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OBIIAA XAPAKTEPUCTUKA PABOTbBI

AKTyaJIbHOCTh PadoThl. B TeueHue mocieHux TPUALATH JIET ObUI pa3BUT
HOBBIM METOJ PEIICHUs] HEJIMHEWHBIX IBOJIIOIMOHHBIX YPABHEHHM MaTeMaTHYECKOM
¢busuku — metoj oopatHoi 3anaun (MO3).

Brepsoie B 1967 romy Iapamepy, I'puny, Kpyckany m Munype (I'TKM)
yIalloch MHTErpupoBaTh 3a1auy Ko 1151 HEMMHEMHOro 3BOJIOIMOHHOTO YPaBHEHUS
Kopresera - ne @pu3za (Kad)

u, +6uu, +u,, =0, xeR' t>0, (1)
C TIOMOIIBI0 0OpaTHOM 3a/1auu paccesHus ais ypasHeHus L typma-JInyBusis
Ly =—y"+q(x)y =x’y, xeR'.

BeiBon ypaBuenust (1) mnpunammexxutr (1895 r.) romraHacKUM  ydeHBIM
J.J.Kopresery u I'.[le @pusy.

OtmeTuM, uyTOo OOpaTHas 3ajavya TEOpUU paccessHus s ypaBHeHus typma-
JInmyBwinist Ha Bcel mpsiMoil m3ydanack B paborax JI.J.danneesa, b.M.JleButaHa,
B.A.Mapuenko, I1.letidpra - E. TpyOoBuma u ap.

[TpuBenem HECKOJIbKO IPUMEPOB HEJTMHEHHBIX HBOJTFOIUOHHBIX
mubdepeHInanbHbIX  YPAaBHEHHM, HWHTETPUPYEMBIX METOJOM OOpaTHOM 3ajayu:
HenuHeitHoe ypaBHenue peaunrepa (HY 1)

iU, + Uy, +2Ju[*u=0; (2)
MouduirpoBanHoe ypaBHeHne Kopresera- ge @puza (MKnd ;)
Uy £6U°U, + Uy, =0; ?3)
ypaBHenue cunyc-I'opgona (CI')
Uy — Uy, =SiNU. (4)

[TpuMeHeHne MeToma oOpaTHOM 3anaun i ypaBHeHul (2)-(4), omupaeTcs Ha
oOpaTHyI0 3a7a4y TEOpUH paccessHus Jjs oneparopa lupaka

d
—  q(x)
L=j dx . xeRhY
() -2
dx

OOpartHas 3amaua paccessHus 1S onepaTopa Jlupaka Ha Bceil ocu M3ydaiach B
pabotax M.I".I'aceimoBa, b.M.JIeputana, B.E.3axaposa, A.b.lllabara, 1.C.®pososa,
JLIL.LHmwxuuka, dam Jloit By, JlL.A.Taxtamksua, JI.J[.®anneeBa, M.AOnoBuia,
J.Kayna, A.Hprosmna, X.Curypa, A.b.Xacanosa, I'.V.Ypazboesa u ap.

Hacrosimmast  guccepranusi  MOCBSIIEHA HUHTETPUPOBAHUIO  HEJIIMHEHHOTO
ABOJIIOIIMOHHOTO  YpaBHEHUS MKn®, ¢ pa3nuuHbBIMH CaMOCOIIACOBAaHHBIMU
HMCTOYHHMKAMU B KJIacce «ObicTpoyObIBatonux» pyukimii. [Ipu aToM paccmatpuBaeTcs
Cly4au, KOTJ1a COOTBETCTBYIOIIMM HECAMOCONPSKEHHBIN oreparop Jupaka mumeet
MIPOCTHIE M KpaTHbIC COOCTBEHHBIC 3HAUCHHSI.

Briepsbie ypaBHeHne MKn®, 0e3 ucTouHMKa ObLIO HHTETPUPOBAHO STOHCKUM

MmaTteMatukoM M.BanaTtu.



CreneHbp HM3y4YeHHOCTHM NpodjeMbl. B XoJe NONBITKM MOCTPOUTH Oo0Jee
MIMPOKUIM KJIacC HWHTErpUpPYEMBIX cHUCTeM, B pabore M.A6Gnosuma, JI.Kayna,
A.Hproomna u X.Curypa, crajia sicHa B&XXHOCTb KBaJIpaTOB COOCTBEHHBIX (DYHKIIMIA, B
3aJlayax Ha COOCTBEHHbIE 3HaueHWs Juisi oneparopa [upaka. B paborax
B.K.MenbHMKOBa ¢ TIOMOIIBIO MeETOJa OOpaTHOM 3aJauMl paccesHus ObLIH
npouHTErpupoBaHbl ypaBHeHUsA Knd ¢ camocorinacoBaHHBIM MCTOYHHKOM, B KJacce
«ObIcTpOoyObIBatomMX» (QyHKIME. CaMOCOrIacOBaHHOCTh MCTOYHHMKA MOHUMAETCS B
TOM CMBICIIC, YTO IMpaBas 4YacTh PACCMATPUBAEMOrO 3BOJIIOLHOHHOTO YpPaBHEHUS
SABJISICTCS. KOMOWHAIMEW KBaJApaTOB COOCTBEHHBIX (DYHKIIMI COOTBETCTBYIOIICH
CIIEKTPAIIbHOM 3a/1a4H.

Jlamee HeNMHEWHBIE HBOJIOLMOHHBIE YPAaBHEHHUS C CaMOCOTJIACOBAaHHBIM
HMCTOYHUKOM H3ydanuch B paborax Da-jun Zhang, Y.B.Zeng, W.X.Ma, R.L.Lin,
D.Y.Chen. Opnako, mpu HalIu4Myd KpaTHBIX COOCTBEHHBIX 3HAYCHUW HECaMO-
conpspkEHHOro orneparopa Jlupaka mMeToasl, npuMenénnsie Da-jun Zhang, Y.B.Zeng,
W.X.Ma, R.L.Lin, D.Y.Chen, uve mnpurogHsl AJii HHTCTPHUPOBAHUS HEIMHEHHOTO
3BOJIFOIMOHHOTO YPAaBHEHUS.

Otmetrum, uTo B paborax A.b.XacanoBa um I'.V.Ypa3zboeBa mHTErprpoBaHO
ypaBHeHUE cuHyc-['opjloHa Tmpu HaIMUYUKM KpPaTHBIX COOCTBEHHBIX 3HAYEHUU
COOTBETCTBYIOLIEH CIEKTpaJbHOW 3amaud. B 3ToM jauccepranuu  pa3BUTHIN
A.b.XacanoBeiM u [.Y.Ypa30oeBbIM METOJ TPUMEHSETCA JUIsl WHTETPUPOBAHUS
HenuHenHoro  ypasHeHus MKnd®, ¢ pasauuHBIME  CaMOCOINIACOBAaHHBIMU

UCTOYHUKAMU.

CBs3b quccepranuoHHOM padoThl ¢ TemaTnyecknmu mianamu HUP. Tema
JUCCEPTAIIMOHHON paboThl  yTBepkJaeHa Ha YueHoM CoBere YpreHYCKOro
rocyJapCTBEHHOTO YHUBEpCUTETa UMEeHU AJib-Xope3mu (rmpotokon NeS ot 16 ssHBaps
2003r.) ¥ BBIIOJIHEHA B COOTBETCTBMM C IUIAHOBOM TeMOoW  Kadeapsl
«Marematuueckas (pu3MKa U IPUKJIaaHAs MaTemMaTuka» Ypl'VY.

Heap ucciaenoBannss. OCHOBHOW IEIBI0O HACTOSAIIECH TUCCEPTALNM SABISIETCS
BBIBOJ ABOJIIOIMHM JaHHBIX PpacCEesHUS HeCcaMOCOMpshKEHHOro oreparopa Jlupaka,
MOTEHLMAJ KOTOpPOro sBJIAETCA pemeHueM ypaBHeHHs MKnd ., ¢ ucrouHukamu, B

KJ1acce OBICTPOYOBIBAIOIITNX (PYHKITHIA.
3anaum uccaenoBanus. OCHOBHBIC 337]a4M, pelIaeMblie B JAHHOM JAKCCepTaluu
clIeyIoIue:
e M3yYCHHE JUHAMHUKU U3MEHEHHUS MO t CIEKTPAIbHBIX XapaKTEPUCTHK OrepaTopa
Jlupaka ¢ TpPOCTHIMU COOCTBEHHBIMU 3HAYEHUSMH, C TOTEHIIUAJIIOM,

ABIAOIIMMCS  pemieHueM ypaBHeHMss MKad, ¢ HCTOYHHMKOM, B Kjacce
«OBICTPOYOBIBAIOIINXY» (PYHKIUN;

e OIIPCACIICHUC I3BOIIOOHNHN JaHHBIX PACCCAHUA HecaMOCOHpH)KéHHOFO orcparopa
I[HpaKa C IIPOCTBIMHU COOCTBEHHBIMU 3HAYCHUAMMA, IIOTCHOHAII KOTOPOI'o

ABJIACTCA PCHICHHUCM YPaBHCHUA MK}1®+ C caMoCOoriaCcoBaHHbIM HMCTOYHHUKOM, B

ClTy4ae JIBMKYIIHUXCS COOCTBEHHBIX 3HAYEHU;
e BbIBOJ aHaiora ypaBHeHud [TKM, onuchiBaromMX 3BOJIONUIO JTaHHBIX
paccessHHsT ~ HECAaMOCONPSDKEHHOro  omeparopa  [Iupaka ¢ KpaTHbIMHU



COOCTBEHHBIMH 3HAYEHUSMH, NOTEHLHAT KOTOPOIO SIBJISIETCS PELICHUEM
ypaBHeHus MKn®d , ¢ caMocoriacoBaHHBIM HCTOYHUKOM.
O0bexT M npeamer ucciaenosanus. Murerpuposanue ypasHeHus MKnd, ¢

pPa3IMYHBIMM CaMOCOTJIACOBAHHBIMM MCTOYHHUKAMHU B KJIAcCe «OBICTPOYOBIBAIOIIUX)
(GYHKIUNA ¢ TOMOIIBIO METOIa 00paTHOM 3aa4u paccesiHuUs.

Metoasbl ucciaenoBanms. B quccepranioHHON pabOTe UCTIOIB3YIOTCS METOIbI
OOBIKHOBEHHBIX JU(h(epeHInanbHbIX ypaBHEHUH, YpaBHEHUNW MaTEeMaTUYECKON
¢bu3KKY, QYHKIIMOHAIBLHOTO aHajdu3a, TeOpUH (QYHKIUA KOMIUIEKCHBIX NMEPEMEHHBIX,
CHEeKTpajIbHOU Teopun nuddepeHInanbHbIX ONepaToOpoB.

OcHOBHBIE 0J102KeHN I, BBIHOCUMbIe HA 3aUTy. OCHOBHBIMU pe3yJibTaTaMU
JTUCCEPTALIMOHHONW PadOThl SIBJISIIOTCS CIICTYIOIINE:

- BBIBEJICHA JWHAMHUKAa WM3MEHEHHUS MO t CIEKTPAJIbHBIX XapaKTEPUCTUK

onepatopa Jlupaka, ¢ IOTEHIIMAJIOM, SIBISIOIIMMCS perieHreM ypaBHeHust MKad | c

MCTOYHHUKOM B KJIacce «ObICTPOYOBIBAIOIINXY (DYHKITHIA,
- OIpeJerieHa  HJBOJIIOLUSA JaHHBIX paccesHus s omepatopa [lupaka c
IPOCTHIMU COOCTBEHHBIMHM 3HAYEHHUSMHM, MOTEHIIMAT KOTOPOTO SIBJISETCS PEIICHHEM

YpPaBHCHUA MKIICD + € CaMOCOIJIaCOBAHHBIM HCTOYHHUKOM, B ClIy4dac ABWKYIIMXCS

COOCTBEHHEBIX 3HAUCHUH,
- monydeH aHaior ypaBHeHud I'TKM, onuchBaromux 53BOIIONUIO JaHHBIX
paccestHusT HECaMOCOIPSDKEHHOTO omepaTopa Jlupaka ¢ KpaTHBIMH COOCTBEHHBIMH

3HAYECHHUAMH, IMOTEHLIHMAI KOTOPOro sBiseTcs peuieHueM ypaBHeHuss MKad , ¢

CaMOCOTJIaCOBAaHHBIMU PA3IUYHBIMU UCTOYHUKAMHU.

Hayuynasi HoBu3Ha. Bce OCHOBHBIE pe3ybTaThl, MOJYyYEHHBIE B IUCCEPTALINH,
ABJISIFOTCS HOBBIMU. OHH COCTOSIT B CJIEIYIOLIEM:

1. HaiineHbl ypaBHEHUs! TMHAMHUKU U3MEHEHUsS MO0 BPEMEHU JIAHHBIX PACCESTHUS
HECAMOCOIIPSKEHHOTO orepaTopa Jlupaka, ¢ MOTEHIMAIOM, SBJISIOIKMCS PELICHUEM

ypaBHeHHsd MKn® , ¢ MCTOYHMKOM B KJIacce «ObICTPOYOBIBAIOIINXY» (PYHKIIUIA.

2. BeiBenieHBI ypaBHEHUS DBOJIIONNN JTaHHBIX PACCESTHUS HECAMOCOIIPSHKEHHOTO
onepartopa Jlupaka ¢ mMpoCTbIMU COOCTBEHHBIMU 3HAUYEHUSIMU, MTOTEHIUA KOTOPOTO

ABJIAE€TCS peleHueM ypaBHeHus MKad, ¢ camocorinacoBaHHBIM HMCTOYHUKOM, B

cilydae IBHXKYIINXCS COOCTBEHHBIX 3HAUCHUM.
3. Tlonyuen ananor ypaBHeHuil I'TKM, omuchIBarOmMX SBOJIOIUIO JTAHHBIX
paccestHusT HECaMOCOIPSKEHHOTO omnepaTopa Jlupaka ¢ KpaTHBIMH COOCTBEHHBIMHU

3HAYCHHUAMH, IMOTEHLIHMAI KOTOPOro SBISETCA pemeHueM ypaBHeHuss MKad, ¢

CaMOCOTJIaCOBaHHBIMM Pa3JIMYHBIMU UCTOUYHUKAMMU.

Hayuynass ¥ npakruyeckas 3HAYMMOCTH pPe3yJbTAaTOB HCCJIEJ0BAHUS.
[Tomy4yeHHbIe pe3ynbTaThl MOTYT OBITh HCIIOJIH30BAHBI B MATEMAaTUUYECKON (HU3UKE TIPU
VHTETPUPOBAHUM HEJIMHEUHBIX 3BOIIOLMOHHBIX YPABHEHUM.

Peanu3zanus pe3yiabtatoB. /[uccepranmonHas paboTa HOCUT TEOPETUUECKUN
xapakTep. MeTonbl U pe3ynbTaThl JUCCEPTAIlMU MOTYT OBITh HCIIONB30BaHBI TIPH
YTEHUU CIICHHUAJIbHBIX KYpPCOB JJISI MaruCTPaHTOB U ACIIUPAHTOB.



Amnpobauus pa6oTbl. Pe3ynpTaThl auccepTanuy CUCTEMAaTUYECKH JTOKJIAbIBa-
much Ha cemuHape «CnekTpayibHas Teopusi IuddepeHInalbHbIX OMEepaToOpoOB U HX
IPUIOKEHUS» Y PreHUCKOTo TOCYIapCTBEHHOIO YHUBEPCUTETA (PYKOBOAUTEND: TTPOQ.
A.b.XacaHoB); Ha pecrryOJMKaHCKOM ceMuHape no qudepeHinanbHbIM ypaBHEHHUSIM
«CoBpemeHHbIe MPOOJEeMbl TeopuH JU(PPepeHIINaIbHBIX YpPaBHEHUNH B YaCTHBIX
npou3BOAHBIX» MHCTUTYTa MareMaTuku U uHMOpMaIMoHHbIX TexHosornit AH PY3
(pyxoBogutenu: akanemuku AH PY3 M.C.CanaxutiuHoB u ‘T.I[.I[}KypaeBl); Ha
cemuHape  «COBpEMEHHbIE  TPOOJEMBl  BBIYUCIUTEIBHOM  MAaTEMAaTHKH |
MareMmatnueckod — ¢m3ukm» ~ HammonampHOro  yHHMBepcuTeTa — Y30€KuCTaHa
(pyxoBogutensb: akagemMuk AH PVY3 IIILA.AnmuMoB); Ha MeXAyHapOIHOM HAy4dyHOU
koH(pepennun  «CoBpeMEHHBIE  TPOOJEMBI ~ MAaTEMAaTHYECKOM  (QU3UKH U
uHpOpMaIIMOHHBIX TexHoJorui», TamkeHnTt, 18-24 ampems 2005 ronma; Ha
pecnyOnukaHckoi HayuHoU KoHpepeHun «CoBpeMeHHbIE MPOOJIEMBbI U aKTyallbHbIE
BOIIPOCHI (DYHKIIMOHAJIBLHOTO aHanuza», Hykyc, 25-27 wurons 2006 roma; Ha
MEXIYHApPOIHON KOH(PEPEeHIIMH «AKTYyallbHbIE BOIPOCHl KOMIUIEKCHOTO aHajInu3ay,
nocesiéHHoM 1000-neTHEMY 100MIer0 Xope3aMckoil akageMun MabmyHa u 90-1eTuro
HanuonansHoro ynuBepcuteTra Y30ekucrana, Yprenud, 11-15 mas 2008 roma; Ha
TPaJAUIIMOHHBIX HAy4HBIX KOHepeHIusax npenoaaateneit Ypl'y (2002-2009 rr.).

Ony0/IMKOBAHHOCTHL pe3yJbTaTOB. OCHOBHBIE pE3yJIBTATBI JAUCCEPTALUU
onyOJMKOBaHbI B paboTax, CIUCOK KOTOPBIX MPHUBEACH B KOHIE aBTOpedepaTa. B
pabote [1] mocranoBka 3amad mpuHamIeKUT A.b.XacaHOBY, wjaes J0Ka3aTelbCTBA
ocHoBHOM Teopembl C.C.ComukoBy, TexHuueckas peanusanus K.A.Mawmenoy. B
pabore [8] ¢ A.b.XacanoBeiM, A.b.XacaHOBY NPHHAUICKHUT TOCTAHOBKA 3aJlayH,
peurenne 3amadn npuHamiexkuTr K. A.MamenoBy. B pabore [3] I'.V.VYpazboeBy
NPUHAJJICKUT MTOCTAHOBKA 3a/1a4l, pelleHue 3a1aun npuHaainexut K.A.Mamenoy.
Pa6otsl [4,6,7] npuHaanekat aBTopy JAaHHOW aucceprainuu. B padorax [2,5] aBTopy
JAHHOM JHCCEepTAallMM  MPUHAMJICKAT TOCTAHOBKU 3a7ad U HUJes JOKa3aTelIbCTB
COOTBETCTBYIOIUX TeopeM, A.A.PelinmOepraHoBy - TexHuueckas peanuzanus. B
pabote [9] aBTOpy maHHO# aMCCEpTAllMK MPUHAICKHUT MOCTAHOBKA 3aJa4d U HIES
JI0KAQ3aTeNbCTB  COOTBETCTBYIOIIMX TeopeM, M.M.Py3meTroBy - TexHUYecKas
peanuzanusi.

Crpykrypa m o00bem padorbl. J[luccepranmoHHas padoTa COCTOUT H3
BBEJICHUS, TpeX IJIaB M chucka Jjurepatypbl. Ilaparpadmel, Teopembl, JIE€MMBI,
omnpeneyieHuss U (PopMyJbl 3aHyMEpPOBaHbl JByMs LU(pamMu, TepBas U3 KOTOPHIX
yKa3bIBa€T HOMEp TJIaBbl. B KOHIIE TPUBEIECH CHOUCOK JHUTEpaTypel u3z 77
HauMeHoBaHuid. O0beM auccepranuu 97 cTpaHMIL.

OCHOBHOE COAEPKXAHUE IMCCEPTALIMHU

[lepBas rnaBa JuccepTaliMM TOCBSIIEHA IPUMEHEHHIO MeToJa oOpaTHOM
3alayd  pacCesTHUS I MHTETPUPOBAHUS  MOIUDHUIIMPOBAHHOTO  ypaBHEHUS
KopTtesera-ne ®puza ¢ HICTOUHUKOM B KJacce «OBICTPOYOBIBAIOIINXY (DYHKITHH.

B mepBoM maparpade mpuBEACHBI XOPOIIO HM3BECTHBIC, HEOOXOIUMBIC IS
JTANbHEHIIIET0 W3JI0KEHHUS, CBEJICHUS O MPSIMOW M OOpaTHOM 3amade pacCesHUs IS
oneparopa /[upaka ¢ «ObICTpOYOBIBAOIIIMMY MTOTSHITMATIOM Ha BCEH OCH.
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PaccmoTtpum cucremy ypaBHeHun [{upaka crienquaibHOTO BUAA
{ Vi T16V; = U(X)Vz ’
V,, —1&V, = -Uu(X)v,,

rae U(X) - aeiicTBUTENbHAS, HENPEphIBHAS (QYHKIIUS, YAOBICTBOPSIONIAs YCIOBUIO

(—oo<X<oo) , (5)

o0

I(1+ X)) u(x)]dx < co. (6)
C moMoIIIpIo orepaTopa
9w
L=i dx
—-u (X) — i
dx
u BekTop-pynkimu v = (v,v,)" cucremy (5) MOKHO Mepenucarh B BUE

Lv=_¢v. (7)

Ipu ycnosuu (6) cucrema ypasrenuii (5) npu IméE =0 obnanaer pemenusmu KMocra
CO CIIEAYIONIMMH aCHUMIITOTHKAMHU

o(%,8) ~ @e‘f (&) - @e‘fx

0 nmpu X —» —0, 1
?(x,&) ~ (_Je‘“ 7 (&)~ (O)e“f "

(OTMeTHM, 4TO @ HE SBJISICTCS KOMIUICKCHBIM COMPSIKESHUEM K ¢ ).

opu X —> o0, 8)

s perenuit (X, &) u @(X,£) crnpaBeIUBBI CIIEAYIOIINE HHTEIPATbHBIC
MpeCTaBICHUS

vies) :@ei“ K sk o =g Lol @

K (x.5)= [ K, (% S)j’ L(xs)= ( Ll(x,S)] |

K,(x,s) L,(x,s)

B npencrasnennsix (9) supa K(x,8) u L(X,S) He 3aBucsr or & u cessausl c

rac

U(X) ¢ ToMOIIbIO paBEHCTBA
u(x)=—-2K,(x,x)=2L,(x,x).
[Ipn neiicTBUTENBHBIX ¢ TApbl BEKTOP-(DYHKITHIMA {gp,(ﬁ} 51 {//z/_/} SIBIISIIOTCS

napaMu JHHEWHO HE3aBHCHMBIX peIleHuil it cuctembl ypaBHenuit (5). IToatomy
HAMEIT MECTO COOTHOLICHUS

p=a(E)7 +b()y, } . v=—ad)p+b (5)%} (10)
¢ =-a(S)y +b(E)y v =a(S)e+b(S)e

rac



a©)=Wip.w}, bE&)=W{py} (11)
HerpynHo Bumers, yTo npu é S R1 HMEET MECTO
@) +b)" =1, a@)=a(-¢), b(&)=b(-2).

Kosdboumumenter a(&)u b(E) sBmAoTcs HEmpepblBHBIMUA (QYHKIUAMU IIPH
Im& =0 u ynoBIeTBOPSIIOT aCUMITOTHYECKUM PaBEHCTBAM:

-1 -1
a@=1+0llg?),  b@=ollg’). -
bonee Toro, ¢ymkmms a(l) momyckaeT aHAIUTHYECKOE IPOJODKCHUE B
BEPXHIOI0 MOIYIIIOcKocTh IME >0 u obmagaeT TaM aCUMITOTUKOM

a@=1+0(le"), e

BemectBennbie Hynmu ¢ynkuumun a(&) mbl OyneM Has3bIBaTh CHEKTPAIbHBIMU
ocobeHHOCTSIMU cucTeMmbl (5). BymeMm mpeamnonarats, yto cucreMa (5) He umeeT
CIeKTpalbHBIX ocobeHHocTel, T.e. a(&) =0, &e R

Oynxmua a(g) (a(&,)) moxer mmers B momymiuockoctd ImE>0 (ImE<0)
TONBKO KOHeuHoe umcio uyiei & (&), k=12,...,N. ByaeM npeamonarats, 4To 3T
HYJIM SIBJISTFOTCS TpocThiMU. M3 mpencraienus (11) ciemyer, 4uro

(%, E) =d (%, &), & =—¢0, b =d, k=12,..N.

Jlerko mokasath, 4TO GyHKIIUU
d
ool

dé
a(s,)

h, () = “Z% n=12..N (12)

k

d
ABISIIOTCS pentenusimMu ypaBuenuit LY =&Y . 3necy €y = ﬁ, k=12,...,N.
k

b
Ha6op BEJINUUH {r+(§)5@’ e Rl; &,Imé, >0; C,, k=12,..N } Ha3bIBAETCS

a(¢)

JTaHHBIMH paccestHus aiasi cuctembl (5). Ilpsmas 3amaua paccesHUS COCTOWT B
ONMpe/e/icHUH JaHHBIX paccesHus 1o moreHimany U(X), a oOpaTHas - B

BOCCTAHOBJICHMH MOTEHIIMAJIA CUCTEMbI YpaBHEeHHUH (5) 10 JTaHHBIM PacCesHUS.
KoMmmnoHeHTHI  sipa K(X, y) B mpenctasnennu (9) Tmpu Y > X ABIAIOTCA

pELIeHUsIMU CUCTEMBI HHTETpallbHbIX YpaBHeHui ['enbdpanaa-JleBurana-MapueHko

K, (%, y) + [K,(x,$)F (s + y)ds =0,

- K (X, y)+ F(x+ y)+TK2(x,S)F(s+ y)ds =0,

rae



F(X) = %Tﬂ(@)emdg - ii:lcje‘@'x.

Hetpynno Buaerb, 4TO CHCTEMa HWHTETpalbHbIX ypaBHeHud [enbdanna-
Jleurana-Map4eHKO U PaBEHCTBO
u(x)=—-2K,(x,x) (13)
TIO3BOJISIIOT PEIIUTh OOPATHYIO 3a/1a4y pacCesHus IJIsi CUCTEMBI (5).
3ameuanme. Bcrogy uepes L(t) oOo3HauaeTcs CIEAYIOUIMA JTMHEHHBIH,

g depeHInaTbHbIA HECaMOCOTPSKEHHBIN OTIepaTop

d

— —u(x,t)

Ly =i| O ; (ylj, xeR"
—u(xt) -—— |\

dx

neiicteyromuii B mpoctpanctse L3 (R'). 3nech t €[0,00)- nelicTBUTENbHEI TapaMeTp.
Cuwnraercsi, 4ro aeucTBUTENbHass (GyHKmus U(X,t) Tpuknbl HempepbiBHO audde-
peHLMpyeMa 10 x, ofuH pa3 auddepenumpyema no t, r.e. U(xt)eCH(R'xR,) u
YIIOBJICTBOPSIET YCIOBUIO

T ((1+\x\)\u(x,t)\+kz3:

o u(x,t)
ox*

—00

de <00, (14)

B aToMm ciryuae maHHBIE paccesiHus s oneparopa L(t) 3aBucsrt ot mapametpa t, T.e.

{r%g,t#%, EeRY & (1), ImE()>0; C(t) k :1,2,...,N}.

[Ton TepmuHOoM «L(t) He mMMeeT CHeKTpallbHBIX OCOOEHHOCTEH» IMOHMMAaeM, YTO

a(&,t) 20 npu £ eR'. Msl cunTaem, uto omepatop L(t) He mMeeT crekTpambHBIX
OCOOEHHOCTE.

Bropoii maparpadg mnepBoil TI1aBbl AMCCEPTALMU TOCBSILEH OINPEAEICHHUIO
JaHHBIX paccestHus oneparopa Jupaka, «ObICTpOYyOBIBAIOIINI» MOTEHIMAT KOTOPOTO
aBisgeTCs pemieHneM ypaBHeHus MKnd, ¢ wucrounukoM. B 3TOoM maparpage

paccMaTpUBaeTCs CUCTEMa ypaBHEHUI
2N

u, +6u’u +u, = Z(chzl — @, )+i T(¢12 ~¢2)dn, (15)
k=1 o0

Lt)D, =& D, Lt)p=n4, k=12,..,2N, xeR’,
IpY HAYaJILHOM YCIIOBUHU
u(x,0) =u,(x), xeR', (16)
rae HadyanbHas QyHKIHS Ug(X) oOsiamaeT ciaeayromyuMu CBOMCTBAMH:

1) T(1+ \x\)\uo(x)\dx<oo;

—00

2) Omepatop L(0) wumeer poBHO 2N mNpOCTBIX HEBEINECTBEHHBIX COOCTBEHHBIX
sHadeHuit £(0),4,(0), ..., Sy (0).



. T
B paccmarpuBaemoini 3anaue @, = (chl, chz) — cOOCTBEHHAas! BEKTOP-(PYHKIIHS

oneparopa  L(t) , coorBercTByromass coOcTBeHHOMY  3HaueHuro &, W
¢ =(4,(x,1m,1),4,(x,n,t))" obmanaer cremyromeii aCHMITOTHKOM TIPH X —> 00
A(n,t)e "%
p(x )| APDE (17)
A(n,t)e'”

3nech  A(,t) = A(-n,t) — 3amaHHas HenpepbiBHAs (YHKIMS, YIOBJICTBOPSIOLIAS
YCIIOBHIO: I‘A(n,t)‘zdn <o mpu t=0. (18)

—00

Jlns onpenenéHHocTH OyneM MpeamnoJiaraTh, 4YTO B CyMME YYacTBYIOLIEH B
npaBoii dyactu (15) cHawama wmayt wiensr ¢ Im&g >0, k=12,...,N. Takxe

npenanoiaraercs, 4to QyHKIUU @, YIOBIETBOPSIOT YCIOBHUIM

[@D,,dx = B,(t), k=12,...2N, (19)

rae B, (t) — 3amannble HeMPepHIBHBIE, TIOJOKUTENbHBIE (DYHKITMH TaKHe, 4TO
Bk(t) = Bn (t)v pur gk = _gn . (20)
Byznem cumtath, uto cymectByer pemenne U(X,t) 3amaum (15)-(20), B kmacce

byuximit (14).
BaXHBIM MOMEHTOM MeTO/a OOpaTHOW 3amadd SBJSACTCS HAXOXKICHHE
ypPaBHEHMH, ONMCHIBAIOIIMX DBOJIOIMM JaHHBIX paccesuus omeparopa L(t),

KOO(QQUIIMEHT KOTOPOTO SIBJISICTCS PEIICHHEM CHCTEMbl HEJIMHEWHBIX WHTETPO-
muddepennmanpapix ypaBHeHuid (15), oTHocHTenbHO HeW3BeCTHBIX (yHKIwmA U(X,t),

a(x,n.1), & (X,n,t), @ (X1),D,(X1),k=12,...2N.
[Tycts morenmman U(X,t) B cucteme ypaBHeHuit (5) siBiseTcss pelieHHEM
ypaBHEHUS
Uy +6u%u, +U,, =G(xt), (21)
rae G(X,t) mpu Bcex t>0 mocTaTouHO GBLICTPO CTPEMHTCA K HYIIO IPH X —> +o0,

Hmeet MecTo crieyromnasi OCHOBHAsI
Jlemma 1.7. Ecim u(x,t) sBisercs pemienuem ypaBHenus (21) B kimacce

dyukiwmii (14), To naHHbIe paccestHus cucteMbl ypaBHeHu# (5) ¢ morenimanom U(X,t)
3aBucat or U cienyrommm o6paszom

ar :8i§3r+—izTG-((of+go§)dX, (ImE=0),
dt a® .
ddc':tn = (8'5: - TG : (hnll//nl + hnZ'//nz) dxjcn’

o0

de :IWG'((pflwﬁz)dX

, n=12 ..., N.
dt

2' j ¢n1¢n2dx

10



[Ipumensia pesynbpTaThl Jemmbl 1./ K cucrteMe ypaBHeHuid (15), nokazana
CIIeAyIOIIast
Teopema 1.2. Ecmu ¢yskuun u(x,t), D,(xt), d,(xt), k=12...N,

@ (x,m,t), & (x,n,t) ssusaoTcs pemennem 3agaun (15) — (20) B xnacce Qpynxuuit (14),
TO JaHHBbIe paccesHus omepatopa L(t) ¢ morenmumazom U(X,t) MeHsAIOTCS IO
U cinemyrommm o6pazom

dr+ _ . .3 0 Az(n,t) B .2 + B
" —{8@ -|-2V.F)-_J;O - dn—24dA (77,t):|r ’ (|m§_0)

dc s % A?(n,t)
n_|8 2B 2 dn |C_, =12,....N,
dt {'5” O+ 2 T CY e E) ’7} v

don =0, n=12,...,N,
dt

rac Vp O3HA4YacCT MHTCTPall B CMBICJIC IJIaBHOI'O 3HAYCHU .

B kon1ie Broporo naparpada npuseaeH npumep pemerus 3agauun (15) — (20).

Bropass rmaBa gmccepTallMOHHOW pabOTHl TMOCBSIIEHA K ONpPEICIICHHIO
ABOJIIOIMKM JAHHBIX pAacCesHHUsI HECcaMOCOIpsbKeHHOro omeparopa Jlupaka, c
IPOCTHIMA COOCTBEHHBIMHU 3HAYEHUSIMH, MOTEHIIMAI KOTOPOTO SIBISIETCS PelIeHHEM

YpPaBHCHUA MKI[CD + € CaMOCOIIaCOBAHHBIM HMCTOYHHKOM, B CJIyda€ ABWKYIIUXCS

COOCTBEHHBIX 3HAUYCHUH.
B nepBom naparpade BTOpoii riaBbl paccMaTpPUBAETCS CUCTEMa YpaBHEHUI

2N

Uy +6u2ux U = Z(fklgkl - szgkz)’
k=t (22)

L) f, =& f,,  L)g, =&, k=12,..,2N,
IIpY HAa4YaJIbHOM YCJIOBHH
u(x,0)=uy(x), xeR, (23)

rje HavyajgbHas QyHKIH Ug(X) oOiamaer clenyronMMyu CBOWCTBAMHU:

1) T(l+\x\)\uo(x)\dx<oo; (24)

—00

2) Omepatop L(0) mmeer poBHO 2N MPOCTHIX HEBENIECTBEHHBIX COOCTBEHHBIX
sHadeHuit ¢(0),5,(0),..., Sy (0)-
B paccmatpuBaemoit 3amaue f =(fyq, fro )T SBJISIETCS] COOCTBEHHON BEKTOP-

dbyHKIIMEH omeparopa L(t) COOTBETCTBYIOLIEH COOCTBEHHOMY 3HadeHuro &g, a

Ok :(g k1 gkz)T — pemienue ypaBHeHus Lgy =&y gy , A1 KOTOpO
W{f, 0= fudo — fudu =a () #0, k=12,....2N, (25)

rae oy (t)— u3HavabHO 3aJaHHBIE HENpepbIBHbIE (QYHKIMU t, yIOBIETBOPSIOIINE
YCIOBUSIM
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o,)=-0 )  mpu & =-g,

Re{ja)k(r)dr}>— Im{& (0)}, k=12,...,N,

TIPU BCEX HEOTPHUIIATENbHBIX 3HAYCHUSX t .
Jlna dyskmam h (x), koTopas ompenensercs paBeHcTBOM (12), CIpaBeTHBHI
paBeHCTBA

(26)

hn(x)=%”)¢(x,fn)+angn, n=12,..,N. @27)
n

OCHOBHBIM Pe3yabTaTOM IIEPBOrO maparpada BTOPOH TIJIaBbl SIBIISCTCS
CIIeIyoIast

Teopema 2.1. Ecnu pynxmum u(x,t), f, (xt), g,(x,t), k=12,....N sBasrorcs
pemrenreM 3amaun (22) — (26) B kiacce ¢yukiui (14), TO HaHHBIE paCCESTHUS
oreparopa L(t) ¢ moreHmmanom U(X,t) MEHsIOTCS o t ClieayronUM 00pa3om

%ﬂwn(t), n=12,...N,
e (B +i6,00,01C,, n=12...N,
d(;: :|:8I§3+k%1m)k(t)[§j§k +§_1§k j}ri (|m§:0),

rae [, (t) onpenensrores u3 paBeHcTB (27).

B koHIie nepBoro naparpada npuBeicH npuMep perieHus 3aaaqn (22) — (26).
Bo BTOpoM maparpade BTOpol TJIaBbl pacCMaTPUBACTCS CHCTEMa YpaBHEHUI

2N o
ut + 6u2ux + uxxx = Z(fklgkl - szgk2)+| I(¢12 _¢22)d771
k=1 it (28)
LA fe =& f, L9 =59, L{t)g=nd, k=12,..2N,
IIPY HAYAJIBHOM YCJIOBUH
u(x,0)=uy(x), xeR, (29)

r1e HavyaiabHas QyHKIHS Ug(X) oOsamaeT ciaeayromyuMu CBOMCTBAMH:

1) [0+ 1) up (9 < oo

—00

2) Omneparop L(0) mmeer poBHO 2N MPOCTHIX HEBEMICCTBCHHBIX COOCTBCHHBIX
sHauenuit §(0), 5,(0),..., & (0)-

B paccmatpusaemoii 3agaue  fi =(fiq, o )T SIBIISIETCS] COOCTBEHHOM BEKTOP-
dbyHKIIMEH ~omeparopa L(t), COOTBETCTBYIOIIEH COOCTBEHHOMY 3HaueHHI0 &y, a

Ok :(g k1 gkz)T - peieHue ypaBHenus LQy =&y gk, Ang koTopoi
W{f, 0= fudo — fodu =a () #0, k=12,...2N, (30)

rae o, (1) — u3HavyanbHO 3aJaHHBbIE HENpepbiBHbIE (QYHKIUH [, YIOBIETBOPSIOIINE

12



YCIIOBHSIM

on()=-ax ()  mpu Gy =—g,

Re{}a)k (r)dr}>— Im{& (0)}, k=12,..,N, (31)
0

IpU BCEX HEOTPULATENbHBIX 3HadeHusx t. Jlng onpenenénHoctn Oyaem
npe/roiaraTh, YT0 B CyMMe Y9acTBYIOIIEH B IpaBoi dyacTu (28) cHavaia uayT YiCHBI

¢ Im& >0, k=12,..,N wu Bexrop-pyskmus ¢ = (¢, (x,7,t),6,(x,77,t))’ obmanaer
CJIEYIOLIEN ACUMIITOTUKOM MPU X —> 00

A(n,t)e "
#(x71.0) »( A e j (32)

3necy A(77,t) = A(—n,t) — HenmpepbIBHAS (QYHKIUS, YAOBICTBOPSIONMIAS YCIOBHIO:
[|AG. ) dy <o mpu t20. (33)

OCHOBHBIM PE3yJabTATOM BTOPOro maparpada BTOPOH TIJaBbl SIBISAETCS
CIICYIOIIAsT

Teopema 2.2. Ecnu QyHKIIMHN u(x,t), f(x1), g, (xt), k=12,....N, @ (x,71),
& (X,m,t) sBusroTcs pemenneM 3anaun (28)—(33) B kimacce Gpynkumit (14), To naHHBIE
paccestaust omepatopa L(t) ¢ morenmmanom U(X,t) MeHstoTcs mo t o clieayromum

obpazom
%:ia)n(t), n=12,...N,
dC, A (11,t) _
i {8@ +if (Do, (t)+2j o 77))(77+§)d77}c n=12,...N
dd {8@ +le (t)(é T gg_lgkj pI ()dn 2mA2(é)}rﬂ(lm§=0),

rae fn (t) ompenenstorcst u3 paBeHcTB (27).

B Tpetbeil rmaBe auccepranyy ONPEACIICHA HSBOJIIOLHUS JaHHBIX PacCesHUA
HecaMOoCONpPsLKEHHOTO omeparopa [[upaka ¢ KpaTHBIMH COOCTBEHHBIMU 3HAYCHUSIMHU,
IIOTEHIUAI  KOTOPOTrO  sABJsieTCs  pemieHueM  ypaBHeHuss — MKnd, c
CaMOCOTJIACOBAHHBIM HCTOYHUKOM.

B nepBom naparpade npuBeaeHbl HEOOXOAUMBIE I TadbHEUILIEro U3JI0KEeHUS
CBEIICHMSI, Kacallluecs NpsAMONM M OOpaTHOW 3aJaud pacCcesiHUsl ISl CHUCTEMBI
ypaBuenuit (5), Ha Bceit ocu. [Ipu BeimosHeHMH ycnoBus (6) CyIIeCTBYIOT pEIIeHHUs
Hocra cucremsr ypasuenuii (5) ¢ acumnrotnkamu (8). ®ymkmmsa a(é), xortopas
ompenensercss paBeHcTBoM (11), aHaIMTHYECKHM TPOJOJDKACTCS B  BEPXHIOKO
nosyrockocth Im&E >0 u umeer TaM KOHEYHOE 4ucio (B OOIIeM cilydae KpaTHBIX)

nyneut &,&,,....5, . Hanee, o603Haunm, yepe3 M, , KpaTHOCTb KOpHsS &, ypaBHEHUs
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a(¢)=0, Imé>0, k=12,...,N.
CyImecTByeT Tak Ha3bIBaeMasi HOpPMHUPOBOYHas 1iero4ka uncen oneparopa L(0)
{;(('j : ;(1" yeery Z:m 71} TakKas, YT0 KIMEIOT MECTO COOTHOIIICHUS

Q) I | (v)
§0(X’§k)227(|k_v5'/’(xifk)’ k=12,..,N, 1=0,12,...m, —1.
v=0 H

B sTOM ciiydyae KOMIIOHEHTHI sSApa K(X, y) B npeacTaiaeHuu (9) npu Yy > X ABISAIOTCA
pEIICHUSMU CUCTEMBI HHTETPANIbHBIX ypaBHeHUH | enbdanna-JleButana-MapueHko

K, (X,y)+ T K, (X,s)F(s+ y)ds =0,

CK (X, Y) + F(X+y) + [Ky(x,S)F (s + y)ds =,

roe
1 2 1d"[(2-6)" g b(&)
P00 =5 Jr@eas iS5 e } "O=20
a(z) - amamurmyeckoe mnpomokenue Gynakoum  a(é),ImME=0 B BepxHIOIO

noJstyruiockocts Imz > 0. Ilpu sTom u(X) ornpenensercs u3 popmynsl (13).

HaGop pemmann (), E€RY, &, 7%, Im& >0, k=12.,N, j=0L..,m, -1}
Ha3bIBACTCS TAHHBIMHU PACCESIHUS JIJIs1 HECaMOCOTIPsKEHHOTO oriepaTopa L(t).

Bo BTOpoM maparpade TpeThel TI1aBel pacCMaTpUBACTCS CHCTEMA YPaBHEHUN

N m-1
u, +6u’u, +u,=2> Y Cl _1(fk‘1fknfk+ fiy fio ™ ) (34)

k=1 j=0

Lty £ =& 120, L)) =& £+ jfJh Imé& >0,

. (35)
f)el3(~o,0), k=12..,N, j=0,1..,m —1,
[IPY HavaJabHOM YCIIOBHH
u(x,0)=up(x), xeRh (36)
I
e C! = " n|)||l 2 :(fki (x,t), £ (X,t))T — COOCTBEHHAsT BEKTOP - PYHKIIHS

oneparopa L(t) coorBercTByromas coOcrtBenHoMy 3HaueHmto &, (Im&, >0)
kpatHoctn M, k=12,...,N. B paccmarpuBaemoil 3amaue HavajbHas (YHKIUSI
Ug(X) oOmamaer ciienytomuMi CBOHCTBAMH:

1) [0+ 1K) up (9 < oo 37)

—00

2) Oneparop L(0) B BepxHeit MOMYIIIOCKOCTH KOMITIEKCHOM TIIOCKOCTH MMEET POBHO
N coOGctBenHbIx 3HaueHuii & (0),5,(0),..., &y (0) ¢ xpatHOCTAMEU My (0),M, (0),..., my (0).
[Ipenmomnaraercs, 4To
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1 T m, -1 £ my mk mk
mj(fklklf N g = AR (1), (38)

rIe A';kflfl (t) — w3HaYaJbHO  3aJaHHBIC  HENpepbiBHbIC  QYHKIUU T,
k=12,.,N, 1=01...m, -1,
Teopema 3.3. Ecimu dynkuuu u(x,t), fkj (x,t), k=12,..,N, j=01...m -1

ABIITIOTCS perenneM 3anadn (34)-(38) B kimacce pynknuii (14), To JaHHBIC paccesTHUS
omepatopa L(t) ¢ morenmmanom u(x,t) menstores mo t cirieayromumM odpa3om

ar® B B di_
G -8 (Img=0), - m,)=m,(©0), —r=0,

8+ Al(E))7e,

=(8
B+ AT ) + (2402 + AT () )2,

dZ Y%
dZ ux.
de

B+ AT®)zs + (24182 + A @)z + (24iE, + A ()xe,

(8 £ A + (24122 + AN D + (241, + AL (O el + 8+ AV

Y0 _(Bigs A () + (2412 + AT e, + (2818, + AL )2t +

-4
FB+A M+ > AL, n=12..,N, 1=45.m -1
s=0
B tpeTbeM naparpade paccMaTpuBaeTCs CUCTEMA ypaBHEHUI

u +6uu +u,, :iT( 3 —¢22)d77,

(39)
Lt)g=né, xeR',
[IPY HavaJabHOM YCIIOBHH
u(x,0)=u,(x), xeR, (40)
e ¢= (¢1(X, n,t),4, (X, 77,t))T o0Jj1aaeT cieayromeld aCHMITOTHKOM MPU X —> 00
A@ny,t)e
xX,n,t) > . . (41)
3necy A(77,t) = A(—n,t) - HenpepbIBHAs (YHKIUS, YAOBICTBOPSIONIAS YCIAOBHIO:
[|AG,1)’dn <o mpu t>0. (42)

—0o0
B  paccmarpuBaemoil  3amade  HavanbHas ~ QyHKmms Uy (X) oOmamaer
CJIEIYIOIIMMHU CBOVCTBAMM:
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1) [0+ x)Ju, (9)[dx < o0 (43)

—o0

2) Onepatop L(0) B BepxHEH MOIYIIIOCKOCTH KOMILIEKCHOM IIOCKOCTH UMEET POBHO
N coOctBennbix 3Hauenuii & (0),£,(0),..., &, (0) ¢ xkparHOcTsIMU My (0), M, (0),..., My (0).

B tpetrem maparpade . 111 qoxazana cnemyromas
Teopema 3.4. Eciiu ¢ynkuum U(X,t), ¢,(x,7,t), #,(X,n,t) sBisrorcs pemeHnem

sanaun (39) — (43) B knacce pynxumii (14), To nanuHble paccesHus onepatopa L(t) c
noTenmatom U(X,t) MersiioTest o t ciieryronuM o6pazom

djtn -0, %:(Sifa+2V.p.z%dn—2i;w(§’t)jr+’ (Im&=0),
A t)/f((nfty)t))(mé)d”j":’
Sl @, t)A:Z(g7 ;)t»(mcfn)d"}“n !
(24'5” —oo(1+r (7, t)rAZ((nnt)t))(mfn)zdnjlg’
d AZ(1,t )
b [8' _w<1+r (.01 ((7777),0)(77+§n)0"7];‘2+
)
+[2 _oo(1+r (7, t)rA ((7777t)t))(;7Jrgr,)zdn}(1n ’
+[2 §n+2—{o(1+r “(, t)fz((nnt)t))(n+§n)3d77}(8’
d”” (Sug A (1.1) ]z§+
,w(1+r (n.Or (=7, +&,)
(24'5 2l e o )Zd"])‘; '
(24' +2£ wL+r (o, t)/: Enf;)t))(mg )Sd"j’ﬁ” "
. :
+[8' 2{0 o ((nnt)t))(mfn)“dnjzg’
d AZ(n,t )
Zl ( v mor ((nn)t))(mgn)d"]’“ ¥
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0 2
' [2‘"‘52” 2] i fn)zd"}l'n‘l '
o0 2
' [24“5“ 2 r+(77,t)rA+ ((7—7;;,)0)(77 ; e%fdn]z'nz '
' £8i e (n,t):i ((?;)t»(n +E) d"jz'n‘g’ '
" 22@(“ . (n’(t;:{'(s_/:t()’gél e dnJ;(S”, n=12,.,N, 1=4,5,.,m -1

B uerBepTom nmaparpade 3Toi ri1aBbl NpOUMHTErpupoBaHo ypaBHeHHe MKad , c
UCTOYHUKOM OOIIEro BHJAA, B Clydyae KpaTHBIX COOCTBEHHBIX 3HAYEHUH orepaTopa

Jupaxka.
Hwxe npuBeném cxeMy HaxOXKJEHHUs penieHus 3aaadn Koiw misi ypaBHEHHS

MKa® , ¢ MCTOYHMKOM METOJIOM OOpaTHOM 3a1ayH.

| aTan
[Ipsimas 3amaua

Jlano u(Xx,0) > S(0)
|
: Il sTan
3agaua Komu ! DBOIIOLHUS JaHHBIX
| 1 rar paccesiHus
v O6patHas 3a1a4a v
u(x,t) < S(t)

Ha mepBoM srtame mo 3agaHHoMmy moteHiany U(X,0) B HadaabHBIHE MOMEHT
BPEMEHM pEIIAaeTCs TaK Ha3blBaeMmas MpsMas 3aJaya paccestHus I CUCTEMBbI
ypaBHenuii [lupaka L(0)y=Ay T.e. ompenensercs aanubie paccesaus S(t=0). Ha
BTOPOM 3Tane MHTErPUPOBAHUE OOBIKHOBEHHBIX PEKYPPEHTHBIX TU(d(epeHnanbHbIX
ypaBuenuii Tunia [ TKM naér nannsie paccestaust S(t) B MomeHT Bpemenu t. Hakowrerr,
Ha TpeTheM 3Tare Mo AaHHbIM S(t) ¢ MOMOIIBI0 CHCTEMBI HHTETPATIbHBIX YpaBHEHHIMA
tuna ['ensdanna-JleButana-MapueHKoO ompenensieTcsi MOTeHIa u(x,t) B MOMEHT
BpeMenu L.

B 3akmrouenun ABTOP CYUYHUTACT MNPUATHBIM [JOJIOM BbIPpA3UTb HCKPCHHIOKO

6marogapHocth mnpodeccopy A.b.XacaHoBy 3a MOCTaHOBKY 3a/lad M TMOCTOSHHOE
BHHMaHUE K pabdore.
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3AKJIIOYEHUE

Hacrosimas nuccepranmoHHass padoTa MOCBSIIEHA TMPUMEHEHHIO METOoJa
0o0OpaTHOM 3a1auM paccessHUsl AJI1 MHTETpUpOBaHMs HelmHEeHoro ypaBHeHuss MKad |

C Pa3IMYHBIMU CaMOCOTJIACOBAHHBIMH UCTOYHUKAMHU, B KJIACCe «OBICTPOYOBIBAIOIIINX)
dbynkuii. Bce ocHOBHBIEC pe3ylbTaThl TUCCEPTAIIUU SBISIOTCS HOBBIMH M COCTOSIT B
CIICAYIOIIEM:

1) BbIBeEHBI ypaBHEHHS JIUHAMHKHA M3MEHCHHS [0 BPEMCHHM JAaHHBIX
paccestHusT HeCcaMOCOMPsHKEHHOTO omepaTopa Jlupaka ¢ MpOCTHIMH COOCTBEHHBIMH
3HAYEHUSIMHU, TOTEHIHal KOTOPOTO SBIsETCS peueHueM ypaBHeHuss MKnd K ¢

caMoOCorjaCOBaHHbBIM HCTOYHHKOM, B KJIaCCC <<6I>ICTp0}76I)IBaIOHII/IX» q)YHKHI/Iﬁ
2) BBIBCJICHBI YPABHCHUA OAHHBIX PACCCAHNA HCCAMOCOIIPAXKCHHOI'O OIICpaTopa
I{I/IpaKa C IMPOCTBIMHU COOCTBECHHBIMH SHAYCHUAMMU, IMOTCHIOUAII KOTOPOIO ABJIACTCA

PECUICHUCM YPAaBHCHUA MKI[CD + C pas3JIM9HbIMH CaMOCOIJIaCOBAHHBIMU HCTOYHHUKAMH,

B cllydae ABMXKYIIUXCSI COOCTBEHHBIX 3HAYCHUM.
3) BBIBEJICHBI YPAaBHEHUS JTAHHBIX PACCESTHUS HECaMOCOIPSHKCHHOTO OIlepaTropa
Jlupaka ¢ KpaTHBIMHU COOCTBEHHBIMU 3HAYEHUSMH, MOTEHIMAT KOTOPOTO SIBJISIETCS

PECUICHUCM YPABHCHUS MKI[CD + € Pa3jIM4YHbIMU CaMOCOTIJIaCOBAHHBIMHU NCTOYHUKAMU,

B KJIacce «OBICTPOYOBIBAIOINX) (DYHKIIMIA.

[Tony4yeHHbIe Pe3yNbTaThl MOTYT OBITh UCIIOJIB30BAaHbI B CIIEKTPAIILHON TEOPUU
JUHEHHBIX OINEepaTopoB, B MATEeMAaTHYECKOW (U3MKE TP HUHTEIPUPOBAHUU
HEJIMHENHBIX YPaBHEHUI U MPU PEIIEHUH HEKOTOPBIX 3a]a4 (PU3UKU TIa3MBbl.
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dusuka—maTemaruka (aHmapu HOM3OAM WJIMHM Japaxacura TajgaOrop
Mamenos Kyapar AJJIOMOBUYHHHT 01.01.02—muddepenuman TeHTrIaManap
uxtucocnuru Oyiinua «Mocaanran mMan6aau moaudpuunupaanrad Kopreser-ae
@®pu3  TEHIVIAMACHHUHI  COJIMTOHCHUMOH  e4YMMJIapHu» MaB3yCUJaru
JUCCEPTALMSCUHUHT

PE3IOMECH

TasiHu cy31ap: COUMIMII Ha3apUSACHHUHI TECKapu Macayacu ycyniu, Jupak
oneparopu, Moct eunmu, xoc KuiMar, Xoc (GYHKUHS, COUMJIMII Ha3apUSCUHUHT

Oepunrannapu, momuduuupiaanran Kopreser-ge @pus (MKnd . ) renrimamacu.
Tankukor oobextTnapu: MKa®d . Tenrmamacu.

Nmauar maxkcaam: MocnaHrad ManOanmu MKnd, TeHriamacuHu — «Te3

KaMaroBUM» (QYHKUIMsUIAp CUH(UIa MHTETpaJUIall.

TaankukoT ycynau: nuccepranusia AuddepeHunan TeHriamanap, MaTeMaTuK
¢usnka TeHrnamanapu, (YHKIHOHAT aHalu3, KOMIUIEKC Y3rapyBUWId (pyHKUIUATIAp
HazapuscH, AuddepeHnran orepaTopiap CIEKTpal Ha3apUsICHHUHT  yCYJUIapH
KYJUTAaHUJIAIU.

OJIMHraH HATHKAJIAP Ba YJAPHMHI SHTWJIMIM: JHUccepTanusnard Oapua
acoCHil HaTWXKajap siHru 0ynuo, ynap Kyluaarwiapaad uoopar:

1. IToTeHumanm «Te3 KaMaroBUM» QyHKUUsIIAp cuH(Uaarn manbara sra Oyiraxn
moauduiupinanrad  Kopreser-ne ®pu3 TeHIIaMacUHUHT eyuMu OynraH, Jupak
OTIEPATOPUHHUHT CIIEKTPaJl XapaKTePUCTUKAIAPUHUHT 1t Oyiinua ¥y3rapuill KOHYHU
KENTUPUO YNKAPUIITaH.

2. XapakaTyiaHyBUaH XOC KMMMAaT XOJuaa, MOTEHIUAId MOCJIaHTaH MaHOau
moaudunmpiaanran Kopreser-ne ®pu3 TeHrJIaMacMHUHT €UMMH OYJIaguraH, OJIUAN
X0C KuiimMaTiapra ora Oynran Jlupak omepaTopd  COUMIIMIN  Ha3apHsICH
OepUTaHIApUHUHT SBOJIIOIMSICH aHUKJIAHTaH.

3. IloTennuanu xap xuia Mocianrad Manoanu MKa® , TeHrinamMacuHUHT e4uMu
OynmaauraH, Kappajiv XOC KUiiMaTiapra sra Oynran y3-y3ura Kymma o6yiamaran Jupak
OTIepaTOPH COYMIIUII HA3APUACH OEPHUIITAaHIAPUHUHT IBOJIIOIUSCH aHUKJIAHTaH.

AMaui aXaMUAITH: JUCCepTalys Ha3apui Xxapakrepra ora.

TaTouk »>THII gapakacm Ba MKTHCOAMH CaMapaJoOpJiMIru: OJIMHIaH
HAaTWXaJap acocuja MaruCTPaHT/Iap Ba acHHUpaHTIapra Maxcyc KypC YKUTHUIUIIN
MYMKHH.

Kyananum (¢goigananum) coxXacu: OJMHIaH HaTWXKajlap MaTeMaTHhK
dbu3uKkana ydpaluraH HOYM3UKJIM SBOJIOIMOH TEHIJaMallapHU WHTerpajuiaiiia
KYJUTAaHWIMIIU MYMKHH.
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PE3IOME

muccepraiiii MamenoBa Kynpara AsuiomoBuya  Ha TeMy: «CoOJMTOHHBIE
pemieHuss  moauuuupoBaHHoro ypaBHenuss KopreBera-ge @pusza ¢
CaMOCOIJIACOBAHHBIM HMCTOYHHMKOM» Ha COHMCKAaHUE YYCHOM CTENeHW KaHaujaTa
bu3uko-MaremMaTudeckux Hayk 1o creruaibHoctd 01.01.02—auddepeniuanbabie

YPaBHEHHUS

KuaroueBble cjioBa: Meron 0oOpaTHOM 3adaud paccesiHus, omepartop Jlupaka,
pemienne Mocta, coOcTBeHHOE 3HaUeHUE, COOCTBEHHAs! (PYHKIIUS, JaHHBIE paccestHus,

moauduimpoanHoe ypaBaeHune Kopresera-ge @pusza (MKad | ).
O0bexThI HecienoBanus: ypaBHeHue MKnd | .

Heas pabdorel: nHTErpupoBanue ypasHeHus MKad, ¢ camMocoriacoBaHHBIMU

HUCTOYHUKAMU B KJIacce «ObICTPOYOBIBAIOIIMX» (PYHKIIHH.

Merox ucciaenoBaHMsA: B JMCCEPTALMOHHON pabOTe HMCMIOJIB3YIOTCS METOMAbI
muddepeHurnanbHbIX ~ ypaBHEHUW,  ypaBHEHUHM  MaTeMaTU4YecKoM  (DU3UKH,
(YHKUMOHAIBHOTO aHalin3a, TEOpUM (YHKIMM KOMIUIEKCHBIX IE€PEMEHHBIX,
CHEKTpaJIbHOU Teopuu nuddepeHIuaibHbIX OepaTOPOB.

IMosyyeHHble pe3yabTaThl W HX HOBH3HA: BCE OCHOBHBIE pPE3yJbTaThl
JTUCCEPTALMHU SIBIISIIOTCA HOBBIMHU M COCTOSIT B CJIEIYIOLIEM:

1. BeiBeneHa JuHaAMMKa M3MEHEHHSI IO t CHEKTPaJbHBIX XapaKTEPUCTHK
onepatopa Jupaka, ¢ HOTEHIIMAJIOM, SIBJSIIOIIMMCS pPEUICHUEM MOAU(PHUIIMPOBAHHOTO
ypaBHeHusi Kopresera — ne ®@pu3a ¢ UCTOUHUKOM B KJlacce «OBICTPOYOBIBAIOIIMX)
byHKITUH.

2. OmpeneneHa HBOMIOLMS JaHHBIX paccestHUs I omeparopa [upaka c
OPOCTHIMU COOCTBEHHBIMHM 3HAUEHUSMHM, MOTEHLIMAT KOTOPOTO SIBISIETCS pEHICHUEM
mMonupuuupoBanHoro ypaBHenust KopreBera — ne ®@pusza ¢ camMocorjiacOBaHHBIM
HMCTOYHHKOM, B CJIy4ae ABMXKYIIUXCSI COOCTBEHHBIX 3HAUECHH.

3. Omnpenenena ABOJIIOLMSL  JAHHBIX PACCEIHHs HECAMOCOMPSKEHHOTO
oneparopa /lupaka ¢ KpaTHbIMU COOCTBEHHBIMHM 3HAUYECHHSIMH, MMOTEHIUAT KOTOPOTO

ABJIsIeTCA peleHreM ypaBHeHMs MKad, ¢ camMocoriacoBaHHBIM —Pa3IMYHBIM

UCTOYHUKOM.

IIpakTH4eckas 3HAYUMOCTb: pad0Ta HOCUT TEOPETUUECKUIN XapaKTep.

CreneHbp BHeApeHUS H IJKOHOMHYECKas JI(PPEKTHBHOCTH: IIOJy4YCHHBIC
pe3yJIbTaThl MOTYT OBITh MCIIOJIB30BAHBI MPU YTEHUHU CHELKYPCOB IJIs1 MaruCTPaHTOB
U aCIIMPAHTOB.

O0J1acTh IPUMMEHEHHUsI: TIOJyYEHHBIE PE3YJIbTaThl MOTYT OBITH UCIIOJIb30BaHbI
B MaTeMaTU4YeCKOW (U3MKE INpPU HMHTEIPUPOBAHUU HEJIMHEHHBIX 3BOJIOLMOHHBIX
YPaBHEHUM.
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RESUME

Thesis of Mamedov Kudrat Allomovich on the scientific degree of the candidate of
sciences on physics and mathematics on speciality 01.01.02—differential equations.
Theme: “Soliton solutions of the modified Korteweg-de Vries equation with the

self-consistent source”

Key words: the inverse scattering method, operator of Dirac, Jost’s solution,
the eigenvalue, the eigenfunction, the scattering data, the modified Korteweg-de Vries
equation.

Objects of the investigation: the modified Korteweg-de Vries equation.

Aim of the investigation: integration of the modified Korteweg-de Vries
equation with the self-consistent source in the class of rapidly decreasing functions.

Method of the investigation: in this work the methods of mathematical
physics, differential equations, functional analysis, the theory of complex variable
functions and the spectral theory of differential operators are used.

The results achieved and their novelty: all of the main results of this work are
new and consist of the following:

1. The law of spectral data of spectral characteristics of Dirak operator with
potential changing on t, which is the solution to the modified Korteweg-de Vries
equation in the class of rapidly decreasing functions is deduced.

2. The evolutions of scattering data of Dirak operator with simple eigenvalue
potential of the solution to the modified Korteweg-de Vries equation with the self
consistent sources rapidly decreasing functions in case of moving eigenvalues are
defined.

3. The evolutions of scattering data of no self-joined Dirak operator with
multiple eigenvalues potential of the solution to the modified Korteweg-de Vries
equation with the self consistent different sources are defined.

Practical value: the work has theoretical character.

Degree of embed and economic affectivity: on the basis of the received
results a special course will be read for the students of masters’ department and
postgraduate study.

Sphere of usage: the obtained results may be used in mathematical physics for
integration of the equations nonlinear evolution.
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