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1. IEJIX OCBOEHUA N CHUIIJINHBI

I_ICJ'H) KypcCa 3aKIto4acTCA B yFJIY6HCHI/II/I 3HAHAHN CTYACHTOB B O6HaCTI/I ypaBHeHPII?I B YaCTHBIX IMPOU3BOJHBIX U UX
TMMPUMEHCHUN B COBPEMEHHBIX KOMIBIOTCPHBIX TCXHOJIOTHAX. CTy,HeHTI)I OCBOST YMCJICHHBIC MECTOABI PEIICHUSA PA3JIMIHBIX
3a/1a4, pa3BUBasi HABBIKM KPUTHUYECKOTO aHAIN3a U BeIOOpa Hanbosee 3(h(HeKTHBHBIX MOAX0I0B. B pesynbrare Kypca OHU
6y}IyT CHOCO6HBI MNPUMCHATDH IOJYUYCHHBIC 3HAHUA JJIS1 pECIICHNS PCAaJIbHBIX HAYYHBIX U MHKCHCPHBIX 3a4a4, a TaKKE I
pa3paboTKK COOCTBEHHBIX MPOEKTOB B JAHHOI 001acTH.

ITK-2.1. O6namaet 3HAHUSMH O CYIIECTBYIONIMX TUIOBBIX IMA0JOHAX MPOSKTHPOBAHUS IPOTPAMMHOTO 00ECIICUCHNS, O
METOJaX M CPEICTBAX MPOCKTUPOBAHHS MTPOTPAMMHOTO 00eCTIeUeH s, CTPYKTYP JaHHbIX, 0a3 JaHHBIX.

I1K-2.2. [leMOHCTpUpYeT YMEHNE IPUMEHSTH THIIOBBIE PEIICHHs, OMOIMOTEKH IPOTPAMMHEIX MOJTYIICH, MAa0IOHbI, KITACCHI
00BEKTOB, HCTIOJIB3yEMBIE IIPU pa3paboTKe MPOrPaMMHOTO 00ECTIeYeHHS, IPUMEHATh METOIBI M CPEJCTBA IPOCKTUPOBAHHS
MIPOrpaMMHOTO o0ecrieueHus, 6a3 JTaHHBIX, CTPYKTYP JaHHBIX.

ITK-2.3. IMeeT npakTU4eCKuii ONBIT (HABBIKM) MPUMEHEHHUS CTaHAAPTHBIX aJTOPUTMOB IIPHU IPOESKTHPOBAHUU
HPOrpaMMHOTO 00ecreueH s, pa3pabdoTKN alrOPUTMOB PEIICHHS 3a/1ad B COOTBETCTBUH C TIOCTaBICHHBIMH YCIOBHSMH,
HCITOJTF30BAaHMS METOIOB M IIPHEMOB aJITOPUTMHU3ALINH [TOCTABICHHBIX 3aa4.

I1K-3.1. 3HaTh OpraHM3anio BHYTPEHHEH 1 BHEIIHEH aMsATH KOMITBIOTEPOB, OOIINX MPUHIIMIIOB apXUTEKTYP MPOLECCOPOB
Pa3IMYHBIX THIIOB, 0COOCHHOCTH B OPTaHM3allMH YCTPOWCTB YIIPABICHHUS BEIYHUCIUTEIBHBIX MAIlIiH, BHYTPEHHUX H
BHEITHNX MHTeP(EHCOB KOMITBIOTEpA.

ITK-3.2. YMeTb oCyIIeCTBIATh KOMIUIEKCHPOBAaHHE M Pa3pabOTKy alapaTHBIX CPEICTB B COOTBETCTBUH C HA3HAYCHUEM
CHCTEM, PAaCHpeesITh (QyHKIUU, BO3JIaTacéMbIe Ha aIlllapaTHBIC U IPOTPAMMHBIE CPEACTBA CHCTEM.

I1K-3.3. Bragers HaBBIKaMH pa3pabOTKH TEXHUUECKHX CIIeNU(UKanNii Ha TPOTpaMMHBIE MOJIYIIH U X B3aNMOJICHCTBHE,
OCYILECTBICHUS KOMIITIEKCHOI HACTPOMKHM ammapaTHBIX CPEACTB M OTIAJKH MPUKIATHOTO IPOrPAMMHOTO 00EeCIeYEHH .

2. MECTO JUCIIUIIJIMHBI B CTPYKTYPE OIIOII

IMux (pasnen) OITOIT: b1.B.03

2.1 TpeOoBaHus K NPeABAPUTEIbLHOI IIOAT0TOBKE 00y4ar0Ierocs:

OcHoBa JUCHUIIIIMHBI COCTOUT U3 0a30BBIX 3HaHI/II71, MOJIYYCHHBIX Ha YPOBHC 6aI<aJ1aBpHaTa U CJICAYIOIUX JUCHUIIIINH

Mertoanka nperoaaBaHusA MaTCMaTUKU

ypaBHCHI/ISI B YaCTHBIX IMPOU3BOJHBIX IEPBOTO MOPAIKA

IIcuxosioro-negaroruyecKue OCHOBBI OGH.ICHI/IH 1 MOTHUBalLlUU y‘le6H0171 u HpO(I)eCCHOHaJ'ILHOfI JACATCIBHOCTHU

2.2 JIncuMnJIuHbI M TPAKTHKH, VIS KOTOPbIX OCBOEHHE JAHHON AUCUMIIJIMHBI (MOAY./151) HE00X0AUMO KaK
npeauIecTByIOLIee:

YucneHHbIE METOBI peIIeHNs APOOHBIX Au(depeHIINaTbHBIX ypaBHEHUH

[Tpou3sBoACTBEHHAS IPaKTHKA (HAydIHO-HCCIIENOBaTENbCKast paboTa)

3. KOMIIETEHIIMHA OBYYAIOIETOCSI, ®OPMHUPYEMBIE B PE3YJIBTATE OCBOEHUSI JUCIIUTIINHBI
(MOJIY.JIsT)

K-2: CnocodeH K nNpenojaBaHUuI0 MaTeMATHYeCKUX JUCIMILJIMH 10 MPOrpaMMaM npogeccHoHATbHOr0 00yueHusl,
cpeaHero npogeccuonaabHoro oopazoanus (CIIO) u nononauTeasusiM nporpammam (JIIIIT).

3HaTh:

0 CYIIECTBYIOIIUX THIIOBBIX MIA0NIOHAX MPOEKTUPOBAHMS IPOTPAMMHOTO O00ECTIeUeH s, O METOIaX U CPEICTBAX
MPOCKTUPOBAHHS IIPOIrPAMMHOTO 00ECIICUCHUS, CTPYKTYP JaHHBIX, 0a3 NaHHBIX.

YMmern:

HCIIONIBb30BaTh KOMITBIOTEPHBIE TEXHOJIOTUH, BKIII0Yasi IPOIPaMMHUPOBAHUE U CIICLUAIN3UPOBaHHBIE IPOTPaMMHBIE MTaKETHI,
JUISL pa3pabOTKU 1 BU3YaIN3alul COOCTBEHHBIX MOJEIIEH.

Baanern:

HaBbIKaAMU NPUMCHCHHSA CTAHAAPTHBIX aJITOPUTMOB IIPU IPOCKTUPOBAHUHN ITPOTPAMMHOTIO O6CCHG‘JCHI/IH, pa3pa6OTKI/I
AITOPUTMOB pEHICHUA 3a/1a4 B COOTBETCTBHUU C MMOCTABJIICHHBIMU YCJIIOBUSAMHU, UCIIOJIB30BAHUSA METOA0OB U HpI/IéMOB
AJITOpUTMHU3alIUN IMTOCTABJICHHBIX 3a1a4.
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IIK-3: CnocodeH NOHMMATH NPHHLIMIBI PA00THI COBPEMEHHBIX 31eKTPOHHO-BBIYUCIMTENbHBIX H BbIYHCIUTEIbHbIX
MAIIUH, pa0oTaTh B KOMaH/ie, yIPABJIATH KOMaH/HOIl padoToi

3HaTh:

OpTaHM3aINIO BHYTPEHHEH M BHEITHEH MMaMATH KOMIBIOTEPOB, OOIIIX IMPUHIUIIOB apXUTEKTYP MPOIECCOPOB PA3THIHBIX
THIIOB, 0COOCHHOCTH B OPTaHHU3AI[MH YCTPOWUCTB YIIPABICHHS BRIYUCIUTEIBHBIX MAIINH, BHYTPEHHUX U BHEIIHUX
UHTEP(EHCOB KOMIIbIOTEPA.

YMmerb:

OCYHICCTBJIATH KOMIIVICKCUPOBAHUE U pa3pa60T1<y armnapaTHbIX CPEACTB B COOTBECTCTBUM C HA3HAYCHHUEM CUCTEM,
pacnpeacisAaTb (I)yHKI.lI/II/I, BO3JIaracMbIC Ha allllapaTHbIC U ITPOIrpaMMHBIC CPCACTBA CUCTEM.

Baanern:

HaBBIKAMH Pa3paOOTKH TEXHUYECKUX CIICIM(UKAINIT Ha TPOTPaMMHBIC MOYITH U X B3aUMO/ICHCTBHE, OCYIIICCTBICHUS
KOMIDIEKCHOM HACTPOWKH anmapaTHBIX CPEIICTB M OTIAIKH MPUKIIQTHOTO IIPOTPAMMHOTO 00ECTIEYEeHHUS.

B pe3ynbTaTe 0cBOEHHMS TUCHHILIMHBI 00YIAIOIIHIICH TOTKEeH

3.1 |3narn:

3.1.1 | ocHOBHBIE KOHLIEIIIMY ¥ METObI aHAJIM3a YPaBHEHHUH B YACTHBIX MPOU3BOAHBIX, UX KIACCU(DUKAIIUIO U
MIPUMEHEHHUE B PA3TUYHBIX 00JACTAX HAYKU U TEXHHUKH.

3.2 | YMeTh:

3.2.1 | ucnonp30BaTh KOMIIBIOTEPHBIE TEXHOIOTUH, BKIIIOYasi IPOTPAaMMHUPOBAHHE U CIEIUATN3UPOBAHHbIE
MIPOTPaMMHBIE TTAKETHI, ISl Pa3pabOTKU U BU3YyaIn3alul COOCTBEHHBIX MOJEICH.

3.3 | Bmagern:

3.3.1 | HaBBIK KPUTUYECKOI'O aHaJIn3a NOJYUCHHBIX PE3YIILTATOB, YTO MO3BOJIUT EMY d)OpMyJ'IPIpOBaTL BBIBOJIBI U
npepiaraTb ONTUMAJIbBHBIC PCIICHUA UIA IIPAKTUYCCKUX 3a1a4.

4. OFBEM JMCLUIIMHBI (MOY.JIST)

O6Lwasa TpyaoemMKoCcTb 33ET
YacoB 1o yueOHOMY IJIaHy : 108 Bunsl koHTpONS B cemecTpax:
B TOM 4HCIIE
AyIUTOPHBIE 3aHATHUS : 34 9K3aMEHbI 3
camocTosTenpHas pabora : 52,7
4acoB Ha KOHTPOJIIb : 18
KOHTaKTHas pabora: 37,3
HKP: 3,3

5. CTPYKTYPA U COJAEPKAHUE JUCIUITIJINHBI (MOJY JIA)

Kon HaumeHoBaHue pa3/iesioB U TeM /BU/A 3aHATHSA/ Cemecr | Hacos JlutepaTtypa
3aHATH p / Kvypc
Pasgen 1. OcHOBHbIE KOMIILIOTEPHBIEC METOAbI B HAyKe

1.1 BBenenue B unciieHHbIE METOIBI JJI1 YPABHEHUN B HaCTHBIX 3 2 JI1.1 J11.2J12.1
pou3BOJIHBIX: MccnenoBanne OCHOBHBIX YMCIIEHHBIX METOJ0B U UX J12.2
peanuzanys IUisl MPOCThIX ypaBHeHUH. /J1a6/

1.2 MeTto1 KOHEUHBIX pa3HOCTEl: Peanu3anus u npuMeHeHne MeToaa 3 2 JI1.1 J11.2J12.1
KOHEUHBIX PA3HOCTEN JUIsl PELLIEHUS] YPaBHEHUS J12.2
TerIonpoBoaHocTH. /J1ab/

1.3 MeTto1 KOHEUHBIX 3JIeMEHTOB: MoienupoBaHie MEXaHUUECKUX CUCTEM C 3 2 JI1.1 J11.2J12.1
MTOMOIIIBI0 METOJa KOHEUHBIX 3JIEMEHTOB JUIS PEIICHUs YpaBHEHUH 2.2
Jlammnaca. /J1a6/

1.4 MeTto/ cieKTpaibHBIX SJIEMEHTOB: AHAIN3 PELICHUS 3a/1a4H O 3 2 JIT.1 JI1.2J12.1
KoJIeOaHHSAX CTPYHBI C HCHOIb30BAHUEM METOA CIIEKTPAIBHBIX J22
sneMeHToB. /J1ab/

1.5 Pacuer ycroriunBoctu cxem: IIpoBeneHre aHaIM3a YCTOMYUBOCTHU 15 3 2 JIT.1JI1.2J12.1
Pa3MYHBIX YUCICHHBIX CXEM YpaBHEHHUH B YaCTHBIX IPOU3BOIHEIX. /J1ab/ J12.2

Paznea 2. Komnbrorepabie Metoabl aias YUII
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2.1 Pemenne ypaBuenus HaBbe-CTokca: MoaenupoBaHue Te4eHHsl KUIKOCTU 3 2 JI1.1 JI1.2J12.1
IyTeM NMPUMEHEHHS YUCIEHHBIX METOI0B K ypaBHeHHI0 HaBbe- J12.2
Crokca. /J1ab/

2.2 UucnenHoe peuienue ypaBHeHus: byprepa: [IpoBenenue ananusa u 3 2 JIT.1JI1.2J12.1
BU3yaJIM3allvsl pelieHnid HelMHeiHoTo ypaBHeHus byprepa. /J1a6/ J12.2

23 CuMynsus BOJTHOBOTO ypaBHEeHHUs: Pa3paboTka mporpaMMBI s 3 2 JI1.1 JI1.2J12.1
YHUCIEHHOW CUMYISALUH OJAHO- U IByMEPHOTO BOJIHOBOTO J12.2
ypaBHeHus. /J1ab/

2.4 Penrennie npo0sieM ¢ TpaHUYHBIME yCIIOBHAMU: McciienoBanue 3 2 JIT.1JI1.2J12.1
Pa3TUYHBIX TUIIOB TPAHUYHBIX YCIOBUU U MX BIMSIHUE HA YHCIICHHBIC J12.2
pemenus. /J1ab/

2.5 Mertoabl ananTuBHOU ceTku: [IpuMeHeHne afanTUBHOM CETKH ISt 3 2 JI1.1 J11.2J12.1
peLEeHNs] YpaBHEHUH B YACTHBIX ITPOU3BOIHBIX C BBICOKOM IpaJMEHTHOMN J12.2
obmactsto. /J1ab/

2.6 INapannenbHble BeluKcieHs: BBeeHue B napaienbHble aarOpUTMbL UL 3 2 JI1.1 JI1.2J12.1
YHCIEHHOTO PelIeHHs ypaBHEHHI B YACTHBIX MPOU3BOAHBIX HA J12.2
cynepkoMItbrorepax. /J1ad/

2.7 OrnrumMuzanus AJis CIOXKHBIX 3a/1a4: [[puMeHeHre MeTo10B ONITUMHU3ALINN 3 2 JIT.1JI1.2J12.1
JUISL ITy4IIEHUS] CKOPOCTH PELIEHUS] YPAaBHEHUM B 4aCTHBIX J12.2
MIPOU3BOJIHBIX.

/J1a6/

2.8 Nmuranmonnoe mojienuposanue: Vicnosib30BaHne ypaBHEHHI B YACTHBIX 3 2 JIT.1JI1.2J12.1
MIPOU3BOIHBIX JUISI UMHTAITHOHHOTO MOJICITUPOBAHUST (PU3UIECKIX 2.2
npoueccos. /JIa6/

2.9 Busyanuzanus 4uCcieHHbIX peleHnii: Pa3paboTka HHCTPYMEHTOB IS 3 2 JI1.1 J11.2J12.1
BH3YyaIU3aLM YUCICHHBIX JaHHBIX U PELICHUH ypaBHEHUH B 4aCTHBIX 2.2
TIPOM3BOAHEIX. /J1ab/

Pa3gen 3. KomnbloTepHble TEXHOJIOTMH B 00Pa30BAHUM

3.1 Urposas popma obydenus: Coznanre 00pa3oBaTeIbHON UIPHI, 3 4 JIT.1JI1.2J12.1
OCHOBaHHOI Ha PEIICHUN YPaBHEHUH B YaCTHBIX IPOU3BOAHBIX. /J1ab/ 22

32 CpaBHUTENBHBIHN aHAIH3 MeTO10B: IIpoBeieHre CPaBHUTEIBHOTO aHAIN3a 3 2 JI1.1 J11.2J12.1
Pa3HBIX YMCICHHBIX METOOB Ha OJHOM 1 TOH ke 3amaye. /J1ad/ J12.2
Paznen 4. UnauBuayabHbI MPOEKT

4.1 WupuBuayaabHas pabora mo TeMe kypca /Cp/ 3 11,7 JI1.1 J11.2J12.1

2.2

4.2 CamocrosTenbHas padoTa CTyIeHTa 3aKITI0YaeTCs B IITyOOKOM 3 41 JIL.1 J11.2J12.1
HCCIIEI0BAHUH BBIOPAHHON TEMBI, CBSI3aHHOH C YPABHEHUSIMH B YaCTHBIX 2.2
MIPOU3BOJIHBIX U UX IPUMEHEHHEM B KOMIIBIOTEPHBIX TEXHOJOTHSIX. 21
CTyIeHT OJDKEH NPOaHaIH3UPOBATh CYIIECTBYIONIHE ITOIX0bI U
METObI, COOPATh aKTyaJbHYIO TUTEPATYPY U IPUMEPHI PELICHUH, a
TakxKe pa3padboTaTh COOCTBEHHBII MaTEMaTUUECKHH MM YHCIICHHBIH
Meron. B mporiecce paboTel eMy HEOOXOIUMO OYIET pemars 3a1a4y,

MOJIETTMPOBATh IPOIECCH X 0(OPMILATH ITOJTydCHHBIC PE3YNIbTATH B BUE
0TYeTa, IEMOHCTPUPYIOLIETO TOHUMAaHNE MaTepraa. 3aBepIIaiomnum
9TaNoOM CTaHeT 3alluTa paboThl, HA KOTOPOU CTYEHT MPEICTaBUT CBOU
BBIBOJIBI ¥ TIPOJEMOHCTPUPYET KOMITBIOTEPHBIE MOJICITH W
BU3YaJIM3aIiH, TTOTBEPKAAIOMue ero uccuenopanus. /Cp/
Pasnen 5. Unas koHTakTHasA padora
5.1 VHnuBuayansHble KOHCYIBTAINH, TeKyIHit KoHTpos /KP/ 3 3,3 J2.1

6. ®POHJ OHEHOYHBIX CPEJACTB

6.1. IlepeyeHb BHIOB OLEHOYHBIX CPEICTB

JlabopaTopHblie pabOThI

DK3aMeH B MUCBMEHHOU popme

6.2. TunoBbie KOHTPOJIbHBIE 3a/JaHUS M MHbIE MATEPUAJIBI ISl TEKYIIEil aTTecTaluu
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IMpumep mabopaTopHOH paboTEl: MoaenmpoBaHue TEIIONPOBOIHOCTH OJHOMEPHOTO CTEPIKHS

]_ICJ'IL pa6OTBIZ I/I3yquHe IPOLECCCOB TCIIOMPOBOAHOCTH B OAHOMEPHOM CTCPIKHE C UCIIOJIB30BAHUEM METOAAa KOHCUHBIX
pa3HOCTCﬁ JJIL YACJICHHOI'O PCHICHUSA YpaBHCHUSA TCIIJIONPOBOAHOCTH.

O6opynoBaHuE U MaTepUAbIL:

- Kommsrorep ¢ ycTaHOBIICHHBIM POTrpaMMHBIM obecriedenueM (Harnpumep, Python, MATLAB mn Julia)
- CpencrBa s pa3pabotku (IDE wmmu TekcToBbIe peakTOphI)

- McxonHble TaHHbIE: pa3Mephl CTEpIKHS, HauallbHas TeMIIepaTypa, IpaHUIbl TEMIIEPATYP

3amaun:
1. ®opmynupoBanue 3agaun: CHopMyTUpoBaTh ypaBHEHNE TEIUIONPOBOAHOCTH ISl OAHOMEPHOTO CTEPIKHS C 3aJaHHBIMH
HAYAIbHBIMHA ¥ TPAHUYHBIMH YCIIOBHSIMH.

2. Muckperuzanys: [IpuMeHUTh METO KOHEUHBIX PAa3HOCTEH I AUCKPETU3aluy ypaBHeHUs. ONpeenuTh 1ar 1o
npoctpanctBy \( \Delta x \) u Bpemenu \( \Delta t \). [TonsaTs, kakoe ycinoBue ctabunbHoCTH (yenoBue KypaHta) 1omxHO
BBIITOJTHATBCA.

3. IIporpammupoBanue: Hanucars nporpaMmy, peanu3yrollyto alfOPUTM YUCICHHOTO PELICHUS YPABHEHUS
TernaonpoBoaHOCTH. [Iporpamma gomxkHa:

- 3agaThe mapaMeTphl (JUIMHY CTEpKHS, HAadaJIbHYIO TeMIIepaTypy, TpaHHYHEIC YCIIOBHSA).

- PaccuuTath 3Hau€HUs TEMIEPATYPhI B KaXKJIOM y3J1€ CTEPKHS C TCUEHUEM BPEMEHHU.

- CoxpaHHUTb IPOMEKYTOTHBIE PE3YIbTATHI IS JadbHEHIIEro aHamusa.

4. Buzyammzarms: Co3nats rpaduky, 0ToOpaskaromye pacipeieeHIe TEMIIEPATypPhI 110 CTEP)KHIO B Pa3HbIE MOMEHTBI
BpeMeHU. cnonp3oBate OubIMoTEKN 11 BU3yanu3anun (Hanpumep, Matplotlib B Python).

5. Ananu3 pe3ynbTatoB: OOCYIUTH MOTYdSHHBIC PE3yNIbTaThI, TPOAHATU3UPOBATh CTAOMIILHOCTh M TOYHOCTD BHIYUCIICHUH.
CpaBHHTH YHCIIEHHBIEC JAHHBIEC C AaHATUTHYECKUMH PEIISHUSIMH (€CITA BO3MOXKHO) M CETaTh BBIBOJBI O IPUMEHUMOCTH
MeToja.

6. Oruer: [ToATOTOBUTH OTYET O BHIITOJIHEHHOW Tab0OpaTOpHOH paboTe, BKIIOYNB B HETO:
- Henu u 3agaun paboTsI
- OnucaHue anropuT™Ma 1 IporpaMmbl
- I'paukm pacnpeneneHus TemMIepaTypsl
- AHau3 NOJIYYEHHBIX PE3YIIbTATOB U BBIBOJBI O KOPPEKTHOCTU MOJAENBHOTO MOIX0AA.

6.3. TunoBblie KOHTPOJIbHBbIC BOIIPOCHI M 3aIaHUA JIsA l'[pOMe)](yTO‘ll—[Ofl aTTreCTalumn

1. OcHOBHBIE TIOHATHS:

- Yo Takoe ypaBHEHHE B YACTHBIX MPOU3BOIHBIX M KAKUE €r0 OCHOBHBIC THIIBI (JUTUIITHYCCKUE, TapabOIHIecKue,
runepoonyeckue)?

- Kakue ¢pusudeckue nmporecchl MOTYT OBITh ONHCAHBI yPABHEHUSIMH B YaCTHBIX MTPOU3BOIHBIX? [IpUBeINTE IPUMEDHI.

2. Meroas! penieHus:

- OnumuTe MEeTOJ] KOHEYHBIX Pa3HOCTEH M eT0 IPUMEHEHNE K YPaBHEHHUSAM B YaCTHBIX MIPOU3BOIHBIX.

- B yem 3akirodaercs cyTh MeTOAa KOHEUHBIX 31eMeHTOB? Korna ero HCrmosrb30BaHue MPEAIIOUTHTENIBHEE, YeM METOT
KOHEUHBIX Pa3HOCTEH?

3. YUnciieHHbBIE METOIBI:

- O0BsACHHTE, YTO TaKOE MPUOIIKEHNE U OIMOKY YHCIEHHBIX MeT010B. Kak onpenenuTts cTabuiIbHOCTD YHCIEHHOTO
petieHus?

- Kak nmpoucxoauT TUCKpeTH3anusl YpaBHEHUS B YACTHBIX IMTPOU3BOIHBIX C TIOMOIBIO KOHEYHBIX Pa3HOCTEH?

4. 'paHUYHBIE YCIIOBUSL:

- Kakue cymiecTByIoT TUIBI [PAHUYHBIX YCIOBHHI (JUPHXIIE, HEYMUH, CMEIIAHHBIE) U KaK OHU BIMAIOT HA PEIlIeHNe
yYpaBHEHUS?

- Kak 3ammcats MaTeMaTH9IeCKH HadaJIbHBIC I TPAHUYHBIC YCIOBHS VIS 3aJJa4H O TEIIOIPOBOTHOCTH?

5. Buzyanuzanus 1 aHanus:
- Kakne rpaduku MOXKHO HCIIONIB30BATh IS BU3yalN3alliH PE3yJIbTaTOB YHCICHHOTO MojenupoBannsa? Kak BIOpaTs
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TOJXOJISIIHE TTAPAMETPHI IS TPaUKOB?
- Kak MOXHO OLIEHUTH TOYHOCTh YHCIICHHOTO PELICHHs U CPAaBHUTH €0 C aHATUTUYECKUMH PEIIeHUAMH?

6. [IpakTuueckue 3agauu:
- [IpuBeauTe mpumep 3amadH, I1e IPUMEHSIOTCS YPaBHEHNUS B YACTHBIX MPOU3BOAHBIX. OMHIIHATE KPATKO, Kak Oymer

BBITJISICTh PELICHHE 3TOM 3aa4H.
- Kak ¢ moMoI1s10 METo10B YMCIICHHOTO aHAJIM3a MOYKHO MOJICITUPOBATH TPOIIECCHl B MH)KEHEPHBIX 3aadax (HarmpuMep,
TEII000MEH, MEXaHUKa JKUIAKOCTEH)?

7. CoBpeMEHHBIE TTOIXOIbI:
- Kakue MeTo1b1 MalIMHHOTO O0YYeHHST MOTYT OBITh IPUMEHEHBI K 3a/1a9aM, CBSI3aHHBIM C YPAaBHEHUSIMH B YaCTHBIX

MPOU3BOIHBIX?
- KakoBb! HanpaBiieHUst COBPEMEHHBIX UCCIIEOBAaHUN B 00JIACTH YHCICHHOTO aHan3a?

6.4. Kputepuu oneHUBaHUA

B xo011€e yue6HOro cemectpa 00y4aronuiics: JOIKEH BBIMOIHUTD 1a60paTOpHbIe pabOTHI 0 BOCKMH TEMaM.
JlabopaTopHbIie pabOTHI O KaXKAOH TeMEe MOXKHO 3a4eCTb, €CIIH 00yJaromuiics TeMOHCTPUPYET YPOBCHB 3HAHUH M yMEHHH
COIUIACHO Ta0IHIIE:

Ha sk3ameHe cTyneHTy OyaeT npeyioxkeH OMIIeT, COCTOSIINH 13 3-X BOIIPOCOB IO Pa3HBIM pa3ziesiaM Kypca, TIpH OTBETe Ha
KOTOPBIE SK3aMEHYEeMBIH T0JKEH MPOIEMOHCTPUPOBATH 3HAHNE TEOPETUIECKUX OHATHI TEMBI BOIIPOCa U
MPOMJUTIOCTPHPOBATH UX Pa300pOM MPAKTUUECKOTO MpUMeEpa.
BrnaseHvie NOHATHIHBIM amiapaToM: CBOOOIHO BIIaJICCT MOHATHIHHBIM arapaToM, YMEET UCIIOIb30BaTh €ro - OTIIMIHO;

BJIaJICCT MMOHATHHHBIM amnmnaparom, HO IpHU UCTIOJIB30BAHNUU €T0 JOITYCKACT HETOYHOCTH - XOpPOMIO; B OCHOBHOM 3HACT

coAepKaHue HOHﬂTHﬁ, HO JOoImyCKaeT OIINOKHU B UX UCIOJb30BaHUU - YAOBJICTBOPUTEIILHO; HE BJIaACET OCHOBHBIMU
MOHATUAMMU 110 TPEAMETY HEYAOBJICTBOPUTEIILHO.

BJIaI[CHI/IC q)aKTI/I‘{eCKI/IM MaTCpruaJIOM 110 TEMC: 3HAHNUC U CBO6OI[HO€ BJIaACHHUC (baKTI/I‘ICCKI/IM MaTepuajoM I10 TEMC -

OTJIMYHO, HC3HAYUTCIbHBIC HCTOYHOCTHU B U3JIOKCHUHN q)aKTI/I‘ICCKOFO Martepualia.- Xopouo,; UCIIBITBIBACT 3aTPYAHCHUS B
H3JI0KCHUH (l)aKTI/Iqe()KOFO MaTtepuajia - ynroBJICTBOPUTEIIbHO,; HE BIIAICCT (baKTI/I‘{eCKI/IM MaTcpruaIoM -
HCYAOBJICTBOPHUTCIIBHO.

JIOTHYHOCTD M3I0KCHUS marepuania - CBO6OI[HO€ BJIAJICHUEC PE€YBIO, JIOTUYHOCTH 1 MMOCIICTOBATCILHOCTE B U3JIOKECHUN

MaTepuralia - OTIIMYHO,; UCIIBITBIBACT OTACIBbHBIC 3aTPYAHCHUS B JIOTUYHOCTU U IMTOCJIEA0OBATEIIBHOCTU U3JIOKCHUA MaTEpUaja -
X0pouio, MaTe€puall B 3HAYMTEILHON CTEIICHU M3jIaraeTcs OECCUCTEMHO H C HapyHIE€HHUEM JIOTHYECKUX CBsI3EH -

YAOBJICTBOPUTCIIBHO; OTCYTCTBUC JIOTUKH B U3JIOKCHHUH MaTCpHUajia - HCYJOBJICTBOPUTCIIBHO.

OTMeTKa «OTIUYHOY CTABUTCS B TOM Cliy4dac, €CJIv 10 ABYM U3 TPEX KPUTEPUEB OTBET OLICHUBACTCS «OTJIUYHO» U IO OJHOMY
— Ha «X0pouIo».
OTtMmeTKa «XOpOomo» — €CJIK MO0 ABYM KPUTCPUSAM — HC HHUIKEC «XOPOIIO» U IO OAHOMY «KYAOBJICTBOPUTCIIBHO».
OtmeTKka «YAOBJICTBOPUTCIBHO» — €CJIM IO ABYM KPUTEPUAM HE HUKE «YHOBJIETBOPUTEIILHO» U 110 OAHOMY —

«HEYNOBJIETBOPUTEIBHOY.
OTMeTKa «HEYyIOBIETBOPUTEIBHOY — €CIIH 10 JBYM U 00JIee KPUTEPHSIM «HEYHIOBIECTBOPHTEIBHOY.

7. YHEBHO-METOJNYECKOE U HTH®OPMALIMOHHOE OBECIIEYEHHUE JUCHUIIJIMHBI (MOAY JISA)

7.1. Pexomenayemasi JinTeparypa

7.1.1. OcHoBHasi IUTEpPaTypa

ABTOpBHI, 3arnaBue WznarensctBo, | Pecype
JI1.1 |Ky3nenosa H.B., KommnbrorepHble TEXHOIOTHH B TpodeccuoHanbHON Mockaa : OO0 9BC
Moposkuna C.C. JIESITEIBHOCTH: YU4COHHUK "HayuHo-
(https://znanium.com/catalog/document?id=430898) M3JATeIbCKHI
uentp MHOPA-
M", 2023
JI1.2 | JlomanuneiH E. A., YucnenHbie MeTobI B cpezie Octave: yaeOHOe mocooue st CaHkr- OBC
®posos A. b. BY30B Ierepbypr :
(https://e.lanbook.com/book/440009) Jlanb, 2025
7.1.2. lonoJaHUTEIbHAS JIHTEpaTypa
ABTOpBI, 3arnaBue W3naTenbCcTBO, Pecypc
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ABTOpBI, 3arnaBue WznarensctBo, | Pecype
JI2.1 |KanTtoposuu JI. B, MeTtozp! TPUOIMKEHHOTO PEIICHNS YPaBHEHUH B YaCTHBIX Mocksa : OHTH,
Kpsuios B. 1. IIPOU3BOIHBIX 1936
JI2.2 |Hazuna JI. U., KomMribrorepHbie TEXHOJIOTHH B IPOEKTUPOBAHUU: 1abopaTopHblii | Boponex : 9bC
JBopstaunoBa O. I1., |npakTukym: yaeOHOE mocoone Bopounexckuit
Kneiimenosa H. JL., (https://biblioclub.ru/index.php?page=book&id=712761) rOCYJapCTBEHHBI
ITeruna A. H. 1 YHUBEPCUTET
HWHXCHEPHBIX
TEXHOJIOTHH,
2022

7.2. llepeyenn pecypcoB HHGOPMALMOHHO-TEJIeKOMMYHHKALMOHHOI ceT "UHTepHeT"

O1 |Stepik — obpazoBatensHas mnatdopma https://stepik.org/catalog/search?q=uncnenasie%20MeToas!

7.3 llepeyens uHGOPMALMOHHBIX TEXHOJIOT U

7.3.1 IlporpaMMHoOe ofecnieueHue

LMS Moodle

Adobe Reader

Python

7.3.2 IIpodeccuonanbHbie 6a3bl JAHHBIX U HHPOPMALMOHHO-CIIPABOYHbIE CHCTEMBbI

DNEeKTPOHHBIN KaTasor HaydHou oubnmmorekn Yenl'Y : 6a3a manubix / Yenso. roc. yH-T. — Yensounck, 1992, — Teker :
JJIEKTPOHHBIH.

eLIBRARY .RU : Hay4Has 3neKTpoHHasi OMOIMOTEKA [HAYIHOU TIEPHOIMKH Ha PYCCKOM si3bike |. — Mockasa, [1999-]. -
JlocTyn k mOTHBIM TekcTaM nocie peructpanuu u3 cetu Yenl'Y. — URL: http://elibrary.ru/defaultx.asp. — Texcr :
3JEKTPOHHBIN.

Moodle : cuctema quctaHIIMOHHOTO 00yueHus : [0a3a manHbIX] / Yensd. roc. yH-T. — UensaOuHCK, [0.1.]. — Joctyn u3 cetu
Uenl'Y wnu, nocne perucTpaiyuu U3 CeTH YH-Ta, U3 JIF0OOH TOYKH, UMEroLIer qoctyn B uHTepHeT. — URL:
http://moodle.uio.csu.ru/login/index.php. — TekcT : 2MeKTPOHHBIH.

Haydanas 6udnroteka YenssOMHCKOTO roCynapCcTBEHHOTO YHUBEpcUTeTa : [cait] / Yenso. roc. yH-T. — UenssOunck, [2001-]. —
Pexxnm mocryma: http://www.lib.csu.ru/ , cBoboHBIH. — 3ari. ¢ 3kpaHa. — TeKCT : 3MeKTPOHHBIH.

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JTUCHUIIJIMHbBI (MOAY JIS)

Jlnst peanuzayui IUCUUIIINHEI HCIOJIB3YIOTCSI yIeOHBIC ayJUTOPUH JUTS IPOBEACHNS 3aHATHH JICKIOHHOTO THIIA,
71a00paTOPHBIX 3aHATHH, TPYIIOBEIX U HHANBHIYAJIbHBIX KOHCYIBTAINH, TEKYIIETO KOHTPOIISI M MPOMEXKYTOUHOH
aTTecTalluy, a TAaKXKe MIOMEIIEHHUS JUI CAMOCTOSTENbHOM paboThL

Y4eOHbIC ayTUTOPUH YKOMIUICKTOBAHBI CIICIINAIN3NPOBAHHON MeOETbI0.

Jlis IpoBenieHNs 3aHATHI JIEKIMOHHOTO THITA HCTIOJIB3YEeTCS IEPEHOCHOE U / MITH CTAIMOHAPHOE MYJIbTUMEIHITHOE
o0opyaoBaHue (3KpaH, HOYTOYK HIIH JECKTOI, IPOEKTOD).

Jlis obecriedeHns TeMaTHUECKOW MILTIOCTPAIUY 3aHATHH JICKIIMOHHOTO THIIAa B 00Pa30BaTEIbHOM IIPOIIECCE UCTIONB3YIOTCS
uudpoBble 00pa3oBaTeNbHbIEe pecypchl (MyIbTUMEAUHHBIE IPE3CHTAIIMU TI0 BCEM TeMaM MPOrPaMMBbl).

Jlis mpoBenieHns 1ab0paTOPHBIX paboT U CaMOCTOSATEIBHON pabOThI UCIIONB3YeTCsl KOMIIBIOTEPHBIH KIacc, 00beANHEHHBIX B
JIOKaJIbHYI0 KOMITBIOTEPHYIO CETh C BBIXOZOM B VIHTEpPHET U I0CTYIIOM B JICKTPOHHYIO HH(POPMALMOHHO-00pa30BaTEIbHYIO
Cpeny YHHUBEPCHTETA, C YCTAaHOBJIEHHBIM IIPOTPaMMHBIM 00ecIICdCHIEM.

[Tpwn n3ydeHnn TUCIHUIUIMHBI HCIIOJIB3YEeTCsl IporpaMMHOe oOecTiedeHune, ykasanHoe B 1. 7.3.1.

9. METOAUWYECKHUE YKA3AHUSA 1JIAA OBYYAIOIIUXCSA IO OCBOEHUIO JUCHUIIJIMHBI (MOAY JIS)

Y4eOHBII Kypc CTPOUTCS TAKUM 00pa30M, 9TOOBI CIOCOOCTBOBATH CO3MAHUIO Y 00YUAOIIErocs HOHATUIHO—TEOPEeTHIeCcKOit
6a3bl, Pa3BUTHIO YMEHHS TPAKTHYECKOTO PEIICHUS 3a/1a4, yMEHHUS paboTaTh CO CIIPaBOYHOMN JIMTEPATYPOH.

JIis1 ycrenrHoro YCBOSHHUS MaTeprala CTYIeHTY HE0OX0ANMO TTOTy9UTh JOCTaTOYHOE KOJIUYECTBO OAJIIOB IO CICAYIONIHM
dhopmam oOydeHusI:

1. JlexumnonHast ¢popma, KOTOpas mpeanojaraeT NOCEICHUE JTEeKLIUH.

2. IpakTuueckast popma 3aHATHH NPEAIONaraeT BHINOJIHEHHE J1a00PaTOPHBIX paboT, NCIIOIB30BAaHNUE CIIPABOYHOM
JIATEPATyPHI.

3. CamocrosTensHast popMa pabOTHI MpEeANoIaraeT U3ydeHHe TeOPETUUECKUX BOIPOCOB, BHIIIOTHEHUE
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MPaKTUIECKUX 3aaHuid. [ uX BBIMOTHEHUsT 00ydJaromeMycsi He0OX0AMMO HCTIOIb30BaHUE U U3YUSHUE TUTEPATYPHI IO
3aJaHHOH TEME.

Y4eOHBIM IITaHOM NPEIYCMOTPEHA CaMOCTOSITeNIbHAs paboTa cTyneHToB. CaMocToATenpHAs paboTa MIPOBOJUTCS C LEIBIO
YITyOJIeHUs! 3HaHUH 10 JUCLMILUIMHE U IpeycMaTpHUBAcT:

* IpopabOTKy TEOPETHYECKOTO MaTepHaa o yIeOHNKaM MIIM KOHCIIEKTY JISKIUIT ¢ 00s3aTeIBHBIM pa300pOM IIPHBEICHHBIX
IPUMEpOB;

* OJATOTOBKY K NIPAKTUUECKUM 3aHATUSAM;

* OJATOTOBKY K CIaye 3a4eTa.

ITpn mraHMpOBaHUN BPEMEHH Ha CAMOCTOSATENBHYIO paboTy CTyAeHTaM HeOOXOJMMOTO TIPEIYCMOTPETh PETYIIIPHOE
MOBTOPEHHE MPOHICHHOTO MaTeprana. TeopeTndeckuii MaTepHal, 3aKOHCIICKTUPOBAHHBII Ha JIEKIUSIX, HEOOXOAUMO
JOMOTHATH CBEJEHUSIMU U3 IUTEPATYPHBIX UCTOUHHKOB, IIPEACTABICHHBIX B paboueil mporpamme.

B ciysae npuMeHeHHs IPH U3Y4EHUH AUCIUTUINHEL SJIEKTPOHHOTO 00Y4IeHHs, TUCTaHIIMOHHBIX 00pa30BaTENbHBIX
TEXHOJIOTHH 00IIeHNe 00yJaIOIMXCs M TIPEHoAaBaTeNsl OCYIIECTBILIETCS B PEXKUME PEabHOTO HIIH OTII0KEHHOTO BPEMEHH,
P 3TOM HCTIOJIB3YIOTCSI BO3MOXKHOCTH CHCTEMBI UCTaHIIMOHHOTO 00y4eHnst Moodle 1 3nekTpoHHast moyra.

Borbiryro yacTs BpeMeHH 00yJaloniuecs CaMoCTOSATENbHO PaboTAIOT ¢ yaeOHO-METOANIECKIMH MaTepranaMu. CTyIeHTHI
MMEIOT BO3MOXXHOCTh KOHCYJIBTHPOBATHCS € MIPEHOAAaBaTEIEM IT0 BCEM BOIIPOCAM, BOSHUKAOIIUM B XO/J€ CAMOCTOSATEIBHON
PaboThl, MOCPEICTBOM SJIEKTPOHHOM ITOUTHI, COOOIIEHUH CHCTEMBI IMCTaHIIMOHHOTO 00y4eHnst Moodle.

Joctyn oOydaromierocst K y4eOHBIM pecypcaM B PeXXUME OTIIOKEHHOTO BPEMEHH, CAMOCTOSTEITbHON paboTHI
OCYIIECTBIISETCS Yepe3 ceTh MIHTepHeT B yIOOHOM IS HEro MeCcTe, BpeMEHH U TEMITE.

ITpu 0OydeHnu auL ¢ OTpaHUYEHHBIMU BO3MOXKHOCTSAMH 3[0POBbsI SIEKTPOHHOE 00YdEHNE, TUCTAHIHOHHbIE
00pazoBaTenbHBIE TEXHOJIOTHH MPEyCMaTPHBAIOT BOSMOXKHOCTE IIpHeMa-Tiepeiaui HHPOPMAIUX B JOCTYITHBIX JUIS HUX
topmax.

Peanu3anust qUCHUILUIUHBI ¢ TPUMEHEHUEM 3JIEKTPOHHOTO 00y4eHH s, TUCTaHIIHOHHBIX 00pa30BaTebHbIX TEXHOJIOTHUI (anee
— 30, I0T) ocymiecTBnsieTcs Ha OCHOBaHHU «[10JI0KEHUS O pean3aiuy OCHOBHBIX U JIOTIOJHUTEILHBIX 00pa30BaTebHBIX
MpOrpaMM C IPUMEHEHHEM 3JIeKTPOHHOTO 00yUeHNS U ANCTAaHIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTHH B (hefiepaTbHOM
TOCYIapCTBEHHOM OIOPKETHOM 00pa30BaTENbHOM YUPEKACHUH BhICIIEro 00pa3zoBanus «UensOMHCKUN rocynapCTBEHHbIH
yHHBepcHUTeT», «I100)KeHNs 0 TopsiKe 3aueTa 00YHaIOMMMCs [0 OCHOBHBIM IPO(ECCHOHATBEHBIM 00pa30BaTEIbHBIM
nporpamMmMam Beicirero oopasosanus B PI'bOY BO «Uenl'¥Y» pe3ynpTaToB OCBOSHHUS B OPTaHU3AIMAK, OCYIIECTBIISIOMIINX
00pa3zoBaTeNbHYIO AEATEIBHOCTD, YICOHBIX IIPEAMETOB, KypCOB, AUCIUILIHH (MOIYIIeH), IPaKTHK, JOTOTHUTEIBHBIX
00pa3oBaTeNbHBIX MTPOrPAMM) IMOCPEICTBOM ICKTPOHHON MHPOpMAITHOHHO-00pa3oBaTenbHOM cpenst PI'BOY BO
«Uenl'Y». B HCKITFOUHTENBEHBIX CiTydasx ((hopc-Maxop U T.I1.) IPU pealin3aii 00pa3oBaTeIbHON ACATSILHOCTH C
npumeHerueM D0, JIOT Moryr npuMeHATs KOMIIOHEHTHI, HE BXOAAIINE B TIEpeUeHb AICKTPOHHON HH(YOPMATHOHHO-
00pa3oBaTeNbHON CPEIBL.

10. CHEIIMAJIBHBIE YCJIOBUS OCBOEHUSA JTUCIUITIJIMHBI OBYYAIOIIUMHUCH C
HHBAJIMJHOCTBIO U OTPAHUYEHHBIMHA BO3MOXKHOCTAMM 310POBbA

OcBoenne JUCHUIUIMHBL HWHBAJIWAAMU W JIMOAMU C OIPAaHUYCHHBIMHU BO3MOXHOCTSAMU 3J0POBbS  OCYIICCTBIIACTCA C
UCIIOJIb30BAaHNEM CIELHMAIBHBIX TEXHHYECKHX CPEICTB M HMH(OPMALMOHHBIX TEXHOJOTHH, NpeNoCTaBisieMbIX PecypcHbIM
y‘I€6HO-M€TO)II/I“I€CKI/IM HEHTPOM I10 O6y‘{€HI/I}O HWHBAJIMIAOB U JIMI C OTPAHWMYCHHBIMHU BO3MOKHOCTAMU 3J0POBBSA YenlV mo
3ampocy oOydatomierocs (MOOWIIBHBIC CIICIMANbHBIC TEXHWYECKWE CPEACTBAa JUIA JIMIl C HAapYMICHHSIMH 3peHHI H C
HapyIIeHHEM CIyXa, aCCUCTUBHbIE HH(POPMALIMOHHBIE TEXHOIOTUH ).

ITpu HeoOxoanMocTH Ul OOYJAIOMIMXCS C HAPYIICHUSIMH 3pEHHS Ha pabOdMX MecTax Ul IPOBEICHUS IPAKTHUECKUX HWIIH
JTa00paTOPHBIX 3aHATHI yCTaHABIMBACTCS CIELMAIBHOE MpOrpaMMHOe obecredeHune (porpaMma pedeBol HaBHTralHH,
pedeBbIe CHHTE3aTOPHI, SKPAHHbIE JIYIIB).

B yueOHble aymuropuu obecreunBaeTCs OCCHPENSATCTBEHHBIH JOCTYNm A OOYJalOmMXCsl C WHBAIMJHOCTBIO U C
OTPAaHUYCHHBIMH BO3MOYKHOCTSAMU 3O0POBbBA. B Ka)l(llOfI ayauTopuu, rac 06yqa}0rc51 HUHBAJIMABI U JiMlla C OrpaHNUYCHHBIMU
BO3MOXXHOCTSIMH ~ 3/I0POBbsI, IPEIYCMATPUBACTCSI COOTBETCTBYIOLIEE KOJIMYECTBO MeECT JUisi OOYydarolMXcs C y4eToM
HapyLeHUH UX 340pPOBbsl.

Jlnst ocBOGHMS IMCUUIUIMHEI MHBAJIMAAM M JMIAM C OTPaHUYCHHBIMHM BO3MOXKHOCTSMH 3[I0POBbSl IIPEIOCTABIACTCS TOCTYH K
NneYaTHbIM HCTOYHHUKAM, HMCHOIIUMCSI B Haquoﬁ OubnmmoTexe ‘{enl"Y, C TIIOMOMIBIO CIICHUAIIBHBIX TCXHUYCCKUX CPEIACTB,
JOCTyIl C IOMOWIBIO CIICUAIIBHBIX TCXHUYCCKUX W MPOTPAMMHBIX CPEACTB K IJICKTPOHHBIM HCTOYHUKAM, NPEACTABICHHBIM B
(opMe >IEeKTPOHHOTO JOKyMeHTa B poHAe HaydHOH 6ubmrorekn Yenl'Y wiH 371eKTPOHHO-OMONIMOTEUHBIX CHCTEMAX.
yqe6HO-M€TO}II/I“ICCKI/IG MaTcpuaJbl IJIsd 06yqa}0umxcsl U3 4YucCjla WHBAJIUWAOB W JHLI C OIpaHUYCHHBIMH BO3MOXHOCTSIMHU
3I0pPOBbA MPEAOCTABIIAIOTCSA B (I)OpMaX, ANANITUPOBAHHBIX K OrPAaHUYCHUAM HX 3J0POBbI U 0COOEHHOCTSIM BOCIIpUATUA
nHpOpMaLUH.

© ®I'BOY BO «Henl'V»




y4pekaeHHe BBICIIEro 00pa30oBaHus
«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

MIMHOBPHAYKHU POCCHU
@” denepanbHOE rOCYIaPCTBEHHOE OIOKETHOE 00pa30BaTeIbHOE

Pa6oyvas nporpamma aucruuinHbl "KoMIBIOTEpHBIC TEXHOJIOTHH B HAYKE U 00pa30BaHUU" MO HAPABICHUIO
noarotoBku (crernuanbaoct) 01.04.01 "Marematuka" HanpasieHHOCTH (TIpoduITt0) YpaBHEHHS ¢ IPOOHBIMU crp. 10
npousBoaHeiMu PI'BOY BO «Uenl'Y»

JUis MHBaNMMAOB W JIMIl C OTPAHWYECHHBIMH BO3MOXKHOCTSIMH 3JIOPOBBSI OCBOCHHE AWCHUIUIMHBI MOXKET OBITh YaCTHUYHO WIIH
MOJTHOCTBIO OCYIIECTBIEHO C UCIOIb30BaHUEM AUCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOIOTHH.

IIpy mpoBeneHUM IPOMEXKYTOYHOM AaTTECTAlMU 110 JUCHUIUIMHE OOYydJalomMMCs C MHBAJIMAHOCTBIO M C OTPAaHHYECHHBIMU
BO3MOXKHOCTSIMH 37IOPOBBSI 00ECIEUMBACTCS 110 UX 3asABICHHIO TIPEIOCTABICHHE B JOCTYMHOH (opMe B 3aBHCHMOCTH OT HX
UHVBHIYAIbHBIX OCOOCHHOCTEH HMHCTPYKIHMH O HMOPSIKE MPOBEIACHHUS MIPOMEXKYTOYHON aTTECTAI[HH, OIEHOYHBIX CPEICTB U
BO3MOXKHOCTU OTBETOB Ha 3a/laHM (IIMCBMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIbIOTEpE, MHCbMEHHO mIpudToM bpaitns, ¢
UCIIOJIb30BAaHUEM YCIIYT aCCUCTEHTA, YCTHO).

ITpn mpoBemeHHM TPOIEAYPH! OLCHMUBAHUS PE3YIBTATOB OOy4eHHS HHBAIHAOB M JIMI[ C OTPAaHHYCHHBIMH BO3MOXHOCTSIMHU
3J0pOBbsl TPEIYCMAaTPUBACTCSl HCIOIb30BaHME MpenocTaBileHHBIX Yenl'Y umHM COOCTBEHHBIX TEXHHUECKUX CPEICTB,
HEOOXOIMMBIX MM B CBS3M C HUX HWHIMBHIYaIbHBIMH OCOOCHHOCTSIMH. [Ipm HeoOXOOMMOCTM HMHBalMAaM M JIMLAM C
OTPaHUYEHHBIMM BO3MOKHOCTSIMU 37I0POBbsSl NIPEIOCTABIAETCS JONOJIHUTEIBHOE BpEMs AJIS IIOATOTOBKM OTBETA HA 3a/laHus,
IPOLEAypa OICHUBAHUS PE3YIbTATOB OOYUCHUS O AUCHUILTIHE MOXKET IPOBOJUTEHCS B HECKOJIBKO ITAMOB.
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1. GOALS OF MASTERING THE COURSE

The purpose of the course is to deepen students' knowledge in the field of partial differential equations and their application in
modern computer technologies. Students will master numerical methods for solving various problems, developing critical analysis
skills and choosing the most effective approaches. As a result of the course, they will be able to apply the acquired knowledge to
solve real scientific and engineering problems, as well as to develop their own projects in this field.

PC-2.1. Has knowledge of existing standard software design patterns, methods and tools for designing software, data structures, and
databases.

PC-2.2. Demonstrates the ability to apply standard solutions, libraries of software modules, templates, classes of objects used in
software development, apply methods and tools for designing software, databases, and data structures.

PC-2.3. Has practical experience (skills) in applying standard algorithms in software design, developing algorithms for solving
problems in accordance with the conditions set, and using methods and techniques for algorithmizing tasks.

PC-3.1. To know the organization of the internal and external memory of computers, the general principles of processor
architectures of various types, the specifics in the organization of computer control devices, internal and external computer
interfaces.

PC-3.2. Be able to integrate and develop hardware in accordance with the purpose of the systems, distribute the functions assigned
to the hardware and software of the systems.

PC-3.3. Possess the skills of developing technical specifications for software modules and their interaction, performing complex
hardware configuration and debugging application software.

2. PLACE OF THE COURSE IN THE STRUCTURE OF THE EDUCATIONAL PROGRAM

Cycle (section) curriculum: P1.E.03

2.1 Requirements for the student's pre-training:

The basis of the discipline consists of basic knowledge acquired at the undergraduate level and the following disciplines:

Methods of Teaching Mathematics

First Order Partial Differential Equations

Psychological and Pedagogical Foundations of Communication and Motivation for Educational and Professional Activities

2.2 Courses and practices for which the development of this course (module) is necessary as a precursor:

Numerical Methods for Solving Fractional Differential Equations

Work Experience Internship (Research Work)

3. COMPETENCIES OF THE STUDENT, FORMED AS A RESULT OF MASTERING THE COURSE (MODULE)

PC-2: Capable of teaching mathematical disciplines in vocational training programmes, secondary vocational education
(SVE) and additional programmes (AP).

Know:

about existing standard software design patterns, methods and tools for designing software, data structures, and databases.

Be able to:

use computer technologies, including programming and specialized software packages, to develop and visualize your own models.

Possess:

skills in applying standard algorithms in software design, developing algorithms for solving problems in accordance with the set
conditions, and using methods and techniques for algorithmizing tasks.

PC-3: Able to understand the principles of operation of modern electronic computers and computing machines, work in a
team, manage teamwork.

Know:

the organization of the internal and external memory of computers, the general principles of processor architectures of various types,
features in the organization of computer control devices, internal and external computer interfaces.
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Be able to:

to implement the integration and development of hardware in accordance with the purpose of the systems, to distribute the functions
assigned to the hardware and software of the systems.

Posses

S:

skills in developing technical specifications for software modules and their interaction, performing complex hardware configuration
and debugging application software.

As a result of mastering the course, the student must

3.1|Know:

3.1.1|basic concepts and methods of analysis of partial differential equations, their classification and application in various

fields of science and technology.

3.2|Be able to:

3.2.1|use computer technologies, including programming and specialized software packages, to develop and visualize your

own models.

3.3|Possess:

3.3.1|the skill of critical analysis of the results obtained, which will allow him to formulate conclusions and propose

optimal solutions for practical tasks.

4. SCOPE OF THE COURSE (MODULE)

Total labor intensity

3 Credits

indepe

Curriculum hours : 108
including :
classroom training : 34

hours for monitoring: 18
contact work :37.3

exams: 3
ndent work : 52,7

Types of control in semesters:

OCW :33
5. STRUCTURE AND CONTENT OF THE COURSE (MODULE)
Class Name of sections and topics /type of lesson/ Semester Literature
code / Course

Section 1. Basic computer methods in science

1.1 Introduction to numerical methods for partial differential equations: A study 3 L1.1L12L13L1.4
of basic numerical methods and their implementation for simple equations. L1.5L2.1
/Lab/

1.2 |Finite difference method: The implementation and application of the finite 3 L1.1L12L13L1.4
difference method for solving the equation of thermal conductivity. /Lab/ L1.512.1

1.3 Finite element method: Modeling of mechanical systems using the finite 3 L1.1L12L13L1.4
element method for solving the Laplace equation. /Lab/ L1.5L2.1

1.4 Spectral element method: Analysis of the solution of the problem of string 3 L1.1L12L13L1.4
vibrations using the spectral element method. /Lab/ L1.5L2.1

1.5 Calculation of circuit stability: Conducting stability analysis for various 3 L1.1L12L13L1.4
numerical schemes of partial differential equations. /Lab/ L1.5L2.1
Section 2. Computer methods for PDE

2.1 Solution of the Navier-Stokes equation: Simulation of fluid flow by applying 3 L1.1L12L13L1.4
numerical methods to the Navier-Stokes equation. /Lab/ L1.5L2.1

2.2 |Numerical solution of the Burgers equation: Analysis and visualization of 3 L1.1L12L13L1.4
solutions to the nonlinear Burgers equation. /Lab/ L1.5L2.1

2.3 |Wave equation simulation: Development of a program for numerical 3 L1.1L12L13L14
simulation of one- and two-dimensional wave equations. /Lab/ L1.5L2.1

2.4 |Solving problems with boundary conditions: The study of various types of 3 L1.1L12L13L1.4
boundary conditions and their impact on numerical solutions. /Lab/ L1.5L2.1
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2.5 Adaptive grid methods: The use of an adaptive grid for solving partial 3 2 L1.1L12L13L1.4
differential equations with a high gradient domain. /Lab/ L1.5L2.1

2.6 Parallel computing: An introduction to parallel algorithms for numerical 3 2 L1.1L12L13L1.4
solution of partial differential equations on supercomputers. /Lab/ L1.5L2.1

2.7 Optimization for complex problems: Applying optimization techniques to 3 2 L1.1L12L13L1.4
improve the speed of solving partial differential equations. /Lab/ L1.5L2.1

2.8 Simulation modeling: The use of partial differential equations for simulation 3 2 L1.1L12L13L1.4
of physical processes. /Lab/ L1.5L2.1

2.9 Visualization of numerical solutions: Development of tools for visualization 3 2 L1.1L12L13L14
of numerical data and solutions of partial differential equations. /Lab/ L1.5L2.1

Section 3. Computer technologies in education

3.1 Game form of learning: Creating an educational game based on solving partial 3 4 L1.1L12L13L14
differential equations. /Lab/ L1.5L2.1

3.2 Comparative analysis of methods: Conducting a comparative analysis of 3 2 L1.1L12L13L1.4
different numerical methods on the same problem. /Lab/ L1.5L2.1
Section 5. Other contact work

4.1  |Individual consultations, current control /OCW/ 3 3,3 LI.1L12L13L14

L1.5L2.1

4.2 The student's independent work consists in in-depth research of the chosen 3 52,7 |L1.1L1.2L1.3L1.4
topic related to partial differential equations and their application in computer L1.5L2.1
technology. The student should analyze existing approaches and methods, W1

collect relevant literature and examples of solutions, and develop their own
mathematical or numerical method. In the course of his work, he will need to
solve problems, model processes and formalize the results in the form of a
report demonstrating understanding of the material. The final stage will be the
defense of the paper, where the student will present his findings and
demonstrate computer models or visualizations confirming his research.
/IndW/

6. FUND OF ASSESSMENT MEANS

6.1. List of types of assessment tools

Laboratory work
The written exam

6.2. Typical control tasks and other materials for current certification

Example of laboratory work: Modeling the thermal conductivity of a one-dimensional rod
The purpose of the work: To study the processes of thermal conductivity in a one-dimensional rod using the finite difference method
for the numerical solution of the equation of thermal conductivity.

Equipment and materials:

- A computer with software installed (for example, Python, MATLAB or Julia)
- Development tools (IDE or text editors)

- Initial data: rod dimensions, initial temperature, temperature limits

Tasks:
1. Formulation of the problem: Formulate the equation of thermal conductivity for a one-dimensional rod with specified initial and
boundary conditions.

2. Discretization: Apply the finite difference method to discretize the equation. Determine the step by space \(\Delta x\) and
time\(\Delta t\). Understand which stability condition (the Courant condition) must be fulfilled.
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3. Programming: Write a program that implements an algorithm for numerically solving the heat equation. The program should:
- Set parameters (rod length, initial temperature, boundary conditions).

- Calculate the temperature values in each node of the rod over time.

- Save interim results for further analysis.

4. Visualization: Create graphs showing the temperature distribution across the rod at different points in time. Use libraries for
visualization (for example, Matplotlib in Python).

5. Analysis of results: Discuss the results obtained, analyze the stability and accuracy of calculations. Compare numerical data with
analytical solutions (if possible) and draw conclusions about the applicability of the method.

6. Report: Prepare a report on the completed laboratory work, including:

- Goals and objectives of the work

- Description of the algorithm and program

- Temperature distribution graphs

- Analysis of the results obtained and conclusions about the correctness of the model approach.

6.3. Typical control questions and assignments for interim certification

1. Basic concepts:
- What is a partial differential equation and what are its main types (elliptical, parabolic, hyperbolic)?
- What physical processes can be described by partial differential equations? Give examples.

2. Solution methods:
- Describe the finite difference method and its application to partial differential equations.
- What is the essence of the finite element method? When is its use preferable to the finite difference method?

3. Numerical methods:
- Explain what approximation and errors of numerical methods are. How to determine the stability of a numerical solution?
- How is the discretization of partial differential equations using finite differences?

4. Boundary conditions:
- What types of boundary conditions are there (Dirichlet, neumin, mixed) and how do they affect the solution of the equation?
- How to write down mathematically the initial and boundary conditions for the problem of thermal conductivity?

5. Visualization and analysis:

- What graphs can be used to visualize the results of numerical modeling? How do I choose the appropriate parameters for the
charts?

- How can one evaluate the accuracy of a numerical solution and compare it with analytical solutions?

6. Practical tasks:

- Give an example of a problem where partial differential equations are applied. Briefly describe what the solution to this problem
will look like.

- How can numerical analysis methods be used to model processes in engineering problems (for example, heat transfer, fluid
mechanics)?

7. Modern approaches:
- What machine learning methods can be applied to problems related to partial differential equations?
- What are the directions of modern research in the field of numerical analysis?
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6.4. Evaluation Criteria

During the academic semester, the student must complete laboratory work on eight topics.
Laboratory work on each topic can be read if the student demonstrates the level of knowledge and skills according to the table:

During the exam, the student will be offered a ticket consisting of 3 questions in different sections of the course, which the examinee
must answer to demonstrate knowledge of the theoretical concepts of the topic of the question and illustrate them by analyzing a
practical example.

Possession of the conceptual apparatus: is fluent in the conceptual apparatus, knows how to use it - excellent; knows the conceptual
apparatus, but makes inaccuracies when using it - good; basically knows the content of concepts, but makes mistakes in their use -
satisfactory; does not know the basic concepts of the subject unsatisfactorily.

Knowledge of the actual material on the topic: knowledge and fluency of the actual material on the topic is excellent; minor
inaccuracies in the presentation of the actual material.- good; has difficulty in presenting the factual material - satisfactory; does not
know the factual material - unsatisfactory.

Logical presentation of the material - fluency in speech, logical and consistent presentation of the material - excellent; has some
difficulties in the logical and consistent presentation of the material - good; the material is largely presented haphazardly and with a
violation of logical connections - satisfactory; lack of logic in the presentation of the material - unsatisfactory.

The mark "excellent" is given if the answer is rated "excellent" by two of the three criteria and "good" by one.

A mark of "good" is if two criteria are at least "good" and one is "satisfactory".

The mark "satisfactory" is if two criteria are at least "satisfactory" and one is "unsatisfactory".

The mark "unsatisfactory" is if it is "unsatisfactory" according to two or more criteria.

7. EDUCATIONAL, METHODICAL AND INFORMATIONAL SUPPORT OF THE COURSE (MODULE)

7.1. Recommended literature

7.1.1. Basic literature

Authors, compilers Title Publisher, year | Resource
L1.1 |Kantorovich L. V., Methods of approximate solution of partial differential equations Moscow : ONTI,
Krylov V. L 1936
L1.2 |Kuznetsova N. V., Computer technologies in professional activity: textbook Moscow : ELS
Morozkina S. S. (https://znanium.com/catalog/document?id=430898) Scientific
Publishing Center
INFRA-M, LLC,
2023
L1.3 |Koldaev V. D., Numerical methods and programming: a textbook Moscow : FORUM| ELS
Gagarina L. G. (https://znanium.ru/catalog/document?id=449087) Publishing House,
2025
L1.4 |Lopanitsyn E. A., Numerical methods in the Octave environment: a textbook for Saint Petersburg : ELS
Frolov A. B. universities (https://e.lanbook.com/book/440009) Lan, 2025
L1.5 [Chertkova E. A. Computer learning technologies: a textbook for universities Moscow : Yurait, ELS
(https://urait.ru/bcode/562151) 2025
7.1.2. Further reading
Authors, compilers Title Publisher, year | Resource
L2.1 [Nazina L. L., Computer technologies in design: laboratory workshop: textbook  [Voronezh : ELS
Dvoryaninova O. P., (https://biblioclub.ru/index.php?page=book&id=712761) Voronezh State
Kleimenova N. L., University of
Pegina A. N. Engineering
Technologies,
2022

7.2. List of resources of the information and telecommunication network “Internet”

W1 |[Stepik — educational platform https://stepik.org/catalog/
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7.3 List of information technologies

7.3.1 Software

LMS Moodle

Adobe Reader

Python

7.3.2 Professional databases and reference systems

CSU Scientific Library electronic catalog [Electronic resource] : database / Chelyabinsk State University. Chelyabinsk, 1992 :
website. — URL: http://www.lib.csu.ru . — Text : electronic.

Scientific electronic Library eLIBRARY.RU " - section "Open access journals"
(https://elibrary.ru/projects/subscription/rus_titles_free.asp ) URL: http://www.elibrary.ru . The access mode is for registered users.

Moodle : distance learning system : [database] / Chelyabinsk State University. — Chelyabinsk, [b.g.]. — Access from the ChelSU
network or, after registration from the university network, from anywhere with Internet access. — URL:
http://moodle.uio.csu.ru/login/index.php . — Text : electronic.

8. MATERIAL AND TECHNICAL SUPPORT OF THE COURSE (MODULE)

To implement the discipline, classrooms are used for lecture-type classes, laboratory classes, group and individual consultations,
ongoing monitoring and intermediate certification, as well as facilities for independent work.

Classrooms are equipped with specialized furniture.

Portable and/or stationary multimedia equipment (screen, laptop or desktop, projector) is used for conducting lecture-type classes.
Digital educational resources (multimedia presentations on all topics of the program) are used in the educational process to provide
thematic illustrations of lecture-type classes.

For laboratory work and independent work, a computer classroom is used, integrated into a local computer network with Internet
access and access to the electronic information and educational environment of the university, with software installed.

When studying the discipline, the software specified in clause 7.3.1 is used.

9. METHODICAL INSTRUCTIONS FOR STUDENTS TO MASTER THE COURSE (MODULE)

The training course is designed in such a way as to contribute to the creation of a conceptual and theoretical base for students, the
development of practical problem solving skills, and the ability to work with reference literature.

In order to successfully master the material, the student must receive a sufficient number of points in the following forms of study:
1. Lecture form, which involves attending lectures.

2. The practical form of classes involves the performance of laboratory work, the use of reference literature.

3. An independent form of work involves the study of theoretical issues and the performance of practical tasks. To complete them,
the student needs to use and study the literature on a given topic.

The curriculum provides for students to work independently. Independent work is carried out in order to deepen knowledge of the
discipline and provides for:

» study of theoretical material from textbooks or lecture notes with mandatory analysis of the examples given.;

* preparation for practical exercises;

* preparation for passing the test.

When planning time for independent work, students should provide for regular repetition of the material they have learned. The
theoretical material outlined in the lectures should be supplemented with information from literary sources presented in the work
program.
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If e-learning and distance learning technologies are used in the study of the discipline, communication between students and the
teacher is carried out in real or delayed time, using the capabilities of the Moodle distance learning system and e-mail.

Most of the time, students work independently with teaching materials. Students have the opportunity to consult with the teacher on
all issues arising in the course of independent work, via e-mail, messages from the Moodle distance learning system.

The student's access to educational resources in the deferred time mode, independent work is carried out via the Internet in a
convenient place, time and pace for him.

When teaching people with disabilities, e-learning and distance learning technologies provide for the possibility of receiving and
transmitting information in forms accessible to them.

Implementation of the discipline using e-learning, distance learning technologies (hereinafter referred to as — EO, DOT) It is carried
out on the basis of the "Regulations on the implementation of basic and additional educational programs using e-learning and
distance learning technologies at the Federal State Budgetary Educational Institution of Higher Education Chelyabinsk State
University", "Regulations on the procedure for crediting students in basic professional educational programs of higher education at
the FSBEI HE “CSU" the results of mastering in organizations engaged in educational activities. activities, academic subjects,
courses, disciplines (modules), practices, additional educational programs" through the electronic information and educational
environment of the Federal State Budgetary Educational Institution of Higher Education "CSU". In exceptional cases (force majeure,
etc.), when implementing educational activities using EO, DOT may use components that are not included in the list of electronic
information and educational environment.

10. SPECIAL CONDITIONS FOR MASTERING THE COURSE OF STUDENTS WITH DISABILITIES AND
DISABILITIES

The discipline is mastered by people with disabilities and people with disabilities using special technical means and information
technologies provided by the CSU Resource Training and Methodological Center for the Education of People with Disabilities and
People with Disabilities at the request of the student (mobile special technical means for people with visual and hearing impairments,
assistive information technologies).

If necessary, special software (speech navigation software, speech synthesizers, screen magnifiers) is installed in the workplace for
practical or laboratory classes.

Unhindered access to classrooms is provided for students with disabilities and those with disabilities. In each classroom where people
with disabilities and people with disabilities study, an appropriate number of places is provided for students, taking into account their
health disorders.

To master the discipline, people with disabilities and persons with disabilities are provided with access to printed sources available in
the CSU scientific library using special technical means; access using special technical and software tools to electronic sources
presented in the form of an electronic document in the CSU scientific library fund or electronic library systems.

Educational and methodological materials for students with disabilities and persons with disabilities are provided in forms adapted to
their health limitations and information perception characteristics.

For people with disabilities and people with disabilities, the discipline can be partially or completely mastered using distance learning
technologies.

When conducting an interim assessment in a discipline, students with disabilities and those with disabilities are provided, upon their
application, with instructions in an accessible form, depending on their individual characteristics, on the procedure for conducting an
interim assessment, assessment tools and the possibility of answering tasks (written on paper, a set of answers on a computer, written
in Braille, using the services of an assistant, verbally).

When conducting the procedure for evaluating the learning outcomes of people with disabilities and persons with disabilities, it is
envisaged to use the facilities provided by CSU or their own technical means necessary for them due to their individual characteristics.
If necessary, people with disabilities and people with disabilities are given additional time to prepare responses to assignments, and
the procedure for evaluating learning outcomes in a discipline can be carried out in several stages.
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