MMHUCTEPCTBO HAYKHU U BBICIHIEI'O OBPA30OBAHUS POCCUMCKOM ®EJEPAIIN
deneparbHOE TOCYAAPCTBEHHOE 00 PKETHOE 00pa30BaTEIbHOE YUPEIKICHNUE
BBICIIET0 00pa30BaHUs
«TONBATTUHCKUHN TOCYIapCTBEHHBIA YHUBEPCUTET
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PABOYASA ITPOI'PAMMA JTUCHUIIJIMHBI
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01.04.02 IlpuknanHas MaremMaTuka U HHPOpPMaTHKa
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dopma 00ydeHus: ouHast
I'on Habopa: 2020
O6mras Tpynoemkoctb: 5 3E

Pacnpeneﬂeﬂue JaCoB JUCIHUILIMHBI IO ceMeCTPpaM

Cemectp 2
dopMa KOHTPOJIS | DK3aMEH HTroro
Bun 3ansiTuit
Jlexun 34 34
JlaGopaTopHble 8 8
[TpakTHueckue 26 26

PykoB0oJCTBO: KypcoBbie paboThl (poekTsl) / PI'P

HpOMe)Ky'TO‘lHa}I aTTcCTaluusa

KonraktHas paboTa 68,35 68,35
CamocrosTenbHas pabora 76 76
KoHTpoan 35,65 35,65

Hroro 180 180
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HaIpaBJICHUs MOATOTOBKH (CIEIUATBLHOCTH)
01.04.02 Ilpuknannas MaremMaTuka U HHPOpPMaTHKa

(KOO U HAUMEHOBAHUE HANPABTIEHUs. NOO20MOSKU, cheyuarbHocmu 8 coomeemcmesuu ¢ @PIOC BI10)

Cpok eiicTBHS MPOrpaMMBbl TUCHHUILIMHBI 10 «31» aBrycra 2022 r.

YTBEPXIEHO

Ha 3acenanuu kadenps! «[Ipuxnagnas mareMaTika 1 HHGOPMATUKA»

(mpotokon 3acemanust Ne 1 ot «09» centsiops 2019r.).



1. Ilean ocBOEHUN TUCIUILIHHDI

HGHB OCBOCHHA JUCHUIIIIMHBI — OBJIaACHHC OCHOBHBIMH MAaTCMAaTHM4YCCKHUMU MCTOAAMU H
preMaMHM MOJEIMPOBAHUS CUCTEM, COBPEMEHHBIMU CPEACTBAMH JJISl CO3/IaHUSI KOMIIBIOTEPHBIX
MOJIeIIeH, a TaKKe pelIeHus Mpo0IeM ¢ MOMOIIbI0 HH()OPMAITHOHHBIX TEXHOIOTHIA.

2. Mecto nucuumiuabl B ctpykrype OIIOITI BO

JIMCIUTIITMHBI U PAKTHKHU, HA OCBOCHUH KOTOPBIX 0a3upyeTcs TaHHAs TUCIHUILIAHA:

YuciaeHable METOIbI

MHOronoTo4YHOe NPOrpaMMHUpPOBAHHE

KomnerorepHoe monenupoBanue-1

JIMCIUTIIMHBI U TIPAKTHKH, U1 KOTOPBIX OCBOCHUE JAHHOW JUCIMIUIMHBI HEOOXOIUMO KaK
MPEAIIECTBYIONIEE:

BeraucnutenbHbpIl SKCIIepuMeHT-1

CucTtemMbl MCKYCCTBEHHOTO MHTEIUIEKTa-1

3. Iliianupyemblie pe3yJibTaThl 00y4eHUs1

dopmMupyemMblie U
pMHpY NHaukaTopbl JOCTHKEHUAS

KOHTPOJIUpYeMble KOMITeT i IInanupyemble pe3yJibTaThI
KOMIIeTeHIH U o0yueHust
(Ko ¥ HAMMEHOBAHUE)
(Koa 1 HAMMEHOBaHUE)
(OIIK-3) (UOIIK-3.1) 3HATh: 3HACT CYMIECCTBYIOIIHNE
CriocoOeH NpUMEHSITh U JleMOHCTpHpYET 3HAHHE MaTeMaTHYECKUEe MOJICTH U 00 MX
MOIU(PHUIIPOBATH MaTeMaTHYECKUX MOJIeNeld | MPUMEHEHHS ¥ MOJU(PUKAIINN IS
MaTeMaTHYeCKue MOJIETH | M YMEHHE UX IPUMEHEHHUS U | peleHHs 3aa4 IpoecCHOHaTIbHON
JUTSL PEUIeHNUs 3a1a4 B MOTUGUKAIIH JJTST JeSITeTbHOCTH
o0mnactu peuieHus 3a1a4d YMeTb: MPUMEHSATH CYLIECTBYIOIINE
npodeccuoHanbHOM npodeccroHanbHOI MaTeMaTHYeCKUe MOJIETH pU
JeSITebHOCTH JeSITebHOCTH pelIeHun 3a71a4 B MpoQecCHOHaIbHOM
JeSITeTbHOCTH

Bnagers: cymecTByronmmmu
MaTeMaTHYeCKUMH MOJEIISIMU /ISt
peleHus 3a1a4d NpoQeccuoHaIbHON

JeSITeTbHOCTH
(MOTIK-3.2) 3HaTh: 00 OCYIIECTBICHUU BBIOOpA
OcyecTBiseT BEIOOD MaTeMaTHIECKUX MOJIEIeH 1
MaTeMaTHYeCKUX Mojieled | HeOOXOJUMOCTH UX MOJU(UKAIIIH
1 HEOOXOMMOCTh UX JUISL pelieHus: NpohecCuOHaTbHBIX
MOJUGPUKAIIH JJIs 3a1a4
peteHus YMmerb: OCYIIECTBISITh BBIOOD

npo(ecCHOHANBHBIX 33/1a4 | MATEMAaTHYECKUX MoOjeleil W HuX
MOAMGUIIUPOBATh I PEIICHUS
npoeccnoHaNbHBIX 33724

Brnanets: HaBbIKaMH OCYIIECTBICHUS
BBIOOpA MaTeMaTHYECKUX MOJIETICH 1
HEOOXOUMOCTH MX MOAUPUKAITII
JUISL peleHus MpodecCHOHATbHBIX
3a7a4




®opmMupyembie U

NHaukaTopbl 10CTHXKEHUS

KOHTPOJIUpYeMble . Inanupyembie pe3yJibTaThl
poHpy KOMIeTeH Ui Py pesy
KOMIIeTeHIM U o0y4eHust
(Ko 1 HAUMEHOBAHME)
(ko1 1 HAUMEHOBAHME)
(UOIIK-3.3) 3HaTh: O IPUMCHEHUS U

JleMOHCTpHUpYET YMEHHE
IIPUMEHEHHUS U
Moau(UKAITIN
MaTEMaTHYECKUX MOJENEH
IIpYU pelIeHUN
npogecCHOHANIBHBIX 3a]1a4

MOIII/I(i)I/IKaHI/II/I MaTEeMaTHU4YCCKUX
MojIesIel TP PeLIeHUH
npodeccHoHANBHBIX 33124

YMmers: IIPUMEHSTh u
MOMU(DHUIIMPOBATH  MaTEMaTHYCCKHE
MOJENHN pu peleHnu

poeCCHOHATBHBIX 3a/1a4

Brnagets: He0OX0AMMBIMU HaBBIKAMH
MPUMEHECHHSI 1 MOIUDUKAIIH
MaTeMaTUYECKUX MOJEIIEN IPU
penreHny mpo(ecCHOHABHBIX 3a1a4




4. CTpyKTYypa U cojepkaHue JUCHMIIIHHBI

DopMbI TEKYLIETO

Bug . KOHTPOJIA
Monyab . HaumeHoBaHue TeM 3aHATHI
yueOHoM . Cemectp| O0bem, u.| banabl | UHTEepakTHB, 4. (HauMeHOBaHUe
(paznen) (yueOHOii padoThI)
padoThI OLICHOYHOI'0
cpeacrsa)
Monys 1 Jlex BBenenve B KOMIBIOTEPHOE MOJECIUPOBAHUE 2 2 2 -
BBenenue
Jlex YpaBHEHHS B YACTHBIX IPOU3BOIHBIX 2 2 -
Mopnynsb 2 Jlex Knaccudukanus ypaBHeHHU B YaCTHBIX 2 2 -
KOMHI)IOTepHOC IMPOU3BOJHBIX
MOACTUPOBAHNC JIex INocraHoBKa 33124 Jjisl ypaBHEHUN 2 2 -
TUMEepOOTMYECKOTO THIIA
Jlex [TocranoBka 3a1a4 IRIE: YpaBHEHU I 2 2 -
MapaboIUIECKOTO THITA
Jlex [TocraHoBka 3a1a4 INIE: ypaBHEHUI 2 2 -
AJUTMITUYECKOTO THIIA
Jlex PaznocTHast anmpoxcumanus — auddepeHuans 2 2 -
HBIX YPABHEHUI
Jlex MeTon ~ TPOTOHKM  pemIeHHusT  CHUCTEM  C 2 2 -
TpeXIMaroHaJIbHON MaTpuLeh
Jlex Oco0eHHOCTH anIpOKCHMAallUU TPaHUYHBIX 2 2 -
YCJIOBUU
Jlex Pemienne  HaYanmbHO-KpAaeBOW — 3amadm IS 2 2 -
ypaBHEHHUI MapaboIMYecKOro TUIa
Jlex KoHeuHo-pa3HOCTHBII METOA pelieHus 3a1au A 2 2 -
YpaBHEHU# TUNEPOOTUIECKOTO THIIA
Jlex MeToa ycTaHOBJIEHUS U €r0 000CHOBaHHUE 2 2 -
Jlex Koneuno-pa3HocTHas anmmpoKCHUMAITUs 3amad s 2 2 -
YpaBHEHUH SIUIMIITHYECKOTO THIIA
Jlex Pa3BuTHe TeOpur ABMKECHUS T€TEPOTCHHBIX CPEl 2 2 -




DopMBbI TEKYLLET0

Bun . KOHTPOJIA
Monyab . HaumenoBanue TeM 3aHATHIA
yueOHoit . Cemectp| O0bem, u.| Banabl | UHTEepaKkTHB, 4. | (HAHMMEHOBaHHUe
(paznen) (yueoHoii padoThI)
padoThI OLICHOYHOI'0
cpeacrsa)
Jlex BbIBOZT OCHOBHBIX YpaBHEHUN JIMHAMHKHU 2 2 -
TE€TEPOTEHHBIX CPEN
Jlex IlonHas cucTteMa YypaBHEHMH OIHMCHIBAIOLICH 2 2 -
MIPOLIECCHI B TETEPOr€HHBIX Cpeaax
Jlex Meron YUCIEHHOIO HHTErPUPOBAHUS 2 2 -
JIab MoienupoBaHue BOJIHOBBIX SBJICHUI 2 4 14
JIab YucnenHoe perieHue ypaBHeHuid Jlarutaca u 2 4 14
ITyaccona
IIp KoneuHo-pazHocTHas anmpokcuMalys HadalbHO- 2 4 11
KpaeBou 3a1auun JUISL YpaBHEHUS
MapaboINIECKOTO THITA
IIp AnnpokcuManusi TpaHUYHBIX YCJIOBHM METOIOM 2 4 11
(PMKTUBHOM TOYKH
IIp Koneuno-pazHocTHas anmpoKcHMaIusl Ha4ajabHO- 2 4 11
KpaeBou 3a1auun JUISL YpaBHEHUS
rUNepOOIMYECKOTr0 THIIA
Ip KoneuHo-pa3HOCTHAs anmpoKCUMalUsl HadyalbHO- 2 4 11
KpaeBoH 3aJaudl JJisl YpaBHEHUS DIUIMITHYECKOTO
THUIIa
IIp KoneuHo-pa3HOCTHAs anpoKCUMalus YpaBHEHUI 2 10 28
TeTEPOreHHOMN Cpeabl
Hroro: 68 100

CxeMma pacuera UTOroBOro daJjia

Tekyuii peUTHHT (BCE 3aHATHS U IPOMEXKYTOUYHBIE TECThI) + Pe3ysbTar UTOrOBOTrO TECTa M BCE JACTUTCS Ha 2




5. O6pa3oBaTe/ibHbIEe TEXHOJIOTHHU

[Tpu n3yueHNH AUCUUIUIMHBI UCTIONB3YIOTCS CIeIyIoIune 00pa3oBaTeIbHbIe TEXHOJIOTHH:
- TEXHOJOTUH TPAIUIMOHHOTO O0O0y4deHuss B ¢opMe JIeKIHH, MpaKTUYeCKHuX padoT u
CaMOCTOSITENIbHOU PabOThI CTYACHTOB;

6. MeToauyecKkue yKa3aHusl M0 OCBOECHHIO TH CIHHIJIMHBI

B opranmzanuu pa®oTbl CTyA€HTOB O4YHON (OpMBbI OOyudeHUS HaJ HU3y4ECHHEM Y4eOHOro
kypca «KoMIBIOTEpHOE MOJEIUPOBAHKE-2» BAXKHOE MECTO TNPUHAUICKUT AayAUTOPHBIM
3aHATUAM. B HUX n3naraercs oOuas XapakTepUCTUKA BOITPOCOB TEMBI.

[IpakTrueckue 3aHATHS MPOBOAATCS IO HAMOOJEE CIOKHBIM TEOPETHUYECKUM IpobeMam
JYCHUIIINHEL

Ha KaXXIO0M IMOCJICAYIOIIEM ITPAKTUICCKOM 3aHATHU CTYACHTHI, IIPHU OTBCTC HA HpO6JI€MHBI€
BOIIPOCBI M B XOAC€ BLIIIOJIHCHUA CIIOXKHBIX 3aIlaHI/II71, JOJDKHBI HCIIOJB30BAaTh 3HAHUMA,
IMMOJIYYCHHBIC IIPU U3YYCHHUU NPCAIICCTBYIOINX TCM. OCHOBHBIM HCTOYHHKOM I/IH(bOpMaIII/II/I npu
MMOATOTOBKEC K NPAKTUYCCKUM 3aHATHUAM SBJISICTCA OCHOBHAA U JOIMOJIHUTCIIbHAA JINTCPATYPA.

7. OneHo4YHbIe CpeacTBa

7.1. IlacopT OLIeHOYHBIX CPEACTB

Cemect Koa koHTpOIMpYeMOii KOMIIETEH MU HaunmeHnoBanue
p (WM ee 4yacTm) OLIEHOYHOI0 CPeJACTBA
1 OIIK-3 Bonpocut k sxzameny

7.2. TunoBble 3alaHMs WJIM HHBIC MaTepHaJbI, HEOﬁXOI[I/IMLIe AJIA TEKYHIEro KOHTPOJIst

7.2.1.
JlaGoparopHas paboTa

(HaumeHo8anue oYyeHoYHo20 CPeocmea)

Tunosoii(bie) npuMep(bl) 3aganus (1ii)

1. (KpaeBas 3a1a4a 1Jisi ypaBHeHHsI Tapa0doIn4eCKOro TUma.)
Lenr mpakTudeckoil pabOThI: yCBOWTH YHCICHHBI METOJ PELICHHS KpaeBOM
3aJ1a4uM JUIsl ypaBHEHUs 11apaOoJInyecKoro TUIa

TEOPETUYECKHI MATEPUAJI

PaccmoTpuMm  cMmemnaHHyR —3amady  JUIs  OJHOPOJIHOTO  ypaBHEHUs
TEIIONMPOBOJHOCTH. 3ajadya COCTOMT B OThICKaHWHW OGyHKIMA u (X, t),
ynoBiaeTBopsiomieir B obmactuD ={ (x, t)[0 < x < 0 <t <

2
Typasnenmo =k 2 (k = const > 0) (1)
ot OX
HavanpHOMY ycinoBuioo U(X,t) = f(x) (2)

" KpacBbIM YCJIOBHAM IICPBOIO poaa

u(0,t) = pa(t), u(a,n) = pa(t). (3)
K 3amaue (1)—(3) mpuBOAMT, a YAaCTHOCTH, 33ja4a O PAaCHPOCTPAHECHUH




TeI1a B OJHOPOJAHOM CTEp)KHE JUIMHBI @, Ha KOHLAX KOTOPOTO
NOAAEPKUBAECTCA 3aJaHHBIM TemmnepaTypHbli pexuM. KpaeBble yciaoBus
BTOPOrO U TpeThero poJa a JaHHOW JabopaTopHOM paboTe He
paccMmaTpuBaroTcsA. 3aMeHa mepeMeHHbIXx t — Kt mpuBoauT ypaBHEHHE

(1) x BUOY

ou o y

——=— ,103TOMYy B janbHeiimemM Oyaem cuutath K =1.

ot oX

IMoctpoum B obmactu D = { (x, t) )|0 < x < a, 0 <t < T} paBHOMEPHYIO
OPSAMOYTOJIBHYIO CETKY a miaroM h B HampaBjACHHHM X M IIaromM T — B

Hanpasienuu t (puc. 1). O0o3HauuMm y3ibl Cetku uepe3 (Xi,t1), ... (Xit), ...,
a npubnvxeHHbie 3HadeHUss Gynkuuu U(X, t) B y3max — Ujj. Torma X;=ih,
i=0,1,....n, h=a/n, t;j=jz, j=0,1,....m, 1=T/m.

Anmnpokcumupyem ypaBHeHue (1) Ha dYeThlpexTOue€YHOM IalJoOHE,
KOTOpPBIH M300pakeH Ha pHUC. | JKUPHBIMH JIMHUAMH. B pesyinbTaTe
MoJIy4acM HESABHYIO JIBYXCIONHYIO pa3HOCTHYIO CXEMY:

/lui+1,j — (1+27\.)Ui,j + lui-l,j =—Ujj (4)

14

-

] I

fi-1, i)}, ) ot 8 o ()1}

R T i 7

R
il A

KOTOpas anmpokcuMupyer ypasuenue (1) ¢ morpemnoc o0 O(t + h?).
3mech A = 1/ h%

Puc. 1 Puc. 2

Cxema (4) annpokcuMupyet ypaBHeHHE (1) TOJIBKO BO BHYTPEHHUX y3Jax
CEeTKH, IO3TOMY YHUCJIO YPAaBHEHUH B cxeMe (4) MEHbIIIEe YUCIIa HEU3BECTHHIX Uijj.
Henocraromue ypaBHEHHUS MOJY4alOT U3 KPAa€BbIX YCIOBUI

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

Cxema (4)—(5) HesiBHas, MO3TOMY 3HAYeHHs Ujj HaXOASIT KaK pEUICHHE
CUCTEMBbl JIMHEMHBIX ypaBHeHUW (4). s pemenus cucrembl (4) MOXKHO
IPUMEHSTD JIFOOOH aJrOPUTM PELIEHUs CUCTEM JUHEHHbIX YpaBHEHUH, OJTHAKO
cucteMa (4) obnamaeT TpexIMaroHaJIbHOW MaTpHUIIEH U palMOHAIbHEE BCETO
pemiaTh €e MeTOJOM MPOTOHKU. TakuMm o0pa3oM, peuIB CUCTEMY Pa3HOCTHBIX
ypaBHCHMI, HaiijieM 3Ha4YeHHs QYHKIUUA u Ha BPEMEHHOM CIIO€ |, €CJH
M3BECTHO pEIICHHE Ha BpEeMEHHOM cioe | — 1.

Wtak, anroOpuT™M YHCICHHOTO PEIICHHs 3a7a4d UMeeT cienyomuii Bua. Ha
HYyJIEBOM BpeMeHHOM ciioe (j = 0) peleHne U3BeCTHO M3 HAYaJIbHOTO YCIOBHS
Uip = f (Xj). Ha xaxxaom cienyromeM cioe uckoMas (QYHKIHS OTMpPeaesieTCs
Kak pemenue cucrtemsl (4)—(5).

Metoa npOTrOHKH

VYpaBHenue (4) B 00111eM BUE 3aMHCHIBACTCA
ai U1 — 2bjuj +cjujsr = fi, 1=1,2,...,n-1 (6)




Ha JIEBOU rpaHHIle 0071aCcTH

CoU1 — 2boUo = fo (7)
Ha MpaBoO¥ rpaHuIle 00JaCTH
aNuN-l-ZbNuN:fN. (8)

HUmeem Ug, U , Uy ...
Bynem uckatp peuieHue B BUJE:

Ui-1=Piui+Q; (*)
Uo:Co/Zbo'U1+(-fo/2bo) (9)

P, = C0/2b0 , Ql = - fo/2bo ;

Hns Bcex ocTtanbHbIX Pi , Qi mOay4uM peKyppeHTHbIe (OPMYIIbI,

nojacraBuB (*) B (6):

ai (Pi uj + Qi) — 2bj uj + Cj Uj+1 = T,
(ai Pi —2bi ) ui + Cj Uisr = i — ai Qi
Ci fi —aiQ;
U= 2b —aP Hist —2b; +a; P,
i iFi i iFi
Ui = PisaUis1 + Qisr,
Ci . Q _—fi+aQ;

20; —a;PR, Lo —ap

Ecnu u3BectHsl P1, Q1, To MOkHO HaliTu Py, Qo, 1 T.11.

Un-1 = Pnun +Q N

Un-1 = 2bn /any uny + Ty /an

Nmeem cucreMy IBYX ypaBHEHUU.
Otcrona: Un = M

2bN — PN an
3nas Uy o popmyie (*) Beruucisiem Bce Ui ot | = N-1 10 0.
Takum o6pa3oM, HaxoasATCs BCe Uj Ha BEpXHEM CJIO€.

3ameyaTeIbHbIM CBOMCTBOM HESIBHOW CXEMBI (4) sIBIsETCS €€ YCTOWUNBOCTh
Ipu JIOOBIX 3HAYEHUSAX Mapamerpa A = T/ h?> 0. [TpeumymiectBa cxemsl (4)
OCOOEHHO  OIIYTMMBI IpPU CpPaBHEHMM C SBHOM CXEMOH, KoTopas
moJydaeTcs Mpu anmpokcuManuu ypaBHeHnus (1) Ha mabnoHe, n300pakeHHOM
Ha puc. 2.

SIBHAst cxema OKa3bIBACTCS YCTOWYHMBOM TOJBKO mpu A < 1/2 , 1. e. ipu T
< h? /2. D10 03HauaeT, YTO BBHIYMCICHHS MO SBHOM CXeMe HOPHUAETCS BECTH C
OYEHBb MAJIBIM IIIarOM IO T, 9YTO KOHEYHO MOXET MPUBECTH K OOJBIIAM 3aTpaTaM
MallMHHOTO BpeMEeHH. B HesIBHON cXxeMe BBIUYHCICHHS Ha OJHOM Ilare
TpeOyroT OoJbllle Oomepalnuii, 4emM B SBHOM CXeMe, HO 3aTO BEJIMYUHY IIara T
MOXXHO BBIOpaTh Kak YrogHo OOJIbIION 0e3 prucKa HapymIUTh YCTOWYHBOCTH
cxembl. Bce 3TO TO3BONSET 3HAYMTENHHO YMEHBIIUTH MAIIMHHOE BpeMms,
HeoOXxonuMoe s pemreHus 3amaaun. Cxema (4) o0magaeT CXOAUMOCTHIO. ITO
o3nayaer, yto npu h, 1 — 0 pemenune pasHocTHoW 3amauu (4) — (5)
CTPEMHUTCS K TOUHOMY pelieHuIo cMmemannoi 3amgaun (1)—(3).

Jiist uucnenHoro pemenus 3anaun (1)—(3) npenHasHaueHa moamnpor-
pamma CALC.
[MIporpamma CALC pemaer cuctemy (4) METOIOM TPOTOHKH W BBIYHCISET
pelIeHrne Ha KaXJ0M CJI0€ MO 3HAYEHUSIM PEUIeHUs C MPEIbIAYIIEeTO CIOs.

Bxongusie mapaMertTpb : HX — mar cetku h mo mepemeHHo# x;
HT — war cetku 1 ero nepemenHoi t; N — xosnuecTBo maros ceTku no x; U
— wmuccuB u3 N + 1 gwmcen, coaepxamuii nepen odpamenuem k CALC
HadYaJlbHOE 3HA4YE€HUE peUIeHUs B y3Jax MepBoro cios cetku; P, Q —
paboune wmaccuBbl M3 N — 1 uwWcen KaXxAbld /3TO NTPOTOHOUYHBIE

Pi1=




K03 UIIUEeHTHI/.

Beixoaguase mapametpsn : U— maccuB u3z N + 1 uncen (oH xe
BXOJIHOH), COepKaIINii 3HAUCHUE PEIICHUs B y3JIaX OYEPEIHOT0 BPEMEHHOTO
CIIOS CETKH.

[Tepen obpamenuem k nporpamme CALC HEeoOx0auMO:

1) onucats maccuBsl U, P, Q:

2) npucBOUTh pakTHueckue 3HaueHus napamerpam HX, HT, N;

3) IIPUCBOUTH 3JIECMCHTaAM U HayanabHOE 3HAUYEHHUE PCUICHU B y3J1aX
IIEPBOIrO ClI0d CETKH.

3aganue. Mcnone3ys nporpammy CALC, pemuTh cMemaHHYIO 3a1a4y C
NOCTOSTHHBIMU ~ TPaHUYHBIMH  YCJIOBHSIMH JUJII  OJHOPOJHOTO  ypaBHEHUS
TEILIONPOBOAHOCTH B obmactu D = { (x, t)J0 < x < a, 0 <t < T}
Pe3ynpTaThl meyataTh Ha KaXXJJOM BPEMEHHOM CJIO€.

IMopsiniok BBHINOJHEHUSI NPAKTHYECKOH PadoThI
1. CocTaBuTh OCHOBHYIO MpPOrpamMMy, COACPIKAIIYI IHMKIHYEC KOe OOpalieHue
K [IpOrpamMMe pelieHus mapaboInYecKoro ypaB HEHHsI C IEYaThI0 PE3yJIbTaToOB
Ha Ka&XIOM Ilare.
2. CoctaBuTh TONPOrpaMMy - (YHKIIMIO, BBIYHCISIONIYIO 3HAYCHUE
¢bynkuu  F(X) s HavaneHoro 3uadenus u( X, 0).
3. IlpoBecT BBIUUCIICHUS Ha KOMIIBIOTEpE.
4. Pe3ynbTaThl pelICHHs] BBIBECTH B BHJE Ipaduka M3MEHEHHs (DYHKIIHH C
3a(hUKCUPOBaHHBIMU 3HAYCHHUSIMU Ha KOHI[AX HAYAJIbHOTO MHTEPBAJIA.
[Tpumeuanue: s OoJjiee IUIABHOTO NOBEIACHHUS (DYHKIMHM YBEIHYUTh

HayalbHOE KOJMYECTBO TOuUeK pa3dmenus orpeska X [0, 1] mo cBoemy
YCMOTPEHUIO.

BapuaHnTsl 3amannii
Pemmts cMemmaHHyo 3a1aqy 17151 YPaBHEHHUS TETUIOTIPOBOIHOCTH C
HavaabHBIM yciaoBueM Hu(X, 0) = f (x) wu rpanuuyabiMu yciaoBusmu U (0,

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

Ne Bapu f(x) a b C d
aHTa

11 | 30 0,05
3 1.2 3,5 0,15

™ e R

1,3 4,0 0,25
1,4 4,5 0,35
15 50 0,45
1,6 55 0,55
1,7 6,5 0,65
1,8 7,0 0,75
1,9 7,5 0,85
2,0 8,0 0,95

Boovwouorwrnpr




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 13,0 | 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

PEKOMEHIAYEMAS JIMTEPATYPA

1. A.A.Camapckuii, A.B.I'ynun. Uucnennsle meronsl. M.: ['maBHas pen. @us.-
mart. JuT. - 1989 r., 430 c.

2. baxsanos H.C. Yucnennsle metoasl / H. C.baxsanos, H. I1. XKunkos, I'.M.
KobenbkoB. — n3n.4-e; ['pup MO. — M.: bunom. JIaboparopust 3nanwmii. 2006 r. —
636 c.

7.2.2. TecToBbBIC 3aJaHUA
Tecta mo Kypcy He MPeayCMOTPEHO

7.2.3. TeMbl NHCbMEHHBIX padoT
[TuceMeHHBIE pabOTHI IO KYpCY HE NPEIyCMOTPEHBI.

7.3.0ueHoYHbIe CpPeACTBA JIsi NMPOMEXKYTOYHOH aTTecTallMU IO HMTOraM OCBOEHHUA
AUCHUILTHHBI

7.3.1. Boripochl K arTecTanuu

Cemectp 2

Ne

Bomnpocel K 3k3aMeH
n/n p y

Knaccu¢ukanus ypaBHeHUH B YaCTHBIX MPOU3BOIAHBIX

[TocTanoBka 3a7a4 Jyisi ypaBHEHHI MapaO0IMueCcKOro TUITa

ITocTanoBka 3a7a4 Jyisi ypaBHEHHI TUNIEPOOITNYECKOTO THTIA

IlocTranoBka 3amad mis ypaBHeHI/Iﬁ OJITUIITUYICCKOI'O THUIIA

PasnocTtHas annpokcumarus nuddepennmanbHbiX ypaBHeHuH. OCHOBHBIE ONPEIEIICHUS

Pemenue Ha‘-IaJ'IBHO-KpaCBOI\/'I 3aa4u Uil YpaBHCHUSA Hapa6om/1qec1<0ro THIIA

N[OOI IWIN|F-

Pemenne HayabHO-KpaeBoOM 3aJjauu /Ui ypaBHEHUS apaboIMYECKOro TUIIA C YCIOBUSIMH
2-ro 1 3-ro posa Ha rpanunax. OJTHOMEpPHBIH ciryyail.

8 MeToJ1 IPOrOHKK PENIEHUSI CUCTEM C TPEXAUAaroHaIbHON MaTpHUILICH




9 Oco0eHHOCTH anMpPOKCUMAIIMKA TPAHUYHBIX YCIOBUH JJI YpaBHEHUH 1TapaboIMIecKoro
TUIA

10 Metoa GUKTUBHBIX TOUCK

11 AnnpokcuManys MeTo10M (PUKTHBHBIX TOYEK IPAHUYHOTO YCIOBHS TPETHETO poJia

12 Annpokcumanusi MET010M (PUKTUBHBIX TOYEK IPAaHUYHOI'O YCIOBUS BTOPOrO Poja

13 Annpoxkcumanysi yCIOBUN CONPSKEHUS

14 | KoHeuHO-pa3HOCTHAs alNpOKCUMAIUS 3a/1a4 [l YpaBHEHUH THIepOOIMYECKOro TuIa

15 | KoHeuHO-pa3HOCTHAs alNpOKCUMALUs 3a/1a4 [l YpaBHEHUH 3JUIMIITHYECKOro TUIa

16 OCHOBHBbIE TIOHATHUS, CBA3aHHBIE C KOHEYHO-PAa3HOCTHOW allIpOKCHMALUEH.
Annpokcumanus 1 NopsaoK anmnpoKCUMaIUH

17 OCHOBHBbIE NIOHATHUS, CBA3aHHBIE C KOHEYHO-PAa3HOCTHOW annpoKcuMaluel. Y cToiiunBOCTh

18 OCHOBHBIE TIOHATHS, CBA3aHHBIE C KOHEYHO-PAa3HOCTHOM annpokcumanueil. CXoqumMocTs U
MOPSAJIOK CXOJHUMOCTH

19 Teopema 5KBHBaJICHTHOCTH O CBS3M AIPOKCUMALIUS U YCTOMYMBOCTH CO CXOJUMOCTBIO

20 HesiBHO-s1BHast KoHEUHO-pa3HocTHAs cxema Kpanko — Hukonbscona

21 MeTo]1 yCTaHOBJIEHUSI U €r0 00OCHOBaHUE

22 Pa3Butue Teopun 1BUKEHUS MHOTO(a3HbIX reTeporeHHbIX cpea. OCHOBHBIE TOMYIEHUS
MOJIEJIM BHYTPUKAMEPHBIX MTPOLIECCOB

23 | [lpuHuun 3anucy ypaBHEHUH MEXaHUKH MHOTO(a3HbIX T€TepOreHHbIX Cpell Ha IpUMepe
YpaBHEHHUsI COXPAHEHHS MACCHI

24 | BoiBoJ ypaBHEHUH COXpaHEHHUs Macchl IBYX(ha3HOW pearupyrouei cMecH B KaHaie
IIEPEMEHHOT'0 CEUEHUs

25 | BoiBox ypaBHEHHUH cOXpaHEHHUs UMITYJIbCOB (Da3 Byx(a3HON pearupyrouieil cmecu B
KaHaJIe IEPEMEHHOI0 CEYEHMUSI

26 | BoiBoX ypaBHEHHUs COXpaHEHMs IOJHOM 3HEpruu AByX(a3sHoW pearupyroluiei cmecu B
KaHaJIe IEPEMEHHOI0 CEYEHMUSI

27 ITonHast cuctemMa ypaBHEHHUH, ONMCHIBAIOIINX OAJUTMCTUKY CTBOJIBHBIX CUCTEM

28 | Konkperusauus GyHKIMH MacCOBOTO M CHJIOBOTO B3aUMOJICHCTBUS TeTepOreHHON
CHCTEMBI: Ta3bl - HECTOPEBUINE 3JIEMEHTHI

29 OCHOBHBIE OIpeIeNIEHHUs] U KOHEUHO-PA3HOCTHBIE CXEMBbI JUIs 33J1a4 MaT()U3UKH

30 | KoHeyHO-pa3HOCTHAs almpOKCUMAaNHs 3a1a4 JUIsl ypaBHEHUH MapaOdOoIMYecKoro THIA

31 Annpokcumanusi TpaHUYHbIX YCIOBUH

32 PasnocTHas anmpokcumarys oneparopa

33 | PazHocTHBIE METOJIBI pellIeHNs 3ajau MaT(u3uku. PazHocTHas anmpokcuManus
¢ depeHIaTbHBIX YPaBHEHHI.

34 OCHOBHbIE MOHATHSI, CBA3aHHBIE C KOHEYHO-PA3HOCTHOM anmpoKcuManuei.
KoHcepBaTUBHOCTh U KOPPEKTHOCTb.

35 | AHanm3 mopsaKa anmpoKCUMAIMK Pa3HOCTHBIX CXEM.

36 OcCHOBHBIE OIIpeIeNIeHNs] pa3HOCTHOrO MeToa Diinepa-Jlarpanxa.

37 YpaBHEeHHE COCTOSHUS TOPOXOBBIX T'a30B

38 I"'eomeTpHruecKuil 3aKOH Ta3000pa30BaHUS

Kommiekr MaTepHaJjJaoB JAJH 3K3aMeHa

Bonpocsl k 3x3aMeny




7.3.2. Kputepuu 4 HOPMbI OLEHKH

dopma
NpoBeIeHust
Cemectp . Kpurepun u HOpMbI OLIEHKH
NPOMEKYTOYHOM
aTTecTaluu
2 DK3aMeH Crynent Habpan ot 80 o 100
(yerHo) «OTJINYHO 0aJJIOB 10 HAKOIHUTEILHOMY
pEUTHHTY.
Crynent Habpan ot 60 10 79
«XOPOIIO» 0aJUI0B 110 HAKOIUTEIBLHOMY
PEUTHUHTY.

Cryaent Habpan ot 40 mo 59
«YIOBJIETBOPUTENHHO» | OAJUIOB 110 HAKOMHUTEIHLHOMY
pPEUTHUHTY.

Crynent Habpan menee 40
«HEYJIOBIICTBOPUTEIBHO» | OAJUIOB MO0 HAKOIUTEILHOMY
PEUTHHTY.




8. YueOHo-MeTOoMYecKOe U MH(OPMAIIMOHHOE o0ecriedeHHne AUCIUNIHHbI

8.1. Obsi3aTe/ibHAA JTUTEPATYypa

Tun (yueOHuK, ydeOHOE

KoanuyecTtBO B

HAY4YHOM
Ne nocodoue, yueoHo-
ABTOPBI, COCTABUTEIH 3arsaBue (3aroJi0BOK) I'og n3panus ouoamorexe /
n/n MeTOoN4YecKoe nmocodue,
HaunmeHnoBanue
NPaKTHKYM, JP.) 3EC
1 B.®. ®opmanees, J1.JI. YucaeHHbIE METOIBI
P A g Y4eOHoe mocodue 2006 OBC «IPRbooks»
PeBuznukoB
2 N.I' Pycak, B.M.YmakoB BrayrpukamepHble TeTepOTreHHBIE ITPOIIECCHI
y YP p p pont Y4eOHoe mocodue 2001 OBC «IPRbooks»
B CTBOJIbHBIX CHCTEMax
8.2. lonostHuTEIBHAS JIATEPATYPa
KoanyecTtBO B
Tun (yueOHHMK, ydeOHOE .
HAYYHOI
Ne nocooue, yueoHo-
ABTOpBI, COCTABUTEJH 3arsiaBue (3aroJioBOK) I'op u3nanus Ondmorexe /
n/n MeTOoAnYecKoe mocoome,
HaumeHoBanue
NPaKTHKYM, AP.) 3EC
1 | C.B.IlopumHeB KommnbrorepHoe MOJIEJIUPOBAHUE YyeOHoe mocobue ans 2003 3BC «IPRbooks»
¢busnyeckux mporeccos B makere Matlab cirymareneit eMBI
2 | C.K.T'oayHoB, PazHocTHBIE cxembl (BBEACHHE B TEOpUIO) | YueOHOoe mocodue 1977 3

B.C.Pga0eunkuit




8.3. IlepeueHb mpogeccHOHATBHBIX 0a3 JaHHBIX U MH(POPMANMOHHBIX CHPABOYHBIX

CHUCTEM

8.4. [lepeueHb MPOrPaMMHOI0 o0ecneYyeHu st

Ne Haumenopamme [O PexBu3uTHI uoronsgpa
n/n (nata, HOMep, CPOK ACHCTBHUA)
1 Windows XP Beccpounbie
2 Microsoft office 13 Ne61935138 ot 28.05.2012
(6eccpouHblit)

8.5. Onucanue MaTepHaJIbHO-TEXHHYECKOI 0a3bl, HEOOXOAUMOM sl OCYyIIeCTBJIECHUs
00pa30BaTeILHOIO MPoOIEcca MO0 TUCHUILINHE

HaumeHnoBaHue 000py10BaHHBIX Y4eOHBIX
Ka0MHETOB, JIa00paTopHuii, MACTEPCKHUX H
Ne Ap. 00bEKTOB /1Jisl IPOBe/ICHUs
. IlepeyeHb 0CHOBHOTO 000pYy/A0BAHMA
/Nl | MPaKTH4YeCKUX U JIa0OPaTOPHBIX 3aHATHH,
MOMeIlleHHU J1JI1 CAMOCTOATEIbHOM
padoThI 00yualomuxcsi (HOMep ayIUTOPHH)

KommnsrorepHslii kinacc Cron YUECHUYECKHH-26 mIT., CTONI
VJIK-314 NpENnoJaBaTeabCKuii-1 1T., CTyapd-28 wmrT.,
1 J0CKa ayJUTOpHAs (menoBasi)-1mr.,
KOMITBIOTEP C BBIXOJIOM B CETh MHTEpHET- 17

IIT.
Kitace mst camocrositensHON paboThI Cron ydeHHYeCKMi-26 1IT., CTYyn-26 IIT.,
2 T-401 KOMITBIOTEP C BBIXOJIOM B CETh MHTEpHET- 16

IIT.




