MMHUCTEPCTBO HAYKHU U BBICHIEI'O OBPA30OBAHM S POCCUMCKOM ®EJEPAITN
deneparbHOE TOCYAAPCTBEHHOE 00 PKETHOE 00pa30BaTEIbHOE YUPEIKICHNUE
BBICIIET0 00pa30BaHUs
«TONBATTUHCKUN TOCYTAPCTBEHHBI YHUBEPCUTET

b51.0.35.02

(uHOexc OucyuniuHot)

PABOYASA TPOI'PAMMA JTUCHUIIJIMHBI

MaTteMaTH4ecKkoe 1 KOMIbIOTEPHOE MOIeJTHPOBaHN -2

(Haumenosanue OUCYUNIUHbL)

110 HAIIpaBJICHUIO ITIOATOTOBKHU

01.03.02 IlpukianHas MaTeMaThuKa U HHGOPMATHKA

HaIpaBJIEHHOCTb (IIPO(UIIb)

KOMHBIOTCpHLIC TCXHOJIOTHUH U MATEMATHYCCKOC MOJACIUPOBAHNC

dopma o0ydeHHUs: OUHAS
I'ox nabopa: 2023
Oomras TpymoeMkocth: 6 3E

Pacnpe)le.ﬂe}me YaC0B JUCHUIIMHBI IO CEMECTPpaM

Cemectp 7

®opma KOHTPOJIAA | DK3aMEH Hroro
Bun 3ansaruit
Jlexumn 32 32
JlaboparopHble
[TpakTuyeckue 32 32
PykoBoJICTBO: KypcoBblie paboThI (mpoektsl) / PI'P 1 1
[TpomexyTouHas arTecTanus 0,35 0,35
KonraktHas pabota 65,35 65,35
CamocTosTenpHas padora 115,00 115,00
KonTtpons 35,65 35,65
Hroro 216 216




Pabouyto mporpammy coctaBui(u):
npodeccop, aoreHT, 1.¢p.-Mm.H. Cadponon A.U.

(OondxcHocmy, yuernoe 3eanue, cmenensb, Pamunus 1.0.)

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

PenenzupoBanue paboueii mporpaMMbl TUCHUTUIMHBL:

OtcyTcTBYET

Peniensent

(OoavicHOCmb, yueHoe 36anue, cmenensb, @amunus 1.0.)
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«[Ipukannas MaremMaTrka U HOOPMATHKA

(mpotokon 3acemanust Ne 1 ot «30» aBrycra 2022 r.).
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Bnageneu; lNywmHa OkcaHa MuxannosHa
HencteButeneH: ¢ 07.12.2022 oo 07.12.2023




1. Heab ocBOeHUS AMCHUTITIHHBI
Ilenbp ocBOEHUS TUCHMIUIMHBI — OBJIAJICHHE OCHOBHBIMH MaTE€MAaTWUYECKHMMM METOJaMH M
IpUeMaMM MOJEIMPOBAHUS CUCTEM, COBPEMEHHBIMU CPEACTBaMHU AJIS CO3/IaHUSI KOMIIbIOTEPHBIX
MOJIeIeH, a TaKKe PelIeHUs IPoOIeM ¢ ITOMOIIbI0 HH()OPMAITMOHHBIX TEXHOJIOTHHA.
2. Mecto nucuuminnsl B ctpykrype OIIOIT BO
JIMCUMIUIMHBL M TPAKTUKH, Ha OCBOCHMM KOTOPBIX Oaszupyercs JaHHas TUCHMILIMHA!
Juddepenumanbuple  ypaBHEHUs, MHOrONOTOYHOE MporpaMMHUpoBaHHMe, MaremaThueckoe Hu

KOMITIBIOTCPHOC MOI[CJII/IpOBaHI/Ie-l.

JIMCIMIUIMHBI ¥ TIPAKTUKH, U1 KOTOPBIX OCBOSHHWE JAHHOW MUCIUIUIMHBI HEOOXOIUMO KaK
npeamecTyroniee: BeraucauTenbHbii sSkciepuMenT, CucTeMbl HCKYCCTBEHHOTO MHTEIeKkTa, BKP.

3. Iliianupyembie pe3yJibTaThl 00y4eHUs1

dopmupyemble U
KOHTPOJIHpYeMble
KOMIEeTEeHI[HH
(xom u
HAaMCHOBAHHE)

HNuagukaropsl
JOCTHKEHHS
KOMIIeTEeHIIMii
(Koa 1 HAMMEHOBaHUE)

Ilnanupyemsle pe3yJbTaThl 00y4eHH

OIIK -4. Ciocoben
MOHUMATb MTPUHIIUIIBI
paboThl COBPEMEHHBIX
UH(}OPMaIIMOHHBIX
TEXHOJOTHH U
UCTIOJTb30BATh UX IS
pelieHus 3aaaq
npodeccuoHanbHOM
JESTSIIbHOCTH

OIIK-4.1 3naer
COBpPEMEHHBIE
MH(pOpMaLlMOHHbIE
TEXHOJIOTUH MPU
pelIeHnH 3a1a4
npoQeCCHOHAIBHON
JESATEIIBHOCTH.

3HaTh: COBpEMEHHbIE HH()OPMALIMOHHBIE
TEXHOJIOTUH

YMeTb: onpeaenaTs U OLEHUBATh
COBpPEMEHHBIE HH(POPMALMOHHBIE TEXHOJIOTHH
IPY PEUICHUH 3a/1a4 MPO(ECCHOHATTEHON
JeSITebHOCTH

Brnanerb: HaBbIKaMu ONpeAeNeHUs U
OLICHUBAaHHWA COBPEMCHHBIX
MH(OPMALIMOHHBIX TEXHOJIOTHH MPU pelIeHUH
3a/1a4 Tpo(heCCHOHATLHOMN ACSITENHHOCTH

OIIK-4.2. Ymeer
HCIOJIL30BATh
COBPEMEHHBIE
nH(pOpPMaIMOHHbBIE
TEXHOJIOTHH B
npodeccuoHaNbHOM
JIeSITeIIbHOCTH.

3HATb: POJIb COBPEMEHHBIX
MH(POPMALIMOHHBIX TEXHOJIOTUHU PU
peleHnH 3aa4d NpoQecCuoHaNbHOM
JeSITeNIbHOCTH

VYMmerTs: MPUMCHATH COBPCMCHHBIC
nH(OPMAaIIMOHHBIE TEXHOJIOTUU MPU PELICHUH
3a/1a4 Tpo(heCCHOHATLHON ACSITENHHOCTH

Brnaners: HaBbIKaMU IPUMEHEHUS
COBpPEMEHHBIX HH(OPMAIIMOHHBIX
TEXHOJIOTUH MPHU PELICHUH 3a/1a4
poeCCHOHATBHON JEATETHHOCTH

OIIK-4.3. Bmageer
HaBbIKaMU MPUMEHEHUs
COBPEMEHHBIX
MH(OPMALIMOHHBIX
TEXHOJIOTUH IIpU
pelIeHny 3aaa4u
npodeccroHanbHOI
JeSITeIbHOCTH.

3HATh: POJIb COBPEMEHHBIX
MH(GOPMAIIMOHHBIX TEXHOJIOTUNA IPpU
peleHn! 3aa4 IpoQeccuoHaIbHOM
JESATEIbHOCTH

YMeTh: IpUMEHATh HH(OPMaLlMOHHBIE
TEXHOJIOTUHU IIPU PCIICHNUH 3aaa4
npo¢eCCHOHATBHON IEATETLHOCTH

Bx aaCTh. HABbIKaAMHU ITPUMCHCHU




®opmMupyembie U
KOHTPOJINpYyeMble
KOMIIeTEeHI[UH
(kom u
HAaMCHOBAHHE)

HNuauxkaropsl
JOCTHKEHHS
KOMIIeTeHIii
(Kox ¥ HAMMEHOBAHUE)

Ilianupyemblie pe3yabTaTbl 00y4eHUs

MH(POPMALMOHHBIX TEXHOJIOTUN MPU PEIICHUH
3aJja4 Npo(ecCUOHANBHOM JesITeIbHOCTH

OIIK -3. Crocoben
MPUMEHSTh U
Moau(pHUIIPOBATH
MaTeMaTUYECKHE
MOJICTIN JIJIsl PEIICHHUS
3a7a4 B o0yacTu
npodeccnoHaTbEHOM
JEATEILHOCTH

OIIK-3.1.
JleMoHCTpHpYyET
3HaHHE
MaTeMaTHYECKHUX
MOJIEIEH U YMEHHE X
MPUMEHEHUS U

3HaTh:  MaTEeMaTHYEeCKUE  MOJCIH IS
pelieHus 3aaq B obnactu
podeCcCHOHATIBHOM AEATETbHOCTH

YMeTh: MNpUMEHSITh U MOAU(PHUIMPOBATH
MaTeMaTHUYeCKUe MOJAENH ISl PEeLeHUs 3a1au
B 00nacTu npodeccruoHalbHOM e TeNbHOCTH

MOJU(pUKALIM IS Bianers: HaBbIKaMU NPUMCHCHUS
peleHus 3a1a4 MaTeMaTHYeCKUX MoOJeNeld s  pelieHus
npodeccuoHanbHOM 3apady = B obOmactM  1podeccHOHAIBbHOM
JCATCIbHOCTHU ACATCIIBHOCTH

OIIK-3.2. 3HaTh: MPUHLIMUIBI BHIOOpPa MaTEMaTHYECKUX
OcymecTBsieT BEIOOP | MOJIeIe U HEOOXOIUMOCTh X MOIU(DUKAITHH
MaTeMaTHYECKUX JUIs peleHus NpopecCuoHaIbHbIX 3aj1au.
Mojenel u VYMeTb: BbIOMpaTh MaTeMaTHYECKUE MOJAEIH

HEOO0XOIUMOCTD UX
MoaubUKAITIH JIJIs

JJIA PCIHICHUA HpO(i)eCCI/IOHaJ'ILHHX 3aJa4.

Bnanets: HaBBIKaMH BLI60pa

peneHus MaTeMaTHYECKUX MOJENeH s  pelieHus
npodeccuoHaIbHbIX npodecCHOHAIBHBIX 3aj1au.

3ajad.

OI1K-3.3. 3HaTe:  MareMaTH4YecKHe  MOAEIH  UIS
JleMoHCTpHpyeT peLeHus 3aja4 B obsacTu
YMEHHUEC NPUMEHEHUSA | TpoheCCUOHATIBHOMN 1eATEIbHOCTH

Mo (UKaIMH YMeTb: TNpUMEHATP W MOAM(DUIUPOBATH
MaTeMaTHIeCKuX MaTeMaTHYEeCKHEe MOJECIU TpPH  PEIICHUA
MOACJICH TPH PEIICHUN | 116 dyeccHOHANBHBIX 33121
;If;ieCCHOHaHBHHX Bnanets: HaBBIKAMU MIPUMEHEHHS

MaTeMaTHYeCKUX MOJeJIe TMpH perieHun
poecCHOHANBHBIX 3aj1a4




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

®opMbI TEKYLIETO

Bun . KOHTPOJIs
Monyanb N HanMeHoBaHMe TeM 3aHATHH
yueOHoM . Cemectp |O0beM, u.| bamabl | UHTepakTuB, 4. | (HAaHMEHOBaHUeE
(pasaen) (yueOHOii padoThI)
padoThbI OLIEHOYHOI'0
cpeacTna)
Mogyns 1 Jlex BBeneHne B MaTeMaTH4eCKOE H KOMIIBIOTEPHOE 7 2 -
Beenenue MOJIEIIUPOBAaHUE
Jlex VYpaBHEHHS B YaCTHBIX MPOU3BOIHBIX 7 2 -
Monyb 2 Jlex [TocTanoBKa 3a/1a4 MaTeMaTu4ecKoi (GU3NKH IS 7 2 -
Maremarnuecko ypaBHEHUI MapaboInyecKoro TUMa
© MOACIINPOBA Jlex ITocTaHOBKa 3aau MaTEMaTUYECKON (DU3UKH IS 7 2 -
HHAC ypaBHEHU! runepO0Ju4ecKoro TUIa
Jlex [TocraHoBKa 3a/1a4 MaTEeMAaTUICCKOU (PUUKHU TSI 7 2 -
ypaBHEHUH 3JUIUIITHYECKOTO THIIA
Jlex OcHOBHbIE ONpeeNIeHUs] 1 KOHEYHO-Pa3HOCTHBIE 7 2 -
CXEMBI JJIsl 3aJja4 MaTeMaTHIeCKOU (HPU3UKU
Jlex OCHOBHbIE TIOHATHUS, CBSA3aHHBIE C  KOHEYHO- 7 2 -
Pa3HOCTHOMN arpoKcuManuein
IuQQepeHInaNbHBIX 3a1a4
Jlex AHanu3 mopsKa annpoKCUMAalMM Pa3HOCTHBIX 7 2 -
CXeM
Jlex Kpaesas 3agaua TennonpoBOAHOCTH 7 2 -
Jlex Pemienne  HauvanbHO-KpaeBOM — 3ajaud 7 7 2 -
ypaBHEHHUS] Mapabojudeckoro Tuma. MeTox
IPOTrOHKH
Jlex ATmpoxcuManus TpaHuIHBIX yCIIOBUN 7 2 -
Jlex Merona pUKTHBHON TOUKH 7 2 -




®opMbl TEKYILLEr0

Bun . KOHTPOJISA
Monayab . HaumenoBanue TeM 3aHATHIA
yueOHoit . Cemectp |O0beM, 4., baanbl | UHTEepakTuB, 4. | (HaMMeHOBaHHMe
(pa3neu) (yueoHoii padoThI)
padoThI OLIEHOYHOI'0
cpeacTBa)
Jlex HesiBHO-sIBHast ~ KOHEYHO-pa3HOCTHAs  CXeMa 7 2 -
Kpanko-Hukoncona
Jlex MeTo1 KOHEUHBIX Pa3HOCTEMN pelieHus 3a0ad AJist 7 2 -
BOJIHOBOT'O ypaBHEHUS
Jlex MeTto/1 yCTaHOBIIEHUS U €T0 00OCHOBAHHE 7 2 -
Jlex MopenupoBaHu€e reTepOreHHbIX CUCTEM 7 2 -
IIp MarHuTHOE 10Jie BUTKA C TOKOM 7 4 -
IIp MarautHoe T10JIe TOPOHIATBHOH OOMOTKH C 7 4 -
MOCTOSIHHBIM TOKOM
IIp Pewienue ypaBuenus Jlamnaca 7 4 -
IIp Pemenwne ypaBuenus Ilyaccona 7 4 -
Ip JIBU>KEHHUE 3JIEKTPOHA B MATHUTHOM I10JIE 7 4 -
IIp Peumenue OJTHOPOJTHOTO ypaBHEHHS 7 4 -
TCIUIONPOBOAHOCTH C I'PaHUYHBIMU YCIIOBHUAMUA 2-
ro poja.
IIp Pewienre BOITHOBOIO ypaBHEHUS 7 4 -
IIp Pemenne ypaBHeHuUs nepeHoca 7 4 -
Ia 7 0,35
Kourpons | Dk3ameH 7 35,65
Cam CamocrosiTenbHas padboTa 7 115
KP 7 1
Hroro:| 216




5. O6pa3oBaTesibHbIE TEXHOJIOTHH

[Tpu n3yueHNH AUCUUIUIMHBI UCTIONB3YIOTCS CIeIyIoIune 00pa3oBaTeIbHbIe TEXHOJIOTHH:
- TEXHOJOTUMH TPAIUIMOHHOTO O0O0y4deHuss B ¢opMe JIeKIHil, NpakTUYeCKuX paboT u
CaMOCTOSITENIbHOU PabOThI CTYACHTOB;

6. MeToauyeckue yKa3aHusl 110 OCBOCHHUIO 1M CUMILIHHBI

B opranmzanuu pa®oTbl CTyA€HTOB O4YHON (OpMBbI OOyudeHUS HaJ HU3y4ECHHEM Y4eOHOro
Kypca «MaTemMaTH4ecKoe U KOMIBIOTEPHOE MOJACTUPOBAHUE -2)» BAKHOE MECTO MPHHAJICIKUT
ayJIUTOPHBIM 3aHATUSIM. B HUX U3naraetcs o01as XxapakTepuCcTUKa BOIIPOCOB 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€ BBIIIOJIHCHUA CIIOXKHBIX 3aﬂaHHﬁ, JOJDKHBI HCIIOJB30BAaTh 3HAHUHA,
IMMOJIYYCHHBIC IIPU U3YYCHUHU NMPCAINICCTBYIOINIUX TCM. OCHOBHBIM UCTOYHHKOM I/IHq)OpMaIII/H/I npu
MMOATOTOBKEC K NPAKTUYCCKUM 3aHATHUAM SBJISICTCA OCHOBHAA U JOIMOJIHUTCIIbHAA JINTCPATYPA.



7. OueHOYHBIE CPEACTBA

7.1. IIacopT OLIeHOYHBIX CPEACTB

Cemectp Koxa koHTpo/IMpyemMoii KOMIIeTEeHIIUH HaumeHoBaHue
(WJIK ee 4acTH) OLICHOYHOI'0 CPeACTBA
7 OIIK-3 Ilpaxmuueckue 3anamus Ne 1, 2
Bonpocul k sxzameny Nel-5
7 OIIK-4 Ilpaxmuueckue 3anamus Ne 3 - 8

7.2. TunoBblie 3alaHud WJIN UHBIC MaTepUuaJibl, He()ﬁX()}II/IMLIe AJIA TEKYLIET0 KOHTPOJIsA

7.2.1.

IIpakTHueckoe 3ananue

(HaumeHOBaHUE OYEHOYHO20 CpedCmsa)

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

(KpaeBas 3aa4a 1Jisl ypaBHEHHsI 1apadoIM4ecKoro THmna.)
Ilenp mpakTUyeckoi paOOThI: YCBOWTH YHCICHHBIH METOM PEIICHHS KpaeBOM
3a/1a4M JUIsl ypaBHEHHsI TapaboIMYecKOro TUIa

TEOPETUYECKHWI MATEPUAJI

PaccMOoTpuM  CMEmIaHHYIO 3ajaady JUis OJHOPOIHOIO ypaBHEHHS
TEIUIONMPOBOAHOCTH. 3ajada COCTOMT B OThICKaHMM (GYHKIHH u (X, t),
ynoBinerBopswomeit B obmactuD ={ (x, )0 < x < a0 <t <

2
T}ypaBHEHUIO u =k a—‘j (k = const > 0) 1)
ot OX
HavampHOMY ycioBuioo U(X,t) = f(x) (2)

" KpacBbIM YCJIOBUAM IICPBOI'O poaa

u(0,t) = na(t), u(a,t) = pa(t). (3)

K 3amaue (1)—(3) mpuBOAUT, @ YACTHOCTH, 3aJa4a O PACIPOCTPAHCHHU
TeIia B OJHOPOJAHOM CTEpKHE JUIMHBI @, Ha KOHLAX KOTOPOTO
MOJJICPKUBAECTCS 3aJaHHBIM TeMmueparypHbld pexuM. Kpaesbie ycioBus
BTOPOTO U TpeThero poja a JAaHHOM naboparopHoil pabore He
paccMaTpuBarOTCsA. 3aMeHa TepeMeHHbIX t — Kt mpuBOAUT ypaBHEHHE
(1) x BUOY

ou  ou y

—=—_5 ,109TOMY B jJanbHelmem Oygem cuutaTs K =1.

ot ox

IMoctpoum B obmactu D = { (x, t) )|0 < x < a, 0 <t < T} paBHOMEPHYIO
OpSIMOYTOJIBHYIO CETKYy a maroM h B HampaBjAE€HHH X M IIaromM T — B

nanpasienuu t (puc. 1). O6Go3naumm y3ael CeTku uepes (Xi,t1), ... (Xit), ...,
a mpubnvxeHHble 3HadeHuss Gynkuum U(X, t) B y3max — Ujj. Torma Xi=ih,
i=0,1,...,n, h=a/n, tj=jz, j=0,1,...,m, ==T/m.

AnnpokcumupyeM ypaBHeHue (1) Ha 4YeTBIpEXTOYEYHOM IIAOJIOHE,
KOTOpbIA H300pa’keH Ha puc. | >KUpHBIMH JUHUAMU. B pesynbrare
MOJIy4aeM HESIBHYIO ABYXCIOWHYIO Pa3HOCTHYIO CXEMY:




Auir1,j — (1+20) Ui, j + Aui-1,j = — Uij-1 (€]

7

fi-1, )16, ) it 8 ot (1)

| ft,)-) Jiey)

KOTOpas annpokcuMupyet ypaBHenue (1) ¢ morpemnoc Tei0 O(t + h?).
3nech A = 1/ h?.

Puc. 1 Puc. 2

Cxema (4) annpokcuMupyeT ypaBHeHHE (1) TOJIBKO BO BHYTPEHHUX y3JaX
CEeTKH, I03TOMY YHMCJIO YPAaBHEHUH B cxeMme (4) MEHbIIIe YUCiIa HEU3BECTHBIX Uijj.
Henocraromue ypaBHeHuUs NOJIy4arT U3 KPaeBbIX YCIOBUM

Uoj = p(t]), Unj = pa(tj). (5)

Cxema (4)—(5) HesiBHas, MO3TOMY 3HAYeHHs Ujj HaXOMSIT KaK pELICHHE
CUCTEMbl JIMHEHHBIX ypaBHeHUW (4). s pemenus cucrembl (4) MOXKHO
IPUMEHSATD JIFOOON aJrOPUTM PELIEHUs CUCTEM JUHEHHBIX YpaBHEHUH, OJJHAKO
cuctema (4) obmamaer TpexIUWaroHaJIbHON MaTpHIIEH M palHOHaJbHEE BCETO
peuiaTh €e MeTOJAOM MPOTroHKU. Takum oOpa3oM, peuIMB CUCTEMY Pa3HOCTHBIX
ypaBHCHMIA, HaijeM 3Ha4YeHHs QYHKIUMU u Ha BPEMEHHOM CIIOC |, €CIH
M3BECTHO peIIeHNE Ha BpeMeHHOM cioe | — 1.

Wtak, anropuT™M YUCIECHHOTO PEIICHHS 3a/laud UMeeT clenyromuil Bua. Ha
HYyJICBOM BpeMeHHOM ciioe (j = 0) pelieHrne W3BECTHO U3 HAYAIBHOTO YCIOBUS
Uio = f (xi). Ha xaxxaoM crienyromeM ciioe UCKoMash GYHKIHMS OMpeaessieTCs
kak pemenne cucremsl (4)—(5).

MeTon nporoHku

VYpasHenue (4) B 00111eM BUE 3aMHChIBACTCA

ai Ui-1 — 2biui+ciui+1 = fi, i=1,2,...,n-1 (6)
Ha JIEBOU TpaHHIle 0071aCTH
CoU1 — 2bouo = fo (7)
Ha MpaBo# rpa”HuIle o0iacTu
anun-1-2bnun=Ffn. (8)

HUmeem Ug, U1 , U2 ,...
ByHeM HCKAaTb PCHICHHUC B BUIC!

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

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

Jlns Bcex ocTanbHBIX Pi , Qi NMOIy4uM peKyppeHTHbIE (OPMYIIBI,

nojactaBuB (*) B (6):

ai (Pi ui + Qi) — 2bi Ui + Ci Uix1 = fi,
(@i Pi —2bi) ui + Ci Ui+1 = fi — ai Qi




Ci fi —aiQ
ui = Uiy +
2bi —a,j Pi —Zbi +a,i Pi

Ui = Pi+1Ui+1 + Qi1 ,

G . o _—fi+aQy,
20 ;R 2 -aR
Eciu uzBectHbl P1, Q1, To MoxHO HaiiTu P2, Q2, u T.1.
UN-1=PNUN+Q N
Un-1 = 2bn /an ‘un + fn /an;
Nmeem cucteMy AByX ypaBHECHUU.
ann =
2by —Pnay
3Has Un o ¢popmyie (*) Beraucisiem Bce Ui ot 1 = N-1 10 0.
Takum o6pazom, HaxOIsATCs Bce Uj HA BEPXHEM CIIOE€.

3ameyaTeabHbIM CBOMCTBOM HESIBHOW CXEMBI (4) sIBIsETCS €€ YCTOWUNBOCTh
npu MO6BIX 3HaYeHUAX mapamerpa A = 1/ h?> 0. IIpeumymecTBa cxemsl (4)
OCOOEHHO  OIIYTMMBI IpM CpPaBHEHMM C SIBHOM  CX€MOH, KoTopas
moJydaeTcs pu anmnpokcuManuu ypaBHenus (1) Ha mabnoHe, n300paxeHHOM
Ha puc. 2.

SIBHAst cxema OKa3bIBACTCS YCTOWYMBOM TOJBKO mpu A < 1/2 , 1. e. ipu
< h? /2. DT0 03HaYaeT, 4TO BHIYMCIEHHS IO ABHOH CXeMe NpPHUAETCS BECTH C
OUY€Hb MAJIBIM IIaroM MO T, YTO KOHEUHO MOXKET MPUBECTH K OOJBIIUM 3aTpaTam
MaImIMHHOTO BpPEMEHH. B HEsSBHOW cxeMe BBIUYMCICHHS Ha OJHOM IIare
TpeOyIOT OOoJblIe omnepanuid, 4eM B SIBHOH CXeMe, HO 3aTO BEIWYUHY IIara T
MOKHO BBIOpaTh Kak yrojaHo OoJibIIOi O€3 pucka HapylWIUTh yCTOWYUBOCTH
cxeMbl. Bce 3TO mMO3BOJSeT 3HAYUTENHHO YMEHBIINTh MALIUHHOE BpEMS,
HeoOxoauMoe is pemieHus 3amaun. Cxema (4) obiamaeT cXOAUMOCTHIO. DTO
o3Hawaer, 4yto npu h, T — 0 pemenue pasHoctHoW 3amaum (4) — (5)
CTPEMHUTCS K TOYHOMY pEIIeHUI0 cMemanHuoi 3anaun (1)—(3).

Jlns uncnenHoro pemenus 3agaun (1)—(3) npenHa3HavueHa MOAMPOT-
pamma CALC.
[Tporpamma CALC pemaer cuctemy (4) METOIOM HPOIOHKM U BBIYHUCISET
penIeHne Ha KaXXJI0M CJI0€ 10 3HAYCHHSIM PEIICHHS C MPEABIIYIIEro CIOs.

Bxonguse mapamertpsl: HX — mar cetku h mo mepemeHHO#t x;
HT — mar cerku 1 ero nepemenHoit t; N — koiauyecTBO maroB ceTku mo x; U
— wmuccuB u3 N + 1 umcen, coaepxamuii nepen obpamenuem Kk CALC
HavYaJlbHOE 3HAYEHHE pEeHIeHUs B y3JaxX MepBOro cios cetkum; P, Q —
pabounme wmaccuBbl M3 N — 1 ducen KaxJAblii /3TO NPOTOHOYHBIE
K03 UIIUEHTHI/.

F2|+1:

Otcrona: UN =

Bexoaguse napameTps : U— maccuB u3 N + 1 yucen (oH xe
BXOJIHOH), coiepKaIluii 3HaU€HHE PELIEHUs B y3JIaX OYEPEeIHOr0 BPEMEHHOTO
CJI0Sl CETKH.

[Tepen obpamenuem k nporpamme CALC HeoOxoauMo:

1) onucats maccusel U, P, Q:

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

3) INPUCBOUTH 3JICMCHTaAM U mayanpHOE 3HAYEHUE pPCUICHUA B y3J1aX
IEpBOTO CJIOA CCTKH.

3aganue. Vcnonssys nporpammy CALC, pemuTh cMEmannyo 3a1a4dy ¢




NOCTOSSHHBIMH ~ TPAaHWUYHBIMH  YCJIOBHSIMH JUISL  OJHOPOJHOTO  YpaBHEHUs
TeImIonpoBogHocT B obmactu D = { (x, t)J0 < x < q, 0 <t < T}.
Pe3ynbTaThl me4aTaTh Ha KaXXJIOM BPEMEHHOM CJIOE.

IMopsiioKk BBLINOJIHEHUsI NPAKTHYECKOH PadoThI
1. CocTaBUTh OCHOBHYIO IPOrpamMMy, COJIEPXKAIIYIO IUKIMYEC KOe oOpalieHue
K IIPOTpaMMe PelIeHUs] MapadoIMIeCcKOro ypaB HEHUsI ¢ TMEYaThi0 Pe3yabTaToB
Ha KaXJIOM Iare.
2. CocTaBuTh MOANPOTpaMMY - (YHKIUIO, BBIYUCIISIONIYIO 3HAUYCHUE
¢byukuun  F(X) mis HavaneHoro suaueHust u( X, 0).
3. [IpoBecTn BBIYKCICHUS HAa KOMIIBIOTEPE.
4. Pe3ynbpTaThl peuicHHs BHIBECTH B BUjC rpaduka W3MEHEHHsS (YHKIUU C
3aKCUPOBAHHBIMH 3HAUYCHUSIMHU Ha KOHIIAX HAYAJILHOTO MHTEpBaJa.
[Mpumeuanue: nas Oojiee IIIABHOTO TMOBEACHUS (PYHKIMH YBEIUYHUTH

HavyallbHOE KOJMYECTBO TOUYEK pa3dmenust orpeska X [0, 1] mo cBoemy
YCMOTPEHHUIO.

Bapuantel 3aanum
Pemmte cMemanHyo 3a1a4y /sl ypaBHEHHS TEIUIONPOBOIHOCTH C
HavaabHBIM ycioBueM Hu(X, 0) = f (x) wu rpanuyHbiMuU ycioBusmu U (0,

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

Ne Bapu f(x) a b c d

aHTa
1 i 1,1 | 30 0,05
2 A 1.2 | 35 0,15
3 : 13 | 40 0,25
4 Fy 14 | 45 0,35
5 } 1,5 | 50 0,45
6 o | 1,6 | 55 0,55
7 L7 17 | 65 | 065
8 ! | 18 | 70 0,75
9 i L i 1,9 7,5 0,85
10 20 | 80 0,95

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
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Tembl NMCbMEHHBIX PA60OT
[TuceMenHBIE PabOTHI IO KYpCY IPEeyCMOTPEHBI B BUAE KYPCOBBIX paboT.
1. Pemienue ogHOM U3 MPUKITAHON MAaTEMAaTUYECKON 3a/1a4u, HAIIPUMED:
- MHOXKE€CTBO MaH1enp0poTa U ero aHajory;
- HectauroHapHoe ypaBHeHnue llpenunrepa;
- yucia CTUpIMHTa;
- MOJICJIMPOBAHUE HAHOCTPYKTYD;
- peuieHue 3a1a4 dJIEKTPOCTaTUKY;
- peuieHue 3a1a4 MarHUTOCTaTUKH;
- pac4yeT COOCTBEHHBIX YaCTOT U TAPMOHHK AJIEKTPOIMHAMUYECKUX CUCTEM;
- MOJICJIMPOBAHUE B3aUMOJICHCTBHUSA SJIEKTPOMArHUTHOTO MOJISI C METAINTHYECKUM OOBEKTOM.
2. Pemmenrie oAHOM M3 IPUKIIATHBIX 3314 MAaTEMaTUYECKON (PU3UKHU, HAIPUMED:
- pellieHre KpaeBo 3a1a4uu sl ypaBHEHHsI MapaboIMuecKoro THIa ¢ TPAaHUYHBIMH YCIOBUSAMU 1, 2
u 3-ro pona;

- pelleHre KpaeBo 3a1auu JIsl ypaBHEHUS TUIIEPOOTUYECKOTO TUTIA;
3. ITouck uukioB B rpade.

4. Packpacka rpada.

5. Urpa "Xuzup".

6. Urpa «TpenupoBka B ¢pyTOOI».
7. Urpa «CemelHbIi aBTOMOOMIIBY.
8. Urpa «Aspomnopm».

9. Urpa «Bopobbu».
10.06enaromue Gunocodsr.
11.YuTaTenu u nucaremiu.
12.Anroputmsl Data Mining:

- knacrepuzaruu K-Means;

- KJIaCTepU3alllK, OCHOBaHHBIE Ha Mepe OJIN30CTH;

- Apriori;



- Cart.

13.
14.
15.
16.

17.
18.

19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

31

35

Haxoxaenue onpenenurens MaTpULbL.
Haxoxxnenne oOpaTHON MaTpHIIBL.

AJTOPUTMBI YUCIIEHHOTO AU PepeHupoBaHusl.
Brruucnenne nnrerpana merogom Monte-Kapiio.

Brruncnenue n-mepHoro uHrerpaia ot GyHKIuM (3a1aercs pyHkius) MetogoM MounTe-Kapio.
HTepalinOHHBINA alITOPUTM YHUCICHHOTO HHTETPUPOBAHUS.

PexypcuBHBII alropuT™M YUCICHHOTO HHTETPUPOBAHUS.
Pemenne nuddepeHnuanbHbIX ypaBHECHHA.

CopTupoBKHU Ha cCUCTEMax C O0IIEH MaMsAThIO.

['eneparus ciay4aiHbIX IPOLIECCOB € MAMATHIO C 33/1aHHBIM PaCIpeCICHUEM.
N3yueHue CeKTpoB CIy4alHbIX IPOLIECCOB.

Pacnio3naBanue 06pa3oB (Ha KOHKPETHOM IpUMEpE).

Pemenune CJIAY npsmbiM MeTogoM ["aycca (uiu 1100bIM IpYTUM).

Pemenue CJIAY urepanmonHsiMu MeToamu ["aycca — 3eiiaens (win ao0bIM APYTUM).
Pemenne CJIAY urepaliluOHHBIMU METO/IaMHU BapUallMOHHOT'O THIIA.

Onpenenenne cOOCTBEHHBIX YMCET U COOCTBEHHBIX BEKTOPOB.

[Touck kiroya y3na aepena

ITonck MaKCHMAaJILHOTO 3JIEMEHTA ACpeBa

. Ilouck CyMMBI BCEX 2JIEMEHTOB JIepeBa
32.
33.
34.

ITouck KommyecTBa y3j10B JIepeBa
IlepemHOXEHME MATPHIL.

CkansipHO€ NMPOU3BEACHUS BEKTOPOB.

. YMHOXEHHE MaTpulbl Ha BEKTOP.

36.

CnoxeHue BEeKTOPOB.



7.3.0neHOYHbIE CpeacTBAa VI NMPOMEKYTOYHOH ATTECTAIlMM IO MTOraM OCBOCHUS

AUCHHUITINHbI

7.3.1. Bonnpochl K arTrecTanuu

CemecTtp 7

Ne

Bomnpocskl Kk 3K3aMeHy

n/n

1 Knaccu¢ukanus ypaBHeHUH B YaCTHBIX MPOU3BOIAHBIX

2 ITocTaHoBKa 3aja4 AJ1s1 ypaBHEHUH napaboJudecKoro Tuna

3 ITocTanoBka 3aia4 Jyisi ypaBHEHHM rUnepOOINYECKOro Tuia

4 IlocTaHoBKa 3a/1a4 JUIsl ypaBHEHHUH 2JUIMIITUYECKOTO TUIIA

5 Pa3zHocTHas annpokcuManys JudepeHuanbHbiX ypaBHeHUH. OCHOBHbBIE ONPEEICHUS

6 Pemenne HayaJibHO-KpaeBOM 3aJ1au JUIsl ypaBHEHHUs 1apaboIMYECKOro TUIa

7 Pemenue HayanbHO-KpaeBoi 3a1auu 1J1s ypaBHEHUs apaboJIMYecKOro TUIlA C YCIOBUAMHU
2-ro 1 3-ro posia Ha rpaHunax. OTHOMEPHBIN CITy4Jai.

8 MeTo 1 IPOTOHKHY PELIEHUs] CUCTEM C TPEXAMaroHaJIbHOW MaTpULIEH

9 OCOoOEHHOCTH anmpOKCUMAIMH TPAHUYHBIX YCIOBHM U1l ypaBHEHUH MapaboIudecKoro
THIIA

10 MeToJ GUKTUBHBIX TOUEK

11 Annpokcumanusi MeTo10M (PUKTHBHBIX TOUYEK IPAHUYHOTO YCIOBUS TPETHETO POja

12 Annpokcumanusi MeTo10M (PUKTHBHBIX TOYEK IPAaHUYHOI'O YCIOBUS BTOPOrO Poja

13 Annpokcumanys yCJa0BUN CONPSIKEHUS

14 KoHeuHo-pa3HOCTHas annpoKCUMAIMs 3a/1a4 JJIsl YpaBHEHUH runepOoInyecKoro THIa

15 KoHneuHo-pa3HocTHas annpokcuManus 3aiad A1 ypaBHEHUHN AJIMOTHYECKOT0 THIa

16 OCHOBHBIE MIOHATHUS, CBA3aHHBIE C KOHEYHO-PAa3HOCTHOW allIPOKCHMAaLIUEN.
Anmpokcumanys v NOpsSJoK anmpoKCUMAalUU

17 OCHOBHBIE NOHATHUS, CB3aHHBIE C KOHEYHO-PAa3HOCTHON aNlpoKCUMaluei. Y CTOMYMBOCTb

18 OCHOBHBIE MOHATHUSA, CBA3aHHBIE C KOHEYHO-PAa3HOCTHOM annpokcuManueil. CXoauMocTs U
MOPSAJIOK CXOJIMMOCTH

19 Teopema SKBUBaJIECHTHOCTH O CBSI3M alIPOKCHUMAIMS U YCTOWYUBOCTH CO CXOJIUMOCTBIO

20 HesiBHO-s1BHast KoHeUHO-pa3HocTHas cxema Kpanko — Hukonbscona

21 MeTo/1 yCTaHOBIJIEHUS U €r0 00OCHOBaHUE

22 Pa3BuTHe Teopun ABMKEHNS MHOTO(A3HBIX TeTeporeHHbIX cpell. OCHOBHBIE AOMYILIEHUS
MOJIETIM BHYTPUKAMEPHBIX MTPOLIECCOB

23 [IpuHuMn 3anucu ypaBHEHUN MEXaHUKH MHOTO(a3HbIX T€TEPOTreHHBIX CPe/l Ha IpUMeEpe
YPaBHEHHUsI COXPaHEHMsI MaCChI

24 BriBos1 ypaBHEHUH cOXpaHEHUs Macchl ABYX(a3HON pearupyroueii cMecu B KaHaje
IIEPEMEHHOT0 CEUEHUS

25 BbiBoJ ypaBHEHUI coXpaHEeHUsI UMITYIbCOB (a3 AByX(a3HOM pearupyromieit cMecu B
KaHaJie IepEMEHHOT0 CeYeHHsI

26 BbIBOJ1 ypaBHEHUS COXpaHEHUs MOJHOM »HEPruu IBYX(ha3HOM pearupyromieii cMecH B
KaHaJie IepEMEHHOT0 CeYCHUS

27 ITonHast cuctemMa ypaBHEHHUH, ONMCHIBAIOIINX OAJUTMCTUKY CTBOJIBHBIX CUCTEM

28 Konkperu3zanus ¢GyHKIMI MacCOBOTO U CUIIOBOTO B3aUMOJICHCTBUS F€TEPOTreHHOM
CHCTEMBI: Ta3bl - HECTOPEBUINE IJIEMEHTHI

29 OcCHOBHBIE OIpe/IeTIeHNs] U KOHEYHO-Pa3HOCTHBIE CXeMbI JJIs 3a]1a4 MaTQU3UKU

30 KoHeuHo-pa3HOCTHas annpoKCUMAIM 3a/1a4 JJIs YpaBHEHUH MapaboInyecKoro Tumna

31 Annpokcumanysi TpaHUYHBIX YCIOBUN

32 PasnocTHas anmpokcumarys oneparopa




33 Pa3nocTHBIC MeTOABI pelIeHus 3aa4 MaTPU3UKU. Pa3HOCTHAS anmpoKCUMAaIIUs
Qg QepeHIranbHbIX YpaBHEHUH.

34 OCHOBHBIE TIOHATHS, CBA3aHHBIC ¢ KOHCYHO-PA3HOCTHOM allIPOKCHMAIIHCH.
KoHcepBaTHBHOCTH M KOPPEKTHOCTb.

35 AHanu3 nopsiiKa anmpoOKCUMAIMH PA3HOCTHBIX CXEM.

36 OcCHOBHBIE OIIpeIeTICHIs PA3HOCTHOTO MeTo1a Diinepa-Jlarpanxa.

37 YpaBHEHHE COCTOSHUS TOPOXOBBIX I'a30B

38 | I'eomeTpuyeckuii 3aK0H ra3o00pa3oBaHus

KomimuiekT MaTEepHAJIOB JJIA IK3aMECHA

bunersr JJI1 cJadu 9K3aMEHa.

7.3.2. Kputepuu 4 HOPMbI OLlEHKH

®opma
NMPoBeIeHUs
Cemectp . Kpurtepun u HOpMBbI OLICHKH
NMPOMEKYTOYHOM
arTecTalnu
DK3ameH CTaBUTCS CTYACHTY Ha SK3aMEHE, €CJIH OH
(ycTHO) MCYEPIIBIBAOIIE U TPAMOTHO J]aJI OTBETHI Ha

BOIIPOCHI 5K3aMCHAITUOHHOI'O ouiera mo
«OTIHUYHO» AUCHUIIIMHE WX IIPU OTBETC OJOITYCTUIL
He60J'IBIJ_IYIO HETOYHOCTH Ha 1 BOIIPOC, HO IIpHU
9TOM CMOTI T'paMOTHO OTBCTHUTH Ha
JOIOJHHUTCIIbHBIC BOITPOCHI

CTaBUTCA CTYJIEHTY Ha 9K3aMEHE, €CIIN OH
MCUEPIIBIBAOIIE U IPAMOTHO Jiall OTBET Ha 1
BOIIPOC SK3aMEHAMOHHOTO OMiIeTa, a Ha
JPYroi TOJIBKO TE€3UCHBIE BHICKA3bIBAHUS MU
JIOTTCTHIT HEOOIIBIIINE HETOYHOCTH TIPU
OTBETE Ha BOIPOCH! 3K3aMEHALMOHHOTO
Ousieta U JjaJl KpaTKHE OTBETHI HA
JIOTIOJTHUTEIIbHBIE BOIPOCHI

«XOpouo»

CTaBUTCA CTYACHTY Ha OK3aMCHC, €CJIM OH HEC
CMOT" 1aThb OTBET HAa OJUH U3 BOIIPOCOB
9K3aMCHAIIUOHHOT'O OuyieTa WM OTBETUII HA
BCE€ BOIIPOCHI, HO ITPU 3TOM OTBCTHI
COJZICPIKAJIN TOJIBKO TE3MCHBIC BLICKA3bIBAHUA

«yZIOBJIETBOP
UTEIBHO»

CTaBUTCSI CTY/IEHTY Ha DK3aMEHE, €CJIU OH HE
«HEYJOBJIETBO | JlaJl OTBET HAa BOIPOCHI K3aMEHAIL[HIOHHOTIO
PHUTEIBHO OuseTa WM B OTBETE COJEPKAIUCH
(yH1TaMeHTaJIbHbIE OUTMOKHU




8. YueOHo-MeTOoqHYecKOe H HH(OPMAIIMOHHOE 00ecneyeHne JUCITUTNINHBI

8.1. Obsi3aTe/ibHAsA JTUTEPATYypa

Tun (yueOHuK, ydeOHOE

KoanuyecTtBO B

HAY4YHOM
Ne nocodoue, yueoHo-
ABTOPBI, COCTABUTEH 3aruaBue (3aroJi0BOK) I'ox n3panus ouoamorexe /
n/n MeTOoN4YecKoe nmocodue,
HaunmeHnoBanue
NPaKTHKYM, JP.) 3EC
1 B.®. ®opmanees, J1.JI. YucaeHHbIE METOIBI
P A s 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 (yueOHuK, ydyeOHOE .
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 mpogeccHOHANBHBIX 0a3 JaHHBIX U MH(POPMALMOHHBIX CHPABOYHBIX

CHUCTEM

8.4. IlepeyeHb MPOrpaMMHOIo obecnevyeHus

Ne Hamvenopanne IO PexBU3UTHI L[OFOB?pa
n/n (nata, HOMep, CPOK JAeHCTBHUA)
1 Windows XP Beccpounsie
2 Microsoft office 13 Ne61935138 ot 28.05.2012
(6eccpouHblit)

8.5. Onucanne MaTepHAJIbHO-TEXHHYECKOH 0a3bl, HEOOXOAMMOI JJIsI OCYIIeCTBJIEHHUS
00pa30BaTeIbHOIO MPoIecca Mo THCIUTIINHE

HanmeHnoBaHue 000py10BAHHBIX Y4eOHBIX
Ka0MHeToB, 1a00paTopuii, MACTEPCKUX H
Ne P 00TEKTOB JLI5l POBECHHsI . IlepeyeHb OCHOBHOI0 000pPY/10BaHMA
n/n | NpaKkTHYeCKUX U J1a0opaTOPHbIX 3aHATHIA,
MOMENIeHUH JIfl CAMOCTOATEILHON
padoThl 00yuaomuxcsi (HOMep ayAuTOPHH)

KomnbroTepHslii kiiacce Cron YYCHUUCSCKUI-26 HIT., CTOJ
VJIK-314 MPENoIaBaTeNbCKuii-1 1IT., CTynBsA-28 ImIT.,
1 JIocKa ayIuTOpHast (memoBast)-1mIT.,
KOMITBIOTEP C BBIXOJIOM B CeTh WHTepHET- 17

TIT.

Cron ydeHumdeckuit-26 mT., cTyn-26 mT.,
KOMITBIOTEP C BBIXOJOM B CETh WHTepHET- 16

IT.

Knace ans camocrosiTensHON paboThl
2 | T-401




		2023-11-03T15:32:04+0400
	ФГБОУ ВО "ТОЛЬЯТТИНСКИЙ ГОСУДАРСТВЕННЫЙ УНИВЕРСИТЕТ", ТОЛЬЯТТИНСКИЙ ГОСУДАРСТВЕННЫЙ УНИВЕРСИТЕТ, ТГУ




