
OT3bIB
oQuquanbHoro orIIoHeHTa Ha AllccepTallllrc EprvruurHnofi B.E
(MaTeMaTr{qecKlre MoAeJIr{ pacrrpocTpaHeHrlfl HeJII'rHefiHblx

BHyTpeHHrrx BSJIH B cJIoIIcTofi cTpaTllQuqupoBaHHofi

?KrrAKOcTIr>>, [peACTaBneHHyIO Ha CoZCKaHLIe yrIeHOft CTeIIeHI4

KaHAr{AaTa Quszro-MaTeMaTI,IqecKI4X HayK ilo cleIII4€uIbHocTI4 l.1.9

- ((MexaHHKa )KLTAKOCTI4, la3aI,4 rIJIa3MbI)).

Paccrr,rorpeHl,Ie )KLIAKI,IX cpeA c rlnorHocrHofi crparr{ouKaIII4eft

onpaBAaHo rlo npI4rILIHe Tofo, qTo rIoAo6Ha.[ cTpaTu$IaKalluf, MoXeT

rrpr4BoALTTb K BO3HLTKHOBeHT4T lrpoqeccoB, KoTopble oTcyTcTByIoT B TIOTOKaX

oAHopoAHofi rro IIJIoTHocTII XLIAKocTLI. Tar, HaIIpI4Mep ) Hallt'aqr4e

crparr4$r4Karluu Molxer rrpr4BoALITb K 3HaqIlTeJIbHbIM H3MeHeHVtM

napaMeTpoB TeqeHlrs,lc'al nperrtrTcTBkIflMVr I{ BO3HI4KHOBeHLIIO BUXpeBbIX 3OH

B o6nacrlr rroreHrl[€urbHoro reqeHl4t )Is{AKocrpI. Boruroeble rrpoqeccbl B

TaKOfO POAa HeOAHOpOAHbIX XI,IAKOCT{X AO CI4X IIOp V3yrIaJIkICb B paMKax

cJrolrcrbrx MoAenefi MeJrKofi BoAbI rlepBoro vr BToporo lpll6nr4x(eHvrfl'.

Hau6onee r43yqeHHbrMll trBrqrorcr MoAenH AByxclofiHoro npl46nux{elPlufl.

Anq roro, arro6br orrr4carb Ar4HaMr4Ky BoJIH, Bo3HLIKaroqLlx Ha rpaHulle

6olguux rpaAueHToB rrJrorHocrlr (nnyrpenHnx eonH) Heo6xoALIMo

MoAr4QriIIIIpoBarb cylqecrByloqve MoAeJILI LT yr{ecrb roHKyIo crpyKrypy

crparraQuKarJvrvr, laaJrvr'uve HeoAHopoAHoro rro rJIyoLrHe reqeHll.f,,

Qarropoe, Bo3HLIKarouIplx npraHepoBHocrb AH.a u pfA Apyrux
paclpocTpaHeEvrr4 BHyTpeHHI4X BOJIH 14

Ar{HaMUKy. llocrpoeHrllo HoBbIX

paclpocrpaHeHrrf, HenuHefiHbrx BHyrpeHHLlx BoJIH n crparu$uqupoBaHHor

XLr.IIKOCTI4 C HeCKOJTbKT{Mpr cJrosMll I{ IIOCBf,IIIeHa AaHHafl. AVICC}pTaIILI{. B

paMKax pa3pa6oraHHbrx MoAeJreft orrlrcaHo pacnpocrpaHeHue yeAuHeHHbIX

BHyrpeHHLrx BoJrH. gzclesno LrccJIeAoBaHa oBoJlrcqut HenI4HeftHbIX

BHyrpeHHrrx BoJlH, B ToM rrtrcJre, upI4BoAf,IrIafl, K vrx o6pyruenuro. CpanHeHI4e

TeopeTr4rrecKr{x pe3yJrbTaToB c I4MeIOUII{MI4C' gKCnepuMeHTaJIbHbIMI4

AaHHbrMn Lr HarypHbrMkl na6lroAelr'uflMvr rlo AaHHoMy Borlpocy rloKa3ano

cpaBHIITeJIbHo BbIcoKyIo eQQeruunHocTb llocTpoeHnrrx uo,qenefi .

,{raccepraqut cocTouT Vg BBeAeHu{, TpeX IJIaB, 3aKJIIOTIeHVA vr crwlcKa

nr{reparypbl.

B BBeAeHrru [oArrepKuBaercfl aKTy€urbHocrLI TeMbI llccJleAoBaHLrfl.)

rrpoBoAr{Tcfl KparKufi o6sop cyqecrByroql4x I4ccneAoBatrutrt no AaHHoMy

cyqecrBeHHo BJII{trcrII4X Ha I4X

Hef?IApocTarHrIecKI{x ruoAelefi

Bonpocy, c$oprraylnpoBaHbr ocHoBHbIe rIoJIoxeHLIf, BbIHocI4MbIe Ha 3aIrII4Ty



v ux cBr3b c rlenbro Ar4ccepTarllrH, a raKx(e [pLrBeAeHa anpooarlr{t
pe3yJrbTaToB, [oryqeHHbrx aBTop oM ALr c cepTarlr4pr.

B rrepBofi

IrepBofo nopq.qKa,

yeAr4HeHHbrx BoJrH

-rJraBe oocyxAaeTcfl cr{cTeMa 3aKoHoB coxpaHeHr{.rr

KOTOpaq Orrr4cbrBaeT pac[pocrpaHeHkre BHyrpeHHr4x

B croucrofi xo,rAKocrr4, npeAcraBnsK)rru4x co6ofi

6ucrpoy6brBarcrrlr4e 6eryuze BoJrHbr. llpe4uonaraerc.f,, .rro crofi xlrAKocrrz

ofpaHI4rIeH cBepxy cHrr3y HenpoHlrrlaeMbrMt4 noBepxHocTf,Mpr.

Herra4pocrarl4rlecKue eQQerrbl yrluTblBalorc-f, ToJrbKo B BepxHeM r.r HrDr(HeM

croqx. llpe4uonaraercfl TaKXe, rrro npoMex{yrorrHbre cJron f,Brlrrorc.f,

ToHKLrMr,r Lr rro LTX TonuluHe rrpokr3BoArrrcr ycpeAHeHr,re. Onucanrr Qoplarr
BHyTpeHHHX yeAI{HeHHbIX BoJrH (AnoxroaczMrrrorr,rqecKr4x K rrocrotrHHoMy

norory) neprofi u nropofi MoAbr 4rr $urcr4poBaHHbrx rapaMerpoB rroroKa,

6rusxkrx K rrapaMerpaM, orBeqarcquM HarypHbrM na6nro4eHr4f,M B

upn6pexnofi soHe -fluoucroro Mop.fl. llpone4enbr cpaBHeHr4q [onyrreHHbrx

yeAVHeHHbIX BOJIH C COOTBeTCTByTOqUMT4 BOJTHaMLT, 3apefr4CTpLlpOBaHHbrMLr

B urenrQonofi 3oHe fluoncrcoro Mopq. llpo4err,roHcrpr,rpoBaHo xopouee
coBnaAeHLre reoperr{qecKr4x pe3ynbraroB kr r,rsuepeunft. llpe4cranJreHbr

TaKxte HecralluoHapHble pacqerbr gBonrorlr4onnofi uo4emnofi czcreMbr

ypannenufi, sau[caHHofi B Br4Ae 3aKoHoB coxpaHeHru Ha npr{Mepe

urrucrofinofi )fl{AKocrr{ c SurcuponaHHbrMr,r ronrqr{HaMlr cJroeB. B

uactuociu, paccMorpeHa rpanc$opMarlu[ ye.quneuHofi BoJrHbr B

cy)KaroqeMcq KaH€ure. llor<a:aHo xopouree coBrraAeHrre Qoptr gBoJrrorlr4r{

pacqerHofi Ir erccuepLIMeHTanruofi yeALrHeHHofi sonHrr B pa3Hbre MoMeHTbr

BpeMeHLr. llpo4evroHcrpupoBaHo xopouee coBrraAeHr4e rrr,rcJreHHoro

MoAenr4poBaHvfl. o6pyureHu.a BoJrHbr Ha[ rrpr4AoHHoM rrpen.rrrcrBr4eM B

paMKax ypaBHeHrlfi Haere-Crorca r4 MoAenbHbrx ypaBueuuir, nonyqeHHbrx B

Ar4CCepTarJUU HA OCHOBe 3aKOHOB COXpaHeHr4f,.

Bo eropofi rJraBe c$opvryru4poBaHbr ycJroBuf, cyrqecrBoBaHr4fl,

yeAr{HeHHbrx BoJrH B 4nyxclofiuou crparuSurlkrpoBaHHoM cABuroBoM

reqeHlrv. llpzne4eno BbrBeAeHHoe B 1999 roAy ypaBHeHHe ABr4xeHrl.rr

4nyxcloftuoft xelAKocrLr (upuueHuuoe raKx(e Anfl or'vrcalnns. ABrDr(eHH.rr

rpexcnofinofi xz4KocrLr npr4 BbrnoJrHeHr.rr4 psp.a ycnonnfi Ha rrapaMerpbr

czcreuu) MexAy nap€LnneJrbHbrMr4 rrJracrlrHaMr4 B upz6nzxeHr4r4 AJrr4HHbrx

BoJrH pr c yqeroM HeruApocrarr4rrecKoro AaBneHr,rr B upra6nzxenurvr

Byccuuecra. OcnoBHoe BHr4MaHr,re B AaHHofi uaee yAenrercr rrocrpoeHLrro

peureuuft, oIrI{cbIBaIoilIVX yeAHHeHHbre BoJrHbr trpv lnaJrv.l^vlz cABrrra

cKopocrl4 (.tpu uoxoxrqefic.a Ha 6ecKone.rHocrr4 vrlrvr paBHoMepHo

ABIDKyU{efics xar eAI4Hoe Ilenoe )Kr4AKocrrr no4o6uue perreHr,rr uanecrurr).



Brrne4euo ypaBHeHr4e, onrrcbrBaroulee BoJrHbr vrarofi ("o roHeuHofi!)

aMrrnr,rryAbr c AocraroqHo roHKr4M BepxHI,IM cJIoeM (.to cpaBHeHLIro c

nzxHrau). Peureuue ororo ypaBHeHvr (ornernn.arcquectr or oAHopoAHoro

norora) orLrcbrBaercf, KBaAparypofi, Koropaq He Bblql4cJlserct B .flBHoM

BUAe, TIO9TOMy Anfl ee BbITTLICJIeHI'If, rrpLrMeH.'IeTcfl qHCJIeHHOe

r{HTerpr,rpoBaHue. Irlcuonreyerc.a raKxe 4pyrofi cloco6 tlocrpoeHl4{

perxeHr4q Ha ocHoBe rrucJreHHoro LrHTerpI{poBaHI4e nolyrreHHoro OIV 4na

6eryrqux BoJrH MeroAoM Pynre-Kyrta 4 roptAKa (nanecruax npolleAypa B

cpeAe MATLAB). Brrur.rcJr{Iorc.a Qopvru yeAI{HeHHbIX BoJIH c oAHLIM 14

AByMs Herr4Apocrarr4rrecKuMu cJro-f,nara. OnpeAeJreHa o6racru napaMerpoB

oAHopoAHoro rroroKa Ha 6ecroseqHocrr4, or Koroporo orBerBrtercs
yeAr4HeHHar BoJrHa. llpznegenbr xapaKrepHbre cpaBHr4reJlbHble upoQunu

rroHt4)KeHr,lr ypoBHfl Arrfl. MoAenbHbIX

aMrrnr4TyAbr c p€I3HbIM KOJII,IqeCTBOM

yeAI,IHeHHbrX BOJIH BO3BbIrUeHI4t 14

ypaBHeHr4ia u ypaynenufi 6onruroi
f r4ApocrarHqecKLIx cJIoeB.

B rpersefi rJIaBe rolyrleHo vr I4ccJleAyercf, npu6nuxeHl,Ie K

r43BecrHbrM ypaBHeHuf,M, orrr4cbrBaK)rrlr{M paclpocrpaHeHl4e nelunefinrrx

AJrr4HHbrx BoJrH B 4nyxcnofinofi )Kr4AKocrr,r co cno6o4nofi rpanuqefi vI

nJraBHo MeHsrouluMc.a penreSou AHa c yrreroM 3aBI{xpeHHocrI,I rro

napaMeTpy, f,BnrroqprMctr npor{3BeAeHlreM AnI4HbI nepeMelxl4BaHvrfl. kr

rna4para AJrr.rHHoBoJrHoBoro [apaMeTpa. Pagrrcxuearorct cTaIILIoHapHbIe

perxeHr4f, erofi ckrcreMbr npr{ ycnonuu $uzu.recxofi rpl4poAbl (zs6urouHoMy

rrpraToKy 6olee lerrofi )KLrAKocrr4 B BepxHeM cJloe no orHoIueHIlIo K

nocrorHHoMy norory). llonyqeHHble pelueHl4-f, uMeK)r ocqunnupyrcqyrc

crpyKrypy Qponra Ha HLDr(Heft rpanraqe (ary rl4Apocrauaqecrofi vro4enu).

Auunury4u u AnLrHbr BoJrH Artx cyulecrBeHHo HervApocrarra.Iecrofr

MoAeJrr4, AJu ucxoAHofi r4 anrrpoKcr4Mprpyrculefi cucreM SrzsKLI, oAHaKo

pacloJrolKeHlre Beprur{H oTr{x BoJrH 3aMerHo orJu4rraercr. llpone4eno

cpaBHeHr{e coJrr4ToHouoAo6nrx peruennfi vIcxo4Hofi kr npu6nr,rxenuofi

cucreM. llor<asaHo, rrro Qopvra grr,rx peruenufi [paKTLTrIecKkI He orrt4r{aercf,.

flonyueno qlrcJreHHoe peueHr4e AByx yKa3aHHbrx cLrcreM ypaBHeHrit tuta
6oprr, orrktcbrBaroulee gBonrorlr4ro BoJrHbr npu obreKaHnu JIoK€LnI43oBaHHoro

npellf,TcTBlr.f u npoBeAeHo Lrx cpaBHeHLIe, rloKa3blBaroqee, qro 3TI4

pelxeHl{.'I [paKTI4rrecKI4 He oTrl{rlaroTc{.

B sa rcr roq eH I{ Ir orll,IcblBatorc-s ocHoBHbIe pe3yJlbrarbl pa6omr.

CuequarbHoro yrIoMI4HaHIafl, Ha nrofi B3rJItA, 3acnyxl,IBarcT

cneAyroque pe3yJrbraTbl, [onyqeHHble B AI4ccepTaIInu.



1. Pa:pa6orana MoAenb lv:aav^vrKvr BHyrpeHHr4x AnrrHHbrx HernHefiHrrx
BOJIH B MHO|OCJIOI{HOII XLIAKOCTH C TOHKI4MI{ IIpOMe)KyTOTIHbIMI4 CITOflMVI kI

HefI,IApOCTarHqeCKI,IM pacnpeAeJreHr4eM AaBJreHr{f B BepXHeM r{ Htr)r{HeM

cro-sx. llocrpoeHu pelreHlzf,, onl4cblBaroque yeAuHeHHbre BHyrpeHHr4e

BoJIHrI, orBerBr.sroull4ectr or IrocrorHHofo cABl{foBoro rloroKa. PeureHIaq

Aannofi MoAenu colocraBJreHbl c AaHHbrMr{ HarypHbrx na6nro4eHzfi B

urenrQonofi gone flnoHcxoro Mop[, Bo4eucxoM o3epe vt ta6oparopHbrMr4

3KCnepr.rMeHTaMr4 Anfl BoJrH B Cy)KaTOUIUXCT KaHiUraX. llpOne4enO
cpaBHeHIle qzcrteHHblx petrrelnuit ypaBHeHr4fi Hanre-Croxca r4 BbrBeAeuuofi

uo4elruoft clzcreMbl, orll4cblBaroqr4x gBonrcquro BoJrHbr HaA rrrLrpoKr4M

npe[qTcTBI{eM kr rlpoAeMoHcrpr4poBaHo xopolllee coBrraAeHr4e 3Tr4x

peureuufi.

2. flpe4no)KeHa alnpoKctrMar\ufl r,r3BecrHbrx AlrcnepcuoHHbrx yparneuufi

4nyxcnofiuofi raAealrnofi HeoAHopoAnofi )rfl,rAKocrr4 CO CBOOOAHOI,I

rpauzqefi vr c yrreroM e$Sexron nepeMerxvBanLrfl vr ronorpa$ura AHa.
llonyvenbl cralll4oHapHbre perxeHu.rr srofi MoAeJrr{ B rr,rApocrarlrqecKoM r.r

Herl4ApocrarI4rlecKoM cnyqarx. flonyueHrr peureHus rlrla yeAr.rHeHHbrx

BOJTH, ABOrKOaCUMrrrOTr4rreCKrrX K 3aAaHHOMy IOCTOSHHOMy rrOTOKy V

HecrarlzoHapHbrx perueHufi TWra 6opa, outrcbrBaroulrlx o6rer<auze

JIoK€LIII43oBaHHoro rlperlflTcrBr{e Ha AHe. llpo4enroHcrpLrpoBaHo oqeHb

xopotuee coorBercrBl{e no4o6Hrrrra perxeHr4-flM nolHofi 4nyxcnofinofi
MOAeJrr,r.

Pesylrrarbl Al4ccep r ar\vrr4 {Burorc.q AocroBepHbrMr4 14 rroJrHocrbro

o6ocnoeaHHblMl4, TaK KaK npr4 r.rx rronyqeHr4vr r4cnoJrb3oB[urr4cb roqHbre

Teoperr{qecKr4e MeroAbr MareMarlr.{ecxofi $uzurcu, [poBepeHHbre
rrl4creHHble MeroAbI 14 anpo6upoBaHHbre MeroAbr rr{ApoMexaHr4Kvr. Bce

AeKnapI4poBaHHbIe B ALrCCepTarIr4Lr pe3ynbTaTbr rBJrrrcTcr HoBbrMtl pr

npeAcraBnqroqr4Mr4 3HaqHTelruufi LrHTepec. crozr oco6o noAqepKHyrb,
rITO [OnyqeHHble pe3yJlbraTbl, KpoMe qr4cTo TeopeTLrrrecKofo r4HTepeca,

Moryr LIMerb raKxe I{ npaKTurlecKoe 3HarreHr{e, 6y4yuvt nocrpe6oBaHHbrMr4

I'nfl pelxeHl{f, 3aAaq MoHI4Topr{Hra Lr MoAenr{poBaHkrfl, reqeHufi Lr

pac[pocrpaHeHurfl. BoJrH n urensQosofi soHe vropefi r4 oKeaHoB.

[ucceprarlr{f, Hanr4caHa flcHbrM r4 AocrynHbrM f,3brKoM, pe3ynbrarbr
I43JIoxeHbI IIoHsrHo. K sosNaoxHblM HeAocTaTKaM pa6oru MolKHo orHecTr4

cneAyroqr4e.

1. B uepnofi rrrase nocrpoeHbl perxeHufl Tvrra yeAr4HeHHbrx BoJrH. llpu erov
MHe He yA€Lrlocb llatrrru ollucaHkle roro, KaK oHr{ crpo.rrrcr. Moxuo roJrbKo



AO|AAbIBATbC', IITO 9T?I PEIXEHLI' TIOJIYqEHbI qLTCIEHHO PCIUEHPICM

coorBercrByroqefi crallHoHapHoft 3a!.a'qr4.

2. Mne raKx{e He yA€urocr naftrz upeAMerHoe onpeAeJIeHI4e, rrro raKoe

BoJrHbr nepnofi z nropofi MoAbr. flpanumuo JrLl r rIoHqJI, rITo gTkt Ha3BaHlafl.

cBf,3aHbr c yqeToM HerLIApocTaTIIrrecKoIo AaBnenvrfl B rpafinux cno.sx?

3. [eficru4reJlbHo nI{ HyMepa\Lrfl. (3.1) orBeqaer roMy ypaBHeHLIro, Koropoe

o6cyx4aerct Ha crp.30 u 40 
^uccepralll4l4. 

A ruoxer, ypaBHeHraro (1 .32)?

4. I{ro Mo)KHo cK€Barb o ALrHaMr{qecroft ycrofiqllBocr}I [onyqeHHblx

crarlvoHapHblx ypannenzfi. llnaHupyercx IILI lpe.qnpzHflrb

c o orBercreyrorqufi anurprc?

llocleAuee v3 yKa3aHHbrx garrreqanufi HocI4T peKoMeHAarenuufi

xapaKTep o ToM, KaK [poAonx{I4Tb I,IccJIeAoBaHvIfl., IIpI4BeAeHHbIe B

Ar,rcceprallull. Ocralrnrre 3aMeqaHl4f,, HV B Koefi Mepe, He MeHflIor

pe3ynbraToB Lr HLTKaK He BJrr4sror Ha BbrcoKylo oIIeHKy AI{CCepraIII4I,l B

rlenoM.

[uccepraqur B.E. Eprr,ruurunofi Ha coLIcKaHI,Ie yuenofi crerleHl{

KaHALrAara Qrasrzro-rraareMarutrecKl4x HayK rlpeAcraBJlter co6ofi

3aKOHrreHHOe HayqHoe I4ccneAoBaHkIe) flB[fl.eTcf, Hayr{Ho-

rna-rruQ4raquonnofi pa6orofi, B roropoft Ha o HoBaHI4I,I BIITIoJIHeHHIIX

aBTopoM raccJreAoBaHurfi, pa:pa6oraHbr reoperl,IqecKne rIoJIo)KeHLIt, Koropble

Mo)KHo rnanusraqr4poBarb KaK HayqHoe AocrllxteHLIe. B Al4ccepraqI4ll

lonyrreH uenrrfi pqA HoBbrx pe3ynbraroB. Pesylrrarrr I4HTepecHbI vr

rrpeAcTaBJuroTcq BaxHbrMr.r, B nepByro oqepeAb Anfl TeopeTI4rIecKI4X 14

npaKTlarrecKlrx BonpocoB, cBt3aHHbIX c uccneAoBaHI,IeM oco6essocrefi

pac[pocrpaHeHr4tr nenuneftnbrx BoJrH B HeoAHopoAHbIX x{LTAKI4x cpeAax c

HepoBHbIM AHOM.

Pe:ylrrarrt Arlcceprallzu Moryr :nafitu [pI{MeHeHHe B pa6ore,

Haupr4Mep, cneAyrculux opranueaqufi: Mfy I,IMeHu M.B. JlovtoHocona,

Mareuau4rlecKoM LIHcTHTyTe I,IM. B.A. Creruosa PAH, I4ncruryre

npo6nevr MexaHI4KH LIM. A.IO. Zruluncroro PAH, VlYcrutyre

rr4ApoAr{HaMI4KLI rau. M.A. Jlarpen$esa CO PAH.

LIs Ar4ccepraquonnofi pa6our, aaropeQepara vI ony6nuroBaHHblx

HayrrHbrx pa6or B.E. Eprr,ruruunofi (4 r43 HHX BbIruJIu B BeAylrrktx

perleH3rrpyeMbrx xrypHanax v vr3$aHr4flx. peKoMeHAoBaHHbIX flepe'firerra

BAK PO Anfl ny6nurcaqufi KaHAuAarcKI,IX Allccepraq;'ft) cneAyer, qro

Ar{ccepra\us, <MqmeMqmwtecKlte uodenu pqcnpocmpqHeHufl HeruHeuHbtx



KaHArrAarcKr4M AlrcceprarllrflM, ycraHoBJreHHbrM B rJraBe II llonoxeHl4t o

noprAKe npracyxAeHvrfl. yu6nrrx creuenefi, yrBep)I(AeHHoro

flocraHosJreHr4eM llpannrenbcrBa Poccuftcrofi (De,qepaqzu J\b 842 or

6HympeHHux

coorBeTcTByeT

24.09.2013 r.
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6oJtH B cnoucmott cmpamuQuqupoeauuoil crcudrcocmu>

rpe6onauuxv BAK Pocczu, ilpeAbflBnseMblM K

A. T. I4mu.res

npuc BoeHr4r yrreH ofi creueH vr Kalr^Apr4ar a $uzuKo- M areMarLrr{ e cKr4x HayK no

cnerlr4€LrrbHocrr4 ( 1.1,9 
- 

MexaHr4Ka xr{AKocrr4, ra3a v rrJr€r3Mbl)).
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