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HNHITHUH KAJIBI MYHO31O0MOCY

JluccepTauMsSIHBIH ~ TEMACBIHBIH  aKTyaJayyJayry. Jlucceprauusiablk Wl
MaTeMaTUKaJIbIK MOJCIIEPAN OPKYHIOTYYTO kKaHa Oup eT4eMIYY jKaHa SKU ©JTYOMIYY TY3
MaceJIeHU JKaHa TeJerpadThIK TEHAEMEHUH TECKEPHU MACEIECHH CaHbIK PETYIISPIaIIThIPYy
YeuyYHYH bIKMaJIapblH UIITEN YbITYyra apHajiral

Opexe OOIOHYA, TECKEpU MacelieJep MaTeMaTUKaJIbIK (DU3UKAHBIH Hayap KOMOJTaH
MacelnenepuH ounaupet, aubiH TeopusicklH A.H. Tuxonos, B.K. UBanos, M.M. JlaBpeHThEB
»KaHa Oalllkajgap HETH3/ICIIKEH. Drep/ie Ty3 Maceleliep/ie MaceJICHUH YeUMMHU OCITHITYY OUp
napameTpiep YYYH H3Jelice, aHAa TEeCKepu MacenelepAe (U3MKAIbIK MHapaMmeTpliep,
TEHIEMEHUH KOA(DPUITMEHTTEpH TETU3AUKTETH TY3 MACEJICHWH YCYWIWIIN >KOHYHIO
KOIITyMYa MaajbIMaTTap bl KOPCOTYYAO MACEICHUH YCUMUITUIITN MCHEH OUpre aHbIKTAJIaT.

TenerpadThik TeHIAEME TOJKYHIYH Tapalyy BUIIAMIBITHI, OJJICKTPIUK >KaHA
MarHuTTHK OTKOPYMIYYIYK, YOHPOHYH JJICKTP OTKOPYMIYYIYTY CBISKTYY (HDHU3UKAIBIK
napameTpiiepAd KaMTBIUT jkaHa OyJn mapaMmerpiepau Ta0yy cCeHCMHUKaNbIK, Teodusuka,
reodJICKTPUKA, aKYCTHKA K.0. MPAKTUKAJIBIK KbI3bITYYHY kKaparar.

JluccepTalMsUIbIK  WIITE€ KapalifaH Macejle JAWHAMUKAIbIK TUOTETH TECKEPHU
runepOoIanbiK Macesne. JInHaMUKaIIbIK TUTITETH TECKepU MaceeNepie KolyMmya MaajibiMaT
KaHJIalpIp OUp yOaKbIT OCTUHJETH CHISKTYY TY3 MaceJIeHUH YEUWIMIIMHUH W34 OOy
cananat. byn typaery keitreiinep M.M. JlaBpentres (1966), B.I'. Pomanosa (1985), A.C.
AnekceeBa (1967), A.C. bnarosemenckuii (1966), C.M. KabGanuxun (1983) sxana
OamkanapAbIH )KyMyIryHaa uuigeHred. JKanpl sxymymrapaad M.A. [Hunuienns (2016)
xaHa H.C. HoBukoBa (2017) Genrunecek 0onoT. busznun pecnyOnukana Oyn OarbiTTa
canpiM  komkoHmop A. Jxk. Carwsibae (2001), I''A. Kangwsibaera (2009), A.T.
MamatkacbeiMoBa (2015) xana F0.B.Anumenko (2017).

Teckepu macenenepau 4euyy oop Mpolecc AeN dCENTENTeHIUKTEH, anap Tyypa dMec,
0JIuee KaTajapblHa KapaTa TYpPYKCY3 jKaHa KOOYHUYO CBI3BIKTYYy 3MeC OOJIOHIYKTaH,
MBIHJAll TECKEpU Maceselepid YE€UYYHYH CaHJbIK BIKMAJIAPbIH aHa aJIrOPUTMIAECPUH
WIITEN YbITYY aHa HErU3/1e6 MaceselepAd YEUYYHYH HaTbIikKalyy alropuTMIECpPUH
TY3YYHYH TIPaKTHUKaJIbIK MAaaHWIYYJIYTYHO J>KaHa 3apbUIYbUIBITBIHA OalIaHBIIITYY
aKTyaJIyy Macese 0oJyn caHaar.

JluccepTalMSIHBIH TEMACHIHBIH APTHIKYbLIBIKTYY HJIMMMA OarbITTapbl, MpH
WINMHMA nporpamMmasap (noJjooopJiop), OmiuM 0Oepyy kKaHa HIMMHH MeKeMmeJiep
Tapa0bIHAH KYPIY3YJIIrOH Heru3ru WJIMMHUI-U3WJI160 UIITEpU 0ap MeKeMesiep MEeHEeH
Oailnanbibl. JKymyin gemunrenyy 00ayn caHanar.

M3uiieeHyH MakcaThl KaHa Macesiejaepu. /uccepTaiusiiblK UIITHH MaKCaThl —
TenerpadThIK TEHJAEMEHUH TY3 jKaHa TECKEPU MAaCEJICIEPUHUH MAaTEMAaTHUKAJIBIK MOJICIIUH
KAKIIBIPTYY, OUp eoJ4eMayy JKaHa OdKU eJlueMIyY Ty3 MaceleJiepAuH CaHJIbIK
YBITAPBUIBIIIBIH  KaHa OUp ©JYeMIYY TECKEepH TEHIEMEHUH CaHIBIK PEryJsapayy
YBITAPbUIBIIIBIHBIH YCYJAAPbIH UILITEI YbITYY, OLIOHIO0M 3J1e ajJapabl KOMIBIOTEPIUK UIITKE

albIpyy.



Byn makcatka jxeTyy YUyH TOMOHKY MaceJsieJiepAH Yeuyy 3apblul OOJITOH:

TenerpadThlk TEHIAEMEHUH Ty3 JKaHa TECKEPU MAacelIeCHHUH MaTeMaTHUKaJbIK
MOJCIJIEPUH OPKYHAOTYY, K63 UPMEM/IUK KaHa MIHYp OyJakTapbl YUyH OalllTarkbl
’KaHA YEKTHUK MIapTTapAbl TY3YY;

TenerpadThlK TEHIEMEHUWH TY3 MAacelleCUHUH TYyYypalbilblH WIHWKTee, 0.a.
TenerpaThlk ~ TEHJAEMEHMH  aWThUITaH  Ty3  MAaceleCMHUH  JKalllalllbIH,
YHUKAJIAYYIYTYH )KaHa TYPYKTYYJIYTYH HETH3/106;

YOUPOHYH 3JIEKTP ©TKOPTYUTYT'YHYH, MAarHUTTUK ©TKOPYMAYYJIYKTYH aHa JIEKTP
OTKOPIYUTYTYHYH KO3(DOUIIMEHTTEPUH aHBIKTOO MEHEH TelerpaThiK TEHIAEMEHUH
Oup emueMAyy TECKEpU  MACENECMHUH  CAaHJBIK  PEryJspJallThIpbUIraH
YBIrapbUIBILIBIH XKaHAa TY3 MACEJICHUH CaH/IbIK YbITapbUIBIIIBIHBIH BIKMaIapblH UIITE
YbITYY;

K63 UpMEMIMK Oylak jkaHa »KajllMaKk 4YeK MEHEH Teyerpad TEHJIEMECUHUH Oup
eYeMlyY TYy3 JKaHa TECKEPHM MAacelelIepUH  YbITapbUIBIIIBIHBIH  CAHJIBIK
QITOPUTMJIEPUH UIITEI YBITYY aHa Taj100;

UblrappUIbIIITAPABIH ~ MINTEUI  YbIKKAH  aJTOPUTMJACPUHUH  HETU3UHC
porpaMmanap/ibiIH TONTOMYH TY3YY.

AJIBIHTAH KbIHBIHTHIKTBIH WINMHUIA KAHBUIBITBL. TenerpadToik TEHAEMEHUH TY3

YKaHa TECKEPU MACEJIECUHUH MaTeMaTUKAJIBIK MOJIETIN ©pKYHAOTYIAY, KO3 HPMEMIUK KaHa
HIHYp OyJakTapbl YUYH YEKTHK IAPTTAp TY3YJITY, OUp ©I4eMIyY jKaHa KU ©T4eMIYY TY3
MacCeJICHUH CaHJBIK YbITAPbUIBIIITAPBIHBIH JKaHa OUp ©J4eMJlyy TECKEpPH MAacCeICHUH
PeryJSpJalTHIPBIITaH CaHIBIK YbITaPbUIBIIIBIHBIH BIKMAJIaphl UIITEIIUI YbIKKAH.

AJIBIHTaH HATBHIKAJAPABIH NPAKTUKAJBIK MaaHUCHU. [IpakTUKamblK MaaHUCH
TenerpadThIK TEHAEMEHUH MaceseiepuH YEYYYHYH JKaHbl aJTOPUTMJCPUH HIITEI
YbITyy/1a, UIITEIUN YbIKKAH aITOPUTMIEPAMN *KaHa MporpaMMalapibl MOJENIee/1e KaHa
TenerpadThIk MacenenepIn Yeuyy1e KONJI0HYY MyMKYHUYJYTYHO 33.

Anbiaran HaTelibkanap Ol TEXHOJIOTHSUIBIK YHUBEPCUTETUHUH OKYY MPOIECCUH/IE
MarucTpaTypaHblH 9K 0arbIThl 00IOHYA KOJIJIOHYIIYI KeJeT.

Koproo yuyH Oepwiren gucceprauvsiHbIH HETH3I'M K000J10py:

Ke3 npMemuk skaHa mHyp OyiakTapbl YUYH YEKTUK IIapTTapbl Oap Tenerpadrhik
TEHJIEMEHUH TY3 ’KaHa TECKEPH MACEJICCUHUH MaTeMaTHKAJIbIK MOJICIIICPH;
TenerpadThik TEHAEMEHUH KU OTYOMIYY TY3 MacelleCHH dedyy Y4yH Oap Ooiyy,
KaWTaJIaHTBICTHIK JKaHa MApTTYy TYPYKTYYJIYK TeopeManapsbl.

TenerpadThlk TECHAEMEHUH OWp OIYOMIYY TECKEPH Maceleaepu YIYH YEeKTYY-
alBIPMAJIBIK PETYJIAPIAITHIPHUITaH YbITAPBUIBIIIBI YUYH AT KEJTYY TeopeMaliaphl.
TenerpadThik TEHAEMEHUH TY3 MAaCEJEJICPUHUH CAHJBIK YbITAPBUIBIIIBI, TECKEPH
MaceJIeJICpUHUH CaHMBIK PETYJIAPJIAlITHIPBIITAH  YbITAPBUIBIIIBI  JKaHA —ajapIbl
porpamMMa’iblK KaMChI3[100.

['padwk TypyHIO ajbIHTaH YEUMMIUH HAThIMKAIAphIH TaIa00.

N31eHYYy4YHYH KeKe cajabIMbl. J[UccepTausiibiK UITe OSPUIITeH KaHa WIMMUI



YKAHBUIBIKKA 33 OOJITOH OapAbIK HATHIMKAIAp aBTOP TapaObIHAH KEKE KaHa WIIMMHMA
KETEKUYMHUH >KETEKUYMJIMTH acCThIH/A aJiblHraH. ABTOp TenerpadTblk TEHAEMEHUH Oup
0ITYOM/IYY, KU 6JTYOM]IYY TY3 jKaHa OMp ©T4eM]Iyy TECKEpU MaceJI€CUHIUH MaTeMaTUKAIbIK
MOJICJIMH K63 UPMEM/IMK JKaHa IIHYp OyJlaKTapbl YUyH YEKTHK IIApTTapAbl OPHOTYY MEHEH
OPKYHIIOTYII, MyHO3JOMOCYH TY3/1660 BIKMACBIH, ©3r0UOIYKTOPAY al1yy BIKMACBhIH, YEKTYY
allbIpMaYbUIBIKTAD BIKMAChIH aHa TeJerpadThlk TEHJIAEMEHMH TECKEepU MacelelepuH
CaHJBIK PEryJspJAlIThIPbUITaH YbITAPBUIBIIIBIH  YOTYYy KOJIJOHYY MYMKYHUYJIYTYH
namiaered. Catei0aeB A.J[k. TapaObIHAH KaNmbl Ues CYHYII KbUIBIHIBI )KaHa W3UIII00
npo0emMachkiH (HOPMYTUPOBKAIOO0, aAJILIHTAH HAThIMKAIAPIbI UIKE alllbIPyy ara TaaHIbIK.
NnyumMuii n3u1106e16pIyH aJIbIHTaH HAaThIKaIapbIHBIH BIKMAJIApbIH HIIKE Kuprusyyzae T.4.
KynrtaeB, }O.B.Anumenko, A.T. MamarkaceimoBa, [I.A. Kanneibaea, A.A.
AJMMKaHOBIOpP MEHEH OWprenukTe Makajajap kapbisilanrad. Mm  karazmapna
HaTBIHKAJIapAbl KOJJOHYYTa aBTOPJIOIITOPAYH Ka3yy *KY3YHIAOTY MaKyJIyTry TUPKEIET.
N3ua1060HYH HATBHIHKAIAPBIHBIH TACTHIKTAJIBIMBI. J(HccepTanusga alblHTaH HErH3rH
KBIMBIHTHIKTAP TOMOHKY 3J1 apasiblk KOHGEepeHIMsIapa Jokaa xkacanrad: OH SKHUHYA 371
apalibIk  a3uaTTBIK MEKTern-cemMuHap 'Tartaanm cucTeManapipl ONTUMAIIAIITHIPYY
macenenepu", HoBocubupck, Akanemropogok 12—16 ngexadbps 2016 x.; «MapuykoBayk
wiumuit okyy — 2017» ankarsiHiarsl poccusi WIIMMHM aKaJeMUsCHIHBIH CUOUp 00IIyMYHYH
ACENTOO MaTeMaTHUKa aHa MaTeMaTUKAIbIK Teodusuka HHCTUTYTY, HoBOCHMOMpCK,
Axkanemroposiok 25 utonb—14 wutonp 2017 x.; C.JI. CobGoneB aTeiHAArbl MaTeMaTHKa
WHCTUTYTYHYH 60-KBUIIBITBIHA apHAITAH 3JT apaJIbIk KoH(pepeHIns «MaTemMaTHKa a3bIPKbI
nyvinene», HosocuOupck, 14—-19 asryct 2017 »x.; International Conference «Inverse
Problems in Finance, Economics and Life Sciences Programmy, Al-Farabi Kazakh National
University, Almaty, Kazakhstan, December 26-28, 2017 y.; OH TepTyHYy 2JI apaJbIK
a3uaTTBIK MEKTen-cemuHap '"Tartaan cucremanapipl ONTUMAIJAIITBIPYYy Macenenepu',
AnMartsl, 2628 mait 2018 x.; On apanbik koHpepenuus “International Conference on
Analysis and Applied Mathematics (ICAAM 2018)”. 6 — 9 cenrs6pp 2018 x. Typuwus,
Kunp: Lefkosa (Nicosia), Mersin 10, Turkey; Da apansik koHdpepenmus «Applied Inverse
Problems» Grenoble, July 8"-12% 2019, fr.http://aip2019-grenoble.fr.

JMuccepranusjaa AJIIHTaH HATBHIIKATAPABIH ~ MINEHUMAYYJIYTY  JKaHa
Herm3ayyJayry:

- Tenerpad ThIK TEHJIEMEHHUH TY3 )KaHa TECKEpU MaceJeIepUHUH MAPTTYY TYPYKTYYIYyTy
YKOHYHJIO CaHJIBIK Y€UNMJIEp TEOPUSIIBIK KAKTaH TeopeMaliap MEHEH HErM3/Ie/IreH KaHa
amap rpadUKTEp TYPYHA® albIHTaH CAHJIBIK YCYMMJCP >KaHa CaHJIBIK WIIKE allbIpyyyap
MEHEH bIpacTanar;

- BIPACTOO Y4YYH, OalibiHAa Ty3 Maceie YeuuseT >KaHa alblHraH KOIymMua ImapTTrapra
BUTAKBIK, YCKTYY albIpMaITyy PETYSAPU3ISIITUPUITCH YSUYUM YbITaphliarT;,

- OepwireH Ty3 maceneiaepauH (pU3MKaIbIK mapaMeTpiiepy Ty3 MaceleslepAnH KolryMda
MaabpIMaThl OOIOHYA aNIBIHTAH TECKEpU MaceseNepauH (PU3UKaIbIK mapaMeTpiepyu MEeHEH
CAJIBIIITHIPBUITAH JKaHa CATBIITHIPMANTYY KaTanap TajlanTapbH YeTHH TY30T.



http://aip2019-grenoble.fr/

[y0aukanusaaarsl AMcCePTANUAHBIH KbIHBIHTBIKTAPBIHBIH TOJIYK
YarbLIABIPbLIBIIBL.  J[MccepTalusiHbIH T€Machl OOOHYA HErM3rd O KbIMBIHTBIKTAp 17
WIMMHUN 5SMrekTe kapbisuianrad, aHblH 7 Keipreiz PecnyOnukaceinein YAK KPIT
TapaOblHAaH CYHYWITAIraH >XypHajajapia; 3 57 apalblKk WIMMHN KOHGEpPEHIUSHBIH
MaTepHalapbiHa; 2 YeT OJIKOIYK Me3rHiyy O0ackuimana; 2 Scopus xxana Web of Sciense
cucTeMachinaa Kartanran xypHaiaapaa; 1 Kasllb (Kazakcran nuraTta 6a3acel) TapaObiHaH
unnekcrenred xxana KP BUMBUCKK (Kazakctan Pecniyonmkaceiabia buum Oepyy xaHa
WJIUM MUHUCTPJIUTUHUH buiiiM OepyyHYH ’KaHa UJIMM/IMH CallaThlH KAMChI3 KbLTyy OOIOHYA
KOMHUTETH) TapaOblHaH CyHymTairan Kaszakctan PeciyOnuMKachbiHBIH KYPHAJIBIH/IA;
OIIIOHJION 3JI€ TY3YJATOH MporpaMmmanap yuyH KbIprel3aTeHTTHH 3KU aBTOPAYK KyOemyry
aJIbIHTaH.

IucceprauMsiHbIH  KOJ6MY :KaHa Ty3yaymy. Jlucceprauuss MasmyHjaaH,
KUPHUIIYYIeH, Oemymaepre OenyHreH Oem  OemymaeH kaHa  OelyMaepIyH
KOPYTYHIyJapblHaH, KOPYTYHIyJaH, NPAKTUKAIbIK CYyHYWITapAaH, 92 araibimirars
OynakTapaaH »*aHa 4 KOJIIOHMOJIOPJIOH Typat. JluccepTalusHblH HETU3TU Ma3MyHy 167
OapakTa OasiHIaITraH.

JANCCEPTAIUSHBIH HETU3I'U MASMYHY

Kupumyyae auccepTalysulbIK UINTHH TEMACBIHBIH aKTyaAyyJyry HErH3ICIIH,
aHBIH MaKCaThl )kKaHa MUJIICTTEPH (POPMYTHPOBKATIAHAT, MJIMMHI JKaHbLIBITBI, H3WII00HYH
HaThIKaJapbl MCHEH KOPTOOTO OEPUIITeH K000JIOPIYH MPAKTUKAIBIK MAaaHUCH, aBTOPIYH
KEKE CaJbIMbl, JKBIUBIHTBIKTAP/bI YarbUIABIPYYHYH TOJYKTYTY, CTPYKTYpachl >KaHa
JIMCCEPTAIUSHBIH KOJIOMY KOPCOTYIIOT

Bupunun 6eaymae «Anadbustrap O0IOHYA ChIH MUKUPIIEP» AUCCEPTALUSIIBIK HILITUH
TeMachl O0IOHYA aabusITTapra ChIH MUKUPIICD KEITHPUIITCH.

TenerpadTeik TeHAEMe MaKCBEUIIUH TEHAEMENIEP CHCTEMAChIHBIH )KOHOKOUITOTKOH
TYPYHYH Oupu 0oy dcenteneT. Kemuyiyk 31eKTpoarnHaMHuKa Maceenepu MakcBeIIIuH
TOJYK TCHIEMeNlep CHCTEMachl MEHEH CYpeTTeNoT. MaKCBeIIWH TONYK TEeHIeMelep
CHCTEMAaChIHA KaHIaWbIp OUp ©3repyysiepay KOJIJAOHYI, TOMOHKY TYPIOry TeiaerpadThiK
TEHJIEMEHU ajicaK 0OJIoT:

0%H(z,t) ¢%(z) 0°H(z,t) 4mA(z)9H(z1t)
otz e(2)u(2) 072 £(2) ot '
Ooyn xepae H(z, t)- MarHWUTTUK TajaaHbIH YbIHANYYCY, C(Z) — TONKYHAYH Tapanyy
BUIIAMIBITHL, €(Z), (Z) — DIEKTPIUK KaHa MATHUTTHK 6TKOPYMIYYIYKTOpY, A(Z)- anektp
OTKOPIYUTYK.

byn macenenepaun Oupunun koroayiry A. H. Tuxonos (1990), A. C. AnekceeB
(1984), A. C. bnarosemenckuii (1997), M. M. JlaBpeutses (1978) u B. I'. Pomanos (1984)
TapaOblHAH M3WIJACHTCH >XaHa (HOPMYyJUpOBKAJIaHraH. AJ 5MH TECKEPH JHHAMHMKAIIBIK
MaceJeIepIMH  YBbITapbUIBIIIBIHEIH  0ap 00Jyycy JKaHa IKaJTBI3BITBIHBIH JIOKAJIBIK
TeopeMachIHbIH qanmiaee ycyiy B.I'. Pomanos (1984) TapaObiHaH ©HYKKOH, OIIOHIOMN 3J1¢
JKaITBI3/IBIK KaHa MAPTTYy TYPYKTYYIyK Teopemanapbl «tonyry» Mened C.U. Kabanuxuu




(1991) >xana aHBIH OKY4YyyJIApBIHBIH TECKEPU MaceJeNepaAuH KEHUPHU aIKarbIHAArbl
U3UJI106J16p/1e KOJIIOHYJIaT.

[TpoeKkuMsIIbIK YCYIAYH HETU3HH/IE TUIIepO0IIablK TEHAEMENEP YUYH KOIl 0T4eMAYY
TECKEPU Macelelepid YbIFapyyHYH CaHJIBIK alrOpUTMIEpUH Kypyy bikmacsl C. U.
Kabanuxun (1991) TapaObiHaH CyHYIITAI/IBbI.

B.I'.PomanoB (1984), C.M.Kabanuxuu (1991), T.I1.Ilyxuauyer (1982) TapaObiHan
JJIEKTPOJIMHAMUKAHBIH ~ TEHJIEMECH  YYYH  TECKepM  Maceneiep  HU3WIJACHIEH.
C.".Kabanuxuuaus (1991) moHorpadusceiHIa Ty3 jkKaHa TECKEPU MaceseNepIuH CaHIbIK
Yyeuyy Macesecu Kapajiras.

byn aiimakra Keipreizcranapik okymymtyyiapsl A.Jx. Cateibaes A.T. (2001), I'.A.
Kanneibaesa (2009), A.T. MamatkaceimoBa (2015), FO.B. Arumenko (2021) sxymymtapbia
OeNruie KeTHII KepeK.

UtepanusHbiH ap Oup KaJaMbIHJA THELIENYY TY3 MAaceleHH 4euyy Kepek OOJroH
KOMUYJIYK HUIITEJIUI YbIKKAH aIrOPUTMAEPIN HILIKE allblpyy UTEPALMOHIAYK YCyl Oomyn
scentenred. MpiHaail anroputmaepauH 3Q(EeKTUBAYYIYTY TY3[I6H Ty3, TY3 MacelleHU
YEeUYYHYH bULIaMBITbIHAH KO3 KapaH]Ibl.

Omenturn, Oy 6eayMIe nuccepTauusiga KapajiraH Maceslere OKILIOII IMHAMUKAIIBIK
TUOTETW  runepOosiaiblK  TEHJIEMENEPAUH  TECKEpU  MaceJeliepuH  U3WII00HYH
HaTbIXKaJlapbl OEpUIITEH.

JxkuHuM  Oeaymae «Metojonorus JkKaHa U3WIAOO bIKMajapbl»  KOKOJTaH
MaceJenepIu YeuYyAe KONIOHYIraH MaTepraiiaphl KaHa yCyIaapbl KOPCOTYIITOH.

N3unanee odbexkTHcu. byn nuccepTalMsulblK MINTHH W3WII0© OOBEKTHCH OOy
TenerpadThIK TEHAEMEHHH TY3 jKaHa TECKEpH MaceJeliepuH ap KaHaai GopmymaupoBkana
KOIY OOJTyTl caHasar.

N3unnee mpeameru. byn muccepTanmusuiblk WIITHH HW3WIAOO TpEeIMETH OoIyn
TenerpaThlK  TEHAEMEHHMH  MAacelIeIepUHAH  MaTeMaTHKaldblK  MOJENH,  CaHJIBIK
pEryJsipu3alUsaiiaHTaH  YbITapbUIbIIIbI, YbITAPBUIBIIITHIH aNTOPUTMU, OIIOHAOH 3Jie
nporpaMMa’blKk KOMIUIEKCH jKaHa aHbIH (DYHKIMOHAIAYYIIYTY 3CENTENET.

N3unnee bikmMachl. byn guccepranusuiblk MINTHH HM3WI166 BIKMAachl 0oyl
MYHO3/I6MOCYH TY31106 bIKMAChl, ©3re4eJyKTepre O0achlM XKacoO bIKMAChI, YEKTYY
allbIpMaublUIbIK BIKMAChl KaHa YEKTYY alblpMayblIBIKTBIH PETYJISPIAIITHIPHUITaH bIKMACHI,
MaTeMaTHKaJIbIK MOJIENJ166, OLIOH0M 3J1e MporpaMmma HHTep(ecrH Ty3yy YUyH 3aManOan
IpOrpaMMasoo TUJIIEPH ICEITENET.

TenerpadThik TEHAEMEHUH MaceJeNepUH YbITapyy YYyH OamiTamkbl jkKaHa YEKTHK,
allMaKTBIK IApTTapra jkapamia, OIIOHAOW »9ie (UBHKANBIK TpOIEcCTepre KaHa
KyOymymrapra x.0. Kapara ap KaHmaid bIKMajap KOJAOHyJaT. ['mmepOoianbik THUNTETH
KapbIM-KapTeUlal  TyyHaynapaa — auddepeHmangplk  TEHAEMEIeH  OeNnrucu3
KOX(PGUITUEHTTH aHBIKTOOHYH TECKEPH MacesieJIepUH H3WII06e OallTanKbl )KaHa YeKTHK
HrapTTap/a ’aHa KOIlymMua MaajlbIMaTTa MaTeMaTHKAIBIK (PU3UKAHBIH K39 OMp BIKMaJlapbl
KOJIJIOHYJIAT.



Ty3 macenenu uslrapyy y4yH OMpUHYH]ICH, ©3T0UOIYKTOPIY alyy BIKMACHIH
KOJJIOHYN aHa THUEUIEeNYY KaTbIITap/lbl alyy MEHEH CHUHTYJSPABIK jKaHa Peryisipyy
OesyryH OeyIn anar.

AHJIaH KUWUH MYHO3/1eMeJIep BIKMAChIH KOJJIOHYY MEHEH TEeCKepU MaceIeHHH
TEHJEMEJIEp CUCTEMAChl KypyJaT, aHbIH >KapJlaMbl MEHEH 3KMHYM Japa)kajarbl >KapbIM-
xKapTeUiail nuddepeHInanaplk  TEeHJIeMe OWpPUHYM JlapaXkaJarbl KapbIM->KapThliai
muddepeHnruanabik TeHIEMeNep CUCTEMAaCchlHa KEATUPUIIET. AHJIaH apbl ChI3BIKTYY 3MeEC
UHTETPAIJBIK TEHAEMENEpINH CHCTEMAachlH analbl3, aHbl 4Yedyy YYYH HYEKTYY
allBIpMayYbLIBIKTap BIKMACBIH KOJIOHYYyTa OOJIOT.

YuyHuyneH OemnHYM 06IyMIre YeiHnH JKeKe U3WJI100JI0pYH HaThIibKalapbiHa xKaHa
aJlap/IbIH HeTU3/IeMeJIepUHE apHaJITaH.

Yuynuy 0esaymae «MaremaTukaiblK MOACIAED KaHa TelaerpadThIK TEHIEMEHHH TY3
Mmacenecn» TenerpadThliKk TEHAEMEHHUH OSKH OMueMIyy Ty3 MAaceleCHHUH Tyypa
KOIOJITAH/BITHl M3WIJICHUII, TelerpadThiK TEHAEMECUHUH YbITapbUIBIIIBIHBIH SKalllalllbl
’KaHa KaWTaJaHTbICTBIK TeOpeMalslapbl JaIWIJCHUI, OLIOHIOM 3Ji€ TOJKYH MPOLIECCUHUH
MAaceJIECHUH YbITApYYHYH KaJITbI3AbIIbI JATUIICHT €H.

HuddepeHnnanablk MaceIeHUH YeKTYY allbIpMallyy aHaJIOTy TY3YJITeH:

DKM IUTACTUHAAArbl AJIEKTP TaJlaachIHbIH YbIHAIYYCY TOMOHKY (popmanarsl 9KM ©T4eMIYy
Tesierpad TCHICMECH MEHEH TyroHTy aT[1-4]:

(z,y) a(z,y)
Eii(z,y,t) = —E(Z’y)ﬂ(z’y)AE(z, y, t) — o Et(z y,t), (z,t) ER%,y ER, (1)
Oyn xepme  C(z,y) - OSICKTPOMArHUTTUK TOJKYHAAPABIH Tapanyy bUIIAMJIbIThI,

£(z,y), u(z,y) - aneKTpAUK KaHA MATHUTTUK OTKOPYMAYYIYK, G(Z,y) - 46UPOHYH IJIEKTp
OTKOpryuTyry, E(z,y,t)- snexTp TanaachlHblH 4blHaNIyycy, AE(z,y,t) = Ez, + Ej, -
JlarmacTeiH oneparopy.
Kenreren ubirapbulblTapabiH wuvHeH (1) TEHASMEHUH YHUKAJIAYY JKaJrbl3
YBITAPBUIBIIIBIH AHBIKTOO YIYH 013 OAIITANKbI )KaHa YEKTUK [IAPTTAP/Ibl KOIOIIy0y3 Kepek.
Melinu TeMeHKY mapT OepUIICHH

E(z,y,0)| ..o =0, Ez(2,y,8)]z=0 = h(¥)6() +r(y)0(0), t € (0,T),y € [-D,D], (2)

rae 6(t)- Jupaktein genbTa-QyHKIUACH, 6(t)- XeBucalATHIH TeTa-(YHKIHICHI,
h(y),r(y)- sHeprus Oymakrapsl. Byq KydTepayH TaacHpH acThIHIA 3JICKTPOMArHUTTHK
npoiiecc damranar.
(2) mapT K63 MpMEMIMK JKaHa IIHYP OyJIaKTaphl JCI aTaiaT.
Meiinu k33 Oup mapTrap aTKapbUIChIH,
E(Z, y): S_(Z, y): /l(Z; y): O_'(Z, y) € Alr}
h(y),r(y) € 4y,
yi kepae Ay = {g(z, y) € C6 ((o, d) x (—Dy, Dy), sup p{e(z,y)} € ((0,d) X

(=Dy, D)), @ = llez Yz < My, 0 < My < £(z,y) < My},

3)



A, = {supp h(y) € C>(-D,D),  h(y) €C>(-D,D)},

oyn xxepae My, M,, D,, d —OH TypyKTyynap,
D =D, +T(M,+a),T =2d/(M, — a).

byn xepae T - ybakwit, r(y),h(y) Oymnak GyHKOUSIIApbI MEHEH 3JCKTPIUK
YBIHAJYYCYHYH Oy3yJylIyHaH naiaa 00iroH, aa d TepeHAUTHHE JKETHIT, OapIbIK Y YIYVH
z = 0 OeTHHE KalTHIN KeJeT.

Ko Oump sxampl e3repme a(x,y), »kaHa xaHbl (QyHKimsabl U(a,y) = i(z,y),
e(a,y) =é(z,y), c(a,y) =c(zy), o(a,y) =d(zYy), 9(a,y,t) = E(zYy,t)
KUPTHU3MIT J)KaHA YSUUMINH PETYJIPAYY JKaHa CHHTYISIPIYY OOYKTOpYH 06ym KepcoTyy
MCHEH, 013 MYHO371eMeJiep 00I0HYA MaaIbIMATTap MEHEH TY3 MaceJIeHH aia0bl3.

2 2
‘;tf 99 — + Li9(a,y,t), |a|<t<T, ye(-D,D),
19(05;}’; t)||a|:t - S(t;}’); t e [OFT]) y € (_D)D)l (4)
19(6(,:)/, t)ly:—D = 79(“' Y, t)ly:+D = 0.
_ A(ay) 929 99 929 _o(ay) a9
oynxepae L,9(a,y,t) = Sanay) 1372 +Aha—+a, 6a6y] Sy 3¢

MpebiHgan MypyHKY OapabapcChI3/IbIKTaH, TUIEPOOJIATbIK TEHIEMENIEp Y4YYyH

HHEPreTUKAIBIK 0apadapChI3ABIKTHI KOJJIOHYY MEHEH KUHHUHKH 6apa6apCbIBIII>IKTI>I anaObI3:
512,11 31'1 ZH

max_ (19130} < (I1913lal} exp | (2 + 352 + 222 ¢, (5)

|a|sT<ts<T Hfl 1081
synmepae 91RO = (I9I2 + 18,0 + 1,1 + 8,]]7)
OmeHTHM, OW3 JKAITHI3IBIK TCOPEMACHIH JATHIIICIHK.
Teopema 1. Meitmn c(a,y),u(a,y), e(a,y), o(a,y), ay, Aa, GpyHxuusIaps!
Y3TYATYKCY3 JKaHa OMPUHYH TapTHIITETH Y3TYJITYKCY3 *KapbIM-KapTbulail TyyHIynap, (4)
MaceJIeHHH YbIrapbUIblbl 0ap GoncyH xana C? (€(T,D)) xana (3) mWapThiHA THELIETYY

oosicyn. Anna (4) macenenuH ubirapbutbiisl 2(T, D) aiimMakTa >kairei3 )kaHa KUAMHKH
Oaara 7

lTTl_aiC {I9N5®)3 < 1915 al) * exp(Tl;5t),
57014

TR (©)
(4) xana (1)-(2) macenenepauH SKBUBAJEHTTYYIYTYHOH (1)-(2) MacelleHHH YbITapbUIbIIIbI
na TeopemanbiH maptrapbid Q(T,D) aiimakta aTkapyy/a, *aiarsl3 9KEHU KEJTUIT YbIrar.

Ke3 wmpmeMauk >xaHa 3bIM OyllakTapbl MEHEH TenerpadThiKk TEHIEMEHHH JKHU
OITYOMYY TY3 MaCEJIECHHUH JKallalllbl JATUIACHTEH, OIIOHI0M 37 TOJKYH MPOIECCTEPH
YUYH TY3 Macese U3UJIJICHTeH.

byn macenenep MyHe31eMeNIOpYHIOTY MaalbIMAaTTapbl Oap SKHHUM Japakaaarbl
nuddepeHnranapik TeHAEMEIEpIMH MaceseliepuHe KeNTUPUIITEeH xKaHa Oy MacesenepIuH
YBIFAPbUIBIIIBIHBIH JKAJITBI3ABITEl JaMMIAeHreH. Ty3 MaceleHHH TaK YbIrapbUIbIIIbIHA
CaH/IBIK YBITAPBUIBIIITHIH KaKbIHAAITYYCY HETHU3/IENITEH.

oyn xepae Ilj5 =



Tenerpadthik TeHneMeHUH AUQPGEPEHIUATABIK KU OYOMIYY TY3 MaceleCUHUH
YeKTYY aillblpMallyy aHajory Ty3YJYI, TOJKYH HpOIECCTEpU YUYH MACElNeHHH YEKTYY
abIPMaYbUIBIK YbITAPBUIBIIIBI TY3YJITOH.

Omienrur, 0y 6emymie TesnerpadThik TEHAEMEHUH KU 0JTYOMTYY Ty3 MaceJeCUHUH
Kalllalllbl ’KaHa >KaJITbI3/bITbl TATUIICHT€H JKaHa TOJIKYH MPOLIECCTepH YUYH TY3 Macele Ja
m3wigeHred. Ty3 MaceleHMH TaK  YbITapbUIBIIIBIHA  CAHABIK  YBITAPBUIBIIITHIH
KAKBIHAAITYYCY HETU3/ICIITEH.

Teprynuy 6eaym «TenerpadThik TEeHIEMEHUH TECKEpU Macelecu» TelerpadThiK
TEHJIEMEHHH OMp 614eM]TYYy TECKEPH MaceselIepuH U3UII1eere apHaIraH.

Temenky ¢opmaaars! TenerpaThiK TEHIEMECHH Kapam Kopey:

0%vV(z.t) _ 0%V(zt) 1 ay(z)] ov(z,t) _4mA(2) 9V (z,0) 2
otz 9z2 2 [a(z)] 9z e(z) ot ' (z,t) € RY (7)
Bamrankel )kaHa YEeKTUK MIAPTTAPbIH KOEOY3:
V(z)|,<o =0, zER,, f"’;j” _ =ho8(®) +1o0(2),t € R, (8)

o(t o(t o

Oy xxepae ®). JupaxTeiH fenbTa GyHKIUACH, ®) XeBHUCAUATHIH TeTa PYHKIUACHI.
TenerpadThik TEHAEMEHUH TECKEPU MACENIECUH YbITapyy YUYH KMHUHKHA TEHIEMeEAeH Ty3
MaceJIeCUH YbIrapyy KOHYH/I® KOIIyM4a MaajibIMaT OEpHIICUH

V(z,t)l,=0 = f(£),t € [0,2T]. (9)
TerneMeHnH K0 dHUITMEHTTEPUHE KapaTa IapTTap aTKapbUICHH
(e(2), u(2),1(2),¢c(2)) € 4y (10)
rne Ay = (e(2): €(z) € C6(R,),e'(+0) =0, 0< M, <e(z) < M,,
le(@)llc2(r,) < Ms). (11)

(7) TenerpadThIk TeHIACME TUNICPOOJIATBIK TUIITETH TeHaeMe, anaa MaceneHu A(T)
aliMareIHga Kapooro 0oJIoT. -
AT) = ((z,):z € (0,T), |z| <t < 2T —|z|). (12)
Teckepu macesie. An 6enrunyy Maanuiep apkeutyy (7)-(9) getiperyH A(z) -3mexTp
OTKOPYMAYYAYTYH: U(z), &(z) - MarHUTTHK *XaHA JAUDJIEKTPIUK OTKOPYMIYYJIYKTOD,

omoHA0W 3¢ (9) Typmery Ty3 MacelecHH YbIrapyy JKOHYHII® KOIIyMYa MaaJlbIMaTThI
aHBIKTOOJOH Typar. g(z) =— % (ZZ((ZZ))
B.I'.PomanoBayn (2005) wixkmacel OoroHua (7)-(8) Ty3 MacesenepuH YbIrapyyHYH
CUHTYJISIpIIYY JKaHa peryysipayy 0esyryH 0enymn analbl3, all Y9yYH MaceJICHUH
YBITAPBUIBIIIEIH TOMOHKY TYPJ® KOpcoToOy3:

V(z,t) =V(z,t) +S(2)0(t — |z|) + R(2)6,(t — |z]), (13)
oyn sxepae V(z,t) - xplnmakaii y3ryarykeys GyHkims, 6(t) — XeBUcaHATHIH QyHKIHACH,
0,(t) = to(t).

(13) MaceneHuH YbITapbUIBIIIBIH KOPCOTYYAOH OU3 CenToesioply Ublrapadbl3 kaHa
amapael (7) TEeHIEeMere ajaMaIlThIpyy MEHEH K33 Oup HaThlibKajgapabl amalObl3 jKaHa

V(z, t)|t<0 = 0 OOJTOHAYKTaH, OIIOHJOM 3JIe KOropyAarsl CENTOOIOPAOH TOMOHKY TY3

apKbLUTYyy Oenruienous.

CBI3BIKTYY MYHO3/1YY TECKEPU MaceJIeH! ajla0bl3:
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V2, 6) = U (2,6) + gV (20 = [92) + 252V (2.0, (2 ) € 4(8),  (19)

V(z,t)lt=)z) =S(2), z€][0,T]. (15)

V(Z' t)|z=0 = f(t), te [O,ZT]. (16)

byn xepne teckepu Mmacene V(z,t), S(z) dyukuumsacein £(z), g(z) Oenrunyy

GyHKIUSIIAphl apKBUTYYy aHBIKTOO Oonym caHamar (amap Oenrunyy p(z) xana &£(z),

byHKIMSIIapbIHAH KO3 KapaHbl), oenrunyy f(t) GyHKOHICHI apKbUIYy - TY3 MacCICHHH

YBIraPBUIBIIIIEI )KOHYH/® KOIITyMYa MaaJlbIMar.

Orepae S(z) GyHKIUACH aHBIKTAJICA, aHAa TOMOHKY (hOpMyiia MEHEH

w(2) = -2+ 5 2) (17)

oenrucus A(z) - 37MeKTp OTKOPYMIAYYIYK QYHKIMSICHIH J]a aHBIKTAal ana0bI3.
YekTyy aiibipMaubLIbIK bIKMachkl MeHeH (14)-(16) macenenepuH 4birapyy Y4yH TOp
aliMarblH KUPTU3EIIH:

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

Oyn sxkepae h Top Kagambl x,t OOrOHYA .

K3 Oup Oenruneeneply KuUpTrU3WIl, aWbIpMadyblUIbIK MACEJIECUHUH YEKTYY-
alBIPMAJIBIK ~ YBITAPbUIBIIIBIHBIH (14)-(16)  muddepeHIMATABIK  MacelICCHHUH
YBITAPBUIBIIIBIHA JKAKBIHIAMTHITEIH JTa0bI3.

Teopema 2. Meium (15), (16) Teckepu auddepeHIUAIABIK MaceIeHUH
YBITBIPBUIBIIIEL KamackH V(z,t) € C*(A(T)) sxana (10) mWapThl aTKAapbUICKIH, OIIOHJO
TECKEPHU MAaCEIECHUH (Vik, S i) Typry3yJiras uslrapsuisimrapsl (15), (16) reckepu maceneHuH

Vik ,S; Tak ubirappuibibiHa O(h) TapTunTeru bUITAMIBIK MEHEH KaKbIHAIIAT.

YekTyy adbIpMAUYbLIBIKTYY peryjisipu3alMsjIaHral 4euyuMm. Meiim smu Ty3
MACEJICHUH YbITapbUIbIIIEI )KOHYHIO KOIIyM4a MaaisiMat fo (t) TypyHIe GepHicuH skaHa
TOMOHKY IIAPT aTKAPBUICHIH:

IF® - @) <68, & manoe uncio (18)
AHpa Teckepu MaceneHuH V¢ sxana S¥ perynapnamreipeiran asraphuIbIme yayH
TOMOHKY (popMyranapabl ga anyyra 00JoT.

k+l+15 k—i—-1,6
I“/llif (f f )+hzzgu Vy —i—u+2p,8 Vk i- u+2'p6)

2 H—
p=1pu=
i D
k —i—u+2p+1,6 k—i—u+2p-1,6
-, 2% -, )
p: :
i=1,N—1; k=iN—di (19)

K33 6up Genruneenepy KOJIIOHYH kKaHa K33 Oup 0aalooHy 3CKE alyy MEHEH, O3 TOMOHKY
OaaHbl anadbI3
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720" = (5 + 0(h)) - exp(1 + 4TG + 4TE + 4TES). (20)

AKBIpKBI 0aa TECKEpH MAacCEJICHWH 4YeKTYY alblpMAubUIBIKTBI PETyJspJIalliThIpraH
YBITAPBUIBIIIEI YIYH 6aa OOy ACenTeNeT.

Teopema 3. (14)-(16) Ty3 MaceeHHH YBITApBUIBIIIEI JKamIackH xana V (z,t) € C 4(A (T)),
(10) mapThl aTKapHIICHIH.

AHJa TecKepu MaceleHUH Typry3yiraH 4eKTYY albIpMallyy perysspiallThlpbUIral
yprapbutbimbl  (14)—(16) Teckepm MaceneHWH Tak 4YblrapbuibiibiHa O(h) TapTunTern
BUIIAMJIBITHI MCHEH JKaKbIHIamar xkana (20) 6aara 3».

(17) dopmymnaman (7)-(9) OamrTankel MaceICHUH YEKTYY aWbIpMaybLIBIKTYy

PeryJApAalThHPBUITaH YbITAPbUIBIIIBIH anadbI3:

c? c?

i i—1 § 5
5 _ _ &)1 |hak hsi—1#i—1] Z(Si _Si—l) _
A== 5, T s B
i i
Eili
2 2
[ G Cig ] * &L 5 5
47 2c? hS? ’

Omentun, Oyn Oemymae TtenerpadThlk TEHASMEHUH OUp OMYOMAYY TECKepH
MAaceJIeCUHHH YEKTYY-albIpMAaJIbIK PETYJSIPAYY YbITAPBUIBIIIBI UIITEIUI YbIKKAH, MBIHIA
JNCKTP OTKOPYMIYYJIYTY aHBIKTANAT JKaHAa TECKePH MACEJICHUH TaK 4YbITapbUIIIIBIHA
’KAKBIH]IBITBI )KOHYH/IO TE€OpEMa UIITEIUI YbIKKAH.

Tenerpad)Thlk TCHIEMEHUH TECKEPU MACEIICCHHJIC JJICKTP OTKOPTYYTY KabIObIHA
KEJITUPYYHYH YEKTYY ailbIpMayvbLIBIKTYy YbITapbUIBIIIBI TYPry3yayI, Oyl YCUUMIUH TaK
YBITAPBUIBIIIKA XKAKbIHIAIIKAHBITbl KOPCOTYJITOH.

bemmunun 6eaymae «TenerpadThlk TEHAEMEHUH TY3 KaHa TECKEPH MaceleliepuH
YBITAPYYHYH CaH/IBIK aJITOPUTMH KaHa UIIKE alllbIPhUTBIIIBDY CAHIBIK alropuTMaep, 3, 4 -
OesymMIepe U3WIIECHTeH TelerpadThiK TCHAEME YIyH OUp ©T4eMIYY TY3 JKaHa TeCKEpH
MaceJIeJIepIMH MPOrpaMMAaIIbIK KaMCBI3JI00Cy OasHIalraH.

Ke3 wupmemauk >xaHna mHyp OynakTtapbl Oap TenerpadThlK TEHJIEMEHHH TY3
MaceJIeCUHHUH CaHBIK YCUUMU KSITHPHITCH.

9%E(zt ¢%(z) 0%E  4mA(z) OF
at(z : - é(z)il()z) 9z2 é(z())a' (Z' t) € Ri ) (20)

Oy sxepae E (z, t)- 31eKTp TanaachlHbIH YbIHATYYCY, C(Z) —TONKYHIYH Tapaiyy
pLIAAMIBITEL, £(Zz), fi(z) —dIEeKTpAUK M MArHUTTUK OTKOPYMAYYAYK, A(z) — anektp
OTKOPIYUTYTY.

bepunren wmaanunep ¢(z2),€(z), i(z),A(z) apKbUIyy, OIIOHJON 03JIe KOIOJraH
OarnTanksl kaHa 4ekTyy mmaprtrap (21) 6oronua (20)-man E(z,t) - S1eKTp TajdaaChbIHBIH

YBIHATYYCYH aHBIKTaiObI3,
, 1
E(Z, t) |t<0 = 0, EZ(Z, t)|Z=0 = - E 6(t) + Toe(t)» t € [0, T], (21)
oyn xepae 6(t) — JlupaxTein qenbta GyHKIusCH, O (t) — XeBucalAThIH TeTa (QYHKIHSICHI,
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7o —OH TYPAaKTyy.
E(z,t) tabyy yuyH 0.a. Ty3 MaceiaeHuH ubrapsuibiiibia (20)-(21) Ty3 MaceneHnun
MaaJbIMaThl MEHEH MYHO3IOMOJIOTY TY3 Macesere KeJITupyy Kepek.
OIIOHAYKTaH aHbl X ©3repyJIMOCYH KUPIH3YY KEpeK.
x(2) = [7 st()’)‘(z da. (22)
TemeHKye Typaery mapT aTKapblIICHIH

x(z) > 0, limx(z) = 0. (23)
Z— 00
byn mapt kupruswired x(z) e3repyiMecy ©3reue SKCHIUTHHE KelaTuper. JKaHpl

byHKIHsIap ABI KAPTru3e0un3 c(x(z)) = ¢(2), a(x(z)) = &(2), b(x(z)) = [i(z),
u(x(z),t) = E(z,t).
Ty3 macenenu kapar 4sIraObi3,

(w/a(x)b(x))x,-c(x)—\/a(x)b(x)-c,'c(X) 4md (x) )
Ut (x; t) = Uy (x, t) - a(x)b(x)-c(x) Ue = a(x) Ue
X€R, tER,, u(x,t)]peg =0, ’ (24)
1 0 _c(
U (%, )x=0 = =3 " Ja(®b(0) JOA a(0)b(0) Taoni 000 J

By sxepae Oamrankel GyHknus U(x, t) GyHKIHICH 00Ty dCenTeNeT, Oy
AT) ={(x,t) ERXR,, x€(—T/2,T/2), |x| <t <T} Ty3 MacemecHH Kapoo MEHEH
YeKTeJICEK OOJIOT.
YekTyy-alibIPMAYBbLIBIK YbITAPbLIbII. Top aliMareiH KUpruzeous
A,(T)={x;=ih, i=0N, h=T/2N; t=kt; k=0,M, t©=T/M},
h, T — TopayH kagamel x,t 6oroH4ya. Melnu T = h 60JCyH.
Top OenruneenepyH mnaigananein  (24) auddepeHIHAIIBIK  MaceIeCHHUH
aBIPMAYbLIBIK aHAJIOTYH Ka3a0bI3:

Si+1—Si-1 u£<+1_u{'(—1 4md; u;‘—uf_l |
s T T T (x;, Tx) € An(T). 25)

u;; = Si! | = O,—N
(25) popmymna (24) maceneHHH YEKTYY-albIPMAUbLIBIK aHAIOTY OOJTYIT ACETTENeT.
I'ponymia-benmmanabiH  6apabapChi3AbITbIHBIH TUCKPETTHK AHAJIOTYH KOJIOHYII
TOMOHKY OaaHbI aJiadbI3

Uk+ < O0(h) *exp [2 + (26)

Omentumn, (25) MaceleHUH OOJKOJIIYY YEKTYY aWbIpMaybUIbIK YbITapbUIBIIIBIH
nuddepeHUanaplk  MaceleHUuH (24) Tak  YBITapbUIBIIIBIHA  JKAKBIHAITKAHIBITHI
JAJTUIICHTEH.

Teopema 4. Meitnmu nmuddepeHnmnanapik MaceaeHuH (22) YpIrapbUIBIIIBLI JKAIaChIH
xana meim u(x,t) € C 4(A (T)), meimm (20) xaHa (21) maprrapbl aTKapbUICBIH. AHJA
YEKTYY albIpMavbLIbIK METOTY MEHEH KypyiraH (25) MaceneHUH O0KOIIYY

Utp = Uz — 2

4nDh]
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ypirapbuibiiibl - O(h)  TapTuOMHMH  BUIAAMABITEL  OoroH4Ya (24) MaceleHMH Tak
YBIrapbUIBIIIbIHA KaKbIHAAmAT jkaHa (26) Oaa anbIHAT.

Omonmoit »ye Maceie MaalbIMaTTapbl MEHEH MYHO3/1eMeJIepery macelere
KeNTupwired. YekTyy alblpMayblUIbIK aHaJOTy MEHEH alIMAIlThIpbUIaT. bomkonmyy
YBIFAPbUIBIIITHIH TAK YbITAPBUIBIIIKA KaKbIHAATraHbl JAJIAJIACHT €H.

Ty3 macenenepau yslrapyy/ja KUpru3yyudy QyHKIOUsIapra Kkapara A(X) - YOUPOHYH
AIIEKTP OTKOPYMIYYJIYTYHO, C(X) - TOJIKYHAYH Tapaiayy bUIAaMIbITBIHA, ,u(X) - MAarHUTTUK
OTKOPYMAYYIYKK® KaHa £(X) - 27IeKTp oTKOpYMAYYIYKKe GaiilaHBINTYy Ty3 MaceleHH

ypirapyyaa GyHKIUsIIAp TYPYKTYY, KOCHHYC ChIMaj kaHa Ke3 UpMEeMAMK (DyHKIHsap
TYPYH/I© aJIbIHTaH.
Tabnuua 5.1. — Ty3 macene, acenTee KaTachl YU4YH TeCT (QYHKIMSIIAPHI

Ne | CyporrynNe Dyukyusanap Kaga | Cada.
A(x)—epv- c(x)—srv- 1(x)— ggu- &(x)—eps- MBI | KaTau.
I1eKmpo MOAKYH Mapanyy MASHUMMUK nekmp
emKepeyy bLI0AMObL2bI OMKOPYMOYYAYK | OMKOPYMOYYAYK
1. | 5.1-cypera) | 1.1-cos?(sx) 3.1-cos?(1.57x) | 2.1-cos?(3.14x) | 4.1-cos?(6.28x) | 0.02 | 10.66
2. | 5.1-cyper b) 1.1-cos?(0.785x) | 3.1-cos?(x) 2.1-cos?(3.14x) | 4.1-cos?(6.28x) | 0.002 | 11.55

Ty3 macene xoropyna Oenrmwiyy OonroHaon (GpyHKIUsIapaarsl MyHO310MeJOpIYH
. k
MaajabIMaTTap MEHEH ailblpMavblUIBIK MacesecuteH V; - Top GYHKIUSICHIH aHBIKTOO OOy

scenTener. byn macenenu 3centee y4yH OW3 Kolrymua (YHKIMSHBI aHBIKTalOBI3, 0.a.
AJIEKTP TaJlaaChIHBIH YBIHATYYCY JKaHa TOp (QYHKIMSICHL OeATUinyy Top GyHKUIHUsIapbIHAH

ko3 kapauasl. 5.1-cyperre d, =4, C,, 4, & OGepunren, Genrunyy Top GpyHKIUSICHHAH
KO3 KapaHIbl OOIIOH S, - TOp (YHKIMACH dCENTelreH, f, - Teckepu Macene ydyH
KOLIyM4a MaajbpIMar.

4]

- %[k] : - 1K)
- =[k] IR R - =[k]

alk]
(k]
- clk]
- dlk]

alk]

(k] zll
- c[K]
- dlk]

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 150 1590 200 e

a) b)
5.1-cyper. Teckepu Macelie Y4YH KOITyMYa MaaabIMaTThl aHBIKTOO.

(22)-(24) Teckepu MaceJieJIePMHUH YeKTYY AHbIPMAYbLIBIK PeryJsipjamThbipbLIraH
YbITaPbLIBIIIBIHBIH AJITOPUTMH
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K,
1. f *“ Teckepu Macenecu yuyH kourym4a MaansIMaTThIH MaaHucH, (23)
dopMyma apKpITyy aHbIKTanar, 6.a. f“° =V, k=0, N.
: KUHYM KaTMapbl TOMOHKY (hOpMyJia MEHEH aHBIKTAJIAT:
2 2 )
f k+l,e + fk—l,g
k, o
Vo= — k=1 N -1, Teitnmopayn popMyacsiHaH KEJINI YbIKKAH.
Sy =fy u S = f,° scenrener,
Anpan kniine VXF,  i=2,N-2, ih<kh<T-ih, scenrener.
Ap 6up acentoone S’ =V, i=3 N Genrucus MaaHUCHH aHBIKTAHObI3.

S'(X)zm, R’(x):u, i =1, N acenTeibms.
g h * h

o 0 &~ w

Si—-S,4 R -R, | a .
i = + * =1L N ¢popmynacsl apkbuiyy Genrucus

~

h-S., hR, | 4z’
(YHKUMSIHBI ACENTEHOM3.

CaHbIK KOMIIBIOTEPANK MILIKe ambIpyy. Mike amsipyy yuyH ap KaH1aii TECTTHK
byHKUUSIIaphl OEPUIITEH.

ﬂ(Z)— 4OUpPOHYH 3JIEKTp OTKepryuy, C(Z)- yelpeery TOJKYHAYH Tapaiyy
BUTAAM/IBITHI, ,Ll(z)-MaFHI/ITTI/IK OTKOPYMIYYAYK, & (Z)- TVDIEKTPAUK OTKOPYMIYYIYK
GyHKUMsIIapbIH Oepeldus.

AHIIaH KUNUH X(Z) = J. R(X)dg, rae R(X) = %t;x , (bOpMy.TIaCBI OoroHya KaHbI
O X

e3repyJIMesiopre 6TKOHOY3 jKaHa ﬂ(X), C(X), ,Ll(X) ué (X) aHbl (QYHKIUSIIAPBIH
anranOb3 anap Delphi xommproTepank mporpaMmachiHia THEHICAYY TYPIO d(X), C(X),
b(X) u a(X) apKbUTYy Oenrunenomns.

bepuiren a(X), b(X), C(X), d(X) GyHKUMATaphl OOIOHYA OamblHAA SJEKTP
TaJaachblHbIH YbIHAJYYCYHYH TY3 MACEJIECH 3CENTEIreH >KaHa >KaKbIHAAIITHIPUITaH TOP

k
(GYHKIUACH 3cenTenren V; — Ty3 MaceJIeHHUH YbITapbUIBIIIbL.

Ty3 MacelneHuWH DOCENTENTreH  YbITapbUIBIIITAPBIHAH  JJEKTP  TAJAACBIHBIH
YBIHAJIYYCYHYH TECKEpPH MacelleCh Y4YyH KOIIyMya MaalbIMAaT aHBIKTaraHObI3:

fK=vS k=02N.

Ty3 MaceIeHH YbIrapbLIBILIBIHBIHE TYPYKTYyyry yuyH U esrepmecy 6oroHua Top KajgamblH

Z e3repMecy 00IOHYA TOP KaJaMbIHBIH KapPbIMbIH AJITAHOBI3, 0.a. 7 = 5 OcKe anaobI3.

OIIOHIYKTaH, TECKEPH MACEIICHH Yblrapyy yuyH 2 kagam meren 1 =V, k=0,2N

KOIIyMYa MaaJlbIMaT aJlbIHTaH, JeMeK OyJ kepJe alblpMayblIbIK CXEMAChIHBIH ailflaHyy
BIKMAChl KOJIJIOHYJIAT, OyJI CXeMaHBIH HOJIYK KaTMaphbl.
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DKUHYHA

KaTMap/IbIH

OENTUCU3IUTHHE

OalIaHBIITYy

V)= (f oyt )/ 2. popmynacel GOIOHYA AHBIKTAIBIK.

AHJaH apbl 5KMHYH KaTMapaan K = 2 Garrar sJIeKTp KaTMapbIHbIH YBIHATYYCYHYH
TECKEepU MaceJIeCH ICENTeeT.
Ap 6up xomy Delphi mporpammaceinia Teckepy MaceIeHUH KUMUHKN KaTMapbiH

OupuHYH

KaTMap/ibl

k .
scenreene, amap W; OenrwieHreH, Ou3 SkuHuYM Qopmyna apkeutyy S, 1=0,N
aHBIKTAHOBI3, MporpamMmaza anap Sp;, | =0,N mem GenruncHreH.

Tabmuma 5.2. - Teckepu Macene YUYH TECTTHK (QYyHKIUSIIAPBI, 3CENTOO KAaTaubLIbIThI
Ne | CyporTyHNe Dyukyuanap Kagam | Caj.
A(x)—epv- c(x)—srv- (X))~ gu- g(x)—eps- KarT.
EKMpO MOIKYH MAPanyy MACHUMMUK 9eKmp
emxepeyu BLI0AMObLbI OMKOPYMOYYAYK | OmMKOPYMOYYIAYK
1. |5.2cyper a) | 1.1-cos®(sx) 3.1-cos®’(1.57x) | 2.1-cos?(3.14x) | 4.1-cos®(6.28x) | 0.005 10.7
2. | 5.2-cyper b) |3.1-cos?(1.57x) |21-cos?(3.14x) |4.1-cos?(6.28x) |3.1-cos®(1.57x) | 0.0005 | 8,2
3. | 5.3-cyper a) | 1.1- 3.1-cos’(1.57x) | 2.1-cos®(px) 4.1-cos®(6.28x) | 0,005 | 10,7
cos?(0.785x)
4. | 5.3-cyper b) Crynenydarast 3.1-cos?(1.57x) 2.1-cos?(px) 4.1-cos®(6.28x) | 0,0005 | 19,3
dbyHKIHSA
5. 5-4'CYP9T a) 2*10°10 1,35 1 2,1 0,0002 3,2
UL HepTH
6. | 5.4-cypor b) 103 430 1 1,00058 0,0002 | 3,3
JUJIA rasa

benruneit kercek, 6u3 TOPT QYHKIUSHBIH OMPOOCYH raHa aHbIKTal anaObl3, KaJraH yd
byHkuus Oenruinyy QyHkiusap Oonyiry kepek. benrucus QyHKIusiaapibl KaiblObIHA
KeATUPYY YYYH K33 Oup 3arTapAblH  (QyHKUMATAPBIHBIH MaaHWJIEpU MaajbiMaama
KATENTEPUH/IE aHBIKTAJITaH.

I'padukrep kaamaran QyHKIUATAPABIH TaK KaHa OOJKOJIYYy DCEeNTeNreH
MaaHWIEpHH KepcoToT, 0.a. ke dp(x)xana ddp(x)xe cp(x) xanacpp(x) xe bp(x)
»KaHa bpp(x).
5.2-5.4-cyperTepyHme Ou3 KOCHMHYC jKaHa TEMKUYTYY (DYHKIUSAIAPBIH aHBIKTAJIBIK
(MOZenauK MaalpIMaTTap ’KaHa MaalbIMJaMa KUTENTepUHEH MYyHail jkaHa ra3 OoroHYa
MaajbIMaTTap).

TChart TChart

024-4-
0,18
0,16
0,14
012

0,1
0,08
006
0,04
002 f-

0,22 - = dppli] = dppl]

- .dp[\] = dpli]

002
-0.04
-0.05
-0.08

EPREES

0 2 4 B 8 101214 1618 20 22 24 26 28 30 32 34 36 38 40 42 44 45 45 50 omsmmmen 0 2 4 6 8 101214 16 16 20 22 24 35 26 30 32 34 35 38 40 42 44 46 46 50 ool

a) b)
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5.2-cyper. UelipeHYH 3JEKTp 6TKOPryY (PYHKUUACHIHBIH TaK >KaHa OOJDKOJAYY ICENTENreH MaaHHIIECPH.

TChart TChart

= bpplil - gl

- bpli] - bpli]

e - s -
0 2 4 6 B 101214 16 18 20 22 24 26 25 30 32 34 36 35 40 42 44 46 45 50 Lol 0 2 4 6 8 1012 14 16 15 20 22 24 26 28 30 32 34 36 35 40 42 44 45 45 50 o

a) b)
5.3-cypet. MarHuTTUK 6TKOPYMAYYIYK (QYHKIHUACKIHBIH TaK jKaHa GOJKOJIYY ICENTENreH
MaaHUJICPH.

TChart TChart

429,875

0532
429,875
0532
429,875
0532
) [ — 429,875 a -
0,532 -' = < - : : -
g - s[271] 429,875 == s[21]
splil splil
0932 7 = - 429,875 ; . _
- 429,875

0,932

0,932
oz 423875

sz |/ - 420,575
osz ]I wagrs ||/
0,932 -‘ 429,875 :
0,932 ‘ - 429875 :

osa2 | 429,875 {

oo || s28.875 ) |

5.4—cypeT. MyHaii jxaHa ra3 Y4yH 3JIEKTp 6TKePIy4 (pyHKIHACHIHBIH TaK kKaHa O0JHKOJIIYY SCENTeNTreH
MaaHWJIEPH.

bemnun OGenymae Ke3 UPMEMAMK aHa MIHYp OyJlakTapbl MEHEH JJEKTp

TaJaaChIHBIH YBIHATYYCYHYH OHWp ©I4eMIYYy TECKepH MaceIeCHHUH OOJDKOJIYY CaHIIBIK

YBITAPBUIBIIIBIHBIH ~ ©3TOUONYKTOPAY O6nyn ainyy JjkaHa MYHO31eMeNIepay TY3/100

BIKMaJIapbIH KOJJIOHYY MEHEH KypyiraH. Yedyy Y4yH apakeTTEepAWH bIpaaTTyyJIyTyHYH

QITOPUTMH, DJIEKTP TaJlAaChIHBIH YBIHATYYCYHYH OHp ©ldeMayy TECKepH MacelIeCH.

CaHJBIK KOMITBIOTEP/IMK HINKE AIIbIPYy WINTEIUI YBIKTHI, aHBIH HAThIMKaIaphl TECKEpH

MaceJICHUH TaK aHa OOJDKOJAYY YCUMMIICPUHUH TpadUKTEpH TYPYHI® albIHTaH, anap

CaJIBIIITHIPBUITAH JKaHa CATIBIIITHIPMAITYy KaTalapbl aJIbIHTaH, OIIOHION 3JIe TaJlIaHTaH.

KOPYTYHAYJIAP

1. TenerpadThlk TEHIEMEHMH O3KH OJUOMAYY Ty3 J>KaHa OUp OIueMlyy TeCKepu
MaceJIECMHUH MaTeMaTHKaJIbIK MOJEIH OPKYHIOTYIAY. Ke3 upmMemMank skaHa YbIMUbIM
Oynaktap Y4yH TenerpadThlk TEHIACMEHUH OallTankbl >KaHa YEKTHUK IapTTaphl
OeNTUIICHET.

2. XKanmak 4yek >xaHa mHYp Oynarsl O0ap Tenerpad TEHAEMECHHUH JKH OITYOMIYY TY3
MAaceJCCUHUH  TYypaJbIThl  JaNWIACHAW, 0.a.  YBITAPBUIBIIITBIH  JKallalllbl,
YBITAPBUIBIIITEIH ©3r046IYTY JKaHa MAaPTTYy TYPYKTYYIyTy.

3. DaeKkTp OTKOPYMAYYIAYK KOd(POUIIMEHTH aHBIKTaIraH Teierpad TEeHJAEMECHHUH Oup
OITYOMJTYY TECKEPH MACEJICCHH TY3 MACEJICHU CaHIBIK YbITaPBUIBIIITHIH KaHa CaHIBIK
PETYISPAYY YYBITAPBUILIIITHIH BIKMaJIapbl UINTEIUIT YbIKKaH.
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4. TenerpadTblk TeHAEME Y4YyH Oup emueMayy Ty3 JKaHa TECKEpU Maceyenepau
YbIFapyyHYH J»aHa CaHABIK HIIKE allblpyyHYH TYPYKTYY CaHIBIK AJITOPUTMIEPH
UIITEIUN YbIKKaH, aBTOp TapaOblHAH MIUTEIUN YbIKKaH QJITOPUTMAM KOJIIOHYY
MYMKYHYYJYKTOPY TaJJaHraH >kaHa TakTaaraH. CaHIbpIK 3KCIEPUMEHTTHH >KapAaMbl
MEHEH OUp eueMlyy TECKEPH MAaCEJENIEPANH YEKTYY-albIPMaJIbIK UbITapbLIbIIIbIHBIH
UIICHUMIYYJIYTY MaceselepIuH KaanaraH Ko3(QQUIMEHTTEpUHUH ap KaHAal Typiaepy
YUYH TECTTUK MuUcaiaap 00roH4Ya KOPCOTYJITOH.

5. TenerpadTbik TeHAEMEHUH OHp ©TUOMAYY TY3 KaHA TECKEPHU MacelleJepuH YbIrapyy
Y4YYH MPOTpaMMaJIbIK KOMIUIEKCTEP TY3YJAY, ajlap YEKTYY aWblpMayblUIBIKTBIH YKaHa
YEKTYY alblpMaHbIH PETYJSIpU3ALMSIAHIaH YedyYy bIKMaJIapbIHbIH aJITOPUTMJIEPUHE
Heru3enreH, 0.a. (U3HKaNBIK MPOLECCTUH TMapaMeTpiEpUHUH OUpPUH KaJbIObIHA
KkenTupyyre. CaHablK SKCIEPUMEHTTEPANH HAThIM>KAIAPhI KAKILIBI TAKTHIKTHI KOPCOTTY
’KaHa KepekTyy GyHKOusIapAsl Kaipa KypyyJdarbl CalbIIITBIpMayy —KaTajiap
AHBIKTAJIJIbI.

ITPAKTUKAJIBIK CYHYILITAP

1. Ty3ynren MaTtemMaTHKaIbIK MOJIEb, U3WIACHIE€H YEKTYY alblpMaubUIbIK BIKMAChl KaHa

CaHJBIK PETyJIAPJIAIITHIPBUITaH YbITAPYYHYH BIKMAChl TOJKYH IPOLECCTEPUHUH TY3 KaHa

TECKEpH MaceJeNIepAnH Oalllka KiiaccTapblHa KOJJOHYJIYILY MYMKYH.

2. TenerpadThik TEHIEMEHUH TY3 ’KaHa TECKEPH MACEJIEJIEPH YUYH TY3YJITOH aaropuTMIEp

JKaHa ayiap/bl UIIKE allbIpyy peanayy Oup TeKTYY *aHa OUp TEKTYY dMec yelpesep Y4yH

KOJIJOHYJTYIIly MYMKYH.

3. Teckepum MacemenepIMH KEHEH KJIAacChl Y4yH Ty3 JKaHa TECKEpU Macelenepan

YBIFTaPYyHYH aJTOPUTMAECPHU >KaHa MpOorpamMMaiapblHbIH KOMIIEKCH WIIKE alllbIPbUIBIIIBI

MYMKYH.

4. Harplikanap CTyACHTTEPAM KaHAa MaruCTpaHTTapAbl TY3 )KaHa TECKEPU Maceleyepan

YbpIrapyy MEHEH TAaaHBIIITHIPYY *aHa anapipl Oyyn OarbITTarbl WIMMUNA H3WII66Jepre

TapTyy YUYH OKYY IPOLECCHH/E KOJIIOHYJIYIY MYMKYH.
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Koxo3oBa AjinaryJ JKbLIKkbIubleBHAHBIH « TeerpadTbik TeHIeMEHUH TECKEPH KaHAa
TY3 MacejieJIepUHUH CAHABIK Peryjsipu3alUsiIaHraH  YbIrapbUIbIIIbLI  KAHA
MaTeMaTHKAJBIK MOAEJNH MIITEN YbITyy» Temacbhinaarel 05.13.18 — maTeMaTuKAJBIK
MO/1€eJ1/160, CAHIBIK METOJ0PY KaHA MPOrPpaMMAJIbIK KOMILIEKCTEPH aJUCTUTH
0ooH4Ya pu3NKa-MaTeMaTHKA WIMMIEPUHUH KAHAUWAATHI WINMHUI 1apakacblH ajgyy
YUYYH :Ka3bLITaH JUCCEPTANUACHIHBIH

PE3IOMECH

Herusru ce3mep: MareMaTUKalbIK MOJENb, TelerpadThlk TEHAEME, Ty3 JKaHa
TECKEpU Maceje, CaHJbIK peryjspu3alysiiaHraH YeduuM, 4YEKTYY albIpMaybLIbIK
peryJspu3alysiaHral bIKMachl, CAHABIK aITOPUTM, YEUUMIUH YUHMECH.

N3unneenyH odbexkTHcH: V3nnneeHyH HETU3TH OOBEKTUCH KaTapbl TeserpadThiK
TEHJIEME YUYH TECKEpH MacesesiepAnH ap Kanaan (GopMyIupoBKaChl TaHIaJITaH.

N3uaneenyn npeamern: M3unneenyH npeameru 00iyn TenerpadThiK TEHIEMEHUH
Ty3 KaHa TECKEpPU  MaceleJepUHUH  MaTEMaTUKaJIblK  MOJEIIH, CaH/IBIK
perysipu3alysiiairad YeYuMH, YeUUM/IUH aIrOPUTMH, POTPAMMAJIbIK KOMIUIEKCH
ACEMNTEINHET.

N3unaneenyn makcartbl: /[uccepTausiibik Uil TeaerpadThik TEHIEMEHUH TY3 dKaHa
TECKepU MACEJIECUHMH MaTEeMaTUKAJIbIK MOJIEJIMH  >KaKIIBIPTYyra, TelerpadThik
TEHJIEMEHUH OWp ©JlueMIYY JKaHa »HKH OJ4eMJlyy TYy3 MACEJIECUHUH CaHJbIK
YBITAPBUIBIIIBIHBIH JKaHA TECKEPU MACEJIICHUH CaHIBIK PETYISPAYY YbITapbUIBIIIBIHBIH
BIKMaJIAPBIH UINTEM YbITYyTa apHaJraH, OIIOH/I0M 3JI€ aHbl KOMIIBIOTEPIUK UIIKE aAllIbIPYY.

M3naneenyn bikmagapbl: TenerpadThlk TEHAEMEHUH Ty3 JKaHa TECKepHU
MaceJleJIepuH 4edyy YYYH MYHO316MO BIKMAcChl, ©3reoUeIyKTopy Oenyn anyy BIKMAaChI,
YEKTYY aWbIpMayblIbIK BIKMAachl >KaHAa 4YEKTYY aMbIpMaybUIbIK peryJspu3alusiiaHrad
BIKMAChl KOJIJIOHYJIAT.

AJIBIHTAH HATBIKAJIAP KaHA AJTaPAbIH )KAHBUIBITBI: TenerpadThiK TEHIEMEHUH
KM ©J4YeMJYY TY3 MaceejepuH Yeuyyre MaMuie CYHYIITalbl; YHUKAIAYYIyK
TEOPEMACHI, JKaKbIHIAIYY TEOPEMACHI TAIUIIACHUIL, SKU 6JT46OMAYY TY3 MACEJICHUH YEKTYY-
albIpMaJIbIK YEYUMUHUH TYPYKTYYJIYTYHYH 0aachl allbIHAT; TeNerpadThiKk TCHIEMEHUH OUp
Karap Oup eTYeMAYY TECKEPH TEHAEMENIEPH YUYH YEKTYY-albIpMalbiK YeUNMUHUH
mapTTyy TYPYKTYYJIyryHYH Oaanapbl aiblHAaT aHa TaK 4YeYUMIe >KaKbIHAAIIYY
KOPCOTYJIOT; TeJerpadThiK TEHAEMEHUH OUp ©JIYOMIYY TECKEPH MAaceJeCHH YedYYHYH
CaHJIBIK PETyJspU3AlUSIAHTaH BIKMAChl WINTEIUIT YbIKKAaH, OCPUITeH TallllblpMayiapabl
YEYYYHYH CaHJIbIK AJITOPUTMACPH UIIITEIIUI YbIKKAH KaHa KOMIIBIOTEP/IC
UIIKE alllbIPhLITaH.

Koanonyy weiipecy: TenerpadThik TEHIEMEHMH OUp ©JlUOMIYY TY3 JKaHa TECKEepHU
MaceJieJIepUH YeUyYHYH UIITETUI YbIKKaH bIKMAChI )KaHa aHbIH TPOTrpaMMaJIbIK KOMIIEKCH
TYPYHIOTY MaTeMaTHUKAJIBIK KaMCHI3JI00 CEMCMHKAIIBIK, dJIEKTPOIMHAMHKAJIBIK,
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AIIEKTPOMArHUTTHK Tajaauap, reodJIeKTpUKa >K.0. MPaKTHKAIBIK Macelelepau 4Yedyyle
KOJIIOHYJIYILYy MYMKYH.

PE3IOME
aucceprannu Koko3oBoi AiiHary KbLIKbIYbIeBHBI HA TeMy: «Pa3padoTka
MATEeMATHYeCKON MOJeIM M YHCICHHOE peryjsipu30BaHHOE pelieHHe O00paTHON H
nNpsAMOM 3aJauyM TejJerpa)HOro YypaBHEHHS» HA COUCKAHHME YYEHOW CTeleHH
KaHauaaTa GUu3nKo-MaTeMaTHYeCKUX HAYK 1o cnenuaabHocTu 05.13.18 —
MaTeMaTH4eCKoe MOJeJIUPOBAHNE, YUCIEHHbIE MEeTOAbl U KOMILIEKCHI IPOrPaMM

KuroueBrblie ciaoBa: Maremarnueckass MOJIENb, TeJlerpad)HOE YpaBHEHHE, NIpsAMas U
oOpaTHas 3agaya, YHCIECHHOE pETrYyISIPU30BAHHOE pEIIeHHe, KOHEYHO-PA3HOCTHBIN
peryJsspu30BaHHBINA METO/I, YUCICHHBIN allTOPUTM, Tpa(UKH perIeHU.

OO0bekT ucciaenoBanus: B xauecTBe OCHOBHOIO OOBEKTA UCCIEA0OBAHMS BEIOPAHBI
pa3IMyYHbIC MOCTAHOBKH OOpATHBIX 3a7a4 JJis Telerpa@HOro ypaBHEHUS.

IIpeamer uccaenoBanus: IIpenMeroM uccnen0BaHus SBISIOTCS MaTeMaTHIECKas
MoJedb MpsAMOM M oOpaTHOM 3ajaud  TelerpaHoro ypaBHEHHUS, UHCICHHOE

PEryIspU30BaHHOE PEIICHUE, AITOPUTM PELIEHUS, IPOrPaMMHBIA KOMILJIEKC.

Heab ucciaenoBanus: /{uccepranuonnas padoTa MocBALIEHA yCOBEPILIEHCTBOBAHUIO
MaTeMaTUYeCKOl MoJenu NpsAMONM M oOpaTHOM 3ajgadd TeserpadHOro ypaBHEHUS,
pa3paboTKa METOAOB YUCICHHOTO PELICHHUs] OHOMEPHOHN U IBYMEPHOM MPsAMOI 3a1a4yu U
YHCJIEHHOTO PEryJIIpU30BaHHOIO PEIICHUsI OOpaTHOM 3aaun TenerpadHoro ypaBHEHus, a
TaK)K€ €ro KOMIBIOTEPHAs peain3alusl.

Metoabl uccaenoBanms. J{ns pemeHus NOpsSMbIX W OOpaTHBIX 3a1ad IS
Tenerpa)Horo ypaBHEHUS HCIOJNB3YIOTCS METOJ XapaKTEPUCTUK, METOJ| BbIIEJICHUS
0COOEHHOCTEM, KOHEUHO-PA3HOCTHBIA METO/I U KOHEYHO-PAa3HOCTHBIN PEryJIIprU30BaHHBIN
METO/I.

IHosry4yeHHble pe3yJbTaThl U KX HOBU3HA: MIPE/JIOKEH NOIXO0/ K PEHICHUIO
JBYMEPHBIX NPSIMbIX 3a/1a4 TejerpadHOro ypaBHEHUsI; 10Ka3aHbl TEOPEMbI
€MHCTBEHHOCTH, TEOPEMBI CXOAUMOCTH M TOJYYEHBI OIIEHKA YCTOMYHMBOCTH KOHEYHO-
Pa3HOCTHOIO pEIlEHUsl JBYMEPHOM MpsAMOMN 3agaud; JUIs psia OJAHOMEPHBIX OOpaTHBIX
3aJ1a4 TejerpaHoro ypaBHEHHUs MOJIy4Y€HbI OLEHKH YCIOBHOW YCTOMYMBOCTH KOHEYHO-
Pa3HOCTHOI'O PELIEHUS U MOKa3aHa CXOJUMOCTb K TOUHOMY PEILIEHHUI0; pa3paboTaH METO.
YHICIIEHHOTO PEryJIsIpU30BaHHOTO PELICHHs OJHOMEPHOU 00OpaTHOM 3a7auu TesnerpadHoro
ypaBHEHUS; pa3paboTaHbl YUCIEHHBIE aJITOPUTMbI PELICHUS Ha MOCTaBJIEHHbIE 3a/1a4H U
peann30BaHbl HA KOMIIBIOTEPE.

O0J1acTh npuMeHennsi: Pa3paboTaHHbI METO/ pEUIEHUS! OTHOMEPHBIX NPSIMBIX U
00paTHBIX 3a/1a4 U €€ MaTeMaTHYeCKoe 00ecreueHne B BUI€ KOMILIEKCAa MPOrpaMM MOTYT
HalTH TPUMEHEHHE B PELIEHUHU MPAKTUYECKUX 3a]]a4 CEMCMUKHU, T€03JIEKTPUKH,
AIIEKTPOJUHAMUKH, SJIEKTPOMArHUTHBIX MOJIEH U T.1.

SUMMARY
dissertation of Kokozova Ainagul Zhylkychyevna on the topic: ""Development of a
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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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Koko3oBa AitHaryn JKbUIKbIubleBHA
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peryisipu3aiuAaIainrald YbIl'aPbIJIBIIIBI JKaHa MATCMATUKAJIBIK MOJCJIMH HUIINTCII YbIT'YY

du3rka-MaTeMaTHKa WIMMIACPUHUH KaHAUIATHl OKYMYIITYYIyK
Japa)kachblH U3JICHUII alyy YUYH JKa3bUIraH IUCCEepTalUsHbIH
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