MUHMCTEPCTBO HAYKH 1 BBICILIEI'O OFPA3OBAHMS POCCUMCKOM ®EJIEPALIUNA
benepanbHOE TOCYIaPCTBEHHOE OIOKETHOE 00pa30BaTeIbHOE YUPEKICHUE
BbICLIEr0 00pa30BaHuUs
«TOonpATTUHCKUN TOCYIAPCTBEHHBIA YHUBEPCUTET

b51.0.08.02

(uHoexc oucyuniuHot)

PABOYAA ITIPOI'PAMMA JUCHUIIVINHBI

KoMmnbroTepHoe MoeiupoBanue-2
(Haumenosanue OUCYUNIUHbL)

110 HATIPABIEHHIO IOATOTOBKH (CIIEMANTBHOCTH )®
01.04.02 IlpuknanHas MaTemMaTuka U HHPOpPMaTHKa

HaIPaBIEHHOCTH (MPO(HIIB)/CTIeHaTN3aIH
MaremaTtnueckoe MOJEIUPOBAHHE

dopma o0ydeHHUs: OUHAS
I'ox nabopa: 2022
O6mas Tpynoemkoctb:  3ET 5

Pacnpe)le.neﬂue YacoB JUCHUIIJIUHBI IO C(EM(ECTpaM3

Cemectp* 2
dopmMa KOHTPOJIA® | DK3aMEH Hroro
Bun 3ansaTuit
Jlexuun 8 8
JlaboparopHsbie 0 0
[TpakTHueckue 16 16

PykoBOJICTBO: KypcoBbIe paboThI (1poekTsl) / PI'PS

ITpoMexkyTOoUHas arTecTanus

KonraktHas paboTa 24,35 24,35
CamocrosiTenpHas pabora 120 120
Kontposb 35,65 35,65
Hroro 180 180

Y Ocmasums nyscnoe; ykasvisaemes koo u HaUMeHOBAHUE HANPAGIEHUA NOO2OMOGKU (CReyUanbHOCmL). JIs Kaxic0020 HanpasieHus.
noodzomosku (cneyuanvHocmu) paspabamviéaemcs omoenvras PIII.

20cmasums  mysicHoe;  YKA3bIEAEMC  HAUMEHOBAHUE HANPAsienHocmu  (npouis)/cheyuanusayuu  (eciu HANPAGREHHOCMb
(npounv)/cneyuanusayus omcymcmsyiom, mo ¢paza «HanpagieHHocms (Mpoghuas)/cneyuanuzayusy U cmpoxa hnoo Heil
VOANAIOMCAL.

8/Tna  3aounoii gopmer obyuenus, xax npasuno, Ceccus 2 — ocennuii cemecmp, Ceccus 3 — 6ecennuii cemecmp c
COOMBemMcmayIouUMU NOPAOKOGLIMU HOMEPaMU 6 3asucumocmu om xypca ooyyenus. Ecnu npeoycmompena Ceccus 1, mo uacet
cknaoviearomes ¢ yacamu Ceccuu 2.

4B suetixe yrasvieaemcs, Homep cemecmpa no yuebHoMy naamy (maxce cM. CHOCKy 3).

5 Vkazsamo popmy konmpons (3auem, 3auem c oyenxot, sxsamer). Ecau npedycmomperivi Kypcogbie pabomul (npoexmvi), pacuento-
epaguueckue pabomwi (KP, KI1, PI'P), mo uepes 3anamyio ykazvieaemcs emopas gopma KoHmposs, Hanpumep, «KP, sxzameny)

6 Ocmaeump nysicroe.



Pabouyro mporpamMmy cocTaBuiI(H):
npodeccop, goneHT, 1.¢p.-Mm.H. Cadponos A.U.

(OoadicHOCmb, yueHoe 36anue, cmenensb, Pamunus 1.0.)

(OondxcHocmy, yuernoe 36anue, cmenensb, Pamunus 1.0.)

PenensupoBanue pabodeid mporpaMMbl JUCIUIUTHHBL:

OtcyTcTBYyeT

Penensent

(OondcHocmy, yuernoe 36anue, cmenensb, Pamunus 1.0.)

PaGoyas mporpamMma JMCHMIUIMHBI cocTaBieHa Ha ocHoBamuu ®I'OC BO’ u yuebHOro
TJ1aHa HATIPABIEHUs MOATOTOBKH (CTIEUATbHOCTH )
01.04.02 Ilpuknannas MaremMaTuka U HHPOpPMaTHKa

Cpok neiicTBusi padoueil mporpaMMbl JMCHUILIMHBI 10 « 31 » aBrycra 2024 r.°

YTBEPXIEHO

Ha 3acenanuu kadenps
«IIpuknagHas MaTeMaTHKa U HTHPOpMATHKA»

(mporokon 3acenanust Ne 2 ot « 15 » cenrsniopst 2021 r.).

" @rocC BIIO.
8 Ocmaeumo nysicnoe; ykazamo K00 u HAUMEHOBAHUE HANPABLEHUS NOO20MOEKU (CReYUATbHOCLL).
® [lo oxonuanus cpoxa obyuenus no OIOII BO.



1. Ileaib 0cBOEHUA TUCHUILIHHBI
Llenb ocBOEGHMS AUCHUILIMHBI — OBJIAJICHUE OCHOBHBIMH MATEMAaTHYCCKUMU METOJAMH MU

npueMaM MOJCINPOBaHUA CHUCTCM, COBPECMCHHLIMU CPpCACTBAMHU JIs CO3JaHUSA KOMIIBHOTCPHBIX
MO,Z[CJIefI, a TaKXKC PCIICHUA HpO6J'IeM C IIOMOIIBIO PIH(bOpMaI_[I/IOHHBIX TEXHOJIOTHH.

2. Mecto aucunminnsel B ctpykrype OIIOIT BO

I[I/ICL[I/IHJII/IHLI H IPAKTUKH, HA OCBOCHUU KOTOPBIX 6a31/1pyeTc;1 JaHHas AUCHUILIIMHA:

YucnaeHHbBIE MCTOABI

MHOronoTo4Ho€e NporpaMMHUpPOBaHHE
KomnerorepHoe monenupoBanue-1
JIMCUUMIUIMHBL ¥ TIPAKTHKH, JJI1 KOTOPBIX OCBOCHUE TAHHON TUCIMILIMHBI HEOOXOAMMO Kak

MNpEAMCCTBYIOLIEC:

BrruncnurenbHbli 3kciepuMeHT-1
CucrtemMbl HCKYyCCTBEHHOI'O MHTEJUIEKTa-1

3. Iliianupyemblie pe3yJbTaThl 00yUeHUs!

®opmupyemMble U

I/IH)II/IKaTOPLI JHOCTHKCHUSA

KOHTpPOJIUpYyeMble . I[Inanupyemble pe3ybTaThl
pO-THpY KOMIIeTeHIIUI Py pesy
KOMIeTEeHI[HH 10 o0yJeHuUs
(Kol ¥ HAUMEHOBAHUE)
(Ko ¥ HAMMEHOBAHUE)

OIIK-2; HNOIIK-2.1. 3HaTh: CyIIECTBYIOIINE
Crioco0eH ucToabp30BaTh U | JleMOHCTpHpYET 3HAHHE MaTEeMAaTHYECKHUE METOJbI U CUCTEMBI
aJanTUpPOBATh CYIIECTBYIOIIUX IPOrPaMMHUPOBAHUS B TOM UHUCIIE
CYIIECTBYIOIIIHE MaTEeMaTHYECKUX METOJIOB M | OTEYECTBEHHOT'O ITPOM3BOJICTBA

MaTeMaTHUYECKUe METOIBI
1 CUCTEMBI
MPOrPaMMHUPOBAHUS JUIS
pa3palboTKU U pean3aIuu
AITOPUTMOB PEIICHUS
MPUKIIAIHBIX 3a7a4

CHUCTCM NIPpOTpaMMUPOBAHUA

YMeTh: IPUMEHATH CYIIECTBYIOIINE
MaTeMaTH4dYCCKUEC MECTOAbI 1 CUCTEMBbI
POrpaMMHUPOBAHUS MIPH PEIICHUN
3a/1a4 B PO eCCuOHATHHOM
JESITEIbHOCTH

Bnanets: cymecTByrommuMmn
MaTEMaTUYECKUMHU METOJIaMU U
U CUCTEMaMHU IIPOrpaMMUPOBAHUS

NOIIK-2.2.

OcymiecTBisieT
WCIIOJIb30BaHUE U
aJIanTanuio
MaTeMaTHYECKUX METOOB U
CHCTEM IIPOTrpaMMHUPOBAHUA
Uit pa3paboTKu 1
peali3aiyy ajJropuTMOB
pElIeHUs TPUKIIATHBIX
3a1aq

3HATh: UCIIOJIB30BAHUE U aJIallTALlUIO
MAaTE€MaTHYECKUX METOZ0B U CUCTEM
IpOTrpaMMUPOBAHUS [T pa3pabOTKU
U peaJIn3alyy aIrOPUTMOB pElICHUS
MIPUKJIAIHBIX 3a/1a4

YMers: OCYILIECTBIIATH
HCIIOJIb30BaHNE u aJanTaluo
MaTeMaTHYeCKUX METOJIOB U CHCTEM
MPOrpaMMUPOBaHUS Il pa3pabOTKU
U pealu3alu ajiroOpuTMOB PEIICHUS
MIPUKJIAIHBIX 33]a4

BHa}IeTBZ HaBBIKaMHM HCITIOJIb30BaHUA

10 Tna npoepamm no ®IOC 3, 3+— umouxamopvi Oocmudicenus: KOMNEmeHyuil He YKA3bl6aromcs, CMAsUmMcs NpoYepK «—»,

YKazelearomcs moJjibKO KOMnemeHyuu u nianupyemvle pesyibnmamaol 06y‘l€Hu}Z.




dopmupyemMbie U
KOHTPOJHpYyeMble
KOMIIeTeHI[UH
(Ko ¥ HAMMEHOBAHUE)

NHaukaTopbl 10CTHKEHU S
KOMIIETEeHIIM i

(xox 1 HauMeHoBaHue)™

Iliianupyembie pe3ybTaThl
o0yueHust

U aJlanTaliid MaTeMaTHYCCKIX
METOJIOB U CUCTEM
MIPOrpPaMMHUPOBAHHUS [T pa3paboTKH
Y peai3alliy aIrOPUTMOB PEIICHHS
MPUKJIAIHBIX 337134

HOIIK-2.3.

INonumaer HEOOXOIUMOCTD
HCIIOJIB30BaHMS U
aJanTanun
MaTeMaTHYECKUX METOI0B U
CHCTEMBI
MIPOrpaMMHUPOBAHHMS JIJIS
pEIICHUS TPUKIIATHBIX
3a71a4

3HaTh: 0 HEOOXOIUMOCTH
HCIIOIb30BaHUS U afallTallin
MaTeMaTHYeCKUX METOJIOB I CUCTEMBI
MIPOTrpaMMHUPOBAHUS JUIs pELICHUS
MPUKJIQJIHBIX 3a/1a4

YMeTs: npu HEO0OXOAUMOCTH
UCIIOJIb30BaTh u a/1IarTHPOBATh
MaTEMaTUYECKHE METOJbI U CHUCTEMbI
IpPOrpaMMUPOBAHUSA ISl pElIeHUs
NPUKJIAIHBIX 337124

Brnagets: HEOOXOAMMBIMU HaBBIKAMH
WCIIOJIb30BAaHMS U aJanTaluu
MaTeMaTUYECKUX METOJ0B U CUCTEM
MIPOTPaMMUPOBAHUS IJI PELICHUS
IIPUKJIAIHBIX 3a/1a4

OIIK-3;

CnocoOeH NpUMEHSTh U
MOAUPUIIIPOBATH
MaTeMaTHYECKUE MOIAETN
JUTSL pEIICHUS 33129 B
obactu
npodecCHOHAIbHON
JIeITeIIbHOCTH

HOIIK-3.1.
JleMOHCTpUpYEeT 3HaHHE
MaTEMaTHUYCCKUX MOACIICH
Y yMEHUE UX PUMEHEHHUS U
MoAUGUKAITUHN IS
peuieHus 3aaa4y
npogecCuoHaIbHON
JeSITeIbHOCTH

3HaTh: 3HAET CYIIECTBYIOLINE
MaTeMaTHYECKUEe MOJICTH U 00 MX
IMPUMCHCHUA U MOI[I/I(i)I/IKaHI/II/I JJIA
peleHus 3aaa4 npodeccruoHaibHON
JeSTSIIbHOCTH

YMeTs: MNPUMCHATH CYIIECCTBYIOIIUC
MaTE€MaTUUICCKHUEC MOACIIN ITPU
pCUICHUHN 3a/1a4 B HpO(l)CCCHOH&HBHOﬁ
JCATCIIBHOCTH

Bnanets: cymecTByrommuMmn
MaTeMaTH4YCCKUMU MOACIIAMMA IJIs1
peleHus 3aaa4 npodeccuoHanbHON
NeSTeTbHOCTH

HOIIK-3.2.
OcymiecTBisieT BEIOOp
MaTeMaTHUECKUX MOJEIICH
1 HEOOXOIUMOCTE UX
MoAUGUKAITUN IS
pelieHus
npodeccnoHaNbHbIX 331a4

3HaTh: 00 OCYILIECTBIIEHUHU BbIOOpa
MaTeMaTHYECKUX MOJIeNel 1
HEOOXOAUMOCTH X MOAU(PUKAIIII
JUISL pelIeHus: TpoeCcCHOHATBHBIX
3ama4

VYMmers: OCYIIECTBIIATH BBIOOD
MaTeMaTHYeCKUX MoJened U uX
MOIUGUIMPOBATh Ui PELICHHUs

npodeccuoHaIbHBIX 3a]a4

Bnaners: HaBbIKaMu OCYULIECTBICHUS
BBIOOpA MaTEMAaTUUECKUX MOJIEJICH U
HEO0OXOIUMOCTH UX MOAU(PUKAIIUN
JUTS petieHus MpogeCcCHOHATBHBIX
3a/1a4

NOIIK-3.3.

3HAaTh: O MPUMEHEHUS U




dopmupyemMbie U
KOHTPOJHpYyeMble
KOMIIeTeHI[UH
(Ko ¥ HAMMEHOBAHUE)

NHaukaTopbl 10CTHKEHU S
KOMIIETEeHIIM i

(xox 1 HauMeHoBaHue)™

Iliianupyembie pe3ybTaThl
o0yueHust

JleMOHCTpHUpYET YMEHHE
IIPUMEHEHHUS U
Moau(UKAITIN
MaTEMaTHYECKUX MOJEIIEH
[P pelIeHUn
npo¢ecCHOHANIBHBIX 3a]1a4

MOHI/I(i)I/IKaHI/II/I MaTeMaTH4YCCKUX
MojIesIel TP PeLIeHUH
npodeccroHaABHBIX 33124

YMmers: IIPUMEHSTh u
MOAU(DHUIIMPOBATH  MaTEMaTHYCCKHE
MOJEIHN pu peleHnu

npodeCcCHOHATBHBIX 3a1a4

Brnagets: He0OX0AMMBIMU HaBBIKAMH
MPUMEHECHHS U MOIUDUKAIIH
MaTEeMaTUYECKUX MOJEIIEH Mpu
penieHny mpodecCHOHABHBIX 3a71a4




4. CTpyKTYypa ¥ coJep:KaHue TUCHUILIMHBI

DopMBbI TEKYLLET0
Bun . KOHTPOJIA
Monyab . HaumeHoBaHue TeM 3aHATHI 13| WHTepakTHuB,
11 yueOHO¥ N Cemectp | O0beM, 4.| bamibl 14 (HauMeHOBaHMe
(paznen) 12 (yueoHoii padoThI) q.
padoThI OLICHOYHOI'0
cpeacTna)
Mogyns 1 Jlex BBenenune B KOMITBIOTEPHOE MOJIETUPOBAHUE 2 2 2 -
Bsenenune
Monayns 2 Jlek ITocTraHoBKa 3a1a4 11 ypaBHEHUH 2 2 -
KommerotepHoe TUMEepOOTMYECKOTO THIIA
MOJICIIHPOBAHHE
Jlex [TocranoBka 3a1a4 InIE: YpaBHEHUI 2 2 -
napaboJInYecKoro THUMa
Jlex [TocranoBka 3a1a4 InIE: YpaBHEHUI 2 2 -
AIUTUNITHYECKOTO THTIA
IIp Metog  OpOrOHKM  pPEIICHHUS  CUCTEM  C 2 12,8 -
TpeXIMaroHajabHON MaTpulen
IIp Pemenne  HavanpHO-KpaeBOW  3agadydm  JUIS 2 12,8 -
ypaBHEHHUH MapaboIMYecKoro TUIa
IIp KoHeuHo-pa3HOCTHBIN METO/ PEIICHUs 3aaa4 IS 2 12,8 -
YpaBHEHHH TUTEPOOITUIECKOTO THIIA
IIp [Tonnag cucrtemMa ypaBHEHUH OINMCHIBAIOLIEH 2 12,8 -
MPOLIECCHI B TETEPOTeHHBIX Cpeax

1 Vxazvieaemces nopsoxoewiii nomep (nanpumep, Modyns 1) u naumenosanue (npu nanuuuu,).
RYxazviearomes euovl pabom 6 coomeemcmeuu ¢ yuebnwvim naanom — Jlex, Jab, Ip, Cp, KP(KII)/ PT'P, I1A.

18 Vkaszvieaemcs monvko ons npoepamm ¢ BPC; 0ns ocmanshblx — Cmasamcs RpouepKiL «—» 6 Kaxcootl Chpoxe .
14 Vxazvieaemen 6 uacax ons npozpamm no @IOC 3 unu na yemompenue paspabomuuxa PIII; 6 0cmanbiblx CIy4asx cmassamest RpoYepKi «—» 6 Kasicool cmpoxe.




®DopMbI TEKYLIETO
Bun . KOHTPOJIA
Monyab . HaumeHoBaHue TeM 3aHATHI 13| HWHTEepaKTus,
11 yueOHoM . Cemectp | O0bem, 4.| baibl 14 (HauMeHOBaHUe
(paznen) 12 (yueOHOii padoThI) q,
padoThI OLICHOYHOI' 0
cpeacrsa)
IIp Uucnennoe peimieHue ypaBHeHumit Jlammaca u 2 12,8
ITyaccona
IIp KoneuHo-pa3zHocTHas anmpoKcHMaIusl HayajdbHO- 2 12,8
KpaeBou 3a1a4u JUISL ypaBHEHUS
mapaboIMIecKOro THIIA
IIp AnmpokcuManusi TpaHUYHBIX YCJIOBHUH METOJOM 2 12,8
(UKTHUBHOI TOUKH
IIp Koneuno-pa3zHocTHas anmpoKcHMaIusl Ha4ajJbHO- 2 12,8
KpaeBO 3aJauu JUIS YPaBHEHUS DIUTMITHYECKOTO
TUIIa
Hroro: 8 100

Cxema pacyeTa HTOroBoro 6ajia’

Tekymunii pedUTUHT (BCE 3aHATHS U TPOMEKYTOUYHBIE TECThI) + Pe3yJbTaT UTOTOBOTO TECTA U BCE ACIUTCS Ha 2

15 Vxasvieaemcesa monvko 0ns oucyunium, pearusyemvix ¢ 5PC, 0na ocmanvuwix npozpamm pasza « Cxema pacuema umoz06020 6aiiay yOaiiemcs.




5. O0pa3oBaTebHbIE TEXHOJIOTHHU

ITpu n3ydeHnn QUCLUIUIMHBI UCTIOB3YIOTCS CIeAyIoIne 00pa3oBaTeIbHbIe TEXHOJIOTUY:
- TEXHOJOTMH TPATUIMOHHOTO OO0y4deHuss B (QopMe JEeKIHd, NpPaKTHUYECKUX padoT u
CaMOCTOSITENIbHON PabOThI CTYAECHTOB;

6. Meronuyeckue yKazaHus 10 OCBOEHHIO U CIUTIIHHbBI

B opranmzanuu paboThl CTYJIEHTOB OYHOW (hOpMBI OOydUEHHsS] HaJ H3yYCHHEM Y4eOHOTO
Kypca «KommbploTepHOE MOJETUpPOBAaHUE-2» BAXHOE MECTO NPUHAICKUT AyJUTOPHBIM
3aHATUAM. B HUX m3naraercs o0Imas XapakKTepUCTUKA BOIPOCOB TEMBI.

[IpakTrueckue 3aHATHS MPOBOAATCS MO HAMOOJEE CIOXKHBIM TEOPETUUECKUM MpoliaeMaM
JIUCIIUILINHEL.

Ha KaXXJI0M IMOCICAYIOMIEM IIPAKTHYECKOM 3aHATHHU CTYACHTEI, IIPU OTBCTEC HA HpO6J’I€MHHe
BOIIPOCBI M B XOAC BBIMIOJIHCHUA CJIOKHBIX 3aZ[aHI/II7I, JOJIDKHBI HMCIIOJIB30BAaTh 3HAHUA,
MMOJIYYCHHBIC ITPU U3YYCHUHU NPCANICCTBYIOIINUX TCM. OCHOBHBIM MCTOYHHUKOM I/IH(bOpMaI_[I/II/I Ipu
MOATOTOBKEC K NPAKTUYCCKUM 3aHATHAM SABJIACTCA OCHOBHAA U JOMMOJIHUTCIIbHAA JIUTCPATypa.



7. OneHOYHbBIE CPeACTBA

7.1. IlTacopT OLIEHOYHBIX CPEACTB

Cemectp?® Koa koHTpOIMpYyeMOi KOMIIETEHIHU HanmeHoBanue .
(UJ1M ee 4acCTH) OLIEHOYHOI'0 CPeJACTBA
2 OIIK-2 Bonpocul k sx3ameny
2 OIIK-3 Bonpocut k sxzameny

7.2. TunoBble 321aHUSI HJIM HHbIE MATEPHUAJIbI, HEOOXOAMMbIE JIJIA TEKYIero KOHTPOJIsI

7.2.1.
JlaboparopHast pabota

(HaumeHOBaHUE OYEHOYHO20 CpedCmsa)

TunoBoii(bie) mpuMep(bl) 3a7aHusI (M)

1. (KpaeBas 3a1a4a JJisi ypaBHeHHsI 1apa0oIn4eCKOro THIA.)
Ilenp mpakTUyeckol paOOThI: yCBOWTH YHCICHHBIM METOI PEIICHHUS KpPaeBOM
3aJ1a4u JUIsl ypaBHEHHS TapaboIMyecKkoro Tuma

TEOPETUYECKHWI MATEPUAI

PaccmoTpuMm cMmemaHHyioo 3ajady A8 OJHOPOAHOTO YpaBHEHUSA
TEIJIONPOBOAHOCTH. 3ajadya COCTOMT B OTBICKaHWW GYyHKIuU u (X, t),
ynoBierBopsitomeii B obmactuD ={ (x, t)J0 < x < 40 <t <

2
Thypasenmo = kgxlj (k = const > 0) 1)
HavyagpbHOMY ycioBuo U(X,t) = f(x) (2)

U KpPAaeBbIM YCJIOBHSM IIEPBOTrO poja
u(0,t) = pa(t), u(a,t) = pa(t). (3)

K 3amaue (1)—(3) mpuBOAUT, @ YACTHOCTH, 3aJa4a O PACIPOCTPAHCHHU
TEeIJIa B OJHOPOAHOM CTEp)KHE JUJIMHBI @, Ha KOHI[AX KOTOPOro
NOJJIep)KUBAeTCsl 3aJaHHbI TemmepaTypHbI pexuM. Kpaesble ycioBus

BTOPOIO U TpPEThEro pojaa a JdaHHOW JsabopaTopHOil paboTe He
paccMmarpuBaroTcs. 3aMeHa mnepeMeHHbIX t — Kt mpuBOOUT ypaBHeHHe

(1) x BUOY
ou o .
—=—_, ,103ToMy B JanbpHeimem Oynem cuntarsh K =1.
ot ox
I[Moctpoum B ob6mactu D = { (x, t) )|0 < x < a, 0 <t < T} paBHOMepHYIO
OpSIMOYTOJIBHYIO CETKYy a maromM h B HampaBjieHHWHM X M IIaroM T — B

HanpasyieHuu t (puc. 1). O6Go3HaumM y3abl CeTku uepes3 (Xi,t1), ... (Xit), ...,

16 Ecnu oucyunnuna peanusyemcs HeCKOIbKO ceMecmpos, mo ceMecmpbl YKa3bléaiomcs 6 00HOL mabauiye no nopsaoxy.
YVasviearomes oyenounvle cpedcmea Ons Kadicool Komnemenyuu 6 coomeememeuu ¢ Pazoerom 4 (npumeuanue: ne Kascoyio
KOMNeMeHYuio MONCHO NPOBEPUMb GONPOCOM K 3aYenmy/3K3aMeHy, m.e. He N0 Kax#COol KOMNemeHyuu mo2ym Obimb YKa3aHvl
80NPOCHl K 3auemy/IK3ameny; OOHAKO 8Ce BOMPOChl K 3aUemy/IK3AMeHY 6 COB0KYNHOCHIU OOJJCHbL OblMb YKA3aHbl 6 2page
«Haumenosanue oyenournoco cpedcmeay).




a npubnmxeHHble 3HadeHuss Gynkuuu U(X, t) B y3max — Ujj. Torma Xi=ih,
i=0,1,...,n, h=a/n, ti=jz, j=0,1,...,m, ==T/m.

AnmnpokcumupyeMm ypaBHeHue (1) Ha dYeThIpexToueyHOM IIabIoOHE,
KOTOpBI H300pa’keH Ha pHUC. | JKUPHBIMH JUHUSAMH. B pesynbTaTe
MoJIydyaeM HESBHYIO JABYXCIOHHYIO Pa3HOCTHYIO CXEMY:

Aui+1,j — (L1+20) Ui, j + Aui1,j = — Uijj -1 4
i 1
T /¢
| l B3
) T TR T oy ; .J1) e d
w | J (&) fie1f)
BT )
= ?
o dl | |
] -1 0 i+l X d FGrod i x

KOTOpas anmpokcumupyet ypasHernue (1) ¢ morpemnoc Teio O(t + h?).
3aecy A =1/ h?

Puc. 1 Puc. 2

Cxema (4) annpokcuMupyeT ypaBHeHHE (1) TOIbKO BO BHYTPEHHHX y3Jiax
CETKHU, MI0ATOMY YHCIIO YPaBHEHHUH B cxeMe (4) MEHbIIIEe YKClia HEU3BECTHBIX Uij.
Henocraromue ypaBHeHHS OJYYalOT U3 KPaeBbIX yCIOBHUHU

Uoj = M1(t]), Unj = Ma(t]). (5)

Cxema (4)—(5) HesiBHas, mO3TOMY 3HAYeHHs Ujj HAXOASIT KaK pELICHHE
CUCTEMBbl JIMHEMHBIX ypaBHeHUW (4). s pemenus cucrembl (4) MOXKHO
IPUMEHSTD JIFOOON aJrOPUTM PELIEHUs CUCTEM JUHEHHBbIX YPAaBHEHMH, OJTHAKO
cucteMa (4) obnamaeT TpexIMaroHaJIbHOW MaTpPHUIIEH U palMOHAIbHEE BCETO
pelaTh €e MeTOJA0M NMPOTroHKU. TakuMm oOpa3oM, peuIB CUCTEMY Pa3HOCTHBIX
ypaBHEHHI, HaiijieM 3Ha4YeHHs QYHKIUU u Ha BPEMEHHOM CIIO€ |, €CIH
M3BECTHO pPEIICHUE Ha BpeMeHHOM cioe j — 1.

Wtak, anropuT™M YUCIECHHOTO PEIICHHS 3aJlaud MMeeT clenyromuil Bua. Ha
HYJIEBOM BpeMeHHOM ciioe (j = 0) pelieHrue U3BECTHO M3 HAYAIBHOTO YCIOBHUS
Uio = f (Xi). Ha kaxmom crenyromeM cioe MckoMas (QYyHKIHS OMpeaessieTcs
kak pemenue cucremsl (4)—(5).

MeTton nporoHku

VYpasHenue (4) B 00111eM BUE 3aMHCHIBACTCA

ai Ui-t — 2bivi+ ciuiea = fi, i=1,2,...,n-1 (6)
Ha JIEBOU TpaHHIle 0071aCTH
CoU1 — 2bouo = fo (7)
Ha MpaBo# Tpa”HuIle 00JacTu
anun-1-2bnun=fn. (8)

HUmeem Ug, U1 , U2 ,...

ByHeM HCKAaTh pCIICHUC B BUJC!

Ui-1=Piui+Q;i (*)
Uo=Co/2bo"u1+(-fo/2bo) (9)

P1=co/2bo, Q1 =-fo/ 2bo ;

Jlns Bcex ocTtambHbIX Pi , Qi moay4uM peKyppeHTHble (GopMyJIb,




nojactaBuB (*) B (6):

ai (Pi ui + Qi) — 2bi ui + ci uj+1 = fi,
(ai Pi —2bi) uj + Ci Ui+1 = fi — aj Qi
Ci fi —aiQ;
ui = Ui +
Zbi —a,j Pi — 2b| +a; Pi
Ui = Pi+aUi+1 + Qi+,
Ra=o Qi+1=7_fi A
2b —a;R 2bj —a;R

Ecau u3Bectsl P1, Q1, To MmoxHO HaiTu P2, Q2, u T.1.

Un-1 =Pnun+Q N;

Un-1 = 2bn /an un + fn /an

HNmeeM cucteMy IBYX YpPaBHEHUM.
Otcrona: UN = M

2bN — PN an
3nas Un o popmyie (*) Beraucisiem Bce Ui ot | = N-1 10 0.
Takum o6pa3zom, HaxOIsATCs BCe Uj HA BEPXHEM CIIOE€.

3ameyaTeabHbIM CBOMCTBOM HESIBHOW CXEMBI (4) sIBIsETCS €€ yCTOMYMBOCTh
IpH M0OBIX 3HaYeHHAX mapamerpa A = T/ h?> 0. IIpenmymiecTBa cxeMmsl (4)
OCOOEHHO  OIIYTMMBI IpU CpPaBHEHMM C SIBHOM  CX€MOH, KoTopas
MoJydaeTcs Mpu anmnpokcuManuu ypaBHenus (1) Ha mabrnoHe, u300pakeHHOM
Ha puc. 2.

SIBHAst cxeMa OKa3bIBACTCS YCTOWYMBOM TOJBKO mpu A < 1/2 , 1. e. ipu T
< h? /2. DT0 03HaYaeT, 4TO BHIYMCIEHHS 110 ABHOH CXeMe NpPHUAETCS BECTH C
OUY€Hb MAJIBIM IIaroM Mo T, YTO KOHEUHO MOXKET NMPUBECTU K OOJBIIUM 3aTpaTam
MaImIMHHOTO BpeMEHH. B HesBHOW cxeMme BBIUYMCICHHS Ha OJHOM IIare
TpeOyIoT Oosbllle onepanuii, 4yeM B SIBHOW cxeme, HO 3aTO BEJIMYMHY IIara T
MOKHO BBIOpaTh Kak yrogHo OoJibIION Oe3 pucKa HapyIIUTh yCTOWYHBOCTH
cxeMmbl. Bce 3TO 1MO3BONSET 3HAYMTENBHO YMEHBIIUTh MAIIMHHOE BpeMs,
HeoOxoauMoe uis pemieHus 3amaun. Cxema (4) obiamaeT cXOAUMOCTHIO. DTO
o3Havaer, 4yto npu h, T — 0 pemenue pasHocTtHOW 3amaum (4) — (5)
CTPEMHUTCS K TOUYHOMY peIeHHI0 cMemanHnoi 3anaun (1)—(3).

Jist wucnenHoro pemenus 3anaun (1)—(3) npenHasHayeHa moANnpor-
pamma CALC.
[Tporpamma CALC pemaer cucremy (4) METOIOM TPOTOHKH U BBIYHCISET
pelIeHrne Ha KaXJ0M CJI0€ MO 3HAYEHUSIM PEUIeHHUs C MPEebIAYIIEeTo CIos.

Bxoaguse mapamerTps : HX — mar cetku h mo mepeMeHHOH x;
HT — war cetku 1 ero nepemeHHoi t; N — xosmnuecTBo maros ceTku no x; U
— wmuccuB u3 N + 1 gwmcen, coaepxamuii nepen odpamenuem k CALC
HavYaJlbHOE 3HA4YE€HUE pEeUIeHUs B y3Jax MepBoro cios cetku; P, Q —
paboune wmaccuBbl 3 N — 1 d4yucen KaxAbld /3TO NPOTOHOYHBIE
K03 UIIUEHTHI/.

Boixoaguse napameTps : U— maccuB u3 N + 1 yucen (oH xe
BXOJIHOH), coiepKalluii 3HaU€HHUE PELIEHUs B Y3JIaX OYEPEeIHOI0 BPEMEHHOTO
CJIOSI CEeTKH.

[Tepen obpamenuem k nporpamme CALC HeobxoamMo:

1) onucars maccussl U, P, Q:

2) npucBouTh PakTuueckue 3HaueHus napamerpam HX, HT, N;




3) npucBouth dnemMeHTaM U HadaibHOE 3HAYCHHE PELICHUS B y3JaX
IIEPBOTO CJIOS CETKH.

3aganue. Mcnonssys nporpammy CALC, pemnTs cMEmannyro 3a1ady ¢
MOCTOSSHHBIMU ~ TPAaHWYHBIMH ~ YCIOBUSMH JUISI  OJHOPOJHOTO  YPaBHEHWUS
TEIIONpPOBOAHOCTH B obmactu D = { (x, 1)|J0 < x < a, 0 <t < T}.
Pe3ynbTaThl meyaTaTh Ha KaXXJI0M BPEMEHHOM CIIO€.

Iopsinok BBINOJHEHUS] NPAKTHYECKOH PadoThI
1. CocTaBUTh OCHOBHYIO MPOTpaMMy, COACPXKANIYIO ITUKINYEC Koe oOpalieHue
K IIpOrpamMMe pelieHusl mapaboMYecKoro ypaB HeHHs C TeYaThlo pPe3yJbTaToB
Ha KaXJOM Iare.
2. CocraBuTh TOANPOrpaMMy - (YHKIHIO, BBIYHCIISIONIYIO 3HA4YCHUE
¢byukuun  F(X) mis HavanpHOro 3HaueHus u( X, 0).
3. IlpoBecT BBIUUCIICHUS Ha KOMIIBIOTEPE.
4. Pe3ynbTaThl pelICHHs] BHIBECTH B BUJC Ipaduka W3MEHEHHS (DYHKIIUU C
3a(pUKCUPOBaHHBIMU 3HAYCHHUSIMU Ha KOHI[AX HAYAJIbHOTO WHTEPBAJIA.
[Tpumeuanue: mas Oojiee IUIABHOTO TMOBEACHHUS (YHKIIUH YBEIHYUTH

HayaJlbHOE KOJMYECTBO TOYEK pa3zdomeHus orpeska X [0, 1] mo cBoemy
YCMOTPEHHUIO.

Bapuantsl 3a1anui
Pemmts cMemmaHHy o 3aa4y 1J1s1 ypaBHEHHUS TETUIOPOBOJHOCTH C
HavalbHBIM ycimoBueM (X, 0) = f(x) u rpannunsiMu ycinoBusmu U (0,

t)=a, u(l, 0)=b

Ne Bapu f(x) a b c d

aHTa
1 i 11 | 30 | 0,05
2 P 12 | 35 | 015
3 : 13 | 40 | 025
4 3 | 14 | 45 | 035
5 } 15 | 50 | 045
6 p | 16 | 55 | 055
7 L i 17 | 65 | 065
8 Lo 18 | 70 | 0,75
9 7 R 19 | 75 | 085
10 20 | 80 | 095

11 8,0 3,0 20,0 0,05
12 9,0 4,0 21,0 0,15
13 10,0 | 5,0 22,0 0,25
14 11,0 | 6,0 23,0 0,35
15 120 | 7,0 24,0 0,45
16 130 | 8,0 25,0 0,55
17 140 | 9,0 26,0 0,65
18 15,0 | 10,0 27,0 0,75

19 16,0 | 11,0 28,0 0,85
20 17,0 | 12,0 29,0 0,95
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7.2.2. TecToBbI€ 3aJaHUA
Tecta mo Kypcy He IpeayCMOTPEHO

7.2.3. TeMbl NMCbMEHHBIX padoT:®
[TucbmMeHHbIe PabOTHI O KypCy HE IPEAyCMOTPEHBI.

7.3.0ueHoYHbIe CpPeACTBA Js1 NMPOMEXKYTOYHOH aTTeCTAMU MO HMTOraM OCBOEHHS
AUCHUTLTHHBI

7.3.1. Boipochl K aTTecTaunu

Cemectp?®® 2

Bonpocs K 7k3ameny?’

n/n

83anonnsemea ecru ducyunaunoii npedycmompenvl nucbMennbvie, 6 m.u. Kypcogvle pabomvi/npoexmut/PI'P.
BEcu ducyuniuna uzyuaemcs neckoivko cemecmpos, mo mabauya gopmupyemes Ons Kaxicoo2o cemecmpa.
20 Ocmagums nysicuyto opmy KOHmMPOIA.




1 Knaccudukanusi ypaBHEHUH B YaCTHBIX MPOU3BOIHBIX

2 [TocTanoBKka 3aaa4 Jyisl ypaBHEHHH MapaO0JIMuecKOro THITa

3 [TocTraHoBKa 3aa4 JJisl YpaBHEHUH THIEPOOIMYECKOTO THIIA

4 ITocTraHoBKa 3aJa4 AJ1sl YpaBHEHUH 3JUIMOTHYECKOIO THIIA

5 PaszHoctHas anmpokcumariyst quddepeHmaibabiX ypaBHeHUH. OCHOBHBIE ONPEACTICHHS

6 Pemienne HayanpbHO-KpaeBoH 3a/1auu Il ypaBHEHUs 1apaboIMYecKOro TUIa

7 Pemenue HayanpHO-KpaeBoH 3a1a4u Ui ypaBHEHUs IapaboIMYeCKOro TUIIA C YCIOBUAMU
2-ro 1 3-ro posa Ha rpanunax. OTHOMEpPHBIH Cirydai.

8 MeTos IPOrOHKH pellIeH sl CUCTEM C TPEXIMAaroHaIbHOM MaTpuLe

9 OcoOeHHOCTH annpoKCUMAIMK TPAaHUYHBIX YCIIOBHM U1l ypaBHEHUH apaboindeckoro
TUIa

10 Metoa GUKTUBHBIX TOYEK

11 Annpokcumanusi MeTo10M (PUKTUBHBIX TOUYEK IPAHUYHOIO YCIOBUS TPETHETO poja

12 | Annpokcumanusi MeToIoM (PUMKTHBHBIX TOYEK IPaHUYHOTO YCIOBHSI BTOPOTO POAA

13 Annpokcumanys yCJI0BUN CONPSIKEHUS

14 | KoHeuHO-pa3HOCTHAs aNPOKCUMALMS 3a/1a4 JUls ypaBHEHUH T'HIIepOOJIMYECcCKOro Tuia

15 | KoHeuHO-pa3HOCTHAS aIPOKCUMAITHS 3a/1a4 JUIsl YPAaBHEHHUN DJUTMIITHYECKOTO THUIIA

16 OCHOBHbIE OHATHSL, CBA3aHHbIE C KOHEYHO-PA3HOCTHOM anmpoKkcuManuei.
AnnpoKcHManus ¥ MOPSAO0K anmpOKCUMAIIH

17 OcHOBHbIE MIOHSATHS], CBI3aHHbIE C KOHEYHO-Pa3HOCTHOM annmpokcumanueil. Y cToiuuBoCTb

18 OCHOBHBIE TIOHSTHSI, CBS3aHHBIE C KOHEYHO-PAa3HOCTHOM anmpokcumanueil. CXoquMocTh U
HOPSA0K CXOJUMOCTH

19 Teopema SKBHBaJICHTHOCTH O CBSI3M AIIPOKCHMAIIHNS M YCTOMYMBOCTH CO CXOUMOCTBIO

20 HesiBHO-s1BHasi KoHEUHO-pa3HocTHas cxema Kpanko — HukonbcoHa

21 Meton yCTaHOBJICHUS U €r0 000CHOBAaHHUE

22 PasButue Teopun 1BMKEHUS MHOTO(A3HBIX TeTEPOreHHBIX cpea. OCHOBHBIE TOMYIICHUS
MO/I€JIM BHYTPUKaMEPHBIX IPOIIECCOB

23 | [lpuHOUMN 3an¥icu ypaBHEHUH MEXaHUKH MHOTO(a3HBIX TE€TEPOTEHHBIX CpeJl Ha IPUMEpe
YpaBHEHMsI COXPaHEHHsI MacChl

24 BbiBos1 ypaBHEHUI coXpaHEHUs Macchl IBYX(a3HOW pearupyrolleii cMecH B KaHajie
MIEPEMEHHOI'0 CEYeHHUS

25 BbiBos1 ypaBHEHUI COXpaHEHUs UMITYJIbCOB (a3 AByX(a3HON pearupyroniei cMecu B
KaHaJle IePEeMEHHOT0 CeYeHHUs

26 | BeiBox ypaBHEHHUsI COXpaHEHMs IOJHOM SHEPruM AByX(a3HOM pearupyrouiei cMecu B
KaHaJle IepEMEHHOI0 CeYeHUs

27 [TonHast cucteMa ypaBHEHHUH, ONMCHIBAIOIINX OaJUTMCTUKY CTBOJIBHBIX CUCTEM

28 Konkperuzanus ¢GyHKIMI MacCOBOTO U CUIIOBOTO B3aUMOJAECHCTBUSI FETEPOTr€HHOM
CHCTEMBI: Ta3bl - HECTOPEBINE 3JIEMEHTHI

29 OcHOBHBIE OTIpeIeNICHHs] H KOHEUHO-PA3HOCTHBIE CXEMBI IS 33724 MaT(OU3UKH

30 | KoHeyHo-pa3HOCTHAs allIpOKCUMAaNKs 331a4 JUlsl ypaBHEHHH apaboIMyecKoro THIa

31 Annpokcumanysi TpaHUYHBIX YCIOBUU

32 Pa3zHoCTHas anmpoKcUMaIlHsi onepaTopa

33 | PazHOocTHBIE METOJIBI pelieHHs 3ajau MaT(u3uku. PazHocTHas anmpoKkcuManus
b depeHIMATbHBIX YPaBHEHHI.

34 OcCHOBHbBIE TIOHATHSI, CBA3aHHBIE C KOHEYHO-PA3HOCTHOM anmpoKCcUMaIuei.
KoHcepBaTHBHOCTh W KOPPEKTHOCTb.

35 | AHanu3 nopsaKa anmnpoKCUMAIMK Pa3HOCTHBIX CXEM.

36 | OcHOBHBIE OnpeieNIeHHsI Pa3HOCTHOTO MeToia Ditepa-Jlarpamxka.

37 YpaBHEHHE COCTOSIHUS TOPOXOBBIX Ta30B

38 | 'eomeTpuyecknii 3aK0H ra3000pa3oBaHus




KoMmiekT MaTepHaJp0B AJH JK3aMeHa

BOHpOCI)I K 3K3aMCHY

7.3.2. Kputepuu 4 HOPMbI OLEHKH

dopma
Cemecrp?! NPOBELCHHH KpuTepun 1 HopMbI OleHKH
NPOMEKYTOUYHOM
aTrecTanumu?2
2 DK3aMeH Crynent nabpain ot 85 mo 100
(ycrHo) «OTJIIUYHO» 0aJJI0B MO0 HAKOMUTEIHHOMY
PEUTHHTY.
Crynent Habpan ot 70 mo 84
«XOpOLo» 0aJJI0B 110 HAKOIUTEIBHOMY
pPEUTHHTY.

Crynent Habpan ot 55 10 69
«YIOBJICTBOPUTEIILHO» | OAJUIOB [0 HAKOIMUTEIHLHOMY
PEUTHHTY.

Crynent Habpan menee 55
«HEYJOBIICTBOPUTEIIBHO» | 0AIOB IO HAKOITUTEIILHOMY
PEUTHUHTY.

2L Ecau Qucyunauna peaiusyemcs HeCKOIbKO CeMeCmpos, Mo cemecmpbl YKA3vleaioncs. 6 00Ot madauye no nopsoxy.

2 Viazvieaemcs hopma KOHMpPONs. (3auem, 3avem ¢ OYeHKotl, dK3amer) u 6 ckoOKax opma npoeedenus (YCmuo, nucbMenHo, no
HakonumenvHomy petimuney (011 oucyunaun, pearusyemoix ¢ bPC)).

2 Ecnu ¢hopma konmpons «3auemy, mo ocmagunts moabko CHpoKu ¢ OMMemKamy o0 3aveme, eciu popma KoHmpons — «3a4em ¢
OYEHKOUY» UNU «IK3AMEHY, MO OCMABUMb MOLKO CHPOKU C OYEHKAMU.




8. YueOHO-MeTOIMYeCcKOe M HH(POPMANIMOHHOE 00eciedeHne TUCIIUTITUHBI

8.1. Obs3aTe1bHAsA JIUTEPATYypa

ABTOpLI, COCTaBUTEC/IN

3arsiiaBue (3aroJji0BoK)

Tun (yueOHMK, yueOHOe
nocooue, yue0Ho-
MeToAnYecKoe mocooue,
NPaKTHKYM, AP.)

Tox m3panua

Koau4yecTBO B
HAY4YHOM
oudamoreke /
HaumenoBanue
35C*

1 | B.®. ®opmanees, J1.J1.
PeBu3HUKOB

YucneHHbIe METOIbI

YyeOHoOe 1mocodue

2006

SBC «IPRbooks»

2 N.I".Pycsk, B.M.YuakoB

BHYTpI/IKaMepHHe I'CTCPOIrCHHBIC ITPOLCCChI
B CTBOJIbHBIX CHUCTEMAX

YyeOHOEe 11ocodue

2001

SBC «IPRbooks»

8.2. lono/iIHUTeIbLHAS JUTEpPaTypa

Tun (yueOHUK, ydeOHOE

KoauuecTtBo B

HAY4YHOH
Ne nocooue, yue0Ho-
ABTOPBI, COCTABUTEHU 3ar;iaBue (3aroJjioBoK) I'oa u3nanus oudbamnoTexe /
n/n MeToHYecKoe mocooue,
HaumenoBanue
NPaKTHKYM, JP.) 3EC
1 | C.B.IlopmineB KommbrotepHoe MOJICTTHPOBAHKE VYuebHoe nocodue st 2003 3BC «IPRbooks»
dbusnyeckux mporeccos B makere Matlab cnymaresneit eMBI
2 | CK.T'onyHos, Pa3HocTHBIE cxeMbl (BBEIEHHE B TEOpUIO) | YueOHoe rmocodue 1977 3

B.C.Psa0eupkuit

24 Vkazvieaemcs KOIUHECma0 IK3. OIS NeYAmHbIX U30aHull, OJis 2NIeKMPOHHBIX Uz0anuu — Haumernogarue I5C.







8.3. Ilepeuenb mpogecCHOHAJIBLHBIX 0a3 JTAHHBIX U HWH(POPMAIMOHHBIX CHPABOYHBIX

cucrem®

8.4. IlepeyeHb MPOrpaMMHOIo obecnevyeHus

Ne Hanmenosamme IO PexBHU3UTHI uormsf)pa
n/n (nata, HOMep, CPOK JAeHCTBUS)
1 Windows XP Beccpounbie
2 Microsoft office 13 Ne61935138 ot 28.05.2012
(6eccpouHblit)

8.5. Onucanne MaTepHAIbHO-TEXHUYECKOH 0a3bl, HEOOXOIUMOI I OCYIIeCTBJIECHHS
00pa30BaTeILHOIO MPoIecca Mo TUCIIHIIHHE

HaumeHoBaHnue 000py10BAHHBIX YU4eOHBIX
Ka0MHeTOoB, 1a00paTOpHii, MACTEPCKUX U
Ne P 00TeKTOB 15 POBECHHsI . IlepeyeHb 0OCHOBHOTO 000pPY/10BaAHUSA
n/n | NpaKTHYeCKUX U JIa0OpaTOPHbIX 3aHATHIA,
IOMeIEeHUH JJISI CAMOCTOATEILHOMI
padoThI 00yuaouxcs (HOMep ayAUTOPHH)

KommnbrorepHslii kinacc Cron YUCHHIECKHH-26 IIT., cTON
VIIK-314 NpEenoJaBaTeabCKuii-1 1T., CTynpg-28 wT.,
1 JIOCKa ayIMTOpHASI (menoBast)-1mir.,
KOMITBIOTEP C BBIXOJIOM B CETh WHTEpHET- 17

IIT.
Kiace myst camocrositensHOM paboThI Cron y4eHHWYeCKHiH-26 1IT., CTyA-26 IIT.,
2 -401 KOMITBIOTEP C BBIXOJIOM B CETh WHTEepHET- 16

IIT.

25 Baswl dannblx u uHGOpMayuoHHble CNPAgoUHble CUCTEMbl Q0INHCHbL ObIMb AKNTYATbHBL.




