJlHTOHOB-11nysblpbKOB II co CTaHAapTHbIM paCCMOTpeHHeM YCTOH4HBO
CTH APyroro THna HeTOnOJlOrVl4eCKHX peweHHH - COJlVlTOHOB-1IKaneJlb II. 
ECJlVl p$CCMaTpHBaeTcR HeKOTopoe HeJlHHeHHOe ypaBHeHHe WpeAHHre
pa, TO B 060HX CJlY4aAx aHaJlH3 YCTOH4HBOCTH CBOAHTCR, B JlHHeH
HOM npI16JlH*eHHH, K OAHOH H TOH *e JlHHeHHOH CHCTeMe BHAa /3.1/
/3.2/. B 060HX CJlY4aAX onepaTOp L1He HMeeT OTpH4aTeJlbHblX 
c06CTBeHHblX sHa4eHHH, TorAa KaK Le HMeeT TOJlbKO OAHO. ECTeCTBeH
HO n03TOMY O*I1AaTb. 4TO 6YAeT cOBnaAaTb H AaJlbHeHwee paCCMOTpe
HHe. H 4TO B KOHe4HOM C4eTe Mbi YCTaHOBHM HeKOTOpylO HeHYJleBYIO 
06JlacTb YCTOH4HBOCTH AJlR Ka*Aoro THna COJlHTOHOB. Heo*HAaHHo, 
HeTpHBHaJlbHaR aCHMnTOTHKa IlnY3b1pbKOBII nopO*AaeT paAHKaJlbHoe 
OTJlH4I1e. 

B caMOM AeJle. HeycToH4HBOCTb KaK "nY3b1pbKOB", TaK H "KaneJlbll 
HMeeT MeCTO. eCJlH cy~ecTByeT ¢YHK4HR u(r) , np~HaAne*a~aR 06
JlaCTH onpeAeJleHHR onepalopa L 11 /060sHa4aeMoH l]J/ ,H YAOBJle:rBO
pRIOIlIaR 13.14/. 06JlacTb g: onpeAeJlReTCR KaK !C = ker s: , rAe ,~ -
JlHHeHHblH ¢YHK4HOHaJl /3.8/. 3aMeTHM. 4TO B~60HX CJlY4aRX OTPH
4aTeJlbHaR MOAa L 2 , u ( r) He npHHaAJle*HT ~.o

B CJlY4ae IIKaneJlb" ¢YHK4HOHaJl s: HenpepblBeH, Hero RAPO saMK
HyTO. To eCTb HeBOSMO*HO nOCTpOHTb nOCJleAOBaTeJlbHOCTb tVn J E ffi 

TaKYlO, 4TO v ... Uo npH n -. 00, H sapaHee HeACHO, cy~ecTByeT JlH n 
u(r) • B 3TOH cHTya4HH 60Jlee nOAxoA.R~HM oKasbI.~,eTc~ OTJlH4HblH 
nOAxoA, oCHoBaHHblH Ha TaK HasbiBaeMoH N-TeopeMe 18.1 I. 

C APyroH CTOPOHbI, B CJlY4ae "nYSblPbKOB"S: pa3pblBeH,H nOAnpo
CTpaHcTBo!Ii n.f!OmkO B f2. COOTBeTCTBeHHo,BblWeynoMRHyTaR no
CJleAOBaTeJlbHOCTb BcerAa Mo*eT 6b1Tb nocTpoeHa. 60Jlee Toro, ee 

MO*HO Bbl6paTb TaK, 4TO (V .LeVn> .... (u o• Le uo) npH n .... N. TeMn 
caMbiM COJlHTOHbI-"nYSblpbKH" HeYCTOH4HBbI npH Jl1060H pa3MepHocTH 
npoCTpaHcTBa H npOHSBOJlbHOM Bbl60pe HeJlHHeHHocTH. 

2. HMeeT CMblCJl npoKOMMeHTHpoBaTb 3TOT peSYJlbTaT Ha OCHose 
¢HSH4ecKHx npeACTaBJleHHH. B ¢HsH4ecKoH JlHTepaType YCTOH4HBOCTb 
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peweHH~ 06~4HO aCco~HHpyeTc~ C HanH4HeM MHHHMYMa 3HeprHH npH 
ycnoBHH. 4TO SHa4eHHe np04HX HHTerpanOB ABH~eHH~/4Hcna 4aCTH~. 
HMnynbca H T.A.I ¢HKCHpOBaHO npH Bap~a~HRX. I06sop COOTBeTCT
By~~ero Kpyra HAeH CM., HanpHMep, B/211 I. CneAYR 3THM npeACTaB
neHH~M, paCCMOTpHM peWeHHe ypaBHeHH~ 12.11 THna CTaT~4eCKO
ro "nysblpbKa" ¢(r) H BOSbMeM HeKOTOpy~ 6nHsKm K HeMY KOH¢Hry
pa4H~ ¢(r) • PasnaraR 3HeprH~ 12.71 no CTeneHRM Manoro OTKnO-
HeHH~ ;p - ¢ =[) ¢ = u + 1v • M~ HMeeM 

E [ 	~ 1 = E [¢] + ( v, L1 v) + (u. L2 u ) 

nn~c 4neH~ Bblcwero nopRAKa ManOCTH. 3AeCb onepaTOp~ L1 , L2 Aa

~TCR ¢opMynaMH 13.1/,/3.21. nonaraR v(i) =0, u(i) = u(r) 

rAe U B~6HpaeTc~ ~cxoA~ HS ycnoBHR 13.131, nerKO y6eAHTbcR 

B CnpaBeAflHBOCTH HepaBeHCTBa E[ ¢] < E[ ¢], HeCMOTpR Ha TO, 4TO 

N(';f>l=N[¢lH P[cP'l=P[¢l/cM. saMe4aHHe 3.3/. TaKHM 06pasoM, 

CTaT~4eCKHH Inys~peK" He AOCTaBnReT ¢YHK4HoHany 3HeprHH Aa~e 


ycnoBHoro nOKanbHoro MHHHMYMa. 

. 3. Ao CHX nop M~ paCCMaTpHBanH nHWb CTaTH4eCKoe peweHHe, 

T. e. nOKoR~HHC~ IlnysbipeK" B nOKOR~eMCR KOHAeHcaTe. npe06pasoBa
HHe ranHneR 

... -+ 

... - -+ v... v ......


¢(x, t) .... 'P(x. t) =ezpl1-(x - -t) I¢(x - vt, t)
2 2 

saCTaBn~eT Ilnys~peKII H KOHAeHcaT AB~raTbCR KaK Llenoe co CKO
pOCTb~ Y, np~4eM CBoHcTBa 3Toro HOBoro peweHH~ OTHOCHTenbHO 
YCToH4HBocT~/HeycToH4HBocTH oCTa~TcR, pasYMeeTcR, npe~HHM~. 
MeHee TpHBHanbHa~ cIo1Tya~HR BosHHKaeT, oAHaKo, B cnY4ae IInys~Pb

Ka", ABH~y~erOc~ B HenOOeUXHO.M KOHAeHcaTe. 3TO nocneAHee pe
.... .... ... a" ....weHHe HMeeT BHA ¢( x, t) = x (x - v t) , rAe - x( z - vt)... 0 npH 

.... 2 at 
x -+ "". HanpHMep, OAHOMepH~H "nys~peKII ¢I - ¢ & ypaBHeHHR 12.9/, 
pacnpocTpaHR~~HHC~ Ha ¢oHe CTaTH4eCKoro peweHHR ¢( x. t) = p ~ , 
B~rn~AHT TaK/10/: 0 

¢(x.t) .. (2P)~ ch(i -If') 

2 1i 
o 	 j(2Po_A)(A2 +v / + ch 2i 

rAe 
-	 1t! 2 l,t 0 2 
Z = 	-( c- - v) (z - vt) • .. 4p (p -A), 

2 	 o 0 

8in2f' = ..!.v[ (0 2- v2 ) I(Ai! + v2)]~, ,.,. Eo- (-"/4, ,,/4). 

2 
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-+ 	 AHanHS YCTOH4HBOCTH TaKoro peweHH~ HenbS~ CBeCTH K cnY4a~ 
v = O. HanpoTHB, eCTb OCHOBaHH~ nonaraTb, 4TO Ha caMOM Aene 
cy~ecTBY~T yomou1lueble 6~CTPO ABH~y~Hec~ "nys~PbKHII
no 	 KpaHHeH Mepe B npocTpaHcTBax HHSKOH paSMepHOCTH. 

4. E~e OA~H OTKP~TblH Bonpoc - ~BnR~TCR nH HHKpeMeHT~ He- 2 
YCTOH4HBOCTH Y 15.21 MaKCHManbH~M~ omHOOume.fl'bHO HOP.MbI 5? ? 
ApyrHMH cnOBaMH. An~ Ka~Aoro nH BosMy~eHH~ 8 t = f( r • t) + tg( r. t ) 
cnpaBeAnHBa o~eHKa (f,t) +(g,8) ::;const.e(2YH) npH nlO60M £>0 
H Bcex t ~ 01 OTBeT, nO-BHAHMOMY, 6YAeT YTBepAHTenbH~M, HO AO
KasaTenbCTBO nOKa OTCYTCTByeT. 

5. HaKoHeLl, OTMeTHM P~A HeAaBHHX ny6nHKaLlHH, nOCB~~eHH~X 
aHanHSY HeycTOH4101BOCTH B pasnH4HblX BapHaHTax HenHHeHHoro 
ypaBHeH~R WpeAHHrepa 122-26/. B YKasaHH~x pa60Tax 06cY~AaeTCR 
cnY4aH conlo1TOHOB- 11Kanenb II ~ pasBHBa~Tc~ nOAxoAbI, anb TepHaTHB
Hble npeAno~eHH~M 111 /16 ,17/. 

B saKn~4eHHe Mbi C4HTaeM CBOHM np~RTHbiM AonroM BbipasHTb 6na
rOAapHocTb 6.A.ManoMeAY sa PRA cOAep~aTenbH~x saMe4aHHH no AaH
HOMY TeKcTY. OAHH HS aBTopoB IH.6.1 nPHsHaTeneH TaK~e K.KHp4e
BY, 	 ~.n. P~6aKOBY H A.RHOBCKH sa noneSH~e 06cY~AeHHR. 
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BapameHKoB H.B., roqeBa'A.~., PI7-88-411 
MaxaHbKOB B.r., ITYShlHHH H.B. 
YCTOHqHBOCTb COJlHTOHono,o;oI5HbIX "nysblpbKOB" 

IToKasaHo, qTO He,o;aBHO ofiHap'Y)KeHHble COJlHTOHID>le pemeHHH 
O-MepHoro HeJlHHeHHOro ypaBHeHHH llipe,o;HHrepa, HMe~e BHA 
nYSblpbKOB paspH~eHHH B4KOHAeHCaTe, HeycTOHqHBbI npH JlroOOM 
0, H qTO 3TOT ~aKT He saBHCHT OT BHAa HeJlHHeHHoCTH. ~H 
qaCTHOJ~O CJlyqaH l/J 8 - a l/J5 ypaBHeHHH llipe,o;HHrepa , K KOTOPOMY 
npHBo,o;HT ~eJlbm pa,o; sa,o;aq HeJlHHeHHOH ~HSHKH, qHCJleHHO HaH
,o;eHhl HHKpeMeHThl pacna,o;a COJlHTOHoB-nyshlpbKOB. 

PaOOTa BbInOJlHeHa B naoopaTopHH BhlqHCJlHTeJlbHOH TeXHHKH 
H aBToMaTHsa~HH OHHH. 

npenpHHT 061ae;tUlHeHHoro HHC'nITyn JIJlepm.a Hccnea.o88H11A. ,Ily6Ha 1988 

ITepeBO,o; aBTopoB 

Barashenkov I.V., Gocheva A.D., 	 P17-88-411 
Maknankov V.G., Puzynin I.V. 
Stability of the Soliton - Like "Bubbles" 

We show that the recently found bubble-like soliton 
solutions of D-dimensional nonlinear Schrodinger equation 
are unstable for any D and that this fact does not depend 
on the choice of nonlinearity. For the particular case 
of the !/t 8 - a l/J5 NLS equation which arises in a variety of 
physical contexts the bubble's growth rates are numeri
cally calculated. 

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