MockoBCKuUI TOCy1apCTBEHHBIN yHUBepcuTeT umenu M. B. JIomoHoCcOBa
®DaKyIbTET BEIYUCIUTETHHON MaTeMaTHKH U KHOEPHETHKH
Kadenpa BEIUUCINTENTBHBIX METOJIOB

Mariopos Iletp AnekcanapoBud

Yacruuno-HeaBHada cxeMa KABAPE
JJIS1 IBYMEPHOI'0 YPABHEHHUA MEJIKON BOAbI

BBIITYCKHAS KBAJIMOUKALIMOHHA A PABOTA

Hay4HbIil pyKOBOAUTEIB!
1.¢.-M.H., mpodeccop
B. M. I'onoBuzHuH

Mockaa, 2016




Ileab padoThI

[TocTponuTh OIHOIAPAMETPUUECKOE CEMENCTBO HEIBHBIX
pa3HOCTHBIX cxeM KABAPE 111 oqHOMEpPHBIX YpaBHECHUM
MEJIKOM BOJABI, pa3padoTaTh aJIrOPUTM pacueTa o 3TUM
CXEMaM M PEaIM30BaTh €r0, UCCIIEI0BATH CBOKMCTBA
MOJIYYUBIIUXCSA PA3HOCTHBIX CXEM.

[TocTpOUTh YaCTUYHO-HESABHYIO CXEMY JIJISI IBYMEPHBIX
YPaBHEHUM MEJIKOW BOJIbI: IBHAS BIOJIb OJTHOTO
HaIpaBJICHUS U HEesIBHAs BJIOJIb APYIroro, pa3padoTarh
aJITOPUTM pacyeTa 1o 3TOM CXEME U PEAITN30BaATh €T0.
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OnHonmapamMeTpu4ecKkoe CeMeCTBO HesIBHBIX pa3sHOCTHBIX cxeM KABAPE nis
NMPOoCTEeHIIIero ypaBHeHUs MepeHoca
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YCTOMYUBOCTH M JMCCUNMATUBHLIE CBOMCTBA

HccnenoBanue yCTOMUMBOCTH TPOU3BOAMIIOCH METOAOM IapMOHUK. [lofacTaBiss penieHus B BUsie
Oery1ieil BOJIHBI B pa3HOCTHYIO CXEMY, HAIlUIU XapaKTEPUCTUUYECKOE YpaBHEHUE:
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90?+1 =C-q"- efcp(—ik . :ch) c= —e*h 4 (1 — e*h)g
rae W - 4acrora, ¢" = egjp(iwtn) - HEU3BECTHBIC aMILUIUTYbI, 17 = % - yucio Kypanra.

AHanu3 MoayJiell KOpHEH XapaKTepUCTUYSCKOr0 YpaBHEHHUS IMOKa3aJl, 4To 00JacTh 0€3IMCCHIIATUBHOCTH
cxeMbl paciupsiercs ¢ orpeska € [0,1] npu 6 =0 go r € [0, o) npu ¢ = 0.5 u mamee ocTacTcss TAKOBOM MPHU
JaJIbHEHIIIEM POCTE G, TaK e MpH 6 > 0.5 cXeMbI ABJISAIOTCS a0COIIOTHO YCTOMYUBBIMH.

HuccunatuBHble noBepxHocTy npu 6 = 0.5:




JAucnepcuoHHbIC CBOMCTBA
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JHucnepcuonnsie moBepxHocTH npu ¢ = 0.5:




OnHonmapaMeTpH4ecKoe CeMerCTBO HesIBHbIX pa3HOCTHBIX cxeM KABAPE nas

OJHOMEPHBbIX YPABHCHMI MEJIKOU BO/AbI
IepBas ¢a3sa.
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Tperbsa ¢a3sa.
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AJITOPUTM YHCJICHHOTO pelieHus

[TonyuyuBIIYyIOCS HEIMHEMHYIO CUCTEMY YPaBHEHUH pemaeM MeTooM HbproToOHa OTHOCUTENbHO HHBAPUAHTOB B LIEHTPaxX
MPOCTPAHCTBEHHO-BPEMEHHBIX SUEEK. Y UUTHIBAsI BTOPYIO (Da3y U BHIPaKEHHUSI:
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Pacuer pacnajaa pa3pbiBa: JiBe BOJHbBI pa3peKeHust
— —1 y&e [_5a0) —
u(x,O)—{ 1 zeo5 H(X,0)=2 ,z€[5,5]
R(—5,t) = const, t € (0,T);  Q(5,t) = const, t € (0,T)
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100 pacueTHbIX siueek, I = 0.2, 100 maros o BpemMeHu




Pacuer pacnaaa pa3pbiBa: JiBe BOJHbI pa3pe:KeHus

u(z,0)=1 7' ii{(fs]o) H(X,00=2 ,z €5,

R(—-5,t) = const, t € (0,T);  Q(5,t) = const, t € (0,T)
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100 pacuetHbIX sueek, I = 1.2, 40 maroB 1no BpeMeHu




Pacuer pacnajaa pa3pbiBa: ABa rIIPOAMHAMUYECKHUX NMPbLKKA
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100 pacueTHbIX siueek, I = 0.2, 100 maros no BpemMeHu




Pacuer pacnajaa pa3pbiBa: ABa rIIPOAMHAMUYECKHUX NMPbLKKA
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YacruuHo-HessBHas cxemMa KABAPE 1uist 1ByMepHOro ypaBHeHMs1 MeJIKOM BOJAbI.

IlepBas ¢a3a.
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JIBymMepHas 3a1a4a 0 AMHAMUKE YeANHEHHOI0 HEHTPAJIbHOI0 BUXPH
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rne xz € [—1,1],y € [-1,1],7r = v/z + 4%, a = 0.404, 8 = 0.3, Hy = 1, 7o = 0.03 u g = 1. Ha rpanune
CTaBATCS YCJIOBUS HEIPOTEKHHUS - HOPMaJIbHAs KOMIIOHEHTa CKOpOCTH paBHa, (.

N\

\

098 0.8

088 0.6

04

0.2

0.2 0.4 06 0.8
X

b)
Certka 100 X 50, r = 0.3, a) HauanwsHoe cocrosaue, b) Cocrosure nocie 300 1maroB mo BpeMeHu




JIByMepHasi 3aa4a 0 JTMHAMUKE BUXPEBOI0 AUIOJISI B KBAIPATHOM 00/1aCTH
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e z € [-1,1],y € [-1,1], 11 = \/(z—0.1)2+ 4%, ro = 1/(z+0.1)2+y%, a = 0.404, 8 = 0.3,
Hy=1,7r9=0.03 u g = 1. Ha rpanure craBsaTcs yCJIOBUsI HEIIPOTEKHUS - HOPMaJIbHAsA KOMIIOHEHTA,
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JIByMepHas 3a71a4a 0 JMHAMMKE BUXPEBOIr0 IUIO0JIsI B KBAJAPaTHOI 001acTH
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Cerka 100X 50, r = 0.3, a) t=0, b) t = 5.74, ¢) t = 8.66, d) t = 14.65




3aKJII0UeHHE

* bBBUIO TOCTPOCHO OJHOIIAPAMETPHUUECCKOE CEMEHMCTBO HESABHBIX
pa3HOCTHBIX cxeM Kabape, n3ydeHbl MX JUCIIEPCUOHHBIC U
JTWUCCUTIAaTUBHBIE CBOMCTBA. I IOCTPOEHBI IMCCUTNIATUBHBIE U
IYCIIEpCUOHHBIC TTOBepXHOCTHU. [lokazaHa Oe3yclioBHas
YCTOMYHUBOCTh HESIBHOM M 0€3IMCCUIIATUBHOCTh CXEMBI IPHU G OT 0.5
1o 1.

* PazpaboTtaH aaropuT™M BBIYMCIICHHUS 10 ATUM CXEMaM JIJISl CUCTEMBI
YPaBHECHHM MEJIKOM BOJBI, HAIIMCaHa U OTJIa)K€HA OJHOMEpPHas
porpaMma, IIpUBEACHBI TECTOBBIC PACUETHI 3a4a41 O paciaie
pa3pbIBa.

* Pazpaborana u peann3oBaHa YaCTUUYHO-HESIBHAS CXeMa I
JIBYMEPHBIX YPAaBHCHUIH MEJIKOW BOJIbI: SBHAS BAOJb OJIHOTO
HaIpaBJICHUs ¥ HESABHAS BAOJIb Apyroro. PaboTtocnocoOHOCTh
IPEAI0KEHHOTO aJIrOpuTMa IMPOBEPEHA HA PEIICHUN IBYMEPHOU
3aJla4d O JUHAMHUKE BUXPEBOI'O JUIIOJS B KBaJIpaTHOM 00IacCTH.
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