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1. Ilacmopt poHIa OLIEHOYHBIX CPEACTB

Hanpasnenue noarorosku: 01.04.01 Marematuxa.

Hanpasnennocts: YpaBHEHHS € IPOOHBIMH ITPOU3BOIHBIMU.

JucuumuinHa: YncaeHHbIe METObI pelIeHus IpoOHBIX AuddepeHnanbHbIX ypaBHEHUH.

CemecTpsr: 3.

®opMa IpOMEKYTOYHON aTTECTALUU: 3a4ET.

bannbHO-pedTHHIOBas cHUCTEMA OLIEHKHM 3HAHWI CTyAEHTa N0 AMCLUIUIMHE BBICTPAUBAETCS HAa OCHOBE
0aJUIOBOM OLIEHKH Pa3IMYHBIX (POPM AEATETBHOCTH CTYACHTOB.
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2. IlepedeHb (popMHUPYEMBIX KOMIIETCHIHM I

W3zydenue nuctuminabl « HUCIEHHBIE METOABI pelIeHHs IPOOHBIX TU(PEepeHIINaTbHBIX YPABHEHUI
HaNpaBJIeHO Ha (OPMHUPOBAHNE KOMITETCHIIUH, TPUBEIEHHBIX B TabmLe 1.

Tabmuua 1. Pesyabprarel 00yueHHs! 10 JTUCHUIUIMHE.

Kon n HaumeHnoBanue
KOMIIETCHIUM COTJIacHO
dIocC
(OITOIT BO)

Nupukatopel 10CTHXKEHUS
KOMIIETEHIINU COTJIAaCHO

OIIOIT BO

IIepedens uIaHUpPyEMBIX PE3yIbTATOB
00y4YeHHs MO JUCLUIUINHE

1

2

3

YK-1
OCYLLECTBIIATh
KPUTHYECKUI aHau3
MpoOJEeMHBIX CHUTyallud Ha
OCHOBE CHUCTEMHOI'Q
[OAX0A4, BbIpabaThIBATH
CTpPATEruI0 IEUCTBUI

CrocobeH|

VK-1.1.
aQHAJTN3UPYET
MPOOJIEMHYIO CUTYaLUIO C
IS BBIPAOOTKY|
CTpaTeruu JEHCTBUM,|
apryMEHTHPOBAHO
bopmynmpyer
COOCTBEHHBIE CYXKICHHUS U
OLICHKH.
VK-1.2.

Kputnuecku

Hcnonb3yer
KPUTHYECKUI aHanus,
CHCTEMaTHU3aLIUI0 u
0000mmenue uHpopManuy
st pelieHus
pOOJIEMHON CUTYaIUH.

3HaTh:

J OCHOBHBIC OIIPEJICIICHUs] M CBOWCTBA
IpOOHBIX TPOU3BOJAHBIX W HWHTETPajioB (B
cmpicie Kamyro, Pumana-JImyswinsa, u
JPYTUX), OCHOBHBIE TOJXO/bI K MOCTPOCHUIO
YHUCJICHHBIX METOJOB PpEIICHUs JIPOOHBIX
mudQepeHIMaIbHbIX YPAaBHEHUH, a TaKXkKe HX
CB3b C  AHAJIMTUYECKUMU  METO/aMH.
[lonumaer  orpaHUYCHHA o0macTh
NPUMEHUMOCTH  Pa3lMYHBIX  YHMCJICHHBIX
METOZIOB, UX CXOJUMOCTb, YCTOHYHMBOCTb, U
MOTPEUIHOCTH.  3HA€T  OCHOBHBIC  THIIBI
npobiem, KOTOpbIE MOJICITUPYIOTCS
IpOoOHBIMU Qg QepeHIaIbHBIMU
YPaBHEHUSMHU U UX OCOOCHHOCTH.

YMmers:

J OPUMEHATh  pa3JInYHble  YHCICHHbIC
METOIbI TSt pereHust JIpOOHBIX
middepeHIManbHbIX ypaBHEHUH, BKIIOYAs
METObl KOHEYHBIX pa3HOCTEH U JpyrHe.
CrocobeH  caMOCTOSATENIBHO  BBIOMpATh
HanboJee MOAXOMAIIMNA METO sl pPeIIeHUs
KOHKPETHOW 3aaayd, OOOCHOBBIBAs CBOM
BHIOOp Ha OCHOBE aHalM3a CBOWCTB U
ocoOeHHOCTeH yYpaBHEHHS. Ymeer
pa3pabarbiBaTh alTOPUTMBI, HEOOXOJMMBIE
JUI TIPOrpaMMHOM pealu3aluy YHCICHHBIX
METOZIOB, M aJalTHPOBaTh CYLIECTBYIOIINE
METOABl JUIi  pelIeHHs HOBBIX  3ajad.
CriocobeH OICHUTh W MpPOaHATU3UPOBATH
MojlyyaeMble  pe3yJbTaTbl, U  IPOBECTU
BepHU(PUKALINIO YUCICHHBIX PEIICHUH.
Bnaners:

[ ]

n

HaBBIKAMHU CaMOCTOSITENIEHOTO
MIPOBE/ICHUSI YHCIIEHHOTO MOJEIMPOBAHUS
CHCTEM, OIUCBHIBAEMBIX JIpOOHBIMU
i epeHIraIbHBIMU YpaBHEHUSMH,
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Kox u HaumenoBanue
KOMIIETEHIINN COTJIACHO

Nuaukatopel 10CTHXKEHUS
KOMIIETEHIINU COTJIAaCHO

Ilepedens uIaHUpyEMBIX PE3yIbTATOB

BBEIYHMCIIUTCIIBHBIX

COBPCMCHHBIX JJICKTPOHHO-

BBIYMCIIUTCIBHBIX  MAalllWH,

paborath B KOMaHJE,
YIIpaBIATh KOMAaH/IHOH|
paboToit

u

0COOEHHOCTSIX YCTPOICTBA
1 skcruryatanu 9BM, 00
OCHOBHBIX  IPHKJIAJHBIX
[IPOTPAaMMHBIX TaKeTax H
OIIEPALMOHHBIX CHCTEMAX.
[1K-3.2. [lemoHcTpHpyeT
yMeHue:  oOpabarbIBaTh
nH(OPMAIIMI0O ¥ BBOJAWTH
ee B OBM;
CHCTEMaTH3HPOBATb,
(bopmaTupoBaTh,
3aluChIBaTh JaHHBIE HA
HOCHUTENIN U B 00J1aKO.
[1K-3.3. Nwmeen
[IPAaKTUYECKUI OIIBIT]
(HaBBIKH): HACTPOWKHY|
OBM 1 ycTaHOBKY IPUYMH
c6oeB paboTel DBM.

drocC OIIOII BO 00y4YeHHs MO JUCLIUIUINHE
(OIIOIT BO)
1 2 3

BKJIIOYass ~ TIOCTAaHOBKY  3ajaud, BBIOOp
YHCIICHHOTO MeToa, POTPaMMHYIO
peanu3aruio aJlropuTM™Ma, IpOBe/ICHUE
BBIUMCIIUTENIBHBIX AKCIEPUMEHTOB, aHAJIH3
pE3yJIbTaTOB, U BBISBICHUE MOTCHIHATBHBIX
po6JIeM U OTPEHIHOCTEH.

IK-3 Cnoco6en monumatslIK-3.1. Ob6nanaet| 3HaThb:

IPUHIIUITBL paboTbI3HAHUSIMU 00 ®  OCHOBHBIE OINpEIENEHUs U CBOWCTBA

JIPOOHBIX TPOU3BOJAHBIX W HMHTETPANoOB (B
cmpicie Kanyro, Pumana-JInyBumida, wu
JPYTUX), OCHOBHBIE TIOJXO/IbI K MOCTPOCHHIO
YHUCJICHHBIX METOJOB pEeIIeHHUs JPOOHBIX
TuddepeHInaIbHbIX YPaBHEHUH, a TakKe UX
CBS3b C  AHAIUTUYECKUMH  METOJIAMH.
[Tonumaer  orpaHu4eHus o0acTh
NPUMEHUMOCTH  Pa3IUYHBIX  YHUCICHHBIX
METOJOB, UX CXOAUMOCTb, YCTOWYHBOCTH, U
MOTPEIIHOCTH.  3HAeT OCHOBHBIE  THUIIBI
npobiuem, KOTOpbIE MOJICITUPYIOTCS
JpOOHBIMU Qg QepeHIaIbHBIMU
YpaBHEHHUSIMUA U UX OCOOCHHOCTH.

YMers:

J OPUMEHSTh  pa3JInYHble  YHCICHHbIC
METObI e pereHus TpOOHBIX
T depeHIaIbHbBIX YPaBHEHUH, BKIIOYas
METOABl KOHEUHBIX pPa3sHOCTeH U JApyTHe.
CrnocobeH  caMOCTOSITENbHO  BBIOMpATh
HanOosee MOAXOIAMNN METO Ui PEUICHHUs
KOHKPETHOW 3a/1aud, OOOCHOBBIBas CBOM
BHIOOp Ha OCHOBE aHalu3a CBOWMCTB U
ocoOeHHOCTEH YpaBHECHHS. Ymeer
pa3pabaTrhiBaTh aJIrOPUTMBI, HEOOXOIUMbBIC
JUIs TIPOrPaMMHOM pean3ali YUCIECHHBIX
METOJOB, M aJaNnTUPOBaTh CYLIECTBYIOIIHE
METOABl JJS pPEUIeHHs HOBBIX  3a/ad.
CrnocoOeH OLEHUTh M TNPOAHAIU3UPOBATH
NojlydyaeMmble  pe3yibTaTbl, M  MPOBECTU
BepU(UKALNIO YUCICHHBIX PEIICHUI.
Biagers:

[ ]

n

HaBbIKaMH CaMOCTOATCIIbHOI'O
MNpOBCACHUA YUCICHHOTO MOJACIUPOBAHUA
CHCTECM, OIIUCBhIBACMBIX ,[[pOGHBIMI/I
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Kox u HaumenoBanue
KOMIIETEHIINN COTJIACHO

Nuaukatopel 10CTHXKEHUS
KOMIIETEHIINU COTJIAaCHO

Ilepedens uIaHUpyEMBIX PE3yIbTATOB

© (D(I;OC o OIIOII BO o0ydeHus IO JTUCIIUILTHHE
[10I1 B
1 2 3
Qg depeHIraIbHBIMU YpaBHEHUSAMH,
BKJIIOYass  MOCTAaHOBKY  3a/Jadyd, BBIOOp
YHCIICHHOTO MeToAa, POTPaMMHYIO
peanu3almio JIrOpUTMa, IpOBE/ICHUE

BBIUUCIIUTENFHBIX 3KCIIEPUMEHTOB, aHAIU3
pe3yJbTaTOB, U BBIABICHHE MOTEHIMAIBHBIX
po0JIeM U HOTPEIIHOCTEH.
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3. CoaepxaHue OLEHOYHBIX CPEICTB M0 JUCHHUILINHE

3.1.Buabl 0O11eHOYHBIX CPeICTB

Tabnua 2. Bupl OIIEHOYHBIX CPEJICTB.

ypaBHEHUH, a
TAKXKE UX CBI3b
c
AHAJIMTUYECKUM
Y METOJIaMH.
[Tonnmaer
OTpaHUYCHUS U
o0nacThb
MIPUMEHUMOCTH
Pa3IMYHBIX
YUCJIEHHBIX
METOJIOB, UX
CXOJIMMOCTb,
YCTOMYUBOCTb,
u
MOIPEIIHOCTH.

Kon, Ilepeyenn KonTposmpyemsbie | Cemectp | Homep HaunmeHoBaHue
HAaHMEHOBaHHe | IJIAHMPYEMBbIX TeMbl/ 3alaHus OLICHOYHOI 0
KOMIIeTCHIIUH pe3yJbTaToB pasaesibl CpeACTBa
COIJ1aCHO o0y4eHHUs 11O
Droc AUCHHUILIMHE
YK-1 Cnocoben | 1.1 3HaTh: YucnenHoe 3 1-2 3aaHue OTKPBITOTO
OCYIIECTBIISATh OCHOBHBIE pelieHne JpOoOHBIX THIA C
KPUTHYECKUH ornpeneneHus 1 | auddepeHnnanbHeI pa3BEpHYTHIM
aHanus3 CBOMCTBA X YpaBHECHUU OTBETOM
pOOIEMHBIX JPOOHBIX
CUTyalui Ha | NIPOU3BOJHBIX U
OCHOBE UHTETPAJIOB (B
CHUCTEMHOTI'O CMBICJIE
Moaxoja, Kanyro,
BbIpabaThIBaTh Pumana-
CTpaTeruto JInysumid, n
JNENCTBUN JIpYTHUX),
OCHOBHBIE
MOJIXO/BI K
IIOCTPOEHHUIO
YHUCJIEHHBIX
METOJI0B
pelieHus
JPOOHBIX
muddepeHman
BHBIX

© ®I'BOY BO «Uenl'V»
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3Haer
OCHOBHBIE
THUIIBI IPOOJIEM,
KOTOpbIE
MOJICIIUPYIOTCS
JIPOOHBIMU

g depeHman
bHBIMHU
YPaBHECHUSIMH U
ux
0COOEHHOCTH.

1.2 ymers:
PUMEHSTh
pa3nuyHbIe
YHCJICHHBIC
METOMBI JUIs
pereHus
IPOOHBIX
maddepenunan
BHBIX
YpaBHEHUH,
BKJTIOYasI
METOIbI
KOHEUHBIX
pa3HOCTEN U
IpyTHE.
Crniocoben
CaMOCTOSITENIbH
0 BBIOMpATh
Haunbosee
MOAXO TSI
METOJ JIS
pereHus
KOHKPETHOU
3ajauu,
000CHOBBIBas
CBOM BBIOOp Ha
OCHOBE aHAJIN3a
CBONCTB U
ocoOeHHoCTeH
yYpaBHEHHUS.
YmMmeer
pa3pabaTbIBaTh
AJITOPUTMBI,
HE00XOIUMBIE
ISt
IIPOrpaMMHOMN

Yucnennoe
pelieHne
JIpOOHBIX
muddepeHraIbH
bIX YPaBHEHUN

3ajaHue OTKPBITOTO

THIIA
Pa3BEPHYTHIM
OTBETOM

C
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peanu3anum
YHCIICHHBIX
METOJIOB,
aJlanTUPOBATh
CYLIECTBYIOIINE
METOJIBI JIJISI
pELICHUS HOBBIX
3ajad.
Crniocoben
OLICHHUTH U
POAHAITN3UPOB
aThb
MOJTy4aeMble
pe3yJbTaThl, U
MPOBECTH
Bepu(pUKaLNIO
YHCIICHHBIX
peuIcHui.

1.3 Baagerh:
HaBBIKAMH
CaMOCTOSTEIIbH
OT0 TIPOBEIICHUS
YUCJICHHOTO
MOJICTTUPOBAHUS
CHCTEM,
OIHCHIBAEMBIX
JIpOOHBIMU
maddepenunan
BHBIMU
ypaBHEHUSIMU,
BKJIIOYAs
MMOCTaHOBKY
3ama4n, BBIOOP
YUCJICHHOTO
METO/1a,
MIPOrPaMMHYO
pean3auo
aJIropuTMa,
MpOBEICHUE
BBIYHCIIUTEIILH
BIX
IKCIIEPUMEHTOB
, aHaln3
pe3yJbTaToOB, W
BBISIBJICHHE
IMOTEHIIMATbHBIX

UYucnennoe
pelieHne JpoOHBIX
muddepeHraIbHbI
X YpaBHECHUU

3ajaHue OTKPBITOTO

THIIA
Pa3BEPHYTHIM
OTBETOM

C
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npobiem u
IIOTPELIHOCTEM.
IIK-3 Cnocoben | 3.1 3narb: | YucnenHoe 3ajaHue OTKPBITOTO
MOHUMATh OCHOBHbIE pelieHue TUA C
TIPUHIUITBL OIpeNieNIeHUus] U | JAPOOHBIX pa3BEpHYTHIM
paboThI CBOICTBa nuddepeHraIbH OTBETOM
COBPEMEHHBIX IPOOHBIX BIX YPaBHEHUH
AEKTPOHHO- MIPOU3BOJIHBIX H
BBIUMCIIUTENILHBI | MHTETPAlIoB (B
X U | CMBICIIE
BbIuuCIUTENbHBI | KamyTo,
X MmamuH, | Pumana-
paboTtath B | JlmyBwnst, wu
KOMaHJe, JIPYTHUX),
yIpaBIATh OCHOBHBIE
KOMaHIHOU MOAXOIbI K
paboToit IIOCTPOCHHUIO
YHCIICHHBIX
METOJI0B
pelieHus
JIPOOHBIX
maddepenunan
BHBIX

ypaBHEHUH, a
TaKk)Ke UX CBS3b
C
AHATUTUIECKUM
U METOoJaMH.
[Tonumaer
OTpaHHYEHUS U
o0nacTh
MPUMEHUMOCTHU
pa3IMYHBIX
YHCIIEHHBIX
METOJIOB, ux
CXOJIUMOCTB,
YCTOMYUBOCTb,
U TIOTPEIIHOCTH.
3Haer
OCHOBHBIE THITBI
npobiuem,
KOTOpBIE
MOJICITUPYIOTCS
JIpOOHBIMU
maddeperunan
bHBIMH
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YPAaBHEHUSIMU H
UX 0COOEHHOCTH

3.2 Ymern: | Yucnennoe 3
PUMEHSTh pelieHne JpoOHBIX
pa3iauuHbIe mddepeHraIbHbI
YHCJICHHBIC X ypaBHEHHH
METOIbI TSt
pereHus
JIPOOHBIX
maddepernnan
BHBIX
YpaBHEHUH,
BKJTIOYAsI
METOIbI
KOHEUHBIX
pasHocTen U
IpyTHE.
Crniocoben
CaMOCTOSITENIbH
0 BBIOMPATH
Haunboee

O IXO TSI
METOA ISt
pereHus
KOHKPETHOU
3ajauu,
000CHOBBIBas
CBOW BBIOOp Ha
OCHOBE aHaJIN3a
CBONCTB u
ocoOeHHoCTeH
yYpaBHEHHUS.
YmMmeer
pa3pabaTbIBaTh
AJITOPUTMBI,
HE00XOIUMBIE
ISt
IIPOrpaMMHOMN
peanu3anuu
YHCIICHHBIX
METOJIOB, u
alanTHPOBATh
CYLIECTBYIOIINE
METOIbI TSt
peleHHs] HOBBIX
3ajau.
Cnocoben

1-4

3ajaHue OTKPBITOTO
THIIA v
Pa3BEPHYTHIM
OTBETOM
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OLICHUTH u
MIPOaHATU3UPOB
aThb
MoJIyyaemble
pe3yabTaThl, |
MIPOBECTU
BepupUKaLnio
YHCIICHHBIX
peLIeHHIT

3.3 Baapersn: | Yucnennoe 3 10-11 3azaHue OTKPBITOTO
HaBBIKAMU pelieHre JpoOHBIX TUIA C
CaMOCTOSITeNIbH | Au(QepeHIInaIbHbI pa3BEpHYTHIM

Or0 MPOBEJCHUSA | X YpaBHEHUI OTBETOM
YHCIICHHOTO
MO/JICIIUPOBAHUS
CHCTEM,
OIUCBHIBAEMBIX
JIpOOHBIMU
maddepenunan
BHBIMU
ypaBHEHUSMH,
BKJTIOYasI
MIOCTAaHOBKY
3a1aud, BBIOOD
YHCIICHHOTO
MeToa,
IPOTPaMMHYIO
peanu3aluio
aJropuTM™Ma,
MIPOBE/ICHUE
BBIUMCIIUTENIEH
BIX
HKCIEPUMEHTOB
, aHaIu3
pe3yabTaToB, M
BbISIBIICHUE
MOTEHINATIBHBIX
npobiem u
MOrPEIIHOCTEN

Tunosele 3agaHus, KPUTEPUUM U II0KA3ATEIM OLICHUBAaHUSA B pPAMKaX TEKYLIETO KOHTPOJIA
NpEeJCTaBICHBI B paboueil mporpamme AUCHUILTUHBI (MOyJIs1). [1oHBIE KOMIUIEKTHI OLIEHOYHBIX CPE/ICTB
Y KOHTPOJIbHO-U3MEPHUTEIbHBIX MaTepPHAIOB XpaHATCS Ha Kadepe.

3.2.Conep:kaHue OLCHOYHBIX CPECTB

TeMbl TOKJIag0B:
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1. UucneHHble METOABI pemieHus auddepeHnnanbHbXx ypaBHeHui. 3amadya Komm. IloctanoBka
3aJ1a4M U IPEIO0JI0KEHUS

2. YucneHHsle MeTOAbl perieHus: aud@epeHIHaTbHbIX ypaBHEHHH. MeToapl, OCHOBaHHBIC Ha
TEUIIOPOBCKOM Pa3JIOKEHUU

3. YucneHnsle MeTOIbI penieHus AuddepeHnnanbHbIX ypaBHeHUH. SIBHBII MeTo Ditepa

4. YucneHHble METO/IBI pelieHus JudQepeHnaIbHbIX ypaBHeHUA. MeTon Ditnepa ¢ nepecyeTom

5. Uucnennble MeTob! perienus auddepeHunanbueix ypaBaenuil. Meroa Komm

6. UucneHHble METOIBI pelieHus audQepeHraibHbIX ypaBHeHUH. CeMelcTBO SIBHBIX METO/I0B
Pynre-KyTTsl BTOpOro nopsiika

7. Knaccuueckuit anroputm Anamca — bamgopra — Moynrona
8. Ipobnas popmyanpoBKa

9. HucneHHbIE CXeMBI ISl MHOTOYWICHHBIX YPaBHEHHI

10. IIpeobpa3zoBaHue B CHCTEMBI OJHOTO MOPSIKA

11. IIpeobpa3zoBaHue B CHCTEMbI HECKOJIBKUX TTOPSIIKOB

Bompocsl k 3a4ety

1. UucneHnble MeTOABI pemieHus auddepeHnranbHbX ypaBHeHui. 3amadya Komm. IloctanoBka
3aJ1a4M U IPEI0JI0KEHUS

2. YucneHHsle MeTOAbI perieHus: IudepeHIuaTbHbIX ypaBHEHHH. MeToabpl, OCHOBaHHBIC Ha
TEUIIOPOBCKOM Pa3JIOKEHUU

3. YucneHnsle MeTOIbI penieHus AuddepeHnnanbHbIX ypaBHeHUH. SIBHBII MeTo Ditepa

4. YucneHHbIE METO/IBI pelieHus U QepeHInaIbHbIX ypaBHeHUH. MeTon Ditniepa ¢ nepecyeTom

5. Uucnennble MeTobI perienus auddepeHunanbeix ypaBaenuil. Merox Komm

6. UucneHHble METOIBI pelieHus IudQepeHraibHbX ypaBHeHUH. CeMeicTBO SIBHBIX METO/I0B
Pynre-KyTTsl BTOpOro nopsiika

7. Knaccuueckuit anroputm Anamca — bamgopra — Moynrona
8. Ipobnas popmyarpoBKa

9. HucneHHbIE CXeMBI ISl MHOTOYWICHHBIX YPaBHEHHI

10. IIpeobpa3zoBaHue B CHCTEMBI OJHOTO MOPSIKA

11. Ilpeobpa3zoBaHue B CHCTEMbI HECKOJIBKUX TTOPSIIKOB
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4. Ilopsinoxk mpoBeleHHs] U KPUTEPHH OLCHMBAHUS NPOMEKYTOUYHOM aTTeCTALMHI

4.1.11opsinok npoBeeHUsi MPOMEKYTOUYHOM aTTeCTALMHA

[IpogomxuTensHOCT 3aueTa — 90 MUHYT. 3a Ka)X/10€ BBIIIOJIHEHHOE 3a/JaHue OnieTa CTyJJeHT MOXKET
nosyduTh oT 1 10 3 6amioB. Ecnu 3a1aHne BRIMOTHEHO MPaBUIIHLHO, TO OHO OlleHuBaeTcs 3 Oamtamu. Eciu
3aJlaHuE BBIMIOJHEHO C OMMOKaMU, TO OayuTbl CHIXKAIOTCS B 3aBHCHMOCTH OT KOJHYECTBA JIOMYIICHHBIX
omu6Ook. Ecnu nomymiena omHa ommoKa, TO 3JaHUE OIEHUBASTCS 2 OalljlaMu, JOMYIICHBI IBe OMMOKH — 1
6amn. Ecnu momymieHo 6omee IByX OMMOOK B 3aIaHUU WK CTYACHT HE BBIITOJHUI KaKOe-Tu00 3aaHNe U3
Ounera, To 3a Hero oH noxy4daet 0 6amtoB. MakcuManbHOE KOJMYECTBO OAJUIOB 3a 3a4eT — 6.

4.2.Kpurepun onleHUBAHHMS MPOMEKYTOYHOH ATTECTAIMM MO BUIAM OLCHOYHBIX CPeICTB

Bricokuii ypoBeHb Cpennuii ypoBeHb ba3oBbIi1 ypoBeHB Hwuskuii ypoBeHb
OCBOCHUS OCBOEHMSI IPOBEPSEMBIX OCBOCHHUS OCBOEHHUS MPOBEPSIEMBIX
MIPOBEPSIEMBIX KOMIIETEHITUI MIPOBEPSIEMBIX KOMIETEHIUH
KOMIIETCHIIUH KOMIIETCHIIU I
6 GatoB 5 6anos 4 Gamna 0 — 3 6amna

Oo6yuatomuiics Oo6yuatomuiicst rpamotHo | OOyuaromuiicst umeeT | OOydJarOIUNACS HE 3HACT
IIOCJIEIOBATENBHO, Y IO CYUIECTBY M3JIaraet |3HaHUs TOJIBKO OCHOBOTIOJIATAIOIINX
IPAMOTHO U JIOTUUECKHU |MaTepua; BlaieeT OCHOBHOI'0 MaTepuaia, |BOIPOCOB U3y4aeMOro
CTPOMHO U3JIaraeT OCHOBHBIMU HO HE YMEET JeaTh Kypca Win
MaTtepua; BlaJeeT MaTeMaTH4e€CKUMHU BBIBOJIOB U 3HAYUTEIBHOUN YacTu
OCHOBHBIMU METOJIaMU; HE JIOMYCKAET |0Ka3aTeNbCTB; MIPOTrpaMMHOT0
MaTeMaTH4e€CKUMHU CYIIECTBEHHBIX OIIMOOK, |IOMyCKaeT OMNOKH, Marepuaa; J10ImycKaeT
METOJIaMU U HO UCHBITHIBAET MIPUBOJIUT OIMOKHU, OOHAPYKUBAET
aJITOPUTMAMM PELIEHUs |3aTPyJHEHUS B BBIBOAAX |HEIOCTATOYHO HEyMEHHUE UX
3a/1a4; yMEET CTPOUTh | M JI0Ka3aTelbCTBAX; MpaBUJIbHBIE WCIIPABJIATh; HE MOXET
MaTeMaTH4eCKUe yMEET NPUMEHSTh (bOpMYITHPOBKY; C yBSI3aTh TEOPHIO C
MOJIEIH, YBSI3bIBaTh OCHOBHBIC MMOJOXKEHUS U | TPYIIOM YBSI3bIBAET MPaKTUKOM.
TEOPHIO C IPAKTHKOHN, | POPMYIIBI TSl pEUICHHS] | OCHOBHBIC TIOJIOKCHHUS
MOKa3bIBAET YMEHUE 3a1ad. C TIPAKTUKOM.
MIPUMEHSATH 3HAHUSI.

Onucanue mokaszareseil 1 KpUTEPUEB OIICHUBAHMS KOMITETEHITUH JIJIsl TOKJIaa:

B cemectpe 3 noknana. Ha noknag orBoautcs 15-20 MuHYT B KOHILIE naphl (Kaxayo napy 1 nqokman).
Kaxnplii CTYyIEHT TOTOBUT JOKJIA 10 OJJHOW U3 MPEITI0OKEHHBIX TeM. MakcuManbHOE KOJIMYECTBO OaJIOB
3a poknaasl - 30.

Ouenka "3aureno" BeicTaBisercs 3a 20-30 6amnos, "He 3auTeHo0" - MeHee 20 0aIoB.

ITonHOTa NOKIaAa OLEHUBAETCS 110 CIAEAYIOIIUM KPUTEPUSIM:

1. IlosnHOTA U3710’KEHNS TEOPETUUECKOI0 MaTepraia

2. JlocTaTOuHOE KOJIMYECTBO MPUMEPOB K TEOPETUUECKOMY MaTepraly

3. IIpuBeneHbI IpUMEPHI K ONPEACIEHUSIM U TEOPEMaM

4. IlpuBeeHbl KOHTPIPUMEPBL, AEMOHCTPUPYIOIINE IPU KAKUX YCIOBUSIX HE IPUMEHUMBI TEOPEMBI.
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4.3.Pe3yabTaThl IPOMEKYTOYHOM ATTECTAMHA U YPOBHHU C()OPMHUPOBAHHOCTH KOMIIeTeHIM I

IIpy mnojaBenNeHMHM HWTOTOB YUYMUTBHIBAIOTCS pe3yJibTaThl TeKylled arrecranuuu. I[lomydeHHble 3a
TEKyIIyI0 aTTecTaluio Oalibl CyMMHPYIOTCS € OajlaMM, MOJYYEHHBIMH 3a KaXIbli 3Tanm mnpu

MIPOXOXKACHUH MTPOMEKYTOUHOHN aTTeCTAIUH:

Ouenka "He 3auTeHO" BRICTaBIsAETCS 32 19 U MeHee 0allIoB;
Ouenka "3aureno" BeicTaBisercs 3a 20 u 0ojee OaIoB:
20-26 6aynoB (ypoBeHs 1);

27-30 6aynoB (ypoBeHb 2);

31-36 6amioB (ypoBeHb 3).

Oco0eHHOCTH TPOBEICHUH MPOLEAYPbI OLCHUBAHUS PE3yJIbTaTOB O0yUEHHsI MHBAIMIOB U JIULL C

OrpaHUYEHHBIMU BO3MO>KHOCTSMU 37I0POBbsi 0003HAYECHBI B paboueil mporpaMme TUCIUILTHHBI (MOIYJIS).

YpoBHH c(HOPMHUPOBAHHOCTH KOMIIETCHIIUI OMPEAEISETCS CIEAYIOMUM 00pa3om

1. Boicokuii ypoBeHb CHOPMHPOBAHHOCTH KOMITETCHIIUH COOTBETCTBYET OLICHKE OTJIMYHO:

npesmnonaraetT GopMUPOBaHUE KOMIIETECHIIMN HA BHICOKOM YPOBHE, TOTOBHOCTb K CAMOCTOSITEIILHOU
npodeCCUOHATIBHON  IEATEILHOCTH: (DOPMHUPYIOTCSI HABBIKM YCTAHABIWUBATh CBS3H MEKIY
Pa3IMYHBIMK TIOHATHSIMHA M C JIPYTMMHU 00JacTIMH MaTEMAaTHKH, HABBIKUA JIOKAa3bIBATh TCOPEMBI,
HABBIKM CUCTEMAaTH3allMd JaHHBIX, HEOOXOJMMBIX JIJISl TMPHJIOKEHHs IMOJYyYCHHBIX 3HAHUH B
Pa3NUYHBIX 00IACTSX.

CTYJICHT CIIOCOOCH JaTh TOJHOE MPEICTaBICHHE 00 OCHOBHBIX MOHSATHSIX YHUCICHHBIX METOMIOB U
TEOPHUH IPOOHBIX MPOU3BOIHBIX, UCIIOJIF30BATh MATEMATHUECKHU S3bIK, CIIOCOOCH peliaTh 3a1a4u
U yIpaKHEHUS, UCIOJIb3YS ONPEACICHUS, TEOPEMbl U TEXHUYCCKHE MPUEMBI, (HOPMYIHPOBATH
COOCTBEHHEIE BEIBOJILI.

2. CpenHuii ypoBEHb COOTBETCTBYET OLIEHKE XOPOILIO:

npenmnoyiaraetr (HOpMHUpPOBAaHHE KOMIIETCHIM Ha Oolieeé BBICOKOM YpOBHE: (opMHUpYeTCs
KOMIUICKCHOE 3HAaHUE CBSI3M MEXAY pa3IUYHbIMA TOHATHSAMH W C JPYTUMH O0JIaCTIMU
MaTEMaTHKH, HABBIKH JJOKA3bIBaTh TEOPEMBI;

CTYIEHT CIOCOOEH WCMOJIb30BaTh MATEMAaTUYECKUH S3BIK, CHOCOOCH pemiaTh 3aqadyd |
YIPaXHEHHsI, UCIIONIBb3Ys OTPEICIICHHUS, TEOPEMBbI M TEXHUYECKHE MPUEMBI.

CTYIEHT CHOCOOCH NaBaTh Pa3BEpPHYThIE OTBETHI HA TEOPETHUYECKHE BOMPOCHI JUCHIUIUIMHBI Ha
YPOBHE HE HUXKE OIEHKU «YOBIETBOPUTEITHHOY.

3. bBa3oBbIil ypOBEHb COOTBETCTBYET OLICHKE Y OBIETBOPUTENBHO!

npezanonaraetr GoOpMHUPOBAHNE KOMIIETSHIIMI HA HAYaJIbHOM YPOBHE: 3HAHUE OCHOBHBIX MOHATUH U
TEOpPEM UYHCJICHHBIX METOZOB M JAPOOHBIX AU (depeHInalbHbIX ypaBHEHUH HEOOXOAMMBIX IS
peleHus 3a1a4 B IpoecCHOHAIbHOMN e TebHOCTH;

CTYZAEHT CIIOCOOEH penath 6a30Bble 3a1aun. KoarmuecTBo npaBUIIbHBIX OTBETOB — HE MeHee 50%.

4. Hwuszkuil ypoBEHb COOTBETCTBYET OLIEHKE HEYAOBIETBOPUTEIIBHO.
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1. Passport of the assessment fund

Master’s program: 01.04.01 Mathematics.

Direction: Fractional Differential Equations.

Course: Numerical Methods for Solving Fractional Differential Equations.

Semesters: 3.

The form of the interim assessment: credit.

The point-rating system for assessing a student's knowledge in a course is based on a point assessment of

various forms of student activity.
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2. List of competencies to be formed

The study of the course “Numerical Methods for Solving Fractional Differential Equations” is aimed
at the formation of competences given in Table 1.

Table 1. Learning outcomes of the course.

Code and name of
competencies according to

Indicators of competence
achievement according to

List of planned learning outcomes of the course

analyse problem situations|
on the basis of a systematic|

of action

approach, develop a strategyjstrategy,

the problematic situation in
order to develop an action
formulates his
own  judgments  and
assessments in a reasoned
manner.
UC-1.2. Uses critical
analysis, systematization
and  generalization  of
information to solve 4
problem situation.

FSBE (BPEP HE) BPEP HE
1 2 3
UC-1 Able to criticallyjlUC-1.1. Critically analyzes| Know:

o the main definitions and properties of
fractional derivatives and integrals (in the sense
of Caputo, Riemann-Liouville, and others), the
main approaches to the construction of
numerical methods for solving fractional
differential equations, as well as their
relationship to analytical methods. Understands
the limitations and scope of various numerical
methods, their convergence, stability, and
errors. He knows the main types of problems
that are modeled by fractional differential
equations and their features.

Be able to:
J Apply various numerical methods to
solve  fractional differential  equations,

including finite difference methods and others.
He is able to independently choose the most
appropriate method for solving a specific
problem, justifying his choice based on an
analysis of the properties and features of the
equation. He is able to develop algorithms
necessary for the software implementation of
numerical methods and adapt existing methods
to solve new problems. He is able to evaluate
and analyze the results obtained, and verify
numerical solutions.

Possess:

skills to independently conduct numerical
modeling of systems described by fractional

differential equations, including problem
formulation, choice of numerical method,
software  implementation of  algorithm,
conducting computational experiments,

analyzing results, and identifying potential
problems and errors.
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Code and name of
competencies according to

Indicators of competence
achievement according to

List of planned learning outcomes of the course

information and enter it
into a computer; organize,
format, record data on
media and in the cloud.
PC-3.3. Has practical
experience  (skills) in
setting up computers and
setting the causes of
computer failures.

FSBE (BPEP HE) BPEP HE
1 2 3

PC-3 Able to understand thePC-3.1. Has knowledge Know:

principles of operation ofabout the features of e about the features of the device and

modern electroniccomputer ~ design  and operation of modern computing systems,

computers and computingoperation, about the main including high-performance computing clusters

machines, work in a team,application software and parallel architectures. He knows about the

manage teamwork packages and operating main specialized application software packages
systems. used for numerical modeling, including
PC-3.2. Demonstrates thel packages for solving fractional differential
ability to: process| equations, as well as about modern operating

systems and software environments used for
scientific computing.

Be able to:

o process, enter, organize, and analyze
numerical data obtained as a result of
computational experiments with fractional
differential equations, including the use of data
visualization tools to present the results.
Possess:

skills in configuring computing systems
and software environments for conducting
computational experiments in the field of
numerical solution of fractional differential
equations,  including  installation  and
configuration of software packages, as well as
optimization of computing processes.
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3. Content of assessment tools for the course

3.1.Types of assessment tools

Table 2. Types of assessment tools.

approaches to
the construction
of numerical
methods for
solving
fractional
differential
equations, as
well as their
relationship to
analytical
methods.
Understands the
limitations and
scope of
various
numerical
methods, their
convergence,
stability, and
errors. He
knows the main
types of
problems that

Code and name | List of planned Controlled Semeste Task Name of the
of competencies learning Topics/ r number assessment tool
according to outcomes for Sections
FSBE (BPEP the discipline
HE)
UC-1 Able to | 1.1 Know: the | Numerical solution | 3 1-2 Open-ended
critically analyse | main of fractional question with a
problem definitions and | differential detailed answer
situations on the | properties of equations
basis of  a | fractional
systematic derivatives and
approach, integrals (in the
develop a | sense of
strategy of | Caputo,
action Riemann-
Liouville, and
others), the
main
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are modeled by
fractional
differential
equations and
their features.
1.2 Be able to: Numerical 2-3 Open-ended
Apply various solution of question with a
numerical fractional detailed answer
methods to differential
solve fractional | equations
differential
equations,
including finite
difference

methods and
others. He is
able to
independently
choose the most
appropriate
method for
solving a
specific
problem,
justifying his
choice based on
an analysis of
the properties
and features of
the equation. He
is able to
develop
algorithms
necessary for
the software
implementation
of numerical
methods and
adapt existing
methods to
solve new
problems. He is
able to evaluate
and analyze the
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results obtained,
and verify
numerical
solutions.
1.3 Possess: | Numerical solution Open-ended
skills to | of fractional question with a
independently differential detailed answer
conduct equations
numerical
modeling of
systems
described by
fractional
differential
equations,
including
problem
formulation,
choice of
numerical
method,
software
implementation
of  algorithm,
conducting
computational
experiments,
analyzing
results, and
identifying
potential
problems  and
errors.
PC-3 Able to| 3.1 Know: | Numerical Open-ended
understand  the | about the | solution of question with a
principles of | features of the | fractional detailed answer
operation of | device and | differential
modern operation of | equations
electronic modern
computers and | computing
computing systems,
machines, work | including high-
in a team, | performance
manage computing
teamwork clusters and
parallel
architectures.
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He knows about
the main
specialized
application
software
packages used
for  numerical
modeling,
including
packages for
solving
fractional
differential
equations,  as
well as about
modern
operating
systems and
software
environments
used for
scientific
computing
3.2 Be able to: | Numerical solution 1-4 Open-ended
process, enter, | of fractional question with a
organize, and | differential detailed answer
analyze equations
numerical data
obtained as a
result of
computational
experiments
with  fractional
differential
equations,
including  the
use of data
visualization
tools to present
the results
33 Possess: | Numerical solution 10-11 Open-ended
skills in | of fractional question with a
configuring differential detailed answer
computing equations
systems and
software
environments
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for conducting
computational
experiments in
the field of
numerical
solution of
fractional
differential
equations,
including
installation and
configuration of

software
packages, as
well as
optimization of
computing
processes

Standard tasks, criteria and assessment indicators within the framework of the ongoing control are
presented in the work program of the course (module). Complete sets of assessment tools and control and
measuring materials are stored at the department.

3.2.Content of assessment tools

Topics of the reports:

1. Numerical methods for solving differential equations. The Cauchy problem. Problem statement
and assumptions

2. Numerical methods for solving differential equations. Methods based on the Taylor expansion

3. Numerical methods for solving differential equations. The explicit Euler method

4. Numerical methods for solving differential equations. Euler's method with recalculation

5. Numerical methods for solving differential equations. The Cauchy method

6. Numerical methods for solving differential equations. The family of explicit second-order Runge-
Kutta methods

7. The classical Adams—Bashfort-Moulton algorithm

8. Fractional formulation

9. Numerical schemes for polynomial equations

10. Transformation into systems of the same order

11. Transformation into systems of several orders

Questions for credit:

1. Numerical methods for solving differential equations. The Cauchy problem. Problem statement
and assumptions

2. Numerical methods for solving differential equations. Methods based on the Taylor expansion

3. Numerical methods for solving differential equations. The explicit Euler method

4. Numerical methods for solving differential equations. Euler's method with recalculation

5. Numerical methods for solving differential equations. The Cauchy method

6. Numerical methods for solving differential equations. The family of explicit second-order Runge-
Kutta methods
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7. The classical Adams—Bashfort-Moulton algorithm
8. Fractional formulation

9. Numerical schemes for polynomial equations

10. Transformation into systems of the same order
11. Transformation into systems of several orders
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4. Procedure for conducting and criteria for evaluation of interim certification

4.1.Procedure for interim certification

The duration of the credit is 90 minutes. The student can receive from 1 to 3 points for each completed
task of the ticket. If the task is performed correctly, it is evaluated with 3 points. If the task is performed

with mistakes, the points are reduced depending on the number of mistakes made. If one mistake is made,

the building is evaluated with 2 points, if two mistakes are made, the building is evaluated with 1 point. If

more than two mistakes are made in a task or the student has not completed any task from the ticket, he/she
receives 0 points for it. The maximum number of points for credit is 6.

4.2.Assessment criteria for interim certification by types of assessment tools

High level of mastery Average level of Basic level Low level of mastery of
of the tested mastering the tested of mastering the the tested competencies
competencies competencies competencies being
tested
6 points 5 points 4 points 0 — 3 points

The student
consistently,
competently and
logically presents the
material; possesses
basic mathematical
methods and algorithms
for solving problems; is
able to build
mathematical models,
link theory and practice,
shows the ability to
apply knowledge.

The student presents the
material competently and
substantially; knows the
basic mathematical
methods; does not make
significant errors, but has
difficulties in conclusions
and proofs; is able to
apply the basic provisions
and formulas to solve
problems.

The student has
knowledge only of the
basic material, but is
not able to draw
conclusions and
evidence; makes
mistakes, provides
insufficiently correct
formulations; has
difficulty linking the
main provisions with
practice.

The student does not
know the fundamental
issues of the course or a
significant part of the
program material, makes
mistakes, reveals the
inability to correct them,
can not link theory and
practice.

Description of indicators and criteria for assessing competencies for the report:

There are 3 reports in the semester. 15-20 minutes are allocated for the report at the end of the pair
(each pair 1 report). Each student prepares a report on one of the proposed topics. The maximum number

of points for the reports is 30.

The grade “pass” is given for 20-30 points, “fail” - less than 20 points.

The completeness of the report is evaluated by the following criteria:
1. Completeness of presentation of theoretical material

2. Sufficient number of examples to the theoretical material

3. Examples are given for definitions and theorems

4. Counterexamples are given to show under what conditions the theorems do not apply.
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4.3.Results of interim attestation and levels of competencies formed

The results of the current assessment are taken into account when summarizing the results. The points
received for the current certification are summed up with the points received for each stage during the
intermediate certification:

The score "not counted" is given for 19 or less points.;

The "credited" score is given for 20 or more points:

20-26 points (level 1);

27-30 points (level 2);

31-36 points (level 3).

The specifics of the procedure for assessing the learning outcomes of people with disabilities and
people with disabilities are outlined in the work program of the course (module).

The levels of competence formation are defined as follows

1. A high level of competence formation corresponds to an excellent assessment:

- involves the formation of competencies at a high level, readiness for independent professional
activity: skills are formed to establish connections between different concepts and with other areas of
mathematics, skills to prove theorems, skills to systematize data necessary for the application of acquired
knowledge in various fields.

- the student is able to give a complete understanding of the basic concepts of numerical methods and
the theory of fractional derivatives, use mathematical language, is able to solve problems and exercises
using definitions, theorems and techniques, and formulate their own conclusions.

2. The average level corresponds to the assessment of good:

- involves the formation of competencies at a higher level: a comprehensive knowledge of the
relationship between various concepts and other areas of mathematics is formed, skills to prove theorems;

- the student is able to use mathematical language, is able to solve problems and exercises using
definitions, theorems and techniques.

- the student is able to give detailed answers to the theoretical questions of the course at a level not
lower than the grade "satisfactory".

3. The basic level corresponds to the grade satisfactory:

- involves the formation of competencies at the initial level: knowledge of the basic concepts and
theorems of numerical methods and fractional differential equations necessary to solve problems in
professional activity;

- the student is able to solve basic tasks. The number of correct answers is at least 50%.

4. A low level corresponds to an unsatisfactory assessment.
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