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1. Ilacmopt poHIa OLIEHOYHBIX CPEACTB

Hanpasnenue noarorosku: 01.04.01 Marematuxa.
Hanpasnennocts: YpaBHEHHS € IPOOHBIMH ITPOU3BOIHBIMU.

JucuumuinHa: MeTosl pernieHus ApoOHbIX JudepeHInaIbHbIX YpaBHEHUH.
CemecTtpsl: 2.

®opMa NpOMEKYTOYHON aTTECTALUU: 3a4€T, IK3aMEH.
bannpHO-peUTHHrOBass CHUCTEMa OLICHKM 3HAHUM CTYIEHTA 10 JUCLHUILIMHE BBICTPAUBACTCA HA OCHOBE
0aJUIOBOM OLIEHKH Pa3IMYHBIX (POPM AEATETBHOCTH CTYACHTOB.
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2. IlepedeHb (popMHUPYEMBIX KOMIIETCHIHM I

HSy‘IeHI/IC JUCHUITIINHBI

«Metoapl pelieHus

OpoOHBIX U (depeHIUaNbHBIX  YPaBHEHUID)

HaNpaBJIeHO Ha (OPMHUPOBAHNE KOMITETCHIIUH, TPUBEIEHHBIX B TabmLe 1.

Tabmuua 1. Pesyabprarel 00yueHHs! 10 JTUCHUIUIMHE.

Coneprxanre KOMIETEHIIUN
cornacHo ®T'OC
(OITOIT BO)

Nupukatopel 10CTHXKEHUS

KOMIIETEHIIUH COTJIaCHO
OITOIT

IIepedens uIaHUpPyEMBIX PE3yIbTATOB
00y4YeHHs MO JUCLUIUINHE

1

2

3

ITK-1 CniocoGeH npoBOANTH
HaY4YHO-
MCCIIEI0BATENLCKYIO paboTy|
B obmacty|
QG epeHInaTbHBIX
YpaBHEHUH

[1K-1.1
3HaHUE
TEOPETUYECKHIX
MOJIOKEHUU U METOJOB B
o0JsacTH MIPOBOJIUMBIX
HAYYHBIX UCCIICOBAHUM.
[1K-1.2. [lemoHcTpHpyeT
yMeHusi cOopa M aHaIu3a
MH(pOpPMALIUY IO TEMAaTHKE
[IPOBOIUMBIX
MCCIIE0BAHUM.
[1K-1.3.
[IPAaKTUYECKUI
YCTAHOBJICHHS
(akToB u
3aKOHOMEPHOCTEMN B
obsacTu HAYYHBIX
MCCIIE0BAHUM.

JemMoHcTpupyeT
OCHOBHBIX

NmMmeerT
OIIBIT]
HOBBIX|

3HaTh:

o OCHOBHBIC TEOPETUYECKUE TTOJIOKEHUS,
knaccupukanmu M MeTombl  perieHus
IpoOHBIX TU(QepeHINaIbHbIX YPaBHEHUH
(OOBIKHOBEHHBIX U B YaCTHBIX MPOU3BOIHBIX,
JUHEWHBIX WM HEJNWHEWHBbIX), BKIIOYAs Kak
aHAJTUTUYECKHUE, TaK M YUCICHHBIC MOIXO/IbI,
B KOHTEKCT€  MPOBOJUMBIX  HAYyYHBIX
uccnenoBanul.  I[lommmars  B3aMMOCBS3b
pa3NUYHBIX  TUNOB  AupdepeHnrnanbHbIX
YPAaBHEHUN U UX INPUIOKEHUU B PA3IUYHBIX
obmacTsiXx Hayku M TexHUKH. Oco3HaBaTh
COBPEMEHHOE COCTOSIHUE MCCIEAOBAaHUN U
TEHJICHIIMM DPAa3BUTUS METOAOB PEIICHUS
mudQepeHInaIbHbIX ypaBHEHUH.

YMmers:

o s heKkTUBHO cobuparsb,
CHUCTEMaTH3HpOBAaTh M AHAJTU3UPOBAThH
MHPOpPMALIMI0O M3 HAYYHBIX MyOJIMKaluy,
MOHOTpaduii, craTeil U APYruxX UCTOYHUKOB
o TEMaTHKe METOIOB pereHHs
middepeHnnanbHbX ypaBHeHHA. CriocoOeH
KPUTUYECKH OLICHUBATh MOJTyYCHHYIO
uHpOpMaLHUIO, BBISIBIISITh OCHOBHBIE
3aKOHOMEPHOCTH ¥ MEPCIEKTUBBI IS
JanbHEHIIMX  HCCIEJOBaHUM, a  Takxke
MIPOBOJIUTH CPABHEHUE PA3IUYHBIX METOOB,
MOJIX0/I0B M PE3YJIbTATOB.

Biagers:

J HaBBIKAMU MIPOBEICHUS
CaMOCTOSITENIbHBIX HaYYHBIX HCCIIEIOBAHUN B
obnacTtu METOIOB pereHHs
mudQepeHIMaNbHbIX ypaBHEHUH, BKIIOYAs
MIOCTAaHOBKY  HCCIIEIOBATEIbCKUX  3ajad,
pa3paboTKy METOJOB pEIICHUs, MPOBEICHHE
BBIUUCIIUTENEHBIX HKCHEPUMEHTOB u
MHTEPIPETAIHNIO TOJYUYCHHBIX pPEe3yJIbTaTOB.
MMeeTr NpakTUYECKUN OIBIT YCTAHOBJICHHUS
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Coneprxanne komneTeHIUH | THANKATOPHI JOCTUKEHUS

Ilepedens uIaHUpyEMBIX PE3yIbTATOB

cornacao ®I'OC KOMIIETEHITUH COIJIacHO 06VICHHS M0 THCIMIITHHE
(OTIOTI BO) OToT Y i
| 2 3

HOBBIX (DAaKTOB M 3aKOHOMEPHOCTEH B ITOM
o0lacTH, ¥ TOTOBHOCTh  MPEICTABIATH
pe3yJibTaThl  CBOEH  HMCCIEA0BATEIbCKOMN
paboThl B BHJE HAYyYHBIX NyOJUKaIUi WU
JOKJIaIoB. YMeeT BbIOMpaTh Haumbojee
TIOIX OIS METOJ pereHus
i QepeHIrnanbHOro YpaBHEHHUS TUISL
KOHKPETHOW 3a/layd, U MOXET O00OCHOBATh
cBoii BbIOOp. OOnamaeT HaBbIKaMH pabOTHI C

COBpPCMCHHBIMU MaTEMATHYCCKUMH
nporpaMMHbBIMU  [TAKETaMHU, a TaK¥kKC C
HHCTPYMCHTaAMU YHUCJIICHHOT'O
MOJACIMPOBAHUS.
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3. CoaepxaHue OLEHOYHBIX CPEICTB M0 JUCHHUILINHE

3.1.Buabl 0O11eHOYHBIX CPeICTB

Tabnua 2. Bupl OIIEHOYHBIX CPEJICTB.

Kon,
HaAaUMEHOBAHUEC
KOMIIETCHIIUA
COIJIACHO
drocC

Ilepeyenn
ILUIAHUPYeMBbIX
pe3yJabTaToB
o0yueHus Mo
AUCHHUILINHE

KonTposmpyembie
TeMbl/
pasaesibl

Cemectp

Homep
3aaHus

HaunmenoBanue
OLIEHOYHOI0
cpeacrsa

IIK-1 Cnocoben
IPOBOJIUTH
Hay4YHO-
HCCIIEI0BATEINBC
Kylo paboty B
obnacTu
muddepeHmab
HBIX YPaBHEHUN

1.1 3HaTth:
OCHOBHBIE
TEOPETHUECKUE
MOJIOKEHUS,
KIacCupUKaIUU
51 Mertoubl
peuieHus
IPOOHBIX
maddeperunan
BHBIX
YpaBHEHUH
(0OBIKHOBEHHBI
X W B YaCTHBIX
MIPOU3BOIHBIX,
JIMHEWHBIX u
HEJIMHEHHBIX),
BKJIOYAas  Kak
aHAIUTUYECKUE,
TaKk "
YUCJICHHbBIE
MOAXObI, B
KOHTEKCTE
MIPOBOIUMBIX
HAYYHBIX
HCCIIEA0BAHUM.
[Tonnmatp
B3aUMOCBSI3b
Pa3IUYHBIX
TUTIOB
maddepennnan
BHBIX
YPAaBHEHUHN U UX
IIPUIOKEHUN B
Pa3IUYHBIX
00J1acTsAX HAYKH
" TEXHUKH.
Oco3HaBaTh

— OcHOBBI
IpoOHOTO
WCYUCIICHUS

3aaHue OTKPBITOTO
THIA C
pa3BEpHYTHIM
OTBETOM

© ®I'BOY BO «Uenl'V»
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COBPEMEHHOE
COCTOsIHUE
HCCIIE0BaHUN U
TEHJCHINH
pa3BUTHSA
METOJI0B
peuieHus
maddeperunan
BHBIX
YPaBHEHHUHU.

1.2 YMmern:
3pPEeKTHBHO
cobuparsb,
CHCTEMaTHU3HPO
BaTh u
aHAJTM3UPOBAThH
UHPOPMALINIO
u3 HaYYHbIX
myOmuKanui,
MOHOTpaduit,
CTaTeH U IPYTUX
UCTOYHHUKOB TIO
TEeMaTHKe
METOIOB
pereHus
maddepenunan
BHBIX
YPaBHEHHUHU.
Cnocoben
KPUTUYECKH
OLICHUBATh
MOJTyYCHHYIO
uH(pOpMaLHIO,
BBISIBIISITh
OCHOBHbIE
3aKOHOMEPHOCT
" u
MEPCIEKTUBBI
ISt
aJIbHEUIITNX
HCCIIEOBaHUIA,
a TaKxKe
MIPOBOJIUTH
CpaBHEHHE
Pa3NUYHBIX
METOJIOB,

OcHOBBI
IpoOHOTO
WCYUCIICHUS

4.5

3ajaHue OTKPBITOTO

THIIA
Pa3BEPHYTHIM
OTBETOM

C
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IIOAXO0B u
pe3yabTaToB.

1.3 Baagers: | Teopus 4
HaBbIKaMU mddepeHraIbHbI
[IPOBEICHU X ypaBHEHUH ¢
CaMOCTOSITENIbH | APOOHBIMU

BIX  HAy4YHBIX | IPOU3BOAHBIMH
UCCIIE0BaHUN B
obnacTu
METOIOB
pereHus
maddepenunan
BHBIX
YpaBHEHUH,
BKJTIOYAsI
MIOCTAHOBKY
HCCIICI0BATEINBC
KHUX 3ajad,
pa3paboTKy
METOIOB
peleHus,
MIPOBE/ICHUE
BBIUMCIIUTENIEH
BIX
HKCIEPUMEHTOB
"
MHTEPIPETALHIO
MOJTYYEHHBIX
pe3yIbTATOB.
Nmeer
MIPaKTHUYECKUI
OTIBIT
YCTAHOBJICHHS
HOBBIX (DaKTOB H
3aKOHOMEPHOCT
en B OTOH
oOiactH, u
TOTOBHOCTb
NPECTABIATh
pe3yIbTaThI
CBOEH
HCCIICI0BATEINBC
KO paboThl B
BUJC HAy4YHBIX
nyOnukanuii - u
JIOKJIa/10B.
Ymeer

5-14

3ajaHue OTKPBITOTO
THIIA v
Pa3BEPHYTHIM
OTBETOM
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BBIOMpATH
Haunboee

MOAXO TSI
METOJ] PELICHHS
maddeperunan
BHOTO
yYpaBHEHUS JUIS
KOHKPETHOU
3ajauu, u
MOKET
000CHOBAThH
CBO  BBIOOp.
Ob6nanaer
HaBBIKaMU
paboThI c
COBPEMEHHBIMU
MaTeMaTH4eCKU
MU
IPOTPaMMHBIMU
MaKkeTamH, a
TaKxKe c
MHCTPYMEHTaMHU
YHCIICHHOTO
MO/JICIIUPOBAHUS

Tunosele 3agaHus, KPUTEPUUM U II0KA3ATEIM OLICHUBAaHUSA B pPAMKaX TEKYLIETO KOHTPOJIA
NpeJCTaBICHBI B paboueil mporpamme AUCHUILTUHBI (MOyJs1). [1oHbBIE KOMIUIEKTHI OLIEHOYHBIX CPE/ICTB
Y KOHTPOJIbHO-U3MEPHUTEIBHBIX MaTepPHAJIOB XpaHATCS Ha Kadenpe.

3.2.Conep:kaHue OLCHOYHBIX CPECTB

Tembl TOKIa70B:

. MOTHBHPOBKA HCIIOJIB30BAHMS JPOOHBIX MPOU3BOIHBIX

. Ilpumeps! npunoxeruii A nupdepeHInanbHbIX YpaBHEHHH ¢ APOOHBIMHU IPOU3BOAHBIMU
. Murerpan Pumana - JInysumis

. IIponsBognas Pumana - JInysumis

. CBs13p pon3BOHON 1 uHTerpasa Pumana - JInyBusuis

. Uto Takoe apoOHast Mpon3BoaHAs?

. OcHOBHBIE BU/IbI IPOOHBIX POU3BOTHBIX

. @ynkius Murrar - Jledpdaepa

9. ®ynkuus Paiita

10. Haxoxnenue pemeHus qudQepeHnnaibHbIX ypaBHEHUN ¢ TpOOHOM MPOU3BOIHOM
11. dpoGuas npousBoanas Pumana - JlnyBumis

12. 3agauu ¢ rpaHUYHBIMU U HAYaJIbHBIMU yCIIOBUSMU

13. IIpsimbie 3agaun

0NN KW~
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14. O6patHble 331291

Bonpocsr 1 3ayera:

1. Iuddepenunpyemast GpyHKIus

2. @yHaaMeHTalbHas TeopeMa KJIaCCUYECKOro HCUUCIICHHS

3. UnTerpan Pumana

4. beckoneuno auddeperurpyemas GyHKIUSL

5. Famma-¢pyskims Diinepa

6. [IpoctpanctBo Jlunmmuna

7. Ilpoctpanctso ['enbaepa

8. IIpocTpancTBO HenpepbIBHO AuddepeHunpyembIx GyHKIHHA
9. ®ynnamenTanbHas Teopema npoctpaHcTsa Jlebera

10. Unterpan Pumana - JInyBusis

11. IlponzBoanast Pumana - JInyBumnis

12. Teopema 0 nepecTaHOBKE MECTaMH APOOHOT0 MHTErpasia u rpejena
13. Onpenenenune npoOHOI npousBoaHON Pumana - JInyBumis
14. ®opmyna JleitOHuna st ApoOHOM MPOU3BOAHOM

15. ®opmymna JleitGnuna ass oneparopos Pumana—JInyBuiis
16. ®ynkuusa Murrar-Jleddaepa

Bomnpocs! 11 3x3ameHa:
. OcHOBHBIE OIIpeIEeNIEHUs U TEOPEMBI KIIACCUYECKOT0 UCUUCIICHUS

. Murerpan Pumana - JInysumis

. IIponsBognas Pumana - JInysumis

. CBs13p pon3BOHON 1 uHTerpasa Pumana - JInyBusuis
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14. O6patHble 331291
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4. Ilopsinoxk mpoBeleHHs] U KPUTEPHH OLCHMBAHUS NPOMEKYTOUYHOM aTTeCTALMHI

4.1.11opsiaok npoBeeHUsi MPOMEKYTOUYHOM aTTeCTANMHA

[TpomomkuTenbHOCTH 3a4eTa — 90 MUHYT. 3a Ka)K10€ BBIIOJIHEHHOE 33/1aHue OMIeTa CTYJICHT MOXKET
noiy4yuTs ot 1 10 3 6ayutoB. Eciu 3a1anue BBINOIHEHO PAaBUIIBHO, TO OHO olleHuBaeTcs 3 6amiamu. Ecnu
3aJJaHUE BBIMOJIHEHO C OIIMOKaMH, TO OaJlIbl CHIDKAIOTCS B 3aBUCUMOCTH OT KOJMYECTBA JOMYIIEHHBIX
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.

Ha sk3ameHne BeIaeTcs 2 BOIpoca U3 CIHUCKa BOIPOCOB 110 TEMaM NMPAKTHUECKUX 3aHATHH.

[TpomomkuTenbHOCTh dK3aMeHa — 90 MHMHYT. 3a KaK[0e BBIIOJIHEHHOE 3aJaHue OWiieTa CTYJCHT
MO>KET MOIy4uTh 0T 1 10 3 GamoB. Eciu 3aganue BHIIOIHEHO MPAaBUIIBHO, TO OHO OLIEHUBAETCS 3 OaIamH.
Ecnu 3ajmaHue BBIMOMHEHO € OMMOKaMH, TO Oalibl CHHXKAIOTCA B 3aBHCUMOCTH OT KOJIMYECTBA
JOMYIIeHHbIX omnoOoK. Ecnu nomyiena ogna ommoka, To 31aHie OLeHUBAeTCs 2 OaiaMu, JOMyIEHBI 1BE
omnOku — 1 6amt. Eciiu nomymieno 6osiee IBYX OmMOOK B 3aJaHUX UITH CTYACHT HE BBITIOJIHUI KaKoe-TH00
3ajaHue U3 OmeTa, To 3a Hero oH noxyvaer 0 OannoB. MakcuManbHOE KOJIMYECTBO OAIOB 3a 3K3aMeH —
6.

4.2. Kputepuy OLleHUBAHMSA IIPOMEKYTOYHOM aTTECTALMH 110 BHIaM OLCHOYHBIX CPeCTB

Bricokuii ypoBeHb Cpennuii ypoBeHb ba3oBbIi1 ypoBeHB Hwuskuii ypoBeHb
OCBOCHUS OCBOEHMSI IPOBEPSAEMBIX OCBOCHHUS OCBOEHHUS MPOBEPSIEMBIX
MIPOBEPSIEMBIX KOMIIETEHITUI MIPOBEPSIEMBIX KOMIETEHIUH
KOMIIETCHIINH KOMIIETCHIIUH
6 GaoB 5 6annos 4 6amna 0 — 3 6amna

OO6yuatomuiics Oo6yuatomuiicst rpamotHO | OOyuaromuiicst umeer | OOyJarOIUNACS HE 3HACT
IIOCJIEJOBATENBHO, Y IO CYUIECTBY M3JIaraet |3HaHUs TOJBKO OCHOBOTIOJIATAOIINX
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 |0Ka3aTeIbCTB; MIPOTrpaMMHOT0
MaTeMaTH4e€CKUMHU CYIIECTBEHHBIX OIIMOOK, |IOMyCKaeT OIMNOKH, Marepuaa; 10ImycKaeT
METOJIaMU U HO UCHBITHIBAET MIPUBOJIUT OIMOKHU, OOHAPYKUBAET
aJITOPUTMAMM PELIEHUs |3aTPyJHEHUS B BBIBOAAX |HEIOCTATOYHO HEyMEHHUE UX
3a/1a4; yMEeT CTPOUTh | M JI0Ka3aTelbCTBAX; MpaBUJIbHBIE WCIIPABJISATh; HE MOXKET
MaTeMaTH4eCKUe yMEET NPUMEHSTh (bOpMYITHPOBKY; C yBSI3aTh TEOPHUIO C
MOJIEJH, YBSI3bIBaTh OCHOBHBIC MMOJOXKEHUS U | TPYZIOM YBSI3bIBAET MPaKTUKOM.
TEOPUIO C IPAKTHKOHN, | POPMYIIBI TSl pEUICHHS] | OCHOBHBIC TIOJIOKCHHUS
MOKa3bIBAET YMEHUE 3a1ad. C TIPAKTUKOM.
MIPUMEHSATH 3HAHUSI.

OnucaHue nokaszaTeneil 1 KpUTeprueB OLIEHUBaHUST KOMIIETEHLIUN JJIs TOKJIaa:
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B cemectpe 2 noknana. Ha noxnag orBoautcs 15-20 MUHYT B KOHIIE Maphl (Kaxkayto napy 1 gokmian).
Kaxnplii CTYyIEHT TOTOBUT JOKJIA 10 OJJHOW U3 MPEITIOKEHHBIX TeM. MakcuManbHOE KOJIMYECTBO OaJIOB
3a okJazsl - 20.

Ornenka "3aureno" BeicTaBisieTcs 3a 12-20 6annoB, "He 3aureHo" - MmeHee 12 O0ayUIOB.

ITonHOTa NOKIaAa OLEHUBAETCS 110 CIAEAYIOIIUM KPUTEPUSIM:

1. IlosnHOTA HM3710’KEHUS TEOPETUUECKOI0 MaTepraia

2. JlocTaTOuHOE KOJIMYECTBO PUMEPOB K TEOPETUUECKOMY MaTepraly

3. IIpuBeneHbI IpUMEPHI K ONPEACIECHUSIM U TEOPEMaM

4. IlpuBeeHbl KOHTPIPUMEPBL, AEMOHCTPUPYIOIINE IPU KAKUX YCIOBUSAX HE IPUMEHUMBI TEOPEMBI.

4.3.Pe3yabTaThl IPOMEKYTOYHOM ATTECTAMHA U YPOBHHU C()OPMHUPOBAHHOCTH KOMIIeTeHIM I

[Ipy moIBENEHUU WTOTOB YYHUTHIBAIOTCS PE3yNbTAaThl TeKylleW arrecranuu. [lomydeHHble 3a
TEKYIIYI0 aTTecTaliio Oauibl CyMMHPYIOTCS ¢ OautamMu, TONYYCHHBIMH 3a KaXIBIH OSTam Mpu
MIPOXOXKACHUH MTPOMEKYTOUHOHN aTTeCTAIUH:

Ouenka "He 3auTeHO" BRICTaBIsAeTCS 32 21 ¥ MeHee 0allIoB;

Ouenka "3auteHo" BrIcTaBseTcs 3a 22 u 0ojee OaIoB:

22-26 6amnoB (ypoBeHs 1);

27-30 6aynoB (ypoBeHb 2);

31-36 6amioB (ypoBeHb 3).

IIpy monaBeNEeHUMM HWTOTOB YUMTHIBAIOTCS pe3yibTaTbl TeKylled arrecrauuu. IlomydeHHble 3a
TEKyIIyI0 aTTecTaluio Oaibl CyMMHPYIOTCS € OajlaMM, MOJYYEHHBIMH 3a KaXIbli 3Tanm mnpu
IIPOXOXKACHUH ITPOMEXKYTOUHOHN aTTeCTaLUH:

Onenka "He ynoBrneTBopuTeabHO" BhICTaBiseTcs 32 13 u MeHee 0aios;

Onenka "Y noBneTBopuTenbHO" BeIcTaBisercs 3a 14-17 6aos (yposens 1);

Onenka "Xopomo" BeicTaBisercs 3a 18-21 6amnos (ypoBeHs 2);

Onenka "O1anyHo" BHICTaBIIsICTCS 32 22-26 6ayioB (ypoBEHb 3).

OcoOeHHOCTH TPOBEICHUH MPOLEAYPbI OLICHUBAHUS PE3yJIbTaTOB 00yUEHHsI MHBAIMIOB U JIULL C
OrpaHUYEHHBIMU BO3MOXKHOCTSAMU 37I0POBbsi 0003HAYECHBI B paboueil mporpaMme TUCIHUILTHHBI (MOIYJIS).

YpoBHU chOpMUPOBAHHOCTH KOMIIETEHIMH ONpEAEIsIeTCs CIEAYIOIINM 00pa3oM
1. Boicokuii ypoBeHb CHOPMHPOBAHHOCTH KOMITETCHIIUH COOTBETCTBYET OLICHKE OTJIMYHO:

- mpeamnojaraeT GOpMHpPOBAHUE KOMIIETEHIIMI Ha BHICOKOM YPOBHE, FTOTOBHOCTb K CAMOCTOSATEIBHOM
npoeCCUOHATBHON  IEATENBbHOCTH: (OPMUPYIOTCSI HABBIKM YCTAaHABIMBATh CBS3H MEXIY
Pa3NUYHBIMHM TOHATHSIMU U C IPYTMMHU O0JAcTAMU MaTeMaTHKH, HaBBIKU JTOKAa3bIBaTh TEOPEMBI,
HaBBIKM CHUCTEMAaTH3allMM JAHHBIX, HEOOXOAMMBIX JJIsl TPHJIOKEHHS IOJyYCHHBIX 3HAHUHA B
Pa3NUYHBIX 00IACTSX.

- CTYIEHT CIocoOeH JaTh MOJHOE MPEeACTaBICHHE 00 OCHOBHBIX MOHATHUAX TU(EpeHINATbHBIX
YpaBHEHMH, MCIIONB30BaTh MATEMaTHUYECKUH SI3BIK, CIOCOOCH pelIaTh 3aJaud M YNpakKHEHHS,
UCTIONB3Yysl OINpPE/AETCHUs, TEOPEMBbl U TEXHUYECKHE NPUEMBI, (OPMYIHPOBATH COOCTBEHHBIE
BBIBOJIBI.

2. CpenHuii ypoBEHb COOTBETCTBYET OLIEHKE XOPOILIO:

- mpeamonaraeT (GOpMUPOBAHUE KOMIIETCHIIMH Ha 0OoJiee BBICOKOM YypOBHE: (QOpMUpPYETCS
KOMIUIEKCHOE 3HAHME CBS3M MEXAY pa3IMYHBIMU MOHATUAMH M C JPYTUMH OO0JacTAMHU
MaTEeMaTHKH, HaBBIKH JJOKa3bIBaTh TEOPEMBI;
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- CTYIOEHT CHOCOOEH HCHOJb30BaTh MAaTEMaTHUECKUH S3BIK, CIIOCOOCH pelarh 3aJadd |
yIpaKHEHHsI, UCTIONb3Ys ONPEICIICHUS, TEOPEMBI U TEXHUYECKUE TPUEMBI.

- CTYIEHT CIocOoOEH JaBaTh pa3BEPHYTHIE OTBETHl HA TEOPETHUECKUE BOIMPOCHI TUCHUIUIMHBI Ha
YPOBHE HE HUXKE OLICHKU «YJOBJIECTBOPUTEIHHOY.

3. ba3oBblif ypOBEeHb COOTBETCTBYET OLIEHKE YIOBIETBOPUTEIHLHO:

- mpexnoiaraet (JOpMHUPOBAHHE KOMIIETCHIIMI Ha HAYaJIbHOM YPOBHE: 3HAHWE OCHOBHBIX IMOHITUN
TeopeM au(phepeHInaNbHBIX YpaBHEHUH, HEOOXOIUMBIX JIJIsI pEIIeHHUs 3a1a4 B MPO(ecCHOHANBHOM
NesTeTbHOCTH;

- CTYJIEHT crocoOeH pemaTh 0a3oBble 3a1a4n. KomnuecTBo mMpaBUIbHBIX OTBETOB — HE MeHee 50%.

4. Hu3skuii ypoBeHb COOTBETCTBYET OLIEHKE HEYAOBIECTBOPUTEIHHO.

© ®I'BOY BO «Uenl'V»
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1. Passport of the assessment fund

Master’s program: 01.04.01 Mathematics.

Direction: Fractional Differential Equations.

Course: Methods for Solving Fractional Differential Equations.

Semesters: 2.

The form of the interim assessment: credit, exam.

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 “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

methods in the field of
scientific research.
PC-1.2. Demonstrates the
ability to collect and
analyze information on the
subject of  ongoing
research.
PC-1.3. Has practical
experience in establishing
new facts and patterns in
the field of scientifig
research.

FSBE (BPEP HE) BPEP HE
1 2 3
PC-1 Able to carry outPC-1.1 Demonstrates Know:
research work in the field ofknowledge of the basic e the  main  theoretical  principles,
differential equations theoretical principles and classifications and Methods for Solving

Fractional Differential Equations (ordinary and
partial differential, linear and nonlinear),
including both analytical and numerical
approaches, in the context of ongoing scientific
research. Understand the interrelationship of
different types of differential equations and
their applications in various fields of science
and technology. Be aware of the current state of
research and trends in the development of
Methods for Solving Fractional Differential

Equations.
Be able to:
° effectively collect, systematize, and
analyze information from scientific

publications, monographs, articles, and other
sources on Methods for Solving Fractional
Differential Equations. He is able to critically
evaluate the information received, identify the
main patterns and prospects for further
research, as well as compare various methods,
approaches and results. He is proficient in
modern methods of searching and processing
scientific information, and knows how to use
modern tools.

Possess:

the skills of conducting independent
scientific research in the field of Methods for
Solving Fractional Differential Equations,
including setting research problems, developing
solution methods, conducting computational
experiments and interpreting the results
obtained. He has practical experience in
establishing new facts and patterns in this field,
and is ready to present the results of his research
work in the form of scientific publications and
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Code and name of

Indicators of competence

competencies according to | achievement according to

FSBE (BPEP HE)

BPEP HE

List of planned learning outcomes of the course

1

2

3

reports. He knows how to choose the most
appropriate method for solving a differential
equation for a specific problem, and can justify
his choice. He has the skills to work with
modern mathematical software packages, as
well as with numerical modeling tools.
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3. Content of assessment tools for the course

3.1.Types of assessment tools

Table 2. Types of assessment tools.

differential
equations

research work in
the field of

principles,
classifications
and Methods for
Solving
Fractional
Differential
Equations
(ordinary
partial
differential,
linear
nonlinear),
including both
analytical and
numerical
approaches, in
the context of

and

and

ongoing
scientific
research.
Understand the
interrelationship
of different
types of
differential
equations  and
their

applications in
various fields of
science and
technology. Be
aware of the
current state of
research and
trends in the

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)
PC-1 Able to| 1.1 Know: the | Fundamentals of |1 1-4 Open-ended
carry out | main theoretical | fractional calculus question with a

detailed answer
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development of
Methods for
Solving
Fractional
Differential
Equations.

1.2 Be able to:
effectively
collect,
systematize, and
analyze
information
from scientific
publications,
monographs,
articles, and
other sources on
Methods for
Solving
Fractional
Differential
Equations. He is
able to critically
evaluate the
information
received,
identify the
main  patterns
and  prospects
for further
research, as well
as compare
various
methods,
approaches and
results. He is
proficient in
modern methods
of searching and
processing
scientific
information, and
knows how to
use modern
tools.

Fundamentals of
fractional calculus

Open-ended
question  with
detailed answer

a
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1.3 Possess: the
skills of
conducting
independent
scientific
research in the
field of Methods
for Solving
Fractional
Differential
Equations,
including setting
research
problems,
developing
solution
methods,
conducting
computational
experiments and
interpreting the
results obtained.
He has practical
experience  in
establishing new
facts and
patterns in this
field, and is
ready to present
the results of his
research work in
the form of

scientific
publications and
reports. He

knows how to
choose the most

appropriate
method for
solving a
differential

equation for a
specific

problem, and
can justify his
choice. He has
the skills to

Theory of
differential
equations with
fractional
derivatives

5-14

Open-ended
question  with
detailed answer

a
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work with
modern
mathematical
software
packages, as
well as with
numerical
modeling tools.

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

Reports:

. Motivation for using fractional derivatives

. Examples of applications for differential equations with fractional derivatives
. The Riemann-Liouville integral

. The Riemann-Liouville derivative

. The relation of the derivative and the Riemann-Liouville integral
. What is a fractional derivative?

. The main types of fractional derivatives

. The Mittag-Leffler function

. The Wright function

10. Finding solutions to fractional differential equations

11. The fractional Riemann-Liouville derivative

12. Problems with boundary and initial conditions

13. Direct tasks

14. Inverse problems

Questions for the credit:

1. Differentiable function

. The fundamental theorem of classical calculus

. The Riemann integral

. Infinitely differentiable function

. Euler's gamma function

. Lipschitz Space

. The Helder space

. The space of continuously differentiable functions

9. The fundamental theorem of the Lebesgue space

10. The Riemann-Liouville integral

11. The Riemann-Liouville derivative

12. The theorem on the rearrangement of the fractional integral and the limit
13. Definition of the Riemann-Liouville fractional derivative
14. Leibniz's formula for the fractional derivative

15. Leibniz formula for Riemann—Liouville operators

16. The Mittag-Leffler function

O 0 I N KW~
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Exam Questions:

0NN KW

. Basic definitions and theorems of classical calculus

. Examples of applications for differential equations with fractional derivatives
. The Riemann-Liouville integral

. The Riemann-Liouville derivative

. The relation of the derivative and the Riemann-Liouville integral

. What is a fractional derivative?

. The main types of fractional derivatives

. The Mittag-Leffler function

9.

The Wright function

10. Finding solutions to fractional differential equations
11. The fractional Riemann-Liouville derivative

12. Problems with boundary and initial conditions

13. Direct tasks

14. Inverse problems
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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.

On the exam, 2 questions are given from the list of questions on the topics of practical exercises.

The exam duration is 90 minutes. For each completed ticket assignment, a student can receive from
1 to 3 points. If the task is completed correctly, it is rated with 3 points. If the task is completed with errors,
the points decrease depending on the number of mistakes made. If one mistake is made, the building is
rated with 2 points, and two mistakes are made with 1 point. If more than two mistakes are made in the
assignment or the student has not completed any task from the ticket, then he receives 0 points for it. The

maximum number of points per exam 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 2 reports per semester. The report is given 15-20 minutes at the end of the pair (1 report for

each pair). Each student prepares a report on one of the proposed topics. The maximum number of points

for reports is 20.

The score "credited" is given for 12-20 points, "not credited" - less than 12 points.
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The completeness of the report is assessed according to the following criteria:

1. Completeness of the presentation of the theoretical material

2. A sufficient number of examples for the theoretical material

3. Examples of definitions and theorems are given.

4. Counterexamples are given to demonstrate under what conditions the theorems are not applicable.

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 credited" is given for 21 or less points.;

The "credited" score is given for 22 or more points:

22-26 points (level 1);

27-30 points (level 2);

31-36 points (level 3).

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 rating "unsatisfactory" is given for 13 or less points.;

The "Satisfactory" rating is given for 14-17 points (level 1);

The "Good" rating is given for 18-21 points (level 2);

An Excellent score is given for 22-26 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 discipline (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 differential equations,
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 discipline 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 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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