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OBILIAA XAPAKTEPUCTUKA PABOTbBI

AKTYaJIbHOCTh TeMbI JHccepTanuu. JluccepranmoHHass paboTa MOCBAIIEHA
YCOBEPILIEHCTBOBAHUIO MAaTEMaTUYECKUX MOJeNied U pa3pabOTKe METOJIOB YMCIECHHOTO
peILIeHHs] OTHOMEPHOW U IByMEPHOW MPSIMOM 33/1aud U YUCJIEHHOTO PETYJISPU30BAHHOIO
penieHust oOpaTHOM 3aauu TeiaerpadHOro ypaBHeHUsI.

Kak mpaBuno, oOpaTHble 3aJa4yd OTHOCATCA K HEKOPPEKTHBIM 3ajadyam
MaTeMaTH4ecKoi Gu3nku, Teopusi KOTopeix ocHoBaHa A.H. Tuxonossim, B.K. lBaHOBBIM,
M.M. JlaBpeHThEBBIM U T.A. ECM B NpsSIMBIX 3a[1a4ax OTBICKMBAECTCS PELICHUE 3a1a4u [IpU
M3BECTHBIX MMapaMeTpax, TO B 00paTHBIX 3a7a4yax ONpeAeaoTCs (pU3ndecKue napaMmeTpsl,
K03 GUITUEHTHI YpaBHEHUI COBMECTHO C PELICHUEM 3aauu MPH 3aJaHUH JOMOJTHUTEIbHOMI
uH(OPMAITUH O PEIICHUH MPSIMOUN 3a/1a4u Ha TIOBEPXHOCTH.

B Tenerpaduoe ypaBHeHHE BXOIAT (U3NYECKUE MApAMETPhl TaKUe, KaK CKOPOCTh
pacrnpocTpaHeHUs BOJIH, AJIEKTPUYECKAs " MarHuTHas MIPOHUIIAEMOCTH,
ANEKTPONPOBOAMMOCTh CPEAbl W  HAXOXKIAEHUS JTUX MapaMETpOB MPEICTABISET
MPaKTUYECKUI UHTEpeC B Tejerpaduu, ceiicMuke, reoPpusnke, reodJEKTPUKE, aKyCTUKE,
OuomMenuIMHE U T.1.

PaccmoTpennass 3amaya B JUCCEpTAlMOHHOM  paboTe, sBiseTcs  0OpaTHOM
runepooJMyeckor 3ajadeit AuHAMHUYecKoro Tura. JlomogHuTenbHOM uHbOpMaIuel B
00paTHBIX 3aJlayax TMHAMHYECKOTO TUITA CYUTAETCS PE3yJIbTAT PEIICHUS MPSIMO 3a/1a4u B
ONPE/ICIICHHON BPEMEHHOINOAOOHONW TMMOBEPXHOCTU. 3ajayd Takoro poja ObuUIn
uccinenoBanbl B paborax M.M. JlaBpentnheBa (1966), B.I'. PomanoBa (1985), A.C.
AnekceeBa (1967), A.C. bnarosemienckoro (1966), C.1. Kabauuxuna (1983) u ap. U3
Oosiee HOBBIX PabOT, MOkHO OTMeTHTh M. A. [lIunmmenuna (2016) u H.C. HoBukosa (2017).
B nHamei pecniyoimke BKiIan B 3ToM Hanpasiennn BHecon A.J[x. Cateioaes (2001), A.T.
MawmatkaceiMoBa (2015) u FO.B.Aunmenko (2017), I'.A.Kangeibaesa (2009).

B cBsi3u ¢ Tem, 4TO pelnieHne 0OpaTHBIX 3a]]a4 CUUTAETCS CII0KHBIM IMPOIIECCOM, TaK
KaK OHM HEKOPPEKTHBI, HEYCTOWYMBBI OTHOCUTEIBHO K U3MEPUTEIBHBIM OIIMOKAM U 4acTO
MOTYT OBITh HEJITMHEHHBIMHU, B CBSI3U C UeM pa3pabOTKa U 000OCHOBAHHUE YUCICHHBIX METOJ/IOB
perieHus, a Tak)Ke alTOPUTMOB PEIICHUS TTOIOOHBIX 0OPATHBIX 3a/1a4 SIBJISIETCS aKTyalbHON
3a/aued, B CHUJIy MPAKTUYECKON BAXKHOCTH U HEOOXOJIUMOCTH cO3/aHus 3((HEKTUBHBIX
aJITOPUTMOB PELICHUS.

CBs3b TeMBbI JUCCEPTANMHM C NMPHOPUTETHBIMU HAYYHBIMH HAINPABJICHUSAMMU,
KPYNHBIMM HAaYYHbIMH NporpaMMamMu (MpPOeKTaMH), OCHOBHbIMH HAYYHO-
HCCJIeI0BATEJIbCKUMHU padoTamMu, MPOBOAUMMBIMU 00pa30BaTeJIbHbBIMM U HAYYHBIMHU
yupe:xxaeHusimu. PaboTa siBIsieTCs MHULIUATUBHOM.

Hear m 3apaum ucciaenoBanus. lleabro auccepranmoHHON pabOTHI SABISETCS
YCOBEPILIEHCTBOBAHME MaTEMaTHYECKOM Mojelu MNpsAMOM U OOpaTHOM  3adadu
TenerpadHoOro ypaBHEHHs, pa3padOTKa METOJIOB YMCIIEHHOTO pEIICHUS OJHOMEPHOU u
JBYMEPHOU TIPSIMOM 3a/1a4d ¥l YUCJIICHHOTO PETYJISIPU30BAaHHOTO PEIICHUS OOpaTHON 3aa4uu



TenerpaHOro ypaBHEHUS, a TAK)KE €ro KOMIBIOTEPHAs pealn3alusl.

JUist AOCTHXKEHUs TOCTaBJIIEHHOM LIETM HEOO0XOAUMO OBUIO PEIIUTh CIIETYIOLIUe
3aJa4M:
® VYCOBEpIIECHCTBOBATh MaTeMaTHYECKME MOJEIM TMpsSMOM U OOpaTHOM 3aayu

TenerpadHOro ypaBHEHHS, YCTAHOBUTh HauyallbHbIE M TpPAaHUYHBIE YCIOBHS MPHU
MTHOBEHHBIX U ITHYPOBBIX UCTOUHHUKAX;

® HCCIIEZIOBATh KOPPEKTHOCTH MPSIMOM 3a/1auu TeserpadHOro ypaBHEHus, T.€. 000CHOBATh
CYIIECTBOBAHUE, €AUHCTBEHHOCTh W YCTOWYHMBOCTH IOCTABJIICHHOM MNPAMON 3aJa4yu
TenerpaHOro ypaBHEHUS;

e pa3paboTaTb METOJbl UWUCIEHHOTO pEIICHHWs TNPSIMOM 3aa4d M  YHUCIEHHOTO
PEeryJsipu30BaHHOTO  pEIICHUS OJHOMEpPHOM o0OpaTHOM 3agaun  TenerpadHoro
ypaBHEHUs, C oOmpeleiaecHueM KOI(P(GUIHUEHTOB 3JIEKTPOINPOBOJUMOCTH  CpEbI,
MAarHATHOW MPOHUIIAEMOCTH U 3JIEKTPUUYECKON MPOHUILIAEMOCTH;

e pa3paboTaTh W NPOAHAIU3UPOBATH UYHCICHHBIE AJITOPUTMBI PEIICHUS OJHOMEPHOM
IpsMOI 1 00OpaTHOM 3a1auu TenerpadHoro ypaBHEHHUs] C MTHOBEHHBIM HCTOYHUKOM U €
IJIOCKOM TPAaHULIEH;

e (CoCTaBUTh KOMIUIEKC IPOrPAMM Ha OCHOBE pa3pabOTaHHBIX aJrOPUTMOB PEILICHUS.

Hay4ynasi  HOBHM3HA  NOJIYYEHHBIX  Pe3yJIbTATOB. Y COBEPIICHCTBOBaHA
MaTeMaTh4yeckass MOJIeNb MpsSMOM W O00paTHOM 3amaud TejerpadHOro ypaBHEHUS,
YCTAHOBJICHBl TPAHUYHBIC YCJIOBUA I[P MIHOBEHHBIX W IIHYPOBBIX HCTOYHUKAX,
pa3paboTaHbl METOJIbl YUCIIEHHOTO PELIEHUSI OTHOMEPHOM U IBYMEPHOI NpsAMOI 3a1auu U
YUCJIEHHOTO PETYJISIPU30BaHHOTO PELICHUsI OJHOMEPHON OOpaTHOM 3a/auu TeserpadHoro
YPaBHEHUS.

IIpakTyeckass 3HAYUMOCTH, IIOJYYEHHBIX Ppe3yabTaToB. [IpakTnueckas
3HAYMMOCTb 3aKJII0YAETCA B pa3pabOTKe HOBBIX AJITOPUTMOB PEIICHUA 33]1a4 TeJerpa(Horo
yYpaBHEHUS, B BO3MOYKHOCTU NPUMEHEHHUS pa3paOdOTaHHBIX ANTOPUTMOB U MPOrpamM B
MOJICJIMPOBAHUY U PELIEHUU TeNerpadHbIX, FeOPU3NUECKUX, CEHCMUYECKUX 3a]1ay, a TAKXKe
B OMOMEIUIINHE.

[lomyueHHble  pe3yiabTaThl  BHEApeHbl B yueOHbIM  mpouecc  Omickoro
TEXHOJIOTUYECKOTO YHUBEPCUTETA 110 JBYM HANPABJIECHUSAM MAaruCTPaTypHI.

OcCHOBHBI€ I10JIOKEHUSI JUCCEPTALNMH, BBIHOCMMbIE Ha 3alIUTYy.

e MareMaThueckre MOJENIU MPAMOW W OoOpaTHOM 3amayu TejaerpadHOro ypaBHEHHS C
IPAHUYHBIMU YCIOBUSIMU MIPU MTHOBEHHBIX U IITHYPOBBIX UCTOYHUKAX.

e TeopeMbl CymEeCTBOBaHUS, €AUHCTBEHHOCTHM U TEOPEMBI YCIOBHOW YCTOWYMBOCTH
peleHus: AByMEpPHOU MpsIMOM 3aJ1auM TeJIerpaHOro ypaBHEHUSI.

e TeopeMbl CXOOUMOCTH KOHEUHO-PA3HOCTHOI'O PEryJIIPU30BAHHOIO pPELICHUs, I
OJIHOMEPHBIX OOpaTHBIX 3a7a4 TeJerpaHoro ypaBHEHUS.

e UucnenHoe peuieHue IMpsAMBIX 3a4a4, YHCICHHOE pPETryJISIPU30BAHHOE PEILICHUE
oOpaTHBIX 3aJa4 TeJlerpaHOro YpaBHEHUS U UX IPOrpaMMHas peau3aliusl.

e AHanu3 pe3yibTaTOB PELICHUs, IOJYYEHHbIE B BUJI€ TPAPHUKOB.



JInyHblii  BKJAX  coMcKareas. Bce  pe3ynbTaThl, IPEACTaBICHHBIE B
JMCCEPTAIIMOHHON paboTe U MMEIOLIUE HAYYHYI0O HOBU3HY, MOJYYE€Hbl aBTOPOM JIMYHO U
o7,  PYKOBOJACTBOM  HAYYHOTO  PYKOBOAMUTENS. ABTOPOM  YCOBEPIICHCTBOBAHA
MaTeMaTH4eckass MOJCIb OJHOMEPHOW, TBYMEPHOW MPSIMOM M OJHOMEpPHOW oOpaTHOM
3a/1auu TenerpaHoro ypaBHEHHs ¢ YCTAHOBKOW I'PAaHUYHBIX YCJIOBHM MPU MTHOBEHHBIX U
IIHYPOBBIX MCTOYHMKAX, JIOKa3aHa BO3MOKHOCTh KOMOMHHMPOBAHHOTO HCIIOJIb30BaHUS
METO/Ia BBINPSMIICHUSI XapaKTEPUCTUKH, METOJa BbIACICHUS OCOOCHHOCTEH, MeToja
KOHEYHBIX PAa3HOCTEH W UHCJICHHOE pEryiIsIpu30BaHHOE pEIIeHUE OOpaTHBIX 3aaay
TenerpaHOro ypaBHEHUSI.

CatpiOaeBbiM  A.J/[)kx. Oblma mpeasiokeHa oOmIas uaes U €My HPUHAJICKUT
NIOCTAHOBKA 33Ja4yd MCCIIEIOBAaHUSA, BHEAPEHHE TOJYYECHHBIX pe3ysabTatoB. llpu
peanu3alMyd METOJOB IOJYYEHHBIX pE3yJbTaTOB HAYYHOI'O HCCIEAOBaHUS ObLIU
omy0simkoBaHbl ctatbu coBMecTHO ¢ T.U. KynraessiM[2], FO.B.Annmenko[8,11,13,14,15],
A.T. MamatkaceimoBoii[15], I".A. Kanasibacsoit, A.A[15]. AnmumkanoBeim[8,11,13,14].
[IuceMeHHOE corjlacue COaBTOPOB HA HCIIOJIB30BAHUE PE3YJIBTATOB MPUIIATAKOTCA B
JOKYMEHTAIUU.

Anpofanuu pe3yabTaroB auccepranuu. OCHOBHBIE PE3YJIbTAThl, IOJYyYECHHBIE B
JUCCEpTAlNK, JOKJIAIbIBAINCh Ha MEXKIYHApPOIHBIX KoHbepeHIusax: [IBeHamnuaras
MEXIyHapoIHasl a3uaTcKas mkona-ceMurap "[po0aemMbl ONTUMU3AIUHY CTIOKHBIX CUCTEM ",
HoBocubupck, Axagemroponok 12-16 pexabpst 2016 r.; B pamkax «MapuykoBcKux
Hay4YHbIX yTeHHd — 2017» MHCTUTYT BBIYMCIMTEIBHOM MATEMATHKH M MaTeMaTH4YECKOU
reopu3uKu CHOUPCKOIO OTHEJEHUsI POCCUUCKOW akaaemMun Hayk, HoBocuOupck,
AxaneMropoiok 25 utonsi—14 urons 2017 r.; MexxayHapoanas kongepenuus "MatemaTtuka
B COBpEMEHHOM wmupe", mocpsmeHHas 60-metnio uHCTUTYyTa Martemarukun wm. C.JL
CoboneBa HoBocubOupck, 14—19 asrycra 2017 roxa; International Conference «Inverse
Problems in Finance, Economics and Life Sciences Programmy, Al-Farabi Kazakh National
University, Almaty, Kazakhstan, December 26-28, 2017 r.; UYetsipHaaiaras
MEXIyHapOIHasl a3uaTcKas 1mkoa-ceMurap "I[IpoOaemMbl ONTUMHU3AIUHY CTIOKHBIX CUCTEM ",
Anmarsr, 2628 mas 2018 r.; Mexaynapoanas kondepennus “International Conference on
Analysis and Applied Mathematics (ICAAM 2018)”. 6 — 9 centsiopst 2018 r. Typiust, Kumnp:
Lefkosa (Nicosia), Mersin 10, Turkey; Mexaynapoanas kordepenmus «Applied Inverse
Problems» Grenoble, July 8"-12% 2019, fr.http://aip2019-grenoble.fr.

JIOCTOBEPHOCTH U O0OCHOBAHHOCTH MOJYYCHHBIX Pe3yJbTAaTOB B JHCCEPTALUU
3aKJIIOYAETCS:

- TEOPETHYECKH OOOCHOBAHbI YHCJICHHBIE PEIICHUS TeopeMaMu OO0 YCIOBHOU
YCTOWYMBOCTH MPSMBIX U 00paTHBIX 3a]1a4 TeerpadHOro ypaBHEHUSI K OHU MTOATBEPKIACHBI
YUCJICHHBIMU PELICHUSIMU U YUCIEHHBIMU peaM3alusiMu, OJy4YeHHbIE B BUJIE TPa(UKOB;

- JUIsl TIOATBEPKICHMS B Hauaje peuaeTcs npsmas 3ajaya M 1O MOJTYyYEHHBIM
JOTIOJTHUTENBHBIM YCJIOBUSIM PELIAETCS KOHEYUHO-PAa3HOCTHOE PETYIISIPU30BAHHOE PEIICHHUE;
- CPaBHUBAJIUCH (PU3NYECKUE MTApAMETPhI 3a/IaHHBIX MPSMBIX 337124 ¢ (PU3UICCKUMU



http://aip2019-grenoble.fr/

napaMeTpamH MOJy4eHHbBIX 00paTHBIX 33/1a4 MO AOMOJHUTEIbHON HHPOPMAIIUH MPSMBIX
3a/1a4 ¥ OTHOCUTEIbHBIE MOTPEUTHOCTH COCTABJISIOT B paMKaX TPeOOBAHMI.

IHonHoTa OTpamkeHusi pe3yabTATOB AMcCepTANNMHM B nMyOaukanusix. OCHOBHbIE
pe3ynbTaThl O TEME AUCCEpTalUKU OMyOJIMKOBaHbl B 17 HayyHBIX padoTax, U3 HUX 7 B
)KypHanax, pekomeHnoBaHHbix HAK IIKP; 3 B marepuanax MeXIyHApOJHOW HAay4yHOU
KoH(pepeHuMyu; 2 B 3apyOEKHOM MEPUOAMYECKOM U3JIaHWW; 2 B IKypHaiax,
3aperuCcTpUpOBaHHBIX B cucteMe Scopus u Web of Sciense; 1 B xxypnane PecnyOiuku
Kazaxcran, wnHmekcupyembiM Kas3bl] (Kasaxcranckas 0a3a IIUTUpOBaHUS) |
pexomenoBanHbiIM KOKCOH (KomuTet no obecrieueHnto kauecTsa B cepe o0pa3oBaHUs
u Hayku) MOH PK; 2 aBropckux cBuaerenbcTBa KbIprbl3maTeHTa Ha CO3JAaHHBIC
nporpammsl DBM.

Crpykrypa M o0bem auccepramum. Jlucceprauuss COCTOMT W3 OIJIaBJICHUS,
BBEJICHUS, IIATH TIJaB, KOTOpble pa3OWUThl Ha pa3/elibl M 3aKIIOYEHUW [0 TJaBaM,
3aKJIIOYEHUS, MPAKTHUECKUX PEKOMEHAAINH, CIIMCKa UCIIOIb30BAHHBIX UCTOUYHUKOB U3 92
HauMeHOBaHUU U 4 npuiiokeHuid. OCHOBHOE COJIEpKaHue AUCCEPTALIMU U3JI0KEHO Ha 167
CTpaHUILIAX.

OCHOBHOE COIEPX XAHUE NUCCEPTALIUU
Bo BBegeHnu 0O0OCHOBBIBACTCS AKTYyaJIbHOCTh TE€MBI JHCCEPTALIMOHHON paboTHI,
dbopMyIMpoBaHbl €€ Ielb W 3aJaud, Hay4dyHas HOBH3HA, MpaKTUYECKas 3HAYUMOCTh
PEe3yIBTATOB UCCIEAOBAHUH U TIOJIOKEHUS, BBIHOCUMBIC Ha 3aIUTY, TUYHBINA BKJIA]] aBTOPA,
yKa3aHa MOJIHOTA OTPAKESHHsSI PE3YJIbTaTOB, CTPYKTYypa U 00beM THCCEPTALINH.
B nepBoii riaaBe «O030p IuTEpaTyph» NPUBOAUTCS 0030p JIUTEPATYPHI 1O TEME
JIMCCEePTALIMOHHON PaOOTHI.

TenerpadHoe ypaBHEHHWE SBISETCS OJHUM U3 YIPOIICHHBIX BHIAOB CHCTEMBI
ypaBHeHUsT MakcBemia. MHorue 3aiadl 3IEKTPOJAMHAMHUKHA OMMCHIBAIOTCS TOJHOU
cucteMoil ypaBHeHui MakcBemta. [IpuMensisi HeKOTOpbie TpPeoOpa3oBaHUsI K IMOTHOU
cucTeMe ypaBHeHHI MakcBelia, MOXKHO MOJTYy4YUTh TejerpadHoe ypaBHEHUE BUA!

0%H(z,t) ¢%(z) 0°H(z,t) 4mA(z)9H(z1t)
itz e(2)u(2) 072 £(2) ot '
rae H(z, t)- HanpsHKeHHOCTh MArHUTHOTO TMOJIA, €(Z) - CKOPOCTh PaclpoCTpaHEHHs BOJIH,
€(z),u(z) - snexTpuyeckas ¥ MarHUTHAs TPOHHUIIAEMOCTb, A(Z)- 3JIEKTPONPOBOIUMOCTD.
[lepBble MOCTAaHOBKM TakKMX 3agady ObUIM HccienoBaHbl U chopmynupoBansl A. H.
TuxonoseiM (1990), A. C. AnekceesiM (1984), A. C. bnarosemenckum (1997), M. M.
JlaBpentbeBoiM (1978) m B. I'. PomanoBeiM (1984). A wmeToamka JoKa3aTelbCTBA
JOKaJIbHBIX TEOPEM  CYIIECTBOBAHHMS M  €IWHCTBEHHOCTH pEHICHUS  OOpaTHBIX
JTMHAMUYeCKHX 3a1a4 pa3suta B.I'. PomanoBeiM (1984), a Takke TeopeM eTMHCTBEHHOCTH
Y YCIIOBHOM YCTOWYHBOCTH B «II€JIOM» MIPUMEHSIETCS B UCCIICOBAHUU IIMPOKOTO KpyTa
obparubix 3amad C.M. KabanuxuubiM (1991), u ero yueHHKaMH.
C. U. KabanuxuusiM (1991) 6buT mpeasioskeH MOIXOA K MOCTPOCHUIO YUCIICHHBIX
QITOPUTMOB PEIICHUSI MHOTOMEPHBIX OOpPaTHBIX 33j1a4 JJIsl TUIEPOOIMUECKUX ypaBHEHUI




Ha OCHOBE MpoeKImonHoro Metoaa.B.I".Pomanoseim (1984), C.1.Kabanuxuubim (1991),
T.ILIlyxunaueBoit (1982) Obuin wuccleqOoBaHbl OOpaTHBIC 3adaud IS ypaBHCHHUS
anexktpoauHamuku. B Monorpapum C.M.KabGanumxuua (1991) paccMOTpeHBI BOMPOCHI
YHUCJIICHHOTO PEIICHUS MPAMBIX U OOPATHBIX 3a7ad.

B nanHOil oOnacTu ciemayeT OTMETUTh pabOThl OTEYECTBEHHBIX yueHbIX A.J[X.
Catpi0aeBa, (2001), I'.A.Kanaeioaesoit (2009), A.T.MamartkackimoBoii (2015).

Peanuzanus 60JbIIMHCTBA pa3pabOTaHHBIX aJITOPUTMOB SIBIISLITUCH UTEPALMOHHBIMU
METOJaMHU, TJI€ Ha KaXKJOM Ilare WTepalud MPUXOJUTCS pellaTh COOTBETCTBYIOIIYIO
npsamMyro 3agaqy. IOPEeKTUBHOCTh TaKUX AJTOPUTMOB HAMPSAMYIO 3aBHCHT OT OBICTPOTHI
pELICHUS IPAMOM 3a1a4H.

Takum 00pa3om, B TaHHOU TIaBe WU3JI0KECHBI PE3YJIbTATHI UCCIICIOBAHUS OOPAaTHBIX
3a7la4  TUNEPOOJIMYECKUX YpaBHEHHM JTWHAMUYECKOrO THUIA, TMOJAOOHBIX 3ajade
paccMaTpuBaeMOM B JUCCEpTAllMOHHOW pabote. JlaHo 00OCHOBaHME METOJa,
IPUMEHSEMOT0 aBTOPOM JIsl YUCIICHHOTO PEIICHUs 3a/1auHu.

Bo BrTopoii riaaBe «MeTomonorus W METOJBI HMCCIEIOBAHUS MPEIACTaBICHBI
MaTepHalibl U METO/IbI, UCTIOJIb3YEMBIE B PEIICHUU TTOCTABICHHBIX 3a]1a4.

O0bekT uncciaenoBanusi. OOBEKTOM HCCIIEIOBAHMS B JIAaHHOW JHCCEPTAMOHHOM
paboTe SBISIIOTCS pa3iUYHbIC MMOCTAHOBKU MPAMBIX M OOpaTHBIX 3ajiay TeserpadHOro
ypaBHEHUSI.

IIpeaMmer uccaenoBanus. [Ipeamerom ucciaenoBanus B JaHHOM JUMCCEPTALMOHHON
paboTe ABISIOTCS MaTeMaTUyecKas MOJIEb 3ajad TeJaerpaHoro YpaBHEHUS, YUCICHHOE
peryJsipu30BaHHOE PEIIECHUE, aJITOPUTM PEIIECHHUS, a TAK)KE MPOrPaMMHBIA KOMIUIEKC U €ro
(YHKIMOHAJIBHOCTb.

Metoabl ucciienoBanus. MertogaMu UCCIEIOBaHUA B JIAHHOM JUCCEPTAMOHHOU
paboTe SABISIOTCS METO]I BHIIPAMIICHUS] XapaKTEPUCTUK, METO/ BhIICJIICHUS] OCOOCHHOCTEM,
KOHEYHO-PA3HOCTHBIM METOJl W KOHEUYHO-PA3HOCTHBIM PETYJISAPU30BAHHBIA METO,
MaTEeMaTU4YeCKOe MOJICTUPOBAHNE, a TAKKE COBPEMEHHBIE SI3bIKM MPOTPAMMUPOBAHUS JIJIs
co3naHusi uHTepdeiica mporpaMmei.

Jlnst perienus 3amad TenerpadHOro ypaBHEHHS NMPUMEHSIOT Pa3jIHMYHbIE METOMbI B
3aBUCUMOCTH OT HAaYaJIbHBIX M TPAHUYHBIX, KPACBBIX YCIOBHM, a TAK)KE B 3aBUCUMOCTH OT
(bU3UYECKUX MPOIIECCOB U SIBJICHUM U T.]I.

[Ipu uccnenoBanny oOpaTHBIX 33724 OMPEACIICHUS HEU3BECTHOTO KOA(pdUIIUEeHTA U3
nudepeHnanbHOTO YPaBHEHHS B YACTHBIX MPOU3BOIHBIX TUIIEPOOTHMUECKOTO THUITA TTPU
HAYaJIbHBIX M TPAHWYHBIX YCIOBHSIX W JIOMOJHUTEIHLHOW WHGOPMAIMKM TPUMEHSIIOT
HEKOTOPbIE METOJIbl MaTEMATUUYECKON (PU3UKHU. Y pelieHus IpsiMOii 3a1aun cHavasa,
BBIJICTSIIOT CUHTYJISIDHYIO M PETyJSIPHYHO YacTH, TMPUMEHSIE METOJ[ BBIJICICHUS
0COOEHHOCTEN M TMoyy4yasi COOTBETCTBYIOIIME COOTHOIIEHHS. 3aT€M CTPOUTCS CUCTEMaA
ypaBHEHHUI 0OpaTHOM 3a7ayM, UCTOJb3YsI METOJ XapaKTEPUCTUK, C MOMOIIBI KOTOPOTO
nuddepeHanbHOe YpaBHEHUE B YaCTHBIX MPOM3BOJHBIX BTOPOTO MOPSIAKA CBOAUTCS K
cucteMe auddepeHImaIbHbIX YpaBHEHU B YaCTHBIX MPOU3BOIHBIX MTEPBOTO TOPSIKA.



Janee nmomydaem cUCTEMY HEJTMHEWHBIX HHTETPAIIBHBIX YPABHEHUM, Ul PELIEHUS, KOTOPOU
MO>XHO NPHUMEHHUTh KOHEYHO-PA3HOCTHBIMI M KOHEYHO-PA3HOCTHBIM pETyJIIpU30BaHHBINA
METO/IBL.

C TpeTbeil o MATOM I1aBbl MOCBSILEHBI PE3yJIbTaTaM COOCTBEHHBIX UCCIICOBAHUN U
X 000CHOBAHHIO.

B Ttperbeil riaBe «MaremaTHuecKre MOJEIM U IpsiMas 3ajada TenerpadHoro
YPaBHEHHUS» HCCIEI0BaHA KOPPEKTHOCTh JABYMEPHOW NpsIMOM 3adaud TenerpadHoro
yYpaBHEHUS, JI0Ka3aHbl TEOPEMbl CYLIECTBOBAHUS M E€IMHCTBEHHOCTU PELIEHUS
TenerpaHOro ypaBHEHHUS, a TaKXKe EJUHCTBEHHOCTh pPEIICHHUA 3aJaud BOJHOBOTO
nporiecca. [TocTpoeH KoHeYHO-pa3HOCTHBIN aHajor auddepeHmanbpHOM 3a1a4u:

Hanpsik€eHHOCTh  DJIEKTPHUYECKOTO0 TOJIA [0 JBYM IJJaCTUHAM  BBIpaXKaeTcs
JBYMEPHBIM TenerpadHbIM ypaBHEHHEM ClieAyromiero Buaa [1-4]:

2 _
EL(29,0) = sl AE(2,y,0) = S5 Ei(2,7,0), (2,6) ERE,Y ER, M
rae ¢(z,y) - CKOpOCTb pPacHpOCTPaHCHHUs 3JICKTPOMArHUTHBIX BONH, £(z,V), U(z,y) -
SJCKTPUYECKAsi U MAarHUTHAs MPOHHIACMOCTH, 6(Z,Y) - BICKTPONPOBOIUMOCTh CPEIbI,
E(z,y,t)- HanpsbkeHHOCTb dJeKTpuueckoro mons, AE(z,y,t) = Ej, + Ej,, -omeparop
Jlamnaca.
JIsist omnpesiesieH sl OJHO3HAYHOTO €MHCTBEHHOTO peleHus ypaBHenus (1) cpean
MHOTHUX PEIICHU, HaM HE0OXO0IMMO 3a/1aTh HAYAJIbHOE U IPAHUYHOE YCIOBUSI.
[TycTh 3a1aHbl YCIOBHSI CIICAYIOICTO BHIA
E(z,y,0|,., =0, E;(2,y, )]0 = h(¥)S() +r(»)0(t), t € (0,T),y € [-D,D], (2)
rae 8(t)- menpra-bynkuus upaka, 8(t)- Tera-bynkuus Xesucaiiga, h(y),r(y)-
CHJIBI UCTOYHHKOB. [10/1 AeHCTBHEM 3TUX CHIJI HAYMHACTCS JICKTPOMArHUTHBIH MpoIecc.
Vcnosue (2) Ha3pIBaCTCS MTHOBEHHBIM U ITHYPOBBIM HCTOYHHKAMHU.
[TycTh BBIMOJIHEHBI HEKOTOPBIE YCIOBUS,
E(Z,y),é(z,y),ﬁ(z,y),&(z,y) € Alr 3
RO, T(Y) € 4y, } )

re A, = {g(z, y) € C6 ((o, d) x (—Dy, Dy), sup p{e(z,)} € ((0,d) x
(=Dy, D)), @ = lle@ Wl < My, 0< My < (z,y) < M},

AZ ={Supph(y)EC5(—D,D), h()’)ecs(_D»D)};

rae My, M,, Dy, d - OJIOXUTEIbHBIC TTOCTOSHHEIE,
D=D,+TM,+a), T =2d/(M; — a).
3neck T - Bpemsi, TOPOKIECHHOE BO3MYIIIEHUEM 3JIEKTPUUECKON HANpPSKEHHOCTU



byukuusmu ucrounukamu 1(y), h(y), xoTopoe mocturaer riayOuHy d W BO3BpaIllacTCs
00paTHO Ha MOBepXHOCTh 2z = 0 as Bcex Y. BBOMUB HEKOTOpHIE HOBYIO MEPEMEHHYIO
a(x,y), m mnosylo ¢ynxumio u(a,y) = i(z,y), e(a,y) =é(z,y), c(a,y) =i(zy),
o(a,y) =6(z,v), 9(a,y,t) = E(z,y,t) u BBIICIUB PETYISPHbIE U CHHTYISPHBIE YACTH
pEIIEHNs ITOIyYMM IPSAMYIO 3a/1a4y C JaHHBIMU Ha XapaKTEPUCTHKAX

929 _ 9%9
=TT L9(a,y,t), |la|<t<T, ye(-D,D),
9@, Y, )ljaj=c = S(t,¥), t €[0,T], y € (-D,D), (4)
19(“: Y, t)ly:—D = 19(“' Y, t)ly:+D = 0.
c?(a,y) 929 929 _o(ay) a9
e L9(a, Y t) = s(ay)u(a,y) Loy? +da oa + Ay aaay] e(a,y) ot’

W3 mnpenpinymux HEPaBEHCTB, HCIONb3Ys JHEPreTUYECKUe HEpaBEeHCTBA Jis
rUnepOoIMYECKUX YPaBHEHUH TOJyUYUM CIEyIOllee HEPABEHCTBO:

max_ (19130} < (1913lalyexp | (izhe 4 30 4 Zus) | (5)

alsTst<T n%, n%, 44

rae ||ﬁ||2<t) = (191 + 1917 + 119al1? + |18, | °) (©).

TakuMm oOpa3om, J0Ka3aHa CIICAYIONMas TeopeMa eIMHCTBEHHOCTH.
Teopema 1. Ilycts pynkuuu c(a,y), u(a,y), €(a,y), o(a,y), a,, Aa, HenpepbIBHBI U
UMEIOT HENPEPBhIBHBIC YACTHBIC MPOU3BOJIHBIC TICPBOrO IOPSJIKA ITYCTh PCIICHHUC 3aJa4H
(4) cymecTByeT U npuHaUIEKUT C? (.(2 (T, D)) u BeIosHeHO ycioBue (3). Torma pemrenue
3agaun (4) equacTBeHHO B oonactu £2(T, D) u uMeeT OLIEHKY

maz (I1913(0)) < 19113(1aD)  exp(iT50), ©)
_ 5,04, | 313, | 2M3
e Mhs == =t e L

W3 skBuBaneHTHOCTH 3a1a4 (4) u (1)-(2) cnenyer, uro pemenue 3aaaqn (1)-(2) taxxe
enuHCcTBeHHO B oOactu (2(T, D), npu BBITIOJHEHUHN YCIIOBUS TEOPEMBI.

JIokazaHO CyLIECTBOBAHUE ABYMEPHOW MPSIMOM 3a/1ayu TeJerpaHOrO ypaBHEHUS C
MTHOBEHHBIM M IIHYPOBBIM HCTOYHHUKAMH, a TaKXKe HCCIIeJOBaHA MpsMas 3ajaya s
BOJIHOBBIX MPOLECCOB.

OTU 3aJauu NpUBENEHbl K 3adadyaM AuddepeHuranbHbIX YpPaBHEHH BTOPOTO
MOPSAKA C JTAHHBIMHU HA XapaKTEPUCTUKAX, U IOKA3aHA €IMHCTBEHHOCTh PEUIEHUS TaHHBIX
3a/1ay.

O0ocHOBaHa CXOUMOCTb YUCIIEHHOTO PEIICHUS K TOYHOMY PEILICHUIO IPSIMON 3aJauH.

[TocTpoeH KOHEYHO-PA3HOCTHBIN aHaor AU epeHInaIbHON IBYMEPHOU MPSMOM
3a/1a4M TeJerpaHOro ypaBHEHUs, IOCTPOCHO KOHEUYHO-PA3HOCTHOE pPEIICHNE 3aJauu 1Jis
BOJIHOBBIX IPOLIECCOB.

Takum oOpa3oM, B TpETbE TJlaBe MOCTPOCHA MAaTEMATUYECKasi MOJIENb IBYMEPHOTO
tenerpadHoro ypasHeHusi. CocTaBieHbl Ha4albHbIE U TPAHUYHBIE YCIOBUS ABYMEPHOIO



tenerpaduoro ypaBHeHHs. CraBUTCA TpsMas 3agada A JABYMEpPHOro TenerpadHoro
ypaBHEHUS, [I0Ka3aHO CYIIECTBOBAHME, €IMHCTBEHHOCTb ABYMEPHOW MNPSIMOW 3aauu
tenerpadHoro ypaBHeHus. [IpuBefeHBI MpakTUYECKHE TMPUIIOKEHUS TenerpadHoro
ypaBHeHus1. [IprBeaeHbl METOABI pelIeHUs MPSMOH 3a/1auu TeJerpa@HOro ypaBHEHUS.
O60cHOBaHA CXOJIMMOCTD YUCIIEHHOTO PEIICHUS K TOYHOMY PEUICHUIO MPSMOU 3a1auH.

B yerBepToii riaBe «O0patHas 3aaya TenerpadHOro ypaBHEHUs» IMpeIiaraeTcs
METO/Ibl PEIICHUN OJHOMEPHBIX 00pATHBIX 3a/1a4 TeserpaHOrO YpaBHEHHUS.
PaccmoTpum TenerpadHoe ypaBHEHHE CIEAYIOLIETO BUAA:

0%V(z.t) _ 0%V(zt) 1 ay(z)] ov(z,t) _4mA(2) 9V (z,0) 2
atz  9z2 2 [a(z)] 9z e(z) ot ' (z,t) €RY (7)
V(z,t)|;<co =0, zER,, % o hod(t) +1,0(t),t ER, (8)
rae S(t)ILGJ'ILTa bynkus upaka, 0 (t)— Tera PyHKIHsS XeBUcaia.

Jlns  pemieHus oOpaTHOW 3afaud  TejerpagHoOro ypaBHEHHMS MYyCTh  3aJlaeTcs
JOTIOJTHUTENbHAs HHGOpPMAIIHS O PEIICHUH MPAMOUN 3a/1auu BUA

V(z,t)|,=0 = f(£),t € [0,2T]. 9)
[TycTh OTHOCUTENHHO KOA(DPHUITMEHTOB YPaBHEHHUSI BBITOTHEHBI YCIIOBUS
(E(Z)) M(Z),)‘,(Z),C(Z)) € AO) (10)
e Ay = (e(2): (2) € C4(R,),e'(+0) =0, 0 <M, < &(z) < M,,
le@llc2r,y < Ms)- (11)
Tenerpaduoe ypaBHeHue (7) siBIsICTCS YPaBHEHHEM TUIIEPOOIUYECKOTO TUIIA, TOT/IA
A(T) .

3aJa4y MO>KHO pacCMaTpHUBaTh B 00JIACTH
A(T) = ((z,):z € (0,T), |z| <t < 2T — |z]). (12)

OoOpaTHas 3agaya. 3akirodaercs B ompeaeneHuu A(z) -3IeKTpOnpOBOAMMOCTH
cpensl u3 (7)-(9) npu u3BecTHHIX 3HaYCHUAX: U(Z), €(Z) -MarHUTHOM M TUAIEKTPUICCKOM
POHHIIAEMOCTH, a TAKXKE JOMOIHUTENHFHON HH(DOPMAITUH O PELICHUH MPSMOH 3a/1a4H BUA
1 az(2)
2a@’

Beinennm 0coOEHHOCTH, a JIJIsl TOTO MPEICTaBHM CHHTYJSIPHYIO M PETYJISPHYIO
yacTh pemieHuss npsmoit 3amauu  (7)-(8) mo meromuke B.I.PomanoBa (2005) wu
NpEeCTaBIsieM pPEIlleHHEe 3a/1a4ui B BUJIE:

V(z,t) =V(z,t) + S(2)0(t — |z|) + R(2)6,(t — |z]), (13)
rae V(z, t) - rnagkas HenpepsiBHas Gynxiws, 6 (t) - pynxius Xesucaiina, 0, (t) = t0(t).

[TpuMeHUB MeTo OCOOCHHOCTEH W METOJ XapaKTePUCTUKH W TOJCTAaBISS UX B
ypaBHeHue (7), TOJIy4uM CIEAYIONIYI0 0OpaTHYIO 3a/1auy ¢ JaHHBIMU Ha XapaKTePUCTUKAX:

V(2 0) = Vo2, 0) + 9@V (2 1) — [9(2) + 22 2]V (2,0, (2. ) € A1), (19)

(9). O6o3Haunm uepe3 g(z) = —

(2)
V(Z, t)|t=|z| = S(Z), Z € fO, T] (15)
V(z,t)|z=0 = f(t), t€[0,2T]. (16)
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3necy oOpaTHas 3agada 3akiovyaeTrcs B ompenenenun Gpynkuuu V(z,t), S(z) npu
U3BECTHBIX QYHKIUAX £(Z), g(z) (oHM 3aBUCAT OT U3BECTHBIX GyHKIMH U(Z) u £(Z)), npu
U3BECTHOM QyHKIMH [ (t) - TOMOJHUTETbHAS HHPOPMAIIHS O PEIICHUH MPSMOM 3a1a4H.
Ecnu onpenenena ¢pynkuus S(z), To mo cieayromiei popmyre
z 25'(z
M) = =29 + E2
MBI MO’KEM OMPEICTUTh ¥ HEM3BECTHYIO (QYHKIHIO A(Z)- 3J€KTPOIPOBOAUMOCTb.
BBenem cerounyro oOmacth s penreHus 3amaadn (14)-(16) xkoHeuHO-pa3HOCTHBIM
METOJIOM

T
Ah(T)={xi=ih, te=kh, h=ow; i=0N, ihgkhgT—ih},

(17)

riae h ceTOYHbIi mar mno X, t.

BBomuB HekoTOphie 0003HAUEHUS MONYYUM CXOJUMOCTh KOHEYHO-PA3HOCTHOTO
pEIIeHUs Pa3HOCTHOM 3a1auu K petieHuio nuddepenimanpaoi 3aaaun (14)-(16).

Teopema 2. Ilycth pemienue oOpatHoit muddepeHimansion 3amaun (15), (16)
cymectByer u V(z,t) €C 4(A (T)) m nycts Bemonasiercs ycioue (10) m Torma
IOCTPOEHHBIE PELICHMUS ( kS )06paTHOH 3a]a4l CXONUTCSA K TOYHOMY pernenuio V¥, S;
obOpatHoii 3agauu (15), (16) co ckopoctbio nopsiaka O (h).

KoHeuHo-pa3HocTHOe  peryjisipu3oBaHHoe  pemenue. [lycte  Temeps
JIOTIONHATENbHAS MH(QOPMAIMSA O PEelICHMH HpsAMON 3ajaud 3amaHa B Buue fO(t) u
BBITIOJIHEHA YCIIOBHE:

|f(t) — f‘s(t)| <6, §- MaJoe 4uciio (18)

Torza, yauTsiBas HeKoTophle 0603Hauenus popmynsl VX u S¥ perynapusosannoro
penieHus: oOpaTHOM 3a/1a4u, MOJIYYHM OLIEHKY

720" = (6 + 0(h)) - exp(1 + 4TG + 4TE + 4TES). (19)

[TocnenHsst oOIEHKA SBISIETCS OICHKOH KOHEYHO-PAa3HOCTHOTO PETYJISIPHU30BAHHOTO
peleHust oOpaTHOM 3a/1auu.
Teopema 3. ITycts perrenne npsmoii 3agaun (14)-(16) cymectyet u ycts V(z,t) €
C*(A(T)), Bbmonneno ycnosue (10).

Torma mocTpoeHHOE KOHEUHO-PA3HOCTHOE PETYJIIPH30BAHHOE PEIICHHE 00paTHOU
3aJ1a4d CXOIUTCS K TOYHOMY pelieHuto oopatHoii 3ai1auu (14)-(16) co ckopocThio mopsiaka

O0(h)  ymeer oueHky (19).
N3  dopmynsr (17) moayduMm KOHEYHO-PA3HOCTHOE PETYJSIPU30BAHHOE pEIICHUE
nepBoHavanbHoM 3a1aun (7)-(9):
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2 2
C; Ci—l

L 5_c8
5§ _ & )1 |heny hSi—1#i—1] Z(Si _Si—1> _
=) ? T -
L i
Eili
2 2
[ Ci G ] * &1L s s
_ _ & Jlhep heoqp,f T + 25 —Si4 = TN
41 2c} hs$ ’ ’

l

Taxum 00pa3om, B 3TOH I11aBe pazpabOTaHO KOHEYHO-PAa3HOCTHOE PETYIIIPU30BAHHOE
pelieHre OJHOMEpPHON oOpaTHOM 3ajaud TelerpaHoro ypaBHEHHS, B KOTOPOM
orpezesieHa 3JIEKTPOIPOBOAMMOCTD M JOKa3aHa TEOPEMa O CXOJUMOCTH MPHUOIMKEHHOTO
pEILICHUs] K TOYHOMY PELIEHUI0 0OpaTHOM 3aauu.

B nsAToil rinaBe «YUuCIEeHHBIM aNrOPUTM M peanu3anus pPEIICHUS NPSIMBIX U
oOpaTHbIX 3a7ad TenerpaHOrO ypaBHEHUS» W3JIOKEHBI YHCIECHHBIE allTOPUTMBI,
porpaMMHasi peaju3alus OJHOMEPHBIX MPSAMBIX W OOpaTHBIX 3a7ad il TeaerpadHoro
YPaBHEHMS], U3YUEHHBIE B INIaBax 3, 4.

[IpuBeneHO 4YHMCIIEHHOE pelIeHre NpsMOil 3ajauu TejerpadHoro ypaBHEHHUS C

MI'HOBCHHBIM U HIHypOBBIM NCTOYHHKAMH.
0%E(zt) _ ¢%*(z) 0%E  4mA(z) OE
atz  &(2)i(z) 9z2 g(z) ot

,(z,t) ERZ. (20)

rae E(z,t)-HanpsoKeHHOCTh DJICKTPUYECKOro Mmouist, €(Z) —CKOpPOCTh pacHpOCTpaHEHUs
BOJIH, £(z), f(z) —anexTpuyeckast " MarHuTHas IIPOHUIIAEMOCTb,
A(z) —31eKTPOIPOBOAUMOCTD.

Omnpenenuts E (z,t) - HANPSHKECHHOCTH dJIeKTprudeckoro mosst u3 (20) mpu 3agaHHbIX
sHaueHusx c(2), £(z),i(z),A(z), a Takke HpU 3aNAHHBIX HAYAIBHBIX M TPAHUYHBIX
YCIOBHSX BHIA

E(Z, t)|t<0 = 01 Eé(Z, t)lz:O = _%6(1:) + Tog(t)' (S [0' T]' (21)

9IS 6(t) —menvra  ¢yukius Jwupaka, 6(t) —teta Qynkums XeBHcaiiaa,
Ty —IOJI0XKHUTEIbHAS TOCTOSIHHAS.
Jlns maxoxnenus E(z,t), T.e. pemeHus npsimMoit 3amaun, HyxHo (20)-(21) mpusectn
K IPSAMOM 3aJadye ¢ JaHHBIMM Ha XapaKTepUCTHKaX. [103TOMy HY»XKHO BBECTH HOBYIO
IICPEMEHHYIO X
z ez
x(2) = [ —VE(Z‘“ da. (22)
[TycTh BBIIOIHSACTCS YCIOBUE BUIA
x(z) >0, limx(z) = 0. (23)
Z—>00

DTO yCIIOBUE BEAECTCA K TOMY, 4TO 3aMcHa MepeMeHHOro X (z) Oblia BBIPOIKICHHOM.

BBenem Termeps HOBBbIE (DYHKIIUH C(x(z)) = ¢(2), a(x(z)) = &(2), b(x(z)) = [i(z),
u(x(z),t) = E(z,t).
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PaccmarpuBaem npsmyro 3aaady.

(VaGIb®) c~a@h@ et 4maco
Ut (0, 8) = U (3, 8) — a(x)b(x)-c(x) Yo Wut'
x€R, t€R,, ulxt)l,<o =0, r (24)
_ 1 c(O) c(0)
ux(x; t)lx:O - \/W ( ) + a(0)b(0) roe(t)r y

3nech ucKkoMoO#  QyHKimen sBusercs QyHKiuws u(x,t), MOXHO OIPAaHUYUTHCS
PacCMOTPEHHEM MPSMOM 3a/1a4il B 00JIACTH:
A(T) = {(x,t) ER X R,, x€(—-T/2,T/2), |x|<t<T}
KoneuHo-pa3HocTHoe pemieHue. Beeaem cetounyio o0aacTb
A,(T) ={x;=ih, i=0N, h=T/2N; t=kt; k=0,M, t©=T/M},

h, T — maru cetku no X, t. [lycts T = h.

Hcnone3yss ceTounble oOo3HaueHHs [6], HamuimmeM pa3HOCTHBIA — aHAJIOT
muddepeHmanbHO 3anaun (24):

k-1

o L Si+1—Si-1 uﬁl—ui‘_l 4ndi uk —u; _
Ut = Uxx 2 2hS; * 2h + a; h ’ (xerk) € Ah(T) (25)

=5, i=0,N.

l

dopmyia (25) sBasSETCS KOHEYHO-PA3HOCTHBIM aHAJIOTOM 3a1a4u (24).
Hcnonp3ys AucKpeTHbIN aHAIO0T HepaBeHCTBA | ponyiuia-bemivana noixydnm OoleHKyY

—k
U + < 0(h) * exp [2 + 4nDh] (26)

Takum oOpa3zoM J0Ka3aHa CXOJWMOCTH MNPUOJMKEHHOTO KOHEYHO-Pa3HOCTHOTO
peteHus 3anaun (25) k TouHOMy perieHuo auddepeHIuanbpHon 3aaaun (24).

Teopema 4. Ilycto pemenue nuddepennnansoit 3anauu (22) cymecTByeT 1 mycTh
u(x,t) eC 4(A (T)), MyCTh BBIMOJTHEHBI ycioBus (21) m (22). Torma npuOGmmkeHHOE
peleHne NoCTPOCHHBIM KOHEUHO-Pa3HOCTHBIM METOIOM 3a/1a4uu (25) CXOAUTCS K TOUHOMY
petenuro 3aaaun (24) co ckopocthio mopsaka O (h) u moaydena onenka (26) .

3amava Tak)Ke IPUBOIUTCS K 3a7a4e C TaHHBIMU HA XapaKTEPUCTUKAX. 3aMEHSETCS
KOHEYHO-PA3HOCTHBIM aHaloroM. JlokazaHa CXOAMMOCTh MPHUOJMKEHHOTO PEIIeHUs K
TOYHOMY.

[Ipu pemenun mnpsMON 3aJaud OTHOCUTEIBHO BXOJHBIX (DYHKIIMMA ﬂ(x) -

IEKTPONPOBOAHOCTH cpembl, C(X) - ckopoctn pacmpoctpaHeHus Bomd,  z(X)
MarHUTHOM TIPOHMIIAEMOCTH U £(X) - DIEKTPUYECKON MPOHUIIAEMOCTH OBLIH B3STHI

(GbyHKIIUU B BUJIE TIOCTOSIHHBIE, KOCUHYCOOOpa3HbIe 1 MTHOBEHHbIE (DYHKIIUU.
Tabmuma 5.1. — TectoBbie GyHKIIMU TSI IPSAMOUN 3a/1a4H, TIOTPEIIHOCTH BEIYHCIICHUS
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Ne pucynka Dynxyuu IMar | Oth.

Ne A(x)—epv- c(x)—srv- (X)) — gju- £(x)—eps- norpe
IAEKMPO cKOpoCcmb MASHUMHASL INEKMPUHECKASL ITHOCT
npo8ooOUMOCmb PACnpoCcmpan. | NpOHUYAEMOCmy | NPOHUYAEMOCb b
80JIH

1. P)I/IcyHOK 511 1.1-cos? (ﬁx) 3.1-cos? (1_57x) 2.1-cos? (3.14X) 4.1-cos? (6.28X) 0.02 10.66

a
2. l;;/IcyHOK 5.1 | 1.1-cos?(0.785x) | 3.1-cos?(x) 2.1-cos’(3.14x) | 4.1-cos®(6.28x) | 0.002 | 11.55

o k
[lpsmMass 3amgaua 3aKiIO4YacTCs B ONPEICIICHUM CeTOYHOH (yHkiuu V" wu3

Pa3HOCTHOM 3a7aydl ¢ JAaHHBIMHM HAa XapaKTEPUCTUKAX IPH BbIIICYKa3aHHBIX W3BECTHBIX
bynkusax. s BeIUMCICHUS 3TOM 3a/1a4uM, OMPEENsIeM JOMOJIHUTEIbHYIO0 (QYHKIHUIO T.€.
HANPSHKEHHOCTD AJIEKTPUYECKOTO MOJS M CETOYHas (DYHKLMS 3aBUCSIIAS OT M3BECTHBIX
CETOYHBIX (PYHKIIHIA.

Ha pucynke 5.1 3amansl d, =4, C,, 4, &, BBIUUCIEHB S - ceTo4YHas QyHKIUS

3aBHCSINAsS OT M3BECTHBIX CETOUHBIX QYHKIHMH, [, - momonmHuTenbHAs MHGOPMAINS IS
00paTHOM 3a7a4H.

4]

- k]
- slk]

- 1]
- slk] R

alk]
k]
- clk]
- dik]

alk]
k]
- ikl
- dk]

0 10 20 30 40 50 60 70 &0 490 100 110 120 130 140 150 160 170 150 190 200 L) 0 10 20 S0 40 S0 B0 FO S0 90 100 110 120 130 140 150 160 170 180 190 200 L

a) b)
Pucynok 5.1 — Onpenenenue JOMOTHUTEIbHON UH(pOpMaIs sl 0OpaTHOM 3a1a4uH.
AJITOPUTM KOHEYHO-PA3HOCTHOIO PeryJsipu30BAHHOIO0 pelleHuss O00paTHOM
3amaum (24)-( 25):

o o k,e
1. 3HauyeHHE JOIIONHAUTEILHON HHQOPMALMH 115 0OpaTHOM 3amaun [
ke _\7k,e _
omnpezensieTcs no Gopmye f*=Vy,  k=0,N.
2. BTtopoii cioit onpenensiercs mo Gpopmye:
f k+le + f k-1¢
ke _ _ o
V)= > , k=L N -1 xoropas BeiBeneHa u3 dhopmyumsl Teiinopa.
& &
3. Bemuucisores Sp = Ty u S = f.°
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4. 3arem sorncmmores Vi,  1=2,N-2, ih<kh<T-ih,

i+1

5. B ka)x710M BBIYHMCIICHUH ONIPE/IeIsieM 3HaUeHHEe HEM3BECTHOM
Sf =V j=3N
’ S - S'_ ] R - R-_ . —
6.  Bomuucasem S, (x)= 'T'l, R.(x)= 'T'l, =1
7. Brruncnsem Hen3BecTHYIO PYHKIIMIO TI0 opmyJie

S —-S. R: — R a. —
i i-1 i i-1 i H
. = %k =
d h.s. = bR ar' LN
i-1 i—1
Yucaennas KOMIIBOTEPHAasI peajin3anusi. I[J'I}I peain3aliuy HaMH 6LIJ'II/I 3a1aHbI
Pa3IMIHBIC TCCTOBLIC (1)YHKHI/II/I:

3amaem (GyHKIMH /1(2) — DJIEKTPOIIPOBOJHOCTH CPEBI, C(Z) - CKOPOCTh

pacupoCTpaHeHus: BOJIH B Cpele, ,LI(Z) - MAarHuTHas NPOHULAEMOCTb, 8(2) -
AIEKTpUYECKask MPOHUIIAEMOCTb.

3arem 1o Qopmyie X(Z):IR(X)dé" rue R(x):—“aC 7X(x <t; (X , TepexoarM Ha
(0}

HOBBIC TIEPEMEHHBIC M MOTYdHM HOBbIe (yHKimH A(X), C(X), w1(x) u e(X) (ouu B
KOMIIBIOTEPHOM TIporpaMme OOO3HAuYEHBl 4Yepe3 d(X), c(x), b(x) u a(x)
COOTBETCTBEHHO.

Ilo 3aganueM Gyakmmsam a(x), b(x), c(x), d(x) B nagane Beranciena npsivas
3aJa4ya HaIpPsHKEHHOCTH AJIEKTPUUYECKOTO IMOJIS M BBIUMCIIEHA NPUOJIMKEHHAs CETOYHas
dyukous V< — pernenue npsamoii 3amaun.

N3 BBIYKCIIEHHBIX pELICHUM TMPSAMOM 3aJaud  ONPEACIIWIN JTONOJHUTEIBHYIO
uHdopmaruioo a1 OOpaTHOM  3a7aud  HANPsHDKEHHOCTU — DJIEKTPUYECKOTO  TTOJIS:

f*=V¥, k=02N.

OTMeTnM, 4YTO A YCTOMYMBOCTH PEIICHUS MPSAMOW 3aJayd IIar CETKU II0

. h
nepeMeHHBIM L Gpany MOJTOBHMHY IIara CeTKHM Mo IepeMeHHol Z |, T.e. 7 = >

[ToaToMy, mutst pemienust oOpaTHOM 3a/layu JOTOJHUTENBHYIO WH(MOpMaIUo Opaiu
f<=Vf k=0,2N
=Vy, =0, C IIaroM 2, TAaKUM 00pa3oM 37€Ch UCIIOJIb3YETCSl METO/1 0OpaIlleHUS

Pa3HOCTHOM CXEMBI, 3TO HYJIEBOU CJIOW CXEMBI.
B cBs3M ¢ HEM3BECTHOCTBIO BTOPOrO CJOS, Mbl OINPEACIIWIM MEPBBIA CION IO

k kel | gk
popmyne V, = (f + f )/ 2.
Jlanee obparHas 3a1aua HAIPSHKEHHOCTHU DIIEKTPUYECKOTO CJI0S BHIUMCIIEHA HAYMHAS
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co Broporo cios K = 2.
Kaxxaplii pa3 BRIYMCIIAS CIEAYIOIINN CJIOM 00paTHO# 3amaun, B mporpamme Delphi,

te [O,ZT] oIpeenseM
i=0,N.
Ot1™MeTHM, 4TO MBI MO2KEM OINPEEIIUTD U3 YEThIpeX (PyHKIMI TOIBKO OHY (DYHKIIHIO,

a OCTaJbHbIE TPU (QYHKIMH TOJDKHBI OBITh M3BECTHBIC (PyHKUMU. 3HaueHUS (YHKIUN
HEKOTOPBIX BEIIECTB IS BOCCTAHOBJICHUS HEU3BECTHBIX (YHKIUH, OIMpeneseHbl M3

K
onn obo3HaueHsl VW | MbI 10 (opmyiie U(X,t)‘ 0= f(t),

snagenne S;, 1=0,N B mporpamme onu 0603HaueHsI uepe3 Sp;,

CIIPaBOYHHKOB.
Tabmuma 5.2. - TecroBele GYHKIMH A OOpaTHOM 3adaud, MOTPEIIHOCTD
BBIYHNCJIICHUA
No Ne pucynka Dynkyuu Hlar Orh.
A(x)—epv- c(x)—srv- 1(X)— su - &(x)—eps- norp
N1eKmpo CKOpOCmb MAaACHUMHAA JleKmpuvdeckas
I’lpOGO()MMOCmb pacnpocmpanerusl nporuyaemocniv npoHuyaemocnitv
60JIH
1. | Pucynok5.2a) | 1.1-cos®(px) 3.1-cos’(1.57x) | 2.1-cos?(3.14x) | 4.1-cos®(6.28x) | 0.005 10.7
2. | Pucynok 5.2 b) | 3.1-cos?(1.57x) | 2.1-cos?(3.14x) | 4.1-cos?(6.28x) | 3.1-cos?(1.57x) | 0.0005 8,2
3. | Pucynok 5.3a) | 1.1- 3.1-cos’(1.57x) | 2.1-cos®(px) 4.1-cos®(6.28x) | 0,005 10,7
cos?(0.785x)
4. | Pucynok 5.3 b) | Crynenuaras 3.1-cos’(1.57x) | 2.1-cos®(px) 4.1-cos?(6.28x) | 0,0005 19,3
(dhyHKIHSA
5. | Pucynok 5.4 a) 2*1010 1,35 1 2,1 0,0002 3,2
JUist HeTH
6. | Pucynok 5.4 b) 108 430 1 1,00058 0,0002 3,3
JUIA ra3a

TChart

022
02+
LNER B
0164+
014 -
042
04
oos -l
006 {- |-
0,04 41
002 {-

002
-0.04
-0.05
-0.08

o144

o I R

-l

0 2 4 B 8 101214 1618 20 22 24 26 28 30 32 34 36 38 40 42 44 45 45 50 omsmmmen

a)

TChart

- dpplil

- dpli]

0 2 4 B 8 1012 14 16 18 20 22 24 26 26 30 32 34 36 35 40 42 44 46 45 50 ol

b)

Pucynoxk 5.3 - TouHbsle ¥ pUOIMKEHHO BBIYUCICHHBIE 3HAUEHUS PYHKLIUU
ANEKTPONPOBOAUMOCTH CPEJIbI.
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TChart TChart

- bpli] - bppli]

= hplil = bpli]

0 2 4 6 8 1012 14 1618 20 22 24 26 20 30 32 34 3 35 40 42 44 4 45 50 o 0 2 4 6 8 101214 1618 20 22 24 26 28 30 32 34 35 30 40 42 44 45 45 50 ol

a) b)
Pucynoxk 5.5 - Tounsle 1 MpUOIMKEHHO BHIYUCICHHBIC 3HAYEHUS (PYHKIIUH MAarHUTHON
IIPOHULIAEMOCTH.

TChart TChart

429 875

0,932
420875
0,932
420875
0,932
p 420875 - =
0,932 p . — . - _
1 o~ s[2*1] 429875 T == s[2°]
0,932 y - splil o . - spli]
0,932 T -
420875
0,932
420875
0,932
osm ] // aga7s |/
0,932 i - 229875/ _
. az9875 |
0gaz 1} 42987541
X [ - 1
I i
0932 4f s2875 /|
229575 |

0932 44

Pucynox 5.7 - TouHble 1 PUOIMKEHHO BHIYMCIICHHBIC 3HAYCHUS (DYHKIIMU 3JICKTPOIIPOBOAMMOCTH IS
HeTH U Ta3a.

Ha rpaduxax mnpuBeneHbl TOYHBIE W TNPUOIMKEHHO-BBIUMCICHHbIE 3HAUEHUS
HcKkoMBbIX GyrKImi, T.e. wim dp(x) mddp(x) wm cp(x) u cpp(x) um bp(X) u
bpp(x). Ha pucyskax 5.2-5.4 MbI 332718 KOCHHYCOOOPa3HBIE U CTyIIEHUAThIe (yHKIHHI
(MozienpHBIEC TaHHBIE U IaHHbIE 1JI1 He(DTH U ra3za co CIPaBOYHUKOB).

B nsATO#l TNIaBe MOCTPOEHO NPHUOJIMKEHHOE YHCICHHOE pEelIeHUE OJHOMEPHOM
oOpaTHOM 3aJjaud HANPSHKEHHOCTU AJIEKTPUYECKOrO TOJIsl ¢ MTHOBEHHBIM M IIHYPOBBIM
UCTOYHUKAMU C TPUMEHEHHUEM METOJ0B BBIIEICHUS OCOOEHHOCTEW, BBINPSMIICHHUS
XapakTepuCTUKU. [1oCTpoeH aropuT™ nociie10BaTeIbHOCTH AEUCTBUN PEILICHUS
OJTHOMEpPHOM OOpaTHOM 3a7auM HAMNPSHKEHHOCTH JJIeKTpUYeckoro mousis. Paspaborana
YHCIIEHHAs! KOMIBIOTEPHAs pealin3alus, pe3yabTaTbl KOTOPOU MOJyUYEeHbl B BUJIE TpapuKOB
TOUHBIX U MPUOJMKEHHBIX PEUICHUH 0OpaTHOM 3a7aud, OHM CPAaBHUBAJIUCH U IMOJIYYEHBI
OTHOCHUTEJIbHBIE MOIPEIIHOCTH, a TAK)KE OHU IIPOAHATU3UPOBAHBI.

BbIBO/IbI
1. YcoBepuieHcTBOBaHAa MaTeMaTU4yecKash MOJENIb JBYMEPHOW MPSAMOW U OJHOMEPHOM
oOpaTHoOI 3a1auu TenerpadHoOro ypaBHeHUs. Y CTAaHOBJICHbI HaUaJIbHbIE U TPAHUYHbIE
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1.

yCIIOBUS TenerpadHOro ypaBHEHHS MPYU MITHOBEHHBIX U ITHYPOBBIX HCTOYHHUKAX.
Jloka3aHa KOpPPEKTHOCTh ABYMEPHOH MpsMOH 3amauu TenerpadHoro ypaBHEHHUS C
IUIOCKOW TpaHMLEHd W IIHYpOBBIM HCTOYHHKOM, T.€. CYIIECTBOBAaHHE PEIICHHUS,
€IMHCTBEHHOCTb PELICHUS U YCIOBHAS YCTOWYHBOCTD.

Pa3zpaboTanbl METOIbI UHMCJICHHOTO pEIICHUS NpPSIMOM 3aauyd U YHUCICHHOTO
pEryIsipu30BaHHOTO  pEIIeHUS OJHOMEPHOM oOpaTHOW 3ajayn  TenerpagHoro
ypaBHEHHUsI, B KOTOPOM ompeziesieH K03 OUITMEHT AJIEKTPOIPOBOIUMOCTH.
Pa3paboTranbl ycTONYMBBIC YHCIECHHBIE aITOPUTMBI PEIICHUS U YUNCIICHHBIE peaTn3aliu
OJHOMEPHBIX TMpPSIMBIX U OOpaTHBIX 3agad [ TenerpagHoro  ypaBHEHHS,
IPOaHAIM3UPOBAHBI U BHIICHEHBI BOZMOXKHOCTH IIPUMEHEHUSI pa3pab0TaHHOTO aBTOPOM
anroputMa. [lokazaHa JOCTOBEpPHOCTh KOHEYHO-PA3HOCTHOTO PEIICHUS OJHOMEPHBIX
OOpaTHBIX 3a7a4 C MOMOIIBIO YHCIEHHOTO SKCIIEPUMEHTA HA TECTOBBIX MpUMEpax s
pa3IMYHBIX BUIOB HCKOMBIX KO UIIUEHTOB 3a/1a4.

Co3naHbl KOMILIEKCHI IPOrPaMM JJIs PEILIEHUs] OHOMEPHBIX IPSMBIX M 00paTHBIX 3a7a4
TenerpaHoro ypaBHeHMsI, OCHOBaHHbBIE Ha aJITOPUTMAxX METOJI0B KOHEYHO-Pa3HOCTHOTO
U KOHEYHO-PAa3HOCTHOTO PETYJSPU30BAHHOIO pEIIeHUs, T.€. JJII BOCCTAHOBIJICHUS
OJHOTO W3 TMapaMeTpoB (u3Mueckoro mporecca. Pe3ynbTrarhl  YHCIEHHBIX
HKCIEPUMEHTOB IOKa3aJld XOPOLIYI0 TOYHOCTb M YCTaHOBJEHBl OTHOCHUTEJBHBIE
HOTPEIIHOCTH BOCCTAHOBIICHUSI HICKOMBIX (DYHKIIUH.

INPAKTUYECKHUE PEKOMEHJIAILIUN
[TocTpoeHHYI0 MAaTEMATUUECKYIO MO/JIEJb, UCCJICIOBAHHBIN KOHEUHO-PA3HOCTHBIA METO/T

Y YHACJICHHBINA PETYISPU30BAHHBIN METO/I PEIICHHS] MOYKHO IPUMEHUTD I APYTUX KIACCOB
NPSIMBIX U 0OpPATHBIX 33]1a4 BOJIHOBBIX IPOLIECCOB.

2.

[TocTpoeHHbIe anrOpUTMBI IPSIMBIX U OOPAaTHBIX 33/1ay TeJaerpa(HOro ypaBHEHUs U UX

peain3an MOKXHO HUCIIOJIB30BaTh I PCAJIBHBIX OAHOPOAHBIX K HCOAHOPOAHBIX CPC.

3.

ANTOPUTMBI PEIICHUS W KOMIUIEKC MPOTrpaMM MpsIMBIX M OOpPaTHBIX 3a/1ad, MOXKHO

OCYHICCTBUTD AJI1 HIMPOKOI'O KJIacCa O6paTHI>IX 3aJa4.

4.

Pe3ynbpTaThl MOKHO PUMEHUTH B Y4€OHOM MPOIIECCE, YTOOBI TO3HAKOMUTD CTYICHTOB

U MaruCTPaHTOB C pEUICHUEM MPSMBIX W OOpaTHBIX 3a]lady, U MPHUBJIEYh UX K HAYYHBIM
WCCJIEIOBAHUSIM B 3TOM 00JIaCTH.

5.

1.

2.

CIIMCOK OITYBJIMKOBAHHBIX PABOT IO TEME JTNCCEPTAIINU

Koxo3oBa, A. 7K. EIMHCTBEHHOCTH pEILICHUS IBYMEPHOU MPSIMOM 3a1a4n
TenerpaHOro ypaBHEHUs] C MTHOBEHHBIM U IIHYPOBBIM UcTouHuKaMmu [Texcer] / A. K.
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[DnexTponHbIii pecypc]. — Pexnm JOCTYTIA:
https://www.elibrary.ru/item.asp?id=30107799

Koxo30Ba, A. 7K. KoHEYHO-Pa3HOCTHBIN aJTOPUTM OIPEACICHUS MATHUTHOU
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MIPOHUIIAEMOCTH TeerpadHOTO YPaBHEHHS C MTHOBEHHBIM U IITHYPOBBIM UCTOYHUKOM
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Koxo3oBa AjinaryJ JKbLIKkbIubleBHAHBIH « TeerpadThik TeHJIeMEHHH TeCKEPH KaHa
TY3 MAaceJieJIepUHUH CAaHABIK PeryJspu3alUsiIaHraH  YbITapPbUIBIIIBLI  KAaHA
MATEMATHKAJIBIK MOJEJINH HIITEN YbITYY» TeMachinaarbl 05.13.18 — maTeMaTHKAIBIK
MO/eJI160, CAHABIK METOJI0PY KAHA NPOrPAMMAJIBIK KOMILIEKCTEPH aJMCTUTH
0ooHYa PU3UKA-MATEeMATHKA MIMM/IEPUHUH KAHAUIATHI WINMHN JapaxacbliH alIyy
YUYYH :Ka3bLITaH JUCCEPTANUACHIHBIH

PE3IOMECH

Herusru ce3mep: MareMaTuKalblK MOJENb, TelerpadTblk TEHAEME, Ty3 »KaHa
TECKEPU Macese, CaHAbIK peryjsipu3alysylaHraH  Ye4YuM, YEKTYY albIpMaybLIbIK
peryJisipu3alHsUIaHTaH bIKMAChl, CAHBIK aJITOPUTM, YEYUM/IUH YUHMECH.

N3uaneenyn odobexkTucu: M3ungeenyH HEru3ru 0ObEKTUCH KaTaphl TenerpadThiK
TEHJIEME YUYH TECKEpH MaceesiepIuH ap Kanaan GopMyIupoBKaChl TaHIaJTaH.

N3uaneenyn npeamern: MzunneenyH npeameru 00iyn TenerpadThiK TEHIEMEHUH
Ty3 KaHa TECKEpU  MacCEJCJICpUHUH  MaTEMaTUKalIblK  MOJEIIH, CaH/JIbIK
peryisipu3alusuiaHTaH YeYMMHU, YSYUM/IUH aJlTOPUTMH, IPOrpaMMalibIKk KOMIUIEKCH
ACENTENHET.

M3uianeenyH MakcaTsbl: /{uccepTanusuibik Uil TeiaerpadThik TEHIAEMEHUH TY3 KaHa
TECKEPU MAaCEJIECHHUH MaTeMaTHUKAJIbIK MOJEIUH JKaKIIbIPTyyra, TenerpadThiK
TEHJIEMEHUH OWp ©JlueMIYY JKaHa »HKH OJ4eMJlyy TYy3 MACEJIECUHUH CaHJbIK
YBITAPBUIBIIIBIHBIH JKaHA TECKEPU MACEJIICHUH CaHJIBIK PETYJSPAYY YbITapbUIBIIIBIHBIH
BIKMAJIAPBIH UIITEM YbITYYyTa apHaJIraH, OIIOH/0M 3JI€ aHbl KOMIIBIOTEPANK UIIKE AllIbIPYY.

N3unaneenyn bikmagapbl: TenerpadThlk TEHAEMEHUH Ty3 KaHa TECKEpHU
MaceJieJIepuH 4euyy YUYH MYHO3/10MO BIKMAChl, ©3reo4YeSyKTepy OedyI anyy BIKMAchI,
YEKTYY aWbIpMayblUIbIK BIKMAachl >KaHAa YEKTYY AaWbIpMaybUIbIK pEryJsipu3alysIaHTaH
BIKMAChl KOJIJIOHYJIAT.

AJIBIHTAH HATBIKAJIAP KaHA AJaPAbIH )KAHBUIBITBI: TenerpadThiK TEHIEMEHUH
KM ©J4YeMJYy TY3 MaceJejepuH Yeuyyre MaMmuie CYHYIITaIIbl; YHUKAIAYYIyK
TEOpPEMAChI, )KaKbIHIAIIYy T€OPEMACHI NAIUJIJCHUII, DKW 0JT4OMAYY TY3 MACEJICHUH YEKTYY-
albIpMaJiblK YeUUMUHUH TYPYKTYYJIYTYHYH 0aachl ajabIHaT; TeaerpadThik TEHIEMEHUH OUp
KaTap OUp eJTYeMIYY TECKEPU TEHIEMENIEPU YUYH YEKTYY-alblpMaJIblK YCUUMUHUH
mapTTyy TYPYKTYYIyryHyH Oaajlapbl ajblHAaT »aHa TaK 4YeYUMIe >KaKbIHIAIIyy
KOPCOTYJIOT; TeJerpadThiK TEHAEMEHHH OUp ©JIYOMIYY TECKEPH MaceJeCHH YedYYHYH
CaHJIBIK PETyJspU3alUsIaHTaH BIKMAChl HILNTENUIT YbIKKAaH; OCpUJITeH TalllllbipMaiap bl
YEUYYYHYH CaHJIbIK AJITCOPUTMAEPH UIITEIIUI YbIKKAH dKaHa KOMIIBIOTEP/IE
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UIIKE alllbIPHLITaH.
Koanonyy weiipecy: TenerpadTbik TeHAeMEHUH OHp ©I4OMIYY Ty3 >KaHa TeCKepu
MaceJIeJIepUH YeUYYHYH UIITEIHU YbIKKAaH bIKMAChI ’KaHa aHbIH MTPOTrpaMMaiblK KOMILJIEKCH
TYPYHIAOTY  MaTEMaTUKAJIBIK  KaMChI3JI00  CEUCMHUKANIBIK,  3JEKTPOJIMHAMHKAIBIK,
AJIIEKTPOMArHUTTUK Tajaayap, T€OAIEKTPHUKA K.0. MPAKTUKAIBIK Maceselepau 4Yeduyyae
KOJIJIOHYJIYIIY MYMKYH.

PE3IOME
aucceprannu  Koko3zoBoii AjiHarya JKblIKbIYbleBHBI Ha Temy: «Pa3padorka
MATeMATH4YeCKOl MOJe/M M YHCJICHHOE peryJsipu30BaHHOe pelieHHe 00paTHOM W
npsAMoOM 3aJayu TejerpaHoro ypaBHEHHs» HAa COUCKAHME YYEHOH CTelmeHH
KaHauaaTa GU3NKo-MaTeMaTHYeCKUX HayK 1o crneuuaabHoctu 05.13.18 —
MaTeMaTH4YeCKoe MOJAeJIUPOBAHUE, YHCICHHbIE METOAbI M KOMILIEKCHI IPOrPaMM

KiroueBrble cioBa: Maremaruueckasi MoJieib, TellerpagHoe ypaBHEHUE, NIpsiMas U
oOpaTHass 3ajaya, YMCIEHHOE PEryJIspU30BAaHHOE pELIeHHe, KOHEYHO-Pa3HOCTHBIN
PEryJIsIpU30BaHHBIN METO/1, YUCICHHBIN aITOPUTM, IPpa(UKU perIeHUN.

O0bekT HcciaenoBanns: B kayecTBe OCHOBHOIO 00BEKTa UCCIIEOBAHMSI BIOPAHBI
pa3IuyYHble TOCTAaHOBKHM OOpATHBIX 3aja4 JJis TelerpapHoro ypaBHEHUS.

IIpeamer uccaenosanus: IIpeamerom ucciaenoBanHus SBIAIOTCA MaTeMaTHYECKAs
MoJedb MpsAMOM M oOpaTHOM 3ajaud  TelerpaHoOro ypaBHEHHUS, UHCICHHOE
PEryJIIpU30BaHHOE PEUICHUE, AITOPUTM PELICHHUS], IPOTrPAMMHBIA KOMILIEKC.

Hean nccaenoanms: {uccepranrionnas padoTa MOCBAIIEHA YCOBEPIIEHCTBOBAHUIO
MaTE€MaTUYeCKOM MOJENM NpsIMOM M O0OpaTHOM 3aJaud TeJerpaHoro ypaBHEHUS,
pa3paboTKa METOJO0B YMCIECHHOTO PEUIEHUs] OJJHOMEPHOM M JBYMEPHOU MpsIMOil 3a7auu U
YUCJIEHHOTO PETyJIIpU30BaHHOTO pelleHus 00paTHOM 3a1auu TenerpadHoro ypaBHeHus, a
TaKXe €ro KOMIIBIOTEPHAS PEATM3ALIHS.

Metoabl wucciaenoBanus. J[ns pemieHuss TOpsSMBIX W OOpaTHBIX 3amad IS
TenerpaHOro ypaBHEHHS HCIHOJB3YIOTCS METOJ XapaKTEpPUCTHUK, METOJ BbIACICHUS
0COOEHHOCTEM, KOHEUHO-PA3HOCTHBIA METO/I U KOHEUHO-PA3HOCTHBIN PETyJIIpU30BaHHBIN
METO/L.

IHonyyeHHsbIe pe3yabTaThl H MX HOBM3HA: IIPEIJIOKEH MTOAX0/ K PELICHUIO
JBYMEpPHBIX MpPSAMBIX 3adad  TejnerpaHOro  ypaBHEHHS; JOKa3aHbl  TEOPEMBbI

€IUHCTBEHHOCTH, TEOPEMBI CXOAMMOCTH M IOJIYYEHBI OLIEHKA YCTOMYMBOCTH KOHEYHO-
PA3HOCTHOTO pEIICHMs] ABYMEPHOM MPSAMOM 3aiauu; IS psiAa OJHOMEPHBIX OOpaTHBIX
3aJ1ay TesJerpaHoro ypaBHEHHUsI MOJTYUYEHbI OLIEHKH YCIOBHOM YCTOMUYMBOCTH KOHEYHO-
PA3HOCTHOTO PEIICHUS U MTOKa3aHa CXOAUMOCTbh K TOUHOMY PEIICHUI0; pa3padoTaH METOA
YUCJIEHHOTO PEryJIsIPU30BaHHOIO PEIICHHS OJJHOMEPHON 00paTHOM 3aaun TenerpadHoro
ypaBHEHUS; pa3padOTaHbl YUCICHHbIE aJITOPUTMBI PEIICHUsI Ha MOCTABJICHHBIE 33J1a4l U
peann30BaHbl HA KOMITBIOTEPE.

O6sacTh npuMeHennsi: Pa3paboTaHHBIA METO PEIICHUSI OTHOMEPHBIX MPSIMBIX U
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06paTHBIX 3a4a4 U €€ MaTCMaTHYCCKOC o0OecrieyeHue B BHJIC KOMIIJICKCA IpOorpaMm MOT'YT
HaWTU IMPUMCHCHUC B PCIICHUH MPAKTUICCKUX 3a1a4 CGﬁCMHKH, I'COJJICKTPHUKU,
QJICKTPOAMHAMHUKH, DJICKTPOMATHUTHBIX MoJIeH U T.O.

SUMMARY
dissertation of Kokozova Ainagul Zhylkychyevna on the topic: ""Development of a
mathematical model and numerical regularized solution of the inverse and direct
problem of the telegraph equation' for the degree of candidate of physical and
mathematical sciences in the specialty 05.13.18 - mathematical modeling, numerical
methods and software packages

Keywords: Mathematical model, telegraph equation, direct and inverse problem,
numerical regularized solution, finite-difference regularized method, numerical algorithm,
graphs of solutions.

Object of study: Various formulations of inverse problems for the telegraph equation
are chosen as the main object of study.

Subject of research: The subject of research is the mathematical model of the direct
and inverse problem of the telegraph equation, numerical regularized solution, solution
algorithm, software package.

Purpose of the research: The dissertation work is devoted to the improvement of the
mathematical model of the direct and inverse problem of the telegraph equation, the
development of methods for the numerical solution of the one-dimensional and two-
dimensional direct problem and the numerical regularized solution of the inverse problem
of the telegraph equation, as well as its computer implementation.

Research methods. To solve direct and inverse problems for the telegraph equation,
the method of characteristics, the method of extracting singularities, the finite-difference
method, and the finite-difference regularized method are used.

The results obtained and their novelty: An approach to solving two-dimensional
direct problems of the telegraph equation is proposed; uniqueness theorems and
convergence theorems were proved, and a stability estimate for a finite-difference solution
of a two-dimensional direct problem was obtained; for a number of one-dimensional inverse
problems of the telegraph equation, estimates of the conditional stability of finite
difference solution and convergence to the exact solution is shown; a method for the
numerical regularized solution of the one-dimensional inverse problem of the telegraph
equation was developed; Numerical algorithms for solving the assigned tasks have been
developed and implemented on a computer.

Application area: The developed method for solving one-dimensional direct and
inverse problems and its software in the form of a software package can be used in solving
practical problems of seismic, geoelectrics, electrodynamics, electromagnetic fields, etc.
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