OT3bIB
odunmansHoro onnoHexnra [llanuna Aunpes Bnagumuposuya
Ha IUCCepTallMOHHYI0 paboTty 3nobuHoi ExaTteprnbl AHIpeeBHBI
«BpIcokouacToTHas AU paKLys Ha KOHTYypax ¢ HErNaJKoW KpUBU3HOM.
HekacarenbHoe najeHue», NpeACTaBICHHYIO Ha COUCKAaHUE YUYEHOM CTEeNeH!
KaHauaaTa (GU3NKO-MaTeMaTHYECKUX HayK 10 CIeIMalbHOCTH

1.1.2 — lucddepenunanbHble ypaBHEHUs. U MaTeMaTHuecKas pu3uka

Huccepramss E. A.  3nobuHOi  paccMmarpuBaeTr — audpakiuio
BBICOKOYACTOTHOM BOJIHBI Ha BBIITYKJIOM IJIaJIKOM KOHTYpPE, UMEIOIIEM CKa4OK WA
WHbIe OCOOEHHOCTM KpHBHU3HBL. PaccmaTpuBaercs JByMEpHOE YpaBHEHHE
['enbMrosnbla U mOYTH Besjie TpaHU4HOE ycioBue Jlupuxie. OCHOBHBIE yCUIHS
TPaTATCS Ha TIOCTPOEHUE aCUMIITOTUK ITOJIsI BOJU3H MpeeIbHOro JIyda, T.e. JIyda,
OTpPaXEHHOT'O TOYKOW, B KOTOPOW KpHBH3HA MMeeT OCOOeHHOCTh. OTpakeHHas
BOJIHA 110 pa3Hble CTOPOHBI OT Jiyua UMEeT pa3udHylO CTPYKTYpPY, a KpOMe TOro
MMeeTCsl LUJIUMHAPUYEcKasi BOJIHA, paccesiHHAs TOYKOW OCOOEHHOCTH KpPUBH3HBI.
Jluccepranusi BBISBISIET CTPYKTYpY BCEX 3THUX BOJIH, a TaKXe IepexXOTHBIX 30H
MEXy HUMH.

Pabora mpexacraBnsier coboil TeOpeTHUECKOe UCCIIeIOBaHUE U TI0 TeMaTHKe
OTHOCUTCSL K MaTeMatudeckol ¢usuke. OCHOBHBIM HHCTPYMEHTOM SIBIISIOTCS

ACUMIITOTUYCCKHUE METOABI TCOPHUHN ,Z[I/I(bpaKLII/II/I.

O0mas XxapaKTepHCTHKA U COAep/KaHHe PaboThI

OObeM nuccepTallMOHHOW paboOThl COCTaBisieT 78 CTpaHWII W COCTOMUT W3
BBEJICHUsA, 6 TJIaB, 3aKIIOYECHMs, NPUWIOKEHUS M CIIUCKA JIUTEpaTypbl u3 58
HalMEHOBaHUM.

Bo BBegeHHH 000CHOBBIBAETCS aKTyaJIbHOCTH pa0OTHI KaK pa3BUTHE METO/A

['T/] u craBsaTcs 3a1ayu, paccMaTpuBaeMble B paboTe.




B mepBoii riaBe CTPOSTCsS pEIIEHHS pacCMaTpUBaeMbIX 3agad BOIU3M
TOYKA  HErJagKoCTH  KpWBHM3HBL.  Mcmonb3yercss  MeTon — CpallluBaeMBIX
ACHMITTOTHYECKHX Pa3JIOKEHHH, 8 UMEHHO, BOJIM3U TOYKU HETNIaJAKOCTH KPUBU3HEI
BBOJITCS PACTSHYTHle KOOPAMHATHl M HINETCS «BHYTPEHHEE» pEIlleHHe B 3THX
KoopauHaTax. [locie 3Toro pemeHue CpaluBaeTcs ¢ «BHEIIHUMY, IIOCTPOECHHBIM
B HEpPACTSHYThIX KoopauHaTax. /[l mepBoro mNpHONMIKEHUS BHYTPEHHErO
peleHns] BEIBOJUTCS 3a7a4a JUlsl ypaBHEHUs [ elbMrosa ¢ mIocKoi rpaHulel u
HEOJHOPOAHBIMU TPaHUYHBIMHU YCIOBUSMU. OTa 3ajada peIaeTcs C IOMOIILIO
npeobpazoBanusi Dypre. PelneHne aHamu3HpyeTcss CTaHAAPTHBIMH METOJAMH,
CTPOMTCS AWarpaMMa HaIllpaBI€HHOCTH LWJIMHAPUYECKOH BOJHBI U IIOJIE B
IIepeXOIHOM 30He B TepMHHAX (yHKUHH Mapabon4ecKoro HUIMHIPA.

Bo BTOpoOii raaBe crpoutcs nmpubmmkerne Kupxroda s moist BOIM3M
npeeabHOro Jiyda. DTo NmpubimkeHue paboTaeT NpU CPEeJHUX PACCTOSHHUAX N0
TPaHUIlB], T.€. TOCTPAMBAETCs BHEIIHSAS ACHUMITOTHKA IOJS B TEPMHHAX IIEPBOM
riaaBel. Pe3ynbTaToM SBISIOTCS BhIpakeHus (2.24) u (2.35), Belpaxaroliye mnoss B
tepMuHax GyHKIuid OpeHens U QyHKIMHA mapaboIMuecKoro HHIMHIPA.

B Tperbeii rjiaBe CTpPOMTCS pellleHHe YypaBHeHMs [ enbmrosnsua,
OINKCBIBAIOIIIEE CIMSHUE MWJIMHAPUYECKHMX BOJH BOIM3U mpenaenbHoro iyda. C
OJIHOM CTOPOHBI Jyda CyLIeCTByeT OJHA LMJIMHAPUYECKAs BOJIHA, a C APYroil ABe,
T.€. pacCMaTpHBAaeTCs NMPUMBIKAHHE OJHOM LMIMHAPUYECKON BOJIHBI K JIPYIOW.
[Tpu 3TOM mpearnosaraeTcsi, YTo JUarpaMmbl HAIpPaBI€HHOCTH LMIUHAPHUYECKUX
BOJIH HMMEIOT OCOOEHHOCTh 3aJaHHOTO IOpsiKa Ha TMpeaelbHOM Iiyue. ABTOp
UCTIOB3YeT SJUIMITUYECKYI0 CHCTeMYy KOOpAWHAT U IMOJydaeT MNpUOIMKEHHOE
peleHre B TepMUHAX QYyHKLIUHU MapaboIuyecKoro UINHAPA.

B 4erBepToii riaBe moka3aHo, 4TO (YHKLHWH, MOTy4YeHHbIE B TpEThei
raBe, TONSATCS JAJIsSi ONKCAHWS BOJHOBBIX IIOJIe BONM3M MpeNeNbHOro yda B
3a7adax OUQGpPaKIUU Ha KOHTypaxX C HErJaJKoW KPUBU3HOW. A HMEHHO, IpH
CpeIHHMX PACCTOSHUSX aCUMIITOTHUKA MPEeJCTaBICHUN TPEThel INIaBbl CpalldBaETCS
¢ KupxropoBckuM mpencTtaBieHHEM, a TIpPU MalbIX PacCTOSHHUSAX C

NpeCTaBIEHUSIMU NIEPBOU I1aBHI.



B nsiToli r1aBe CTPOUTCS CBSI3b MeXAY GQYHKIMAMH Matbe U QYyHKLUAMU
napaboardecKoro WIMHApa. PaccMarpuBaercs ypaBHeHHe MaTbe Ipy MHHUMOK
KOHCTAHTe pa3/ielieHus], U Jokas3biBaeTcs TeopeMa 1, naromas OLEHKHA OTKIOHEHMSI
(GyHKIHI MTapaboaMyecKoro NMIMHAPA OT pelleHus ypaBHeHus Martse.

B wmecroii rijaBe aHAIM3HPYETCS T€OMETPOONTHYECKOE IIPEACTaBIIEHHE
BoJIHOBOTO T10J1s1. [loka3zaHo, UTO MOCTPOEHHBIE B MPEABIAYIIMX TIaBaX ClaraeMele,
He 3aBUCAIIME OT aMIUIUTYbl HETJIAJKOCTU KPUBU3HBI, CPALIUBAIOTCS C JIy4YEBBIM
npeAcTaBIeHUeM IOJIs.

B 3aKJ1109€eHHH KOPOTKO (hOPMYIIHPYIOTCS OCHOBHBIE Pe3yIbTaThl PabOTHL.

B npuiio’KeHHH BBIUCAHBI OCHOBHBIE (OpPMyJIbl A  (QyHKIUH
napaboMYeCcKOro HUIUHIPA.

PaGora HamWcaHa TpPaMOTHBIM HAy4YHBIM SI3BIKOM ¥ o¢oOpMIIeHa B
COOTBETCTBUU C MpaBwiamu. [IpeacraBieH Takxke aBTopedepar, COIepiKaHHE

KOTOPOT'0 aICKBATHO OTpaXXa€T COACPIKAaHUEC JUCCEPTAllH.

OcHoBHbIE pe3yJIbTaThbl padoThbI

- ITocTpoeHbI BOJIHOBBIE IMOJISI BOJIM3U TOUYKH OCOOEHHOCTH KPUBH3HBI, T.€. B
«IOTPAHUYIHOM CJI0e» (B CMBICIIE TEOPUH BO3MYIIEHHUH). DTH OIS CPALIUBAIOTCS C
NMIMHAPHYECKAMHE BOJIHAMHM M C TNpubImkeHueM Kupxropa B OKPECTHOCTH
npenenpHOro Jy4da. TakuM o00pa3oMm, IOCTpOEHa CTpOMHAas acUMITOTHYECKas
TEOpHS pacCMaTPUBAEMBbIX SBIICHUH.

- [TocTpoens! y100HBIE yHUBEpPCATbHbIE MIPEICTABIEHUSI BOJHOBBIX MOJIEH B
SUTUITHYECKUX KOoopauHarax. JlaHHbIE NpeAcTaBiIeHUs MO3BOJISIIOT OMNKCHIBATH

CJIMAHUSA BOJIH B pa3JIMYHBIX CUTYaluAX.

AKTYyaJIbHOCTb T€MbI HCCJI€I0BAHHS
["'eometpuyeckas Teopus nudpaxiun (I'TJ]) — oarH U3 OCHOBHBIX METOJIOB
MOCTPOEHUS] BOJTHOBBIX moneil. [Ipennaraemas pabora pacimmpseT BO3MOKHOCTH

JaHHOI'O0 ME€TOJa, IMOCKOJIBKY pacCMaTpUuBacT HOBBIM THII I[IpeaCIbHOro Jj1y4da "



ACUMITOTHKH TIOJNS BOJU3U HEro. OTO O6YCJIaBJ'II/IBaeT AKTYaJIbHOCTb TEMBbI

HCCJIEIOBAHUS.

O00CHOBAaHHOCTb H J0CTOBEPHOCTh pe3yJIbTaTOB

PesynbTaThl, IpencTaBlieHHble B paboTe, SBISIOTCS OOOCHOBAaHHBIMH H
JTOCTOBEPHBIMU. METOIUKHU, UCTIOIb30BAHHBIE aBTOPOM, HE BBI3BIBAIOT COMHEHUN.
PesynbraThl pa®OTBl OMYyOJMKOBAaHBI B pPELEH3UPYEMBIX Hay4yHBIX JXypHalax,
pekomennyembix BAK, u JoknaapiBanuch Ha NPOQUIBHBIX CEeMHHapax U

KOH(pepeHIUAX. Arpodarusi paboThl MPeACTaBIAETCS 10CTATOYHOM.

HayuyHasi HoBH3HA pa0doThI

3asiBIEHHBIE ABTOPOM HaY4HBIC PE3YJIbTATEI ABJIIAKOTCA HOBBIMU.

Hayqﬂaﬂ H NMpaKTH4Y€CKasl 3SHAYHMOCTDb
PC3}’JII)TaTI)I pa6OTBI MOT'YT UCIIOJIB30BAThLCS B JaJIbHEUIIUX HUCCIIEIOBAHUIX
10 TEOPHUHU I[I/I(t)paKI_II/II/I, a TaKX€ B XOI€ IMPAKTUYECKOI'O0 IMOCTPOCHHUA BOJIHOBBLIX

1oJjie B I[MOJIyaHaJIMTUYCCKUX pacyeTax.

JIOCTOMHCTBA U HEJOCTATKH PadOThI

PaGora HamuMcaHa XOpOIIMM TIPaMOTHBIM $I3BIKOM, HMeEeT JOCTATOYHBIM
ypOBEHb JeTalu3aluuu. Pemaemple 3agaddl  KOPPEKTHO C(HOPMYJIUPOBAHBI.
Hcnonb3yemble MareMaTH4eCKHe METOIbl MOJHOCTBIO COOTBETCTBYIOT 3a/adyaM.
bBonbiioe BHUMaHUE YAeNseTcss MaTeMaTH4YeCKOH KOPPEKTHOCTH ITOJTyYEeHHBIX
pe3yJbTaToOB, OMPENeNsIOTCS 00JacTU MPUTOAHOCTH IPEACTAaBICHUN BOJIHOBBIX
MOJIeH, aKKypaTHO CTPOSITCS OLIEHKH OCTATOYHBIX YIEHOB aCUMIITOTHK.

Jucceprauus sSBIseTCsS LEIbHBIM HCCIIeJOBAHUEM IMOCTABIIEHHOMN 3aJau, K
KOTOPOMY MajIO YTO MOXHO JO0OaBUTh. ABTOD SIBJISIETCSI XOPOIIO MOATOTOBIEHHBIM
CIEeLMAIUCTOM B 00JIacTH TeopuM AU(DpakUUd M MaTeMaTHYecKoW (H3HKH,

XOpouIo pa361/1paloumM02 B AC€TAJX UCIIOJIB3YEMBIX METOIOB.




Ha MeHs mpou3Beno CHJIbHOE BIeYaTIeHUe COAepKaHue TpeTher rinassl. He
OBUIO OYEBMJIHO, YTO MOJEIBHOE pELICHHE ISl CIMBAOLIUXCS LUIUHAPUIECKUX
BOJIH MOXXET OBITH MOJYYEeHO B JIUTUNTHUYECKUX KoopauHarax. ConepikaHue 3Tou
rJaBbl, MO-BUIANMOMY, SIBIISIETCS HEKOTOPHIM YHHUBEpPCAIbHBIM BKJIAJJOM aBTOpa B
aCHMITTOTHYECKHAE METO/IbI TEOPUU AU(PPAKLIUH.

3ameuaHus 10 JUCCEPTALMH CIEAYIOIIHeE:
1. ABTOp AMccepTalliy CPakaeTcs C OYEBUIHOM KOMIIO3UIMOHHOU CIIOXKHOCTBIO.
PaccmaTpuBaroTcsi TpU pOACTBEHHbIE 3aJauyd: CKA4OK KpPHUBHU3HBI TPaHULBI,
rebJIepOBCKasi CUHTYJISIPHOCTh KPUBHM3HBI U CIy4daidl HEINIaJKOW IMPOU3BOAHOMU
rpaHuibl. Mcronb3yeMble MeToAbl oflue [Uisi BceX Tpex 3anad, HO (opMyJibl
MOJY4YaloTCsl HEMHOTO pas3Hble. B pesynbTare aBTOpy He yaanoch u30exaTh
MIOBTOPOB B U3JI0KEHUH.
2. B mepBoil rnaBe JeKIapupyercs HCIOJIb30BaHWE METOJa CpalllMBaHUS
ACUMIITOTUYECKUX PA3J0KEHUM, IPU 3TOM METOJ He OmucaH (opMalbHO. ITO
3alyThIBaeT 4uTarens. B 3amaye uMMeeTcss HECKOJIbKO 30H IO OTHOLICHHWIO K
paccrossHui0o OT Toukn O (oHM ompenenstorcs cootHomeHusMu (1.4), (1.38),
(1.12)), a Tak)ke HECKOJBKO 30H IO OTHOILIEHHUIO K PAaCCTOSIHUIO A0 MPEAebHOro
nay4da. B Takol CIIO)KHOU CTPYKType IOHSTUE IIOTPAHUYHBIN CIION» HYXIAeTCs B
TIOCTOSTHHOM TIOSICHEHWH. 3aMedy Takxke, 4uro B ¢opmyne (1.19) u Hibke
BHyTpeHHee pa3jiokeHue obosHayaercs u’™t, 4To cTpaHHO, MIOCKOIBKY CHMBOJIOM
out 00bIYHO 0003HAYAIOT BHEIIHEE pelIeHue (0T CioBa outer).
3. ABTOp OTpaHUYMBAETCS PACCMOTPEHUEM MAJIBIX U YMEPEHHBIX PAcCCTOSIHUM 10
rpaHuIlbl (yMEpPEHHBIE PACCTOSIHUS COU3MEPUMBI C paliyCOM KPUBU3HBI IPAHULIBI).
MHe mnpezacraBiseTcsi, YTO 3HAYUTEIbHBIA HHTEPEC MOTYT MPEICTaBISATh TaKXKe
Oonbline paccTosiHUS. B 3TOM ciydae Bce BOJIHOBOE IOJI€ MPEACTaBIsSeT coOOMU
nuIuHApuYeckrue BoOJHBL. CII0OXKHOCTEM Ha 3TOM IyTH HE BUIHO, HaIpUMED,
popmyna (2.24) nomyckaeT COOTBETCTBYIOLIEEe aCUMIITOTHYECKOE PACCMOTPEHHE.
4. Ha crp. 19 ytBepxkpaercs, uro acumnroTtuka (1.34) He pabotaer s

HalpaBlIeHUH HaOMOJAeHMs, ONM3KUX K KacaTelbHbIM K TpaHuie. MHe



IpEJICTABISIETCs, YTO 3TO He Tak. [lepexo] K HMHTErpUpOBaHHUIO IO YIJOBOM
KOOpJMHATE TI03BOJISIET 3TO IMPOJAEMOHCTPUPOBATH.
5. B pasnmene 1.3.4. kpatko obOcyxaaercsi cily4all YIUIOLIEHHsS KOHTypa. ABTOD
yKa3blBaeT Ha TO, YTO B 3TOM Cllydyae OLIEHKH pa3MepOB BHYTPEHHEH 30HEI
U3MEHSIOTCA. MHe TpeCcTaBiseTcs, YTO CHUTyallus SIBIsieTcs Oojee CI0XKHOM,
IIOCKOJIBKY H3MEHSIETCSI CTPYKTypa BHEITHero peuieHus. JTOT BOIpPOC TpedyeT
JIOTIOJTHUTEIIEHOTO UCCIIEOBaHUS.
6. Jlns mMIeJaHCHBIX TPAHUYHBIX yCIOBHM mpuBoautcs Gopmyina (1.90), koropast
He BBIBOJUTCS B paboTe. CTpyKTypa 3Toil pOpMyJIbl HE BIIOJIHE SICHA.
7. Iepen popmynoii (2.15) oneyaTka B HoMepe GOpMyIIBI.
8. 13 pucynka (4.3) He BIIOJIHE SICHO, CKOJIBKO LIMJIMHAPUYECKUX BOJH y4acTBYIOT
B moJjie. Sl oXujan yBUIETh, KaKk M B MPOCTOM CiIydae, IO JIBe BOJHBI C KaXKIOU
CTOPOHBI IIPEIeNIbHOTO JTyya.
9. B nisiToif riaBe pemaeTcs ypaBHeHUe MaThe ¢ OOJIBIIMM MHHUMBIM MTapaMeTpOM
pasznenenust (cM. (5.1)). He xBaraer «dusmdeckoro» KOMMEHTapUsi K TaKOMY
BBIOOPY KOHCTAHTBI pa3/iesIeHuUs], TPOSICHSIFOIIETO ero CMBICI.

Bricka3zaHHbIE 3aMedyaHUSI HE CTaBST IIOJ] COMHEHHE OOIIYI0 LEHHOCTh

pa6OTI>I U CIIPAaBE€AJIMBOCTD 3allIUIIAEMbIX ITOJIOKEHUH.

3akaroyenune

Pe3ynpTaThl ncciaenoBaHM IO TeMe AUCCEPTALMOHHON paboThl OTpaXkeHBI B
7 peleH3UpyeMbIX IyOmuKauusx; W3 HUX O OmyOJMKOBaHBI B POCCHHCKHX
Hay4HBIX M3JaHUAX, pekoMeHnoBaHHbIX BAK, u 1 B 3apy6exxHoMm xypHaie. Bee
u3JaHus (WM KX NEepeBOAHbIE BEPCUM) BXOAST MEXIyHapomHble 0a3bl JTaHHBIX
Hay4yHoro uTHupoBaHus Scopus u Web of Science.

JuccepranvonHas  pabora  3nmobunoit  Exarepurnl  AHIpeeBHEI
cooTBeTcTBYeT crneuuanbHoctd 1.1.2 — JludbdepeHnuanbHple ypaBHEHHS W
MaTeMaTh4eckas (pusnka U orBedaeT TpeboBaHUAM «IIoOXKEHHS O IPUCYIKIEHUH
y4YeHBIX CcTerneHen», yTBepxkaeHHoro IlocraHoBnennem Ne 842 TlpaBurtenncTBa
Poccuiickoit  ®@enepammm ot 24.09.2013 r. (B Tekymwed pemakium),
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peabABISEMBIM K KaHIUIATCKUM JUCCEpTalusM, a ee aBTop 3nobuna Exarepuna
AHJIpeeBHa 3aClly’)KMBAaeT MPUCYXICHUS y4YeHOW CTeNeHH KaHauaaTa (QU3HKO-
MaTeMaTH4ecKuX Hayk mo croemuansHoctd 1.1.2 — Jluddepenuunansbuee

YPAaBHCHHA U MaT€MaTH4€CKast (1)1/13m<a.

[IlanuH Auapeit BnagumupoBuy

JlokTop (hU3UKO-MaTEMAaTUYECKUX HayK

JloueHT Kadeapsl akycTUKH ¢puzndeckoro paxyiaprera MI'Y
®I'BOY BO «MOCKOBCKHI IrOCYIapCTBEHHBIA YHUBEPCUTET UM.
M.B.JIomonOCOBa»

119991, r. Mocksa, JlenuHckue ropsl, a. 1, ctp. 2

e-mail: andrey_shanin@mail.ru

p.1.: +7(495) 939-30-81

S, Illamun Auxgpedi BrnagumMupoBuy, Jar0 coIjlacMe€ Ha BKJIIOYEHHE MOHMX
MIeEPCOHAJIBHBIX JaHHBIX B JIOKYMEHTHI, CBSI3aHHbIE C pabOTOM AUCCEPTALOHHOTO
COBETA M UX JalIbHeHIyto 00paboTKy.
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