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Coaepxanue
1. IMacmopT ¢oHIa OLIEHOYHBIX CPENICTB

2. [lepevens hopMUPYEMBIX KOMITETCHIINN

3. CoxepkaHue OLEHOYHBIX CPEACTB MO AUCIUTUIMHE

3.1. Buzbl OLIEHOUHBIX CPECTB

3.2. ConeprkaHue OLEHOYHBIX CPEJCTB

4. ITopsiAoK IPOBEICHHS U KPUTEPUH OLICHUBAHUS ITPOMEKYTOYHOM aTTECTALIMKI

4.1. Ilopsnok mpoBeieHUsI IPOMEKYTOUHOM aTTECTallUK

4.2. Kputepun OLleHUBaHUS IPOMEKYTOUHOM aTTECTAllMM IO BUIaM OLICHOYHBIX CPE/ICTB

4.3. Pe3ynbTaThl MpOMEXYTOYHOM aTTeCTAllMK U YPOBHU C(HOPMHUPOBAHHOCTH KOMITETCHITUHA
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1. ITacmopt poHIA OLEHOYHBIX CPEACTB

Hamnpasnenue noarorosku: 01.04.01 MaTtemaTuka.

HampasiieHHOCTB: YpaBHEHUS ¢ TIPOOHBIMU TTPOU3BOTHBIMH.

Jucuunnuna: KoMnbroTepHbIe TEXHOJIOTUHU B HaAyKe U 00pa30BaHUH.

CemecTpsr: 3.

dopma MpoMeKyTOYHOU aTTeCTAllUU: HK3aMEH B 3 ceMecTpe.

J71st oLleHUBaHUS PEe3yJIbTaTOB 00YUEHHUS UCTIONB3YETCs OaTbHO-PEUTUHTOBAsI CUCTEMA.

© ®I'bOY BO «Uenal 'Y»




Y

MUMHOBPHAYKHU POCCHU
denepanbHOE rocyIapCTBEHHOE OI0DKETHOE

o0pa3zoBaTeIbHOE YUPEKICHUE BBICIIETO 00Opa30BaHMUs
«Yensbunckuii rocynapcrBenslit yausepeuret» (PI'EOY BO «Uenl'Yy)

DoH/ OLIEHOYHBIX CPEICTB AJISI IPOMEKYTOYHOM aTTECTAIMH IO TUCHUILTHHE (MOxyio) «KoMmmbloTepHbIe
TEXHOJIOTHHU B HayKe M 00pa3oBaHUU» 10 HanpasieHuio moarorosku 01.04.01 «MaTtemaTrka» HalpaBICHHOCTH
«YpaBreHus ¢ 1pobusMu pon3BoaHEIMI»Y OTBOY BO «Uenl'V»

crp. 4

2. Ilepevyennb ¢popMUpyeMbIX KOMIIETEHIHI
Nzydenue nucuumuinibl « KoMnbroTepHble TEXHOJIOTUU B HAyKe M 00pa30BaHUM» HAIPABICHO

Ha (hopMUPOBaHUE KOMIIETEHIIUN, TPUBEAEHHBIX B Tadmwuie 1.

Tabnuna 1. Pe3ynbraTel 00y4eHHs 10 TUCHUTUIHHE.

Proc

Kon m HamMeHoOBaHHue
KOMIIETEeHIMH COIJIACHO

MHAauKaTopbl 4OCTMXKEHUS
KomMmneTeHuun cornacHo OMNOIM BO

Ilepeyens NIaHUPYEeMbIX Pe3yJIbTATOB
00y4eHHs MO AUCHMUILINHE

1

2

3

ITK-2: CnocobeH k
NPEnoJaBaHuI0
MAaTEMaTHYCCKUX
JMCLMIUTHH 10
nporpammam
npodeccHoHaNbHOTO
00Y4eHHS, CPETHETO
podecCHOHaNBEHOTO

JOTIOJTHATETbHBIM
nporpammam (I1IT).

obpazosanus (CIIO) n

[1K-2.1. Obnanaer 3HaHUSIMH O
CYLIECTBYIOIIMX TUIOBBIX NIA0JIOHAX
MIPOEKTUPOBAHUSI IPOTPAMMHOTO
obecrieueHus1, 0 METO/IaX M CPEACTBax
MIPOEKTUPOBAHUSI IPOTPAMMHOTO
oOecrieueHus1, CTPyKTyp aHHBIX, 0a3
JTAaHHBIX.

[IK-2.2. JleMOHCTpHPYET YMEHUE
MIPUMEHSTH TUIIOBBIC PEUICHNUs, ONOITHOTEKH
IIPOTPaMMHBIX MOJYJEH, MA0I0HBI, KIACChI
00BEKTOB, HCIIONIB3yEMEIE IIPH pa3paboTke
MIPOTrPaMMHOTO 00ECIIeUeHNs], IPUMEHSTh
METOJIbI ¥ CPEACTBA MTPOCKTUPOBAHUS
MIPOTPaMMHOTO o0ecrieueHus, 6a3 TaHHBIX,
CTPYKTYp JAHHBIX.

IIK-2.3. meeT npakTU4ECKUI OIBIT
(HaBBIKM) MPUMEHEHHUS CTAaHJAPTHBIX
ANTOPUTMOB ITPY POSKTHPOBAHNHT
MIPOTPaMMHOTO oOecneyeHus], pa3padoTKH
ANTOPUTMOB PELICHUS 3aad B
COOTBETCTBHUH C ITOCTABJICHHBIMH
YCIIOBUSIMH, MCTIOJIb30BAHUSI METOJIOB U
pUéMOB aITOPUTMH3ALMH TTOCTABIEHHbIX
3ajad.

3HaTb 0 CYHICCTBYIOMINX THUIIOBBIX
[11a6JI0HAX MPOEKTHPOBAHUS TPOTPAMMHOTO
obecrieueHns, 0 METOIaX U CPEACTBAX
[IPOEKTUPOBAHUSI TPOTPAMMHOTO
obecrieueHus, CTPYKTyp JaHHBIX, 0a3
TaHHBIX.

'YMeTh HCHOJIb30BaTh KOMITBIOTEPHBIC
TEXHOJIOTUH, BKJIIOYAsi IPOrPAMMHUPOBAHIE
U CrICIMATN3UPOBAHHbBIC TPOTPAMMHbBIC
[aKeThl, I Pa3padOTKH U BU3yaIH3alUuK
COOCTBEHHBIX MOJIETICH.

Bnaners HaBbIKAMH IPUMEHEHHUS
CTaHJApTHBIX aJITOPUTMOB IIPpU
POEKTUPOBAHHUHU TPOrPAMMHOTO
oOecrieucHus, pa3pabOTKH AITOPUTMOB
[PEIICHNUS 3a/1a4 B COOTBETCTBUH C
[MOCTABJICHHBIMH YCIIOBHSIMH,
MCIIOJIb30BAHUSI METOJIOB U MPUEMOB
QITOPUTMHU3AIMHI TTOCTABICHHBIX 3a7a4.

IIK-3: Cniocoben
IIOHUMATh HpI/lHLIl/IHbI

3JIEKTPOHHO-
BBIYHMCIIUTEIBHBIX U
BBIYHCIIHTEIBHBIX
MalivH, paboTaTth B
KOMaHJe, YIIPaBIATh
KOMaHIHOH paboToit

pa6OTBI COBPCMCHHBIX

IIK-3.1. 3HaTh opranu3anuio BHyTpeHHEH U
BHEITHEW TaMsITH KOMIIBIOTEPOB, OOLIMX
MIPUHIMIIOB apXUTEKTYP MPOLECCOPOB
Pa3JIMYHBIX THIIOB, OCOOEHHOCTH B
OpraHHU3aluK yCTPOWCTB yIPaBICHUS
BBIYHCITUTENHHBIX MAIlIMH, BHYTPCHHHX U
BHELIHUX MHTEP(EHCOB KOMITBIOTEPA.
[IK-3.2. YMeTh oCcymecTBIsATh
KOMIUIEKCUPOBaHUE U pa3paboTKy
anIapaTHbIX CPEICTB B COOTBETCTBUH C
Ha3HAUYCHUEM CHCTEM, PACTIPEAEIISATH
(yHKIMH, BO3/IaracMble Ha anmnapaTHbIe 1
MPOTrpaMMHBIE CPEJICTBA CHCTEM.

I1K-3.3. Bnagets HaBbIKaMu pa3pabOTKU
TEXHUYECKHUX CHEeUUPUKAINNA Ha
MIPOTrpaMMHBIE MOJTYJIH U UX
B3aUMOJICHCTBHUE, OCYIIECTBICHUS
KOMIUIEKCHOI HACTPOMKH armapaTHBIX
CPEICTB H OTJIaKH IPUKIAIHOTO
MIPOTPAMMHOTO 00ecTIeueHsI.

3HATh OPTaHU3alMIO0 BHYTPEHHEH U
BHEIITHEH MaMsATH KOMIIBIOTEPOB, 00IINX
MIPUHLUIIOB aPXUTEKTYp MPOLECCOPOB
[Pa3JINYHBIX THIIOB, OCOOEHHOCTH B
OpraHU3alK yCTPOUCTB yIPaBICHUS
BEIYMCIUTENBHBIX MAIINH, BHYTPCHHUX U
BHEITHUX WHTEp(]EHCOB KOMIbBIOTEpA.
'YMETh OCYIIECTBIATh KOMIUIEKCHPOBAHUE U
pa3pabOoTKy amnmapaTHBIX CPEICTB B
COOTBETCTBHHM C HA3HAYCHUEM CHCTEM,
pacnpeneniTs GyHKIUH, BO3JIaraeMble Ha
anmnapaTHbIE U IPOrPaMMHBIE CPENCTBA
CHCTEM.

Bnanets HaBbIKaMU pa3paboTKu
TEXHUYECKUX crierudukami Ha
[IpOrpaMMHBIE MOJYJIH U UX
B3alMOJEHCTBHE, OCYLIECTBICHNUS
KOMILJIEKCHOM HAaCTPOMKH anmnapaTHbIX
CPEZCTB U OTJIAJIK! NIPHUKJIIaJHOTO

[TPOTPaMMHOTO 00ECIICUCHHSI.
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3. CoaepikaHue OLEHOYHBIX CPEACTB M0 TUCHMILINHE
3.1. Buabl OleHOYHBIX CPe/ICTB

Tabauna 2. Bubl OLIEHOUHBIX CPENICTB.

Kon, IlepeyeHb NJIaHNPYeEMBbIX Konrtposupyembie Cemectp | Homep | HammeHoBaHme
HaMMeHOBaHHe pe3yJIbTaTOB 00y4eHHsI TeMbl/pa3aesibl (HoMep 3aaHusA OLICHOYHOT 0
KOMIIeTeHIINT MO AUCHUIIHHE W Ha3BaHUe pa3jena u3 cpeacTsa
corsiacio ®IoC PIIJ n.2.2)
MK-2: CriocobeH k| 3HATPH O CYIIECTBYIOIINX OCHOBHEIE 3 1 JlabopaTopHas
MIPENOAaBaHHIO THUITOBBIX MA0JIOHAX KOMITBIOTEPHBIE METOIBI pabora
MaTeMaTH4eCKUX MPOECKTUPOBAHUS B HayKe
JICLUIIIVH TI0 MPOrPaMMHOTO
porpaMmmam obecriedenns, o MeTonax U | KommbrotepHbie METOIBI
poheCCHOHATBHOT | CPEeICTBaxX nnsa YUII
0 o0y4eHwus, MPOEKTUPOBAHUS
CpeaHero IPOTrPaMMHOTO Kommerotepasie
podecCHOHANBHOT | 00ecredeHus, CTPYKTyp TEXHOJIOTHH B
0 oOpazoBaHus JIAaHHBIX, 0a3 JaHHBIX. o0pazoBaHuH
(CIIO) YMeTh HCIOIh30BaTh
JIOTIOTHATEIBHBIM KOMIBIOTEPHBIE
porpammam TEXHOJIOTWH, BKITIOYAs
(AIIIT). MPOTpaMMHPOBaHHE U
CHELUATN3UPOBaHHbIC
MPOrpaMMHBIE TTAKEThI,
JUTS pa3paboOTKH U
BU3yaIHM3a1N
COOCTBEHHBIX MOJIEJIEH.
Buagets HaBblKaMu
MMPUMEHCHUA CTaHAaPTHBIX
ITOPUTMOB IIPH
MIPOEKTUPOBAHUH
MIPOrPaMMHOTO
obecnieueHmst, pa3paboTKH
ITOPUTMOB PELICHUS
3aJa4 B COOTBETCTBUH C
MOCTABIICHHBIMHU
YCIIOBUSIMH,
UCIIOJIb30BAaHKS METOJIOB U
IPUEMOB aITOPUTMHU3ALUH
MOCTABJICHHBIX 3a/1a4.
IK-3: Criocoden 3HaTh OpraHu3aluio 1-7 Bormpocs! k
MIOHUMATh BHYTPEHHEH 1 BHEIIHEH 9K3aMeHy
MIPUHIMIBI pabOTHl | MAMATH KOMITBIOTEPOB,
COBPEMEHHBIX 00IIMX IPHHIUIIOB
JJIEKTPOHHO- APXHUTEKTYP MPOIIECCOPOB
BBIYHMCIIUTENBHBIX M | PA3IMYHBIX THIIOB,
BBIYHCITUTENBHBIX 0COOCHHOCTH B

MaIuH, paboTaTth B
KOMaHJIE,
YIpPaBIATh
KOMaHAHOU
paboroit

OpraHu3aluu YCTPONCTB
YTIpaBIECHUS
BBIYHCIIUTENBHBIX MAIIUH,
BHYTPCHHHX U BHCITHUX
uHrepdeiicoB
KOMIBIOTEpA.

YMeTb oCcylIecTBIATh
KOMILJIEKCUPOBAHUE U
pa3paboTKy anmapaTHBIX
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CpPEICTB B COOTBETCTBUH C
Ha3HauYeHUEM CHCTEM,
pacripenenars GpyHKIuH,
BO3JIaraeMble Ha
anmnapaTHble 1
MNpOrpaMMHBIE CPE/ICTBA
CHCTEM.

BnageTs HaBbIKaMU
pa3pabOTKU TeXHUYECKHUX
cnenuduKanuii Ha
HPOrPaMMHBIC MOAYIH U
UX B3aUMOJICHCTBHUE,
OCYIIECTBIICHUS
KOMIIJIEKCHOM HACTPOMKHU
anmapaTHbBIX CPEJCTB U
OTJIAJIKH MPUKIIaTHOTO
MPOrpaMMHOTO
obecrieueHus.

TunoBsle 3amaHMs], KPUTEPUM M TIOKA3aTeNIM OLEHUBAHMS B paMKaxX TEKyLIEro KOHTPOJIA
npezcTaBieHbl B pabodeil mporpaMMe AMCHUILIMHBL (MOAynst). [lomHbIE KOMIUIEKTHI OLEHOYHBIX
CpPE/ICTB ¥ KOHTPOJIBHO-M3MEPHUTEIBHBIX MaTepHajIoB XpaHsTcs Ha Kadepe.

3.2. Conep:xaHue OLIEHOYHBIX CPEICTB

[TpomexxyTouHas aTTecTalus MPOBOJUTCS B BHJIE DK3aMEHA B 3 ceMecTpe.

OrneHOYHBIC CpPEACTBA MPEACTABICHB TEMATHKON JTAOOPATOPHBIX pa0dOT W MPUMEPHI 3aaHUI
JUIS HHUX, BBIMOJHSIEMBIX CTYJEHTaMH B 3aJaHHBbIE CPOKH, KOMIUIEKTOM BOIPOCOB K SK3aMEHY,
npennonaraloumx HI/ICI)MCHHI)II\/JI OTBET, OHGHHBaeMBIfI npenoaaBaTeneM B HpI/ICYTCTBI/II/I

HK3aMEHYEMOTO0.
Bomnpocs! k 3x3aMeny:
1. OCHOBHBIE TOHATHSA:

- UTto Takoe ypaBHEHHUE B YaCTHBIX MIPOU3BOIHBIX U KAKHE €T0 OCHOBHBIC THUITHI (JUIUIITUYECKHE,
napabonnyeckue, TunepooInueckue)?

- Kaxkue ¢puzndeckre mporecchl MOryT OBITh OTIMCAHBl YPABHEHUSIMU B YACTHBIX MPOU3BOIHBIX?
[IpuBeauTe mpUMEpHI.

2. Mertonbl pemeHus:

- Onummure METOJ KOHEUHBIX pPa3HOCTEH M €ro MPUMEHEHHWE K YpPaBHEHHUSM B YaCTHBIX
MIPOU3BOIHBIX.

- B dyem 3akmouaercss cyTh MeToJa KOHEUYHBIX 3i1eMeHTOB? Korma ero wucmonb3oBaHue
MPEANOYTUTEIbHEE, YEM METO]I KOHEUHBIX Pa3HOCTEH?

3. YuciieHHbIE METOBI:

- OOBsicHUTEe, YTO TaKOE MPUOIDKEHHE W OIMMOKM YHUCICHHBIX MeTo0B. Kak ompenenutsb
CTaOUIBHOCTD YHCIEHHOTO PEeIIeHUs?

- Kak mpoucxoauTt IUCKpeTHh3alys ypaBHEHUS B YACTHBIX MPOU3BOAHBIX C MOMOIIBIO KOHEUYHBIX
pa3zHocren?

4. I'pannunbIe yCIIOBHS:

- Kakue cymiecTByIOT TUIIBI TPAaHUYHBIX YCIOBUHN (IUPHUXJE, HEYMUH, CMEIIaHHbIC) U KaK OHU
BIIMSAIOT HA pElICHUE YpaBHEHUS?

- Kak 3anucats MaTeMaTH4eCKH Ha4adbHbIe M TPAHUYHBIE YCIOBUS TSI 33]]a41 O TETJIONPOBOIHOCTH?
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5. Busyanuzanus u ananus:

- Kakue rpaguky MOXHO HCHOJB30BAaTh MJIs BHU3YaTU3alMU pPE3yJIbTaTOB YHCICHHOTO
MoenpoBanus? Kak BEIOpaTh MOIXOASIINE TAPAMETPhI I TpaduKOB?

- Kak MOXHO OLEHMTh TOYHOCTb YMCIIEHHOI'O PEIIEHUS U CPaBHHUTH €r0 C aHAIUTHYECKUMHU
pereHusaMu’?

6. [TpakTuyeckue 3agauu:

- [IpuBeaure npumep 3amauu, e NPUMEHSIOTCS yYpaBHEHHS B YacTHBIX IPOU3BOIHBIX.
Onuimre KpaTko, Kak OyAeT BBIMVIAAETh PELIeHUE 3TOH 3a1auu.

- Kak ¢ momompio METOIO0B YHMCIEHHOTO aHajiu3a MOYKHO MOJEIUpPOBaTh IPOLECCHl B
MH)KEHEPHBIX 3a/1a4ax (Hampumep, Tem1000MeH, MeXaHUKa KUAKOCTEH)?

7. CoBpeMeHHBIE TTOIXO/IbI:

- Kakue meTonpl MalIMHHOTO OOy4eHHUs MOTYT ObITh IPUMEHEHbI K 3a/adaM, CBS3aHHBIM C
YPaBHEHUSIMH B YACTHBIX TPOU3BOIHBIX ?

- KaxoBbl HampaBiieHHs] COBPEMEHHBIX MCCJICIOBAHUN B 00JIACTH YHUCIICHHOTO aHamm3a’?

[Tpumep 1abopatopHOit pabOTHI:

MonenrpoBaHu€e TEMIONPOBOJHOCTH OJJHOMEPHOTO CTEPKHS

Lens paboTsl: M3yueHne nporieccoB TEMIONPOBOIHOCTH B OJTHOMEPHOM CTEPKHE C UCIOJIb30BaHUEM
METO/Ia KOHEUHBIX Pa3HOCTEH ISl YMUCICHHOTO PEIIeHHs YPaBHEHUS TEIUIONPOBOIHOCTH.
O6opyaoBaHue U MaTepHUAIIBI:

- KomnbroTep ¢ ycTaHOBIEHHBIM POrpaMMHBIM obecnieueHueM (Harpumep, Python, MATLAB
unu Julia)

- CpenctBa mst pazpabotku (IDE wnm TekcToBBIe penakTophl)

- HcxonHble JaHHbIE: pa3Mephl CTEPKHS, HauajbHas TeMIlepaTypa, [PaHULbl TEMIIEPATyp
Sagaun:

1. ®opmynupoBanre 3amaud: ChopMyaMpoBaTh ypaBHEHHUE  TETUIONMPOBOIHOCTH IS
OOTHOMCPHOTI'O CTCPIKHA C 3aJaHHBIMH HaYaJIbHBIMU U T'PaHUYHBIMUA YCJIOBHUAMMU.
2. Huckperusanus: [I[puMeHUTh METOJ KOHEUYHBIX PA3HOCTEU JJISI JUCKPETU3AMU YPABHEHUS.

Omnpenenuts mar no npoctpanctBy \( \Delta x \) u Bpemenu \( \Delta t \). IlousTh, kKakoe ycioBue
crabmipHOCTH (ycnoBue KypaHTa) T0MKHO BBITIOJHSTHCS.

3. [IporpammupoBanue: Hamucats nmporpaMMy, peatnu3yIoulyto alrOpUT™M YUCIEHHOTO peIIeHUs
ypaBHEHHMsI TeIIonpoBoAHOCTH. [Iporpamma nomkHa:

- 3anaTe mapaMeTpsl (IUTMHY CTEPXKHS, HAYaIbHYIO TEMIIEPATypPy, TPAHUYHBIC YCIOBHS).

- Paccunrtarh 3HaYeHUS TeMIiepaTyphl B KaXKIOM y3JI€ CTEP)KHS C TEUEHUEM BPEMEHHU.

- CoxpaHUTh MPOMEKYTOUHBIC PE3YIbTATHI IS JAbHEHIIIETO aHATH3a.

4. Bumsyammzanus: Co3gate Tpaduky, oTOOpakaroliue pachpefeieHue TeMIepaTypsl 1o
CTEP>KHIO B Pa3HbIe MOMEHTHI BpeMeHHU. Vcnonap30BaTh OMOIMOTEKH Ul BU3Yyalu3aluu (Hanpumep,
Matplotlib B Python).

5. Amnanus pe3ynbraToB: OOCYIUTh NOTYYESHHBIE Pe3yJIbTaThl, IPOAHATU3UPOBATh CTAOMIIBHOCTh
U TOYHOCTH BbluMcieHU. CpaBHUTH YHMCIIEHHBIE JAHHbIE C AHATUTHUYECKUMU pEUICHUSAMH (eciu
BO3MOYKHO) M CAENaTh BHIBOJBI O IPUMEHUMOCTH METO/IA.

6. Otyet: [ToArOTOBUTH OTYET O BBHITTOJIHEHHOW JJaOOpaTOpHO# paboTe, BKIIOUMB B HETO:

- Henu u 3a1aun paboThI

- Onucanue anropuT™Ma u IporpaMMel

- I'padukm pacnpenenenus TeMneparypbl

- AHanu3 NOJy4YeHHBIX Pe3yIbTaTOB U BBIBOJbI O KOPPEKTHOCTH MOJIEIBHOIO MOIX0/1a.
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4. ITopsiiok npoBeeHUsI U KPUTEPUH OLICHUBAHUS MPOMEKYTOYHOM aTTeCTAlNU

4.1. llopsaok NpoBeAeHUS MPOMEKYTOUYHOM aTTeCTALINH

[TpomexyTouHas aTTecTalus MPOXOIUT B popMe 3K3aMeHa B TPETHEM CEMECTPE.

bamibHO-pedTHHTOBas CHUCTEMA OLIEHKU 3HAHUM CTYAEHTA 10 JUCUUIUIMHE BBICTPAUBACTCS Ha
OCHOBE OaJUIOBOIl OILEHKU PA3IUYHBIX (POPM NEATEIbHOCTH CTyAEHTOB. CyMMHpYIOTCS Oasuibl
ceMecTpa U UTOrOBOTO KOHTPOJISL.

Ha sk3amene cTyneHTy OyIeT MpeayioKeH OWIET, COCTOSIINK U3 3-X BOMPOCOB IO Pa3HBIM
paszenaMm Kypca, MpU OTBETE Ha KOTOPBIE PK3aMEHYEMbIA JIOJDKEH MPOAEMOHCTPUPOBATH 3HAHUE
TEOPETUUYECKUX MOHATUA TEMbl BONpOCa M MPOUJUIIOCTPUPOBATH MX Pa3dOpPOM MPAKTHUECKOIO
npumepa.

4.2. Kputepuu onleHUBaHUs MPOMEKYTOYHOM aTTeCTAIIMU MO BUaM OLIEHOYHBIX CPE/ICTB
B xone yueOHOTO cemecTpa 00y4aroImuicst TOJDKESH BBITIOTHUTE J1a00paTOpHBIE paboTHI IO BOCHMH
TEMaM.

4.3. Pe3yJbTaThl NPOMEKYTOYHOM aTTeCTAlIMUA U YPOBHU COPMHPOBAHHOCTH KOMIIEeTEHIIUI

Bo3MoxHBIE OLIEHKH Ha HK3aMEHE:

«OtnuaHOo» («5») — CTYIEHT IIyOOKO W TIOJIHO BIAJCET COJEPKaHWEM YYeOHOTO marepuaia u
MOHSITUMHBIM ammapaToM; YMEET CBS3bIBATh TEOPHUIO C MPAKTHKOMW, WILTIOCTPUPOBATH MPUMEPAMHU,
(dakTamu, TaHHBIMU HaYYHBIX MCCIIEIOBAaHUN; 0003HAYAaET MEXKIIPEIMETHBIC CBS3U. JlemaeT BBIBOIBI
JIOTUYHO, YETKO. SICHO M KpaTKO M3/1araeT OTBETHI Ha MOCTABIICHHBIE BOMPOCHL, YMEET 0OOCHOBBIBATH
CBOM CY’KJEHMSI U TPO(PEeCCHOHATIBHO-TNYHOCTHYIO MO3HUIIHIO 110 U3J1araeMoMy Bonpocy. OTBET HOCUT
CaMOCTOSITENILHBIN XapakTep.

«Xopouio» («4») — OTBET CTyJE€HTa COOTBETCTBYET YKa3aHHBIM BBIIIE KPUTEPUSIM, HO COJEpKAHUE
OTBETa UMEET OT/IeJIbHbIE HETOUHOCTH (HECYIIECTBEHHBIC OMIMOKH) B H3JI0KEHUH TEOPETUUECKOTO U
MPAaKTUYECKOTO MaTepuana, OTIMYACTCS MEHBIICH OOCTOSTEIHHOCTHIO, TIYOMHOH M TOJHOTOM;
JIOTYIIEHHbIE OMIMOKH UCIIPABIISIIOTCS CTYACHTOM IOCIE JOTOTHUTEIBHBIX BOIIPOCOB IK3aMEHATOPA.
«Y IOBIETBOPUTEIBHO» («3») — CTYJIEHT OOHAPY’KUBACT 3HAHUE U TOHUMAHNE OCHOBHBIX MOJ0KEHUM
y4eOHOro MarepHalia, HO M3JlaraeT ero HEeMOJIHO, HEMOCJIeN0BaTeNbHO, NOMYyCKaeT HETOYHOCTU U
CYUIECTBEHHBIE OIMOKH B OMpEENICHIUH TOHATHHA, (OPMYIHPOBKE TMOJI0KECHUH, HE IPUBJICKACT JIJIs
apryMEHTalldd OTBETa OCHOBHBIC TMOJIOXKEHUS HCCIENOBATENbCKUX, KOHIENTYyaJdbHBIX U
HOPMAaTHBHBIX JOKYMEHTOB, HE yMeeT 000CHOBATh CBOM CYKACHUS; HAOIIOAaeTCs HApyIIEHHE JIOTHKH
u3noxkeHus. OTBET OTIUYAETCA HU3KUM YPOBHEM CAMOCTOSITENIbHOCTH, HE COACPKHUT COOCTBEHHOM
podheccHoHaNTbHO-TUYHOCTHON O3ULIUH.

«HeynoBneTBOpUTENbHO» («2») — CTYJEHT UMEET pa3pO3HEHHbIE, OECCUCTEMHbIC 3HAHUS: HE YMEeT
BBIJICJIATH TJIABHOE W BTOPOCTETIEHHOE; IOIYCKAeT OIIMOKH B OIIPEICIICHUH TOHATHH, (HOPMYITUPOBKE
TEOPETUYECKUX TMOJIOKEHHUM, MCKAKAIOIME WX CMBICTA; HE OpPUEHTHPYETCS B HOPMATUBHO-
KOHIICTITYaJIbHBIX, TIPOTPAMMHO-METOAMYECKUX, HCCIEIOBATEIBCKUX MaTepUaiax, OecropsIouHo U
HEYBEPEHHO M3JIaraeT MaTepua; He yMEeT COeIUHATh TEOPETUUECKUE TIOJI0KEHHS C TIeIarOTHIeCKOn
MPAaKTUKOM; HE yMEeT NMPUMEHSATh 3HAHUS 111 000CHOBAHUS M 00BCHEHHS (DAKTOB.

Oco0eHHOCTH TMPOBECHUU TMPOIEAYPHl OLICHUBAHUS PE3YIbTATOB OOYUYCHHUS WHBAIUIOB U JIUIL C
OTPaHUYEHHBIMA BO3MOXKHOCTSIMU 370pOBbsi 00O3HAu€Hbl B paboyeil mporpamMme IUCIUTUIMHBI

(Momymns).
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VYpoBHH c(HOPMUPOBAHHOCTH KOMIIETEHIIMH ONPeeNsIoTCs CIEAYIOUMM 00pa3oM:

1. Boicokuii ypoBeHb c(hOPMHPOBAHHOCTH KOMIIETEHLIUN COOTBETCTBYET OLICHKE OTIMYHO:

- mpeanosaraeT (GopMupoBaHHE KOMIETEHIMI Ha BBICOKOM YPOBHE, TOTOBHOCTh K CAMOCTOSITETIbHOM
pohecCHOHAIBHON AESITENbHOCTU: (OPMUPYIOTCS HABBIKM IPAKTHUYECKUM OIBITOM pa3paboTKu
MOOMJIBHBIX MPUIIOKEHUH ¢ yu€ToM TpeOoBaHUN MHPOPMALIMOHHON 6€30M1aCHOCTH;

- CTYIOGHT CIOCcOOCH pa3pabaTeiBaTh MOOWIBHBIE TPWIOKEHUS C Y4ETOM TpeOOBaHUI
nH(OPMAIIMOHHON OE30MTaCHOCTH.

2. CpenHuii ypoBEHb COOTBETCTBYET OLIEHKE XOPOIIIO:

- mpeanonaraerT (GOpMUPOBaHME KOMIETEHLUI Ha CpelHEM YypoBHE: (OPMUPYETCS KOMILIEKCHOE
3HaHUE KJIacCU(UKAIMK MOOWIBHBIX YCTPOMCTB M TPOTPaMMHBIX IUIATGOPM IS CO3/IaHUS
MOOWJIBHBIX PUIIOKEHUI;

- CTYHGHT cIocoOeH pa3pabaThiBaTh MOOWIBHBIE NPWIOKEHUS ¢ Y4YETOM TpeOOoBaHUM
MH(POPMALMOHHOM 0€30MacCHOCTH Ha YPOBHE HE HUXKE OLIEHKU «XOPOIIO».

3. ba30oBbIil YpOBEHb COOTBETCTBYET OLIEHKE YIOBIETBOPUTEIBHO:

- mpexmnojaraeT (pOpMHpPOBaHME KOMIIETCHLIMH Ha HayaJbHOM YpPOBHE: 3HAHHME M IIOHMMaHUE
OCHOBHBIX MOHSATHH MOOWJIBHBIX YCTPOWCTB M MPOTPAMMHBIX MIATGOPM IJIsi CO3AaHUSA MOOMIIBHBIX
MPUIIOKEHU;

- CTYZICHT CIIOCOOEH OTBEYaTh HA BOIPOCHI, BBIMOJIHATH TUIIOBbIE IPAKTUYECKUE 3a1aHUs 110 00pas3iLy.
4. Hu3kuil ypoBEHb COOTBETCTBYET OLICHKE HEYIOBJIETBOPUTEIHHO.
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1. Passport of the appraisal fund

Course of study: 01.04.0.01 Mathematics.

Orientation: Equations with fractional derivatives.

Discipline: Computer technologies in science and education.
Semesters: 3.

Form of intermediate certification: exam in the 3rd semester.

A point-based rating system is used to evaluate learning outcomes.
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2. List of emerging competencies
Studying the discipline "Computer Technologies in Science and Education" is aimed at
developing the competencies listed inl.

Table 1. Results of training in the discipline.

The code and name of
the competence
according to the Federal

Indicators of competence achievement

List of planned learning outcomes in the

State Educational according to the OPOP HE discipline
Standard
1 2 3
PC-2: is capable of | PC-2.1. Has knowledge of existing |[Know: about existing standard
teaching standard software design patterns,  [software design patterns, methods
mathematical methods and tools for designing and tools for designing software,

disciplines in
professional training
programs, secondary
vocational education
(SPE) and additional
programs (DPP).

software, data structures, and
databases.

PC-2.2. Demonstrates the ability to
apply standard solutions, libraries of
software modules, templates, object
classes 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 set
conditions, using methods and
techniques for algorithmizing tasks.

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

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

PC-3.1. Know the organization of
internal and external memory of
computers, general principles of
processor architectures of various
types, features 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

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

Be able to: implement the
integration and development of
hardware in accordance with the
purpose of the systems, distribute the
functions assigned to the hardware
and software of the systems.
Possess: skills in developing
technical specifications for software
modules and their interaction,

erforming complex hardware
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cp. 5

hardware configuration and
debugging application software.

configuration and debugging
application software.
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3. Content of assessment tools for the discipline
3.1. Types of valuation tools

Table 2. Types of evaluation tools.

Code, name of List of planned Controlled Semest | Task | Name of the
competence learning outcomes in topics/sections er numbe | evaluation
according to the discipline r tool
the Federal

State
Educational
Standard
PC-2: is capable | Know: about existing | Basic computer 3 1 Laboratory
of teaching standard software methods in science work
mathematical design patterns,
disciplines in methods and tools for | Computer methods
professional designing software, for accounting
training data structures, and
programs, databases. Computer
secondary Be able to: use technology in
vocational computer education
education (SPE) | technologies,
and additional including
programs (DPP). | programming and
PC-2: is capable | specialized software
of teaching packages, to develop
mathematical and visualize your
disciplines in own models.
professional Possess: skills of
training applying standard
programs, algorithms in software
secondary design, developing
vocational algorithms for solving
education (SPE) | problems in
and additional | accordance with the
programs (DPP). | set conditions, using
methods and
techniques for
algorithmizing tasks.
PC-3: is able to | Know: organization 1-7 Exam
understand the of internal and questions

principles of
operation of
modern
electronic
computing and
computing
machines, work

external computer
memory, general
principles of processor
architectures of
various types, features
in the organization of
computer control
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in a team, devices, internal and
manage external computer
teamwork. interfaces.

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

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

Standard tasks, criteria and indicators of assessment within the current control are presented in the
working program of the discipline (module). Complete sets of assessment tools and control and
measurement materials are stored at the department.

3.2. Content of valuation tools

Intermediate certification is conducted in the form of an exam in the 3rd semester.

Evaluation tools are presented by the subject of laboratory work and examples of tasks for them,
completed by students in a given time frame, a set of questions for the exam, assuming a written
answer, evaluated by the teacher in the presence of the examinee.

Questions for the exam:

1. Basic concepts:
- What is a partial differential equation and what are its main types (elliptic, 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.

- B 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 partial differential equation discretized using finite differences?
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4. Boundary conditions:

- What types of boundary conditions exist (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 simulations? How do I choose
the appropriate parameters for charts?

- How can we 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. Please describe
briefly 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?

Example of laboratory work:

Modeling the thermal conductivity of a one-dimensional rod

Objective: To study the processes of heat conduction in a one-dimensional rod using the finite
difference method for numerical solution of the heat conduction equation.

Equipment and materials:

- Computer with installed software (for example, Python, MATLAB, or Julia)

- Development tools (IDE or text editors)

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

Tasks:

1. Problem statement: Formulate the heat conduction equation for a one-dimensional rod with
given 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) should be met.

3. Programming: Write a program that implements an algorithm for numerically solving the heat
equation. The program must:

- Set parameters (rod length, initial temperature, boundary conditions).

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

- Save interim results for further analysis.

4. Visualization: Create graphs showing the temperature distribution over 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
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- Description of the algorithm and program
- Temperature distribution graphs
- Analysis of the results obtained and conclusions about the correctness of the model approach.
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4. Procedure for conducting and criteria for evaluating the interim certification

4.1. Procedure for conducting interim certification

Intermediate certification takes the form of an exam in the third semester.

The point-rating system for assessing a student's knowledge in a discipline is built on the basis
of a point assessment of various forms of student activity. The points of the semester and final control
are summed up.

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

4.2. Criteria for evaluating interim certification by types of assessment tools
During the academic semester, the student must complete laboratory work on eight topics.

4.3. Results of intermediate certification and levels chpopmupoBannocTuof competence
formation

Possible exam scores:

"Excellent" ("5") — the student has a deep and complete knowledge of the content of the educational
material and the conceptual apparatus; is ableto connect theory with practice, illustrate with examples,
facts, and research data; denotes intersubject connections. Draws conclusions logically and clearly.
Clearly and concisely presents the answers to the questions posed; is able to justify their judgments
and professional and personal position on the issue presented. The answer is independent.

"Good" ("4") — the student's answer meets the above criteria, but the content of the answer has some
inaccuracies (minor errors) in the presentation of theoretical and practical material, differs in less
detail, depth and completeness; mistakes made are corrected by the student after additional questions
from the examiner.

"Satisfactory "("3") — the student shows knowledge and understanding of the main provisions of the
educational material, but presents it incompletely, inconsistently, makes inaccuracies and significant
errors in the definition of concepts, formulation of provisions, does not attract the main provisions of
research, conceptual and regulatory documents for argumentation, does not know how to justify their
judgments; there is a violation of the rules of the educational process. logic of presentation. The answer
is characterized by a low level of independence and does not contain its own professional and personal
position.

"Unsatisfactory "("2") — the student has fragmented, unsystematic knowledge: does not know how to
distinguish the main and secondary; makes mistakes in the definition of concepts, formulation of
theoretical propositions, distorting their meaning; does not navigate in normative-conceptual,
program-methodological, research materials, randomly and uncertainly presents the material; does not
know how to connect theoretical positions with pedagogical practice; does not know how to apply
knowledge to substantiate and explain facts.

The specifics of the procedure for evaluating the learning outcomes of disabled people and persons
with disabilities are indicated in the working program of the discipline (module).

The levels cpopmupoBannocTrof competence formation are defined as follows:
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1. A high level cdopmupoBanHocTHOf competence development corresponds to the excellent
assessment of:

- involves the formation of high-level competencies, readiness for independent professional activity:
skills are formed by practical experience in developing mobile applications, taking into account
information security requirements;

- the student is able to develop mobile applications that meet the requirements of information security.
2. The average level corresponds to the rating well:

- involves the formation of competencies at an intermediate level: a comprehensive knowledge of the
classification of mobile devices and software platforms for creating mobile applicationsis formed;

- the student is able to develop mobile applications taking into account information security
requirements at a level not lower than the "good"grade.

3. The basic level corresponds to the assessment of satisfactory:

- involves the formation of competencies at the initial level: knowledge and understanding of the basic
concepts of mobile devices and software platforms for creating mobile applications;

- the student is able to answer questions, perform standard practical tasks according to the sample.

4. A low level corresponds to an unsatisfactory rating.
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01.04.01 MaTemaTuka, HanpaBieHHocTs (Mpoduiab) YpaBHeHMsI ¢ JPOOHBIMHU POM3BOAHBIMH,
®OC KoMnbloTepHble TEXHOJOTHH B HAyKe U 00pa3oBanuM, 2026 r.H., ouHasi popma o0yueHHs.

DoH/I OLEHOYHBIX CPEICTB JUCHUILIUHBI (MOYJs1) 0100peH U PEKOMEH/I0BaH:
[IpopexTop o yueOHOH paboTe yTrBepxxaeHo 27.02.26 A.A. Canamaros

Y4eHBIM COBETOM MAaT€MaTHY€CKOTO (baKy.TILTeTa

[Tporokon 3acemanust Ne 8 ot 19.02.2026

[Ipencenarens YueHOro coBera

MareMaTHYecKoro (hakynpTeTa COIVIaCOBAHO A. C. CKkopbIHUH

3aceualmeM Ka(l)e[lpbl BBIYMCJIUTEILHOH MEXaHUKHU H ](lH(l)OpMaIII/IOHHle TEeXHOJIOTHH

ITporoxon 3acenanust Ne 7 ot 18.02.2026

3aBenyromui kapenpoi COIIaCOBaHO M.B. Ilnexanosa

ABTOD (COCTaBUTEIIH) E.M. Nx6epneera

CTpykTypa (pOHI0B OLIEHOUYHBIX CPeACTB cOOTBeTCTBYET NpuKka3y pekropa ®I'BOY BO «Yeal 'V»
ot 27 ceHtsaops 2022 Ne573-1
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