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1. Ilacmopt poHIa OLIEHOYHBIX CPEACTB

Hanpasnenue noarorosku: 01.04.01 Marematuxa.

Hanpasnennocts: YpaBHEHHS € IPOOHBIMH ITPOU3BOIHBIMU.

Huctumuimza: O6001meHHbIe cUMMETpUH T (hepeHIHaTbHBIX YPaBHEHHIH.

CemecTpsr: 3.

®opMa IpOMEKYTOYHON aTTECTALUU: 3a4ET.

bannpHO-pedTHHrOBast CUCTeMa OLIEHKHM 3HAaHUM CTyJIeHTa IO JUCIMIUIMHE BBICTPAMBAETCS Ha OCHOBE
0aJUIOBOM OLIEHKH Pa3IMYHBIX (POPM AEATETBHOCTH CTYACHTOB.
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2. IlepedeHb (popMHUPYEMBIX KOMIIETCHIHM I

Nzydenune nucturinabl « O6001eHHbIE cCUMMETPUH UG GEpeHIINaTbHBIX YPaBHEHUID HANPaBIEHO
Ha (popMHpOBaHUE KOMIETEHIU, MPUBEAEHHBIX B TabnuIe 1.

Tabmuua 1. Pesyabprarel 00yueHHs 10 TUCHUIUIMHE.

Kox u HaumenoBaunue
KOMIIETEHIIUN COTJIaCHO

MHaukaTopbl JOCTHKEHUS
KOMIIETECHIINHU COTJIaCHO

[lepedyeHb TUIAaHUPYEMBIX PE3YJIbTATOB O0yUCHHS

o 1(-1[)58% o OIIOII BO 0 JUCHUILIINHE
1 2 3

ITK-1 Criocoben
MPOBOJIUTH HAYYHO-
MCCIIEI0BATENBCKYIO
paboTy B obmacTu
i epeHranbHbIX
YpaBHEHUHI

I1K-1.1. [leMmoHCTpUpYET
3HaHNE OCHOBHBIX
TEOPETUYECKUX
MOJIOKEHUU 1 METOJOB B
00JIaCTH MTPOBOIUMBIX
HAY4YHBIX UCCIICOBAHUIM.
I1K-1.2. JleMoHCTpUpYET
yMeHusi cOopa 1 aHau3a
uHpOpMAIIUU TIO
TEeMaTHKE MTPOBOIUMBIX
MCCIICIOBAHHUMN.

I1K-1.3. Umeer
[IPAKTUYECKUM OIBIT
YCTAHOBJICHHSI HOBBIX
(bakTOB 1
3aKOHOMEPHOCTEH B
00JIaCTH HAyYHBIX

3HATh:

e (yHIaMEHTaIbHbIC IPUHIIUITBI TECOPHH
CUMMETPUH U UX NPUTIOKECHUMN.

YMeTs:

® AHAJIU3UPOBATh U IPUMEHITH METO/I0B
CUMMETPUHHOTO aHAJIN3a.

Biianers:

® HaBbIKaMU MPOBEACHUS CAMOCTOSATENBHBIX
MCCIIeIOBAaHUM B 00J1aCTH CUMMETPUI

i epeHInanbHbIX ypaBHEHUH.

HCCIIEJOBaHUI.
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3. CoaepxaHue OLEHOYHBIX CPEICTB M0 JUCHHUILINHE
3.1.Buabl 0O11eHOYHBIX CPeICTB

Tabnua 2. Bupl OIIEHOYHBIX CPEJICTB.

Kon, Ilepeyenn KonTposmpyemsbie | Cemectp | Homep HaunmeHoBaHue
HAaHMEHOBaHHe | IJIAHMPYEMBbIX TeMbl/ 3alaHus OLICHOYHOI 0
KOMIIeTCHIIUH pe3yJbTaToB pasaesibl CpeACTBa
COIJ1aCHO o0y4eHHUs 11O
Droc AUCHHUILIMHE
IMK-1 Cnocob6en | 1.1 3HaTb: | — BaeneHue B 3 1-5 3ajaHue OTKPBITOTO
IIPOBOAMTD (byHIaMeHTalbH TEOPUIO TPy THIA C
Hay4yHO- bl€  IPUHLIMIIBI JIn pa3BEpHYTHIM
HCCIIEIOBATENbC | TEOPUU —  AunrepOpsl JIu OTBETOM
Kylo pa0oTy B | CHMMETpUHA H u
obnactu 1204 nH(pUHUTE3NMA
muddepeHnrans | IPUIOKESHUH. JIbHBIE
HBIX YPaBHEHUN OIIEPATOPEHI
1.2 Ymern: | — Kiaccuueckue | 3 6-10 3azaHue OTKPBITOTO
aHAJIM3UPOBATh CHUMMCTPUH ThIa Y
A  NOPUMEHATH g depeHuan pa3BEPHYTHIM
METOJI0B BHBIX OTBETOM
CUMMETPUNUHOT ypaBHEHUN
0 aHajM3a. — Ilpumenenue
KJIACCUYECKUX
CUMMETpUH
1.3 Buaagers: | — VcioBHBIE 3 11-14 3ajaHue OTKPBITOTO
HaBBIKaMH CUMMCTPHUHA THUIIA C
IMPOBCACHUA — CI/IMMeTpI/II/I Pa3BCPHYTHIM
CaMOCTOATCIbH ypaBHeHI/Iﬁ C OTBECTOM
BIX JIpOOHBIMU
UCCIIEI0BaHUM B HPOU3BOIHBIMU
obnacTu
CUMMeETpUH
maddepenunan
BHBIX
YPaBHEHHUHU.

Tunosele 3agaHus, KPUTEPUUM U II0OKA3ATEIM OLICHUBAaHUSA B pPAMKaX TEKYLIETO KOHTPOJIA
NpeJCTaBICHBI B paboueil mporpamme AUCHUILTUHBI (MOAyJs1). [1oTHBIE KOMIUIEKTHI OLIEHOYHBIX CPE/ICTB
Y KOHTPOJIbHO-U3MEPHUTEIBHBIX MaTepPHAJIOB XpaHATCS Ha Kadepe.
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3.2.Conep:kaHue OLCHOYHBIX CPEACTB

Tembl TOKIa70B:

1. Kitaccuueckue CMMMETpHUH YpaBHEHUH ¢ APOOHBIMU MTPOU3BOJAHBIMU: 0030p METOAOB U IPUMEPOB.

2. YcnoBHBIE CHUMMETPUM W HX NPUMEHEHHE K YpPaBHEHHSAM C JAPOOHBIMH IPOU3BOIHBIMU:
HeJnHeHbIe () ()EeKTHI.

3. HeTpaH3UTUBHBIE CUMMETPHUU: PACHIMPEHHUE BO3MOXKHOCTEH CHMMETPUIHOIO aHaiu3a A
IpOOHBIX YpaBHEHUIA.

4. HenokanpHble CHUMMETPUH YypaBHEHHH C JpOOHBIMH TNPOWU3BOAHBIMH: HOBBIE MOJIXOABI U
BO3MOXXHOCTH.

5. CummeTpuu B ypaBHEHUAX IpoOHOM nquddy3un: puzndeckas HHTEPIpETaus U MPHIOKEHHS.

6. @paKkIMOHHBIE MOJIEIN B MEXAHUKE: CHMMETPUMHBIN aHAIN3 ypaBHEHUN ABM)KECHUS.

7. CUMMETpHH U COXPaHSIOIIMECS BEIMUMHBI B YPABHEHUSIX C IPOOHBIMH MPOU3BOIHBIMU: POJIb B
aHaJIn3€e yCTOUYNUBOCTH.

8. CuMMeTpUiHBINA aHanu3 APOOHBIX YPAaBHEHHN C MEPEeMEHHBIMH KO3 PHIIMeHTaMU: TPOOIeMbl U
MOJIXOJIBI.

9. IlpuMeHeHHE KOMIBIOTEPHOH anreOpbl B CUMMETPUIHOM aHaju3e YpaBHEHUH ¢ JpOOHBIMHU
IIPOU3BOHBIMU: IPEUMYLIECTBA U OTPAHUYEHUS.

10. CummerpHifHble METOIBI JUIS TOCTPOCHHUS YMCICHHBIX PEUICHUH ypaBHEHMH € JpOOHBIMU
IIPOU3BOJHBIMHU.

11. I'pynnoBsie MHBapUAHTHI U TOUHBIC PELICHUs] yPAaBHEHUN C IPOOHBIMH MPOU3BOAHBIMH: METOIbI
1 HOBBIE PE3YJIbTATHI.

12. CuMMeTpuiiHBI aHaIM3 CUCTEM YPaBHEHUH C APOOHBIMH IMPOU3BOAHBIMH: OCOOEHHOCTH WU
TPYJAHOCTH.

13. CBsi3p CUMMETPHUA M UWHTETPaJbHBIX MpPeoOpa3oBaHUMN B YpaBHEHUSAX C JPOOHBIMHU
IIPOU3BOJHBIMU: BO3MOXHOCTHU U NEPCIIEKTUBBI.

14. CumMeTpuiiHBIA aHAJIM3 ypaBHEHHH € APOOHBIMU MPOM3BOJHBIMH B Pa3IUYHBIX OO0JIACTSIX
(GU3MKN ¥ UHKECHEPHH.

Bonpocsr 1 3ayera:
. OCHOBHBIE OIpeIeNIEHUs TPYIIL, TOATPYIII, U30MOP(HU3MOB.
. Onpenenenue anreOp JIu, KOMMyTaTophbl, CBA3b ¢ rpynnamu Jiu.
. OCHOBHBIE TIOHATHSI O CHMMETPHSIX, OIIpEesICHIE KIIACCUYECKIUX CHMMETPHUH.
. Meron nonmxenus nopsaka auddepeHnnanbHbIX YpaBHEHUH ¢ UCTIOIb30BAHUEM CUMMETPHIA.
. Onpenenenue yCIOBHBIX CUMMETPUI, METOJI MIPSIMOTO PEIICHUSI.
. Onpenenenne HETPaAH3UTUBHBIX CHMMETPHUH.
. IloHsiTHE HEOKAIbHBIX CUMMETPUI.
. Onpenenenue npoOHbIX mpousBoaHbIX (Kanyto, Pumana-Jlnysumnis).
9. OcobeHHOCTH IEHCTBHSI CHMMETPH Ha IPOOHBIE TPOU3BOAHBIE.
10. O6muit moaAXo/ K MOCTPOCHUIO NHBAPUAHTHBIX PEIICHUH.
11. MeTo noHMWKeHHs MOpsAAKA UL JPOOHBIX YpaBHEHUI.
12. Vcnionp30BaHKE YHUCIEHHBIX METOJIOB JUIs ypPaBHEHUH C TPOOHBIMU MIPOU3BOIHBIMHU.
13. OcoOeHHOCTH aHAJIN3a CHCTEM YPaBHEHUH.
14. CryznenTsl paboTaroT B Tpynmax Haja HCCIEI0BATEIBCKUMH IMPOEKTAMH C HCIIOJIb30BaHHEM
METOZI0B CUMMETPHUMHOTO aHAIIN3A.

0NN KW
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4. Ilopsinoxk mpoBeleHHs] U KPUTEPHH OLCHMBAHUS NPOMEKYTOUYHOM aTTeCTALMHI

4.1.11opsinok npoBeeHUs: MPOMEKYTOUYHOM aTTeCTALMHA

[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

3aaHUC BBIIIOJIHCHO C OH_II/I6KaMI/I, TO OaJlJIBI CHHIKAIOTCS B 3aBHUCHMOCTH OT KOJIMYECTBa AONYHICHHBIX

omu6Ook. Ecnu nomymiena omHa ommoKa, TO 3JaHUE OIEHUBASTCS 2 OalljlaMu, JOMYIICHBI IBe OMMOKH — 1
6am1. Eciu monymieno 6osee AByX OMIMOOK B 3alaHUH WM CTYACHT HE BBIITOJHIII KaKoe-T100 3aaHue U3
Ounera, To 3a Hero oH noxy4daet 0 6amtoB. MakcuManbHOE KOJMYECTBO OAJUIOB 3a 3a4eT — 6.

4.2.Kpurepun onleHUBAHHS NMPOMEKYTOYHOH ATTECTAIMM IO BUIAM OLCHOYHBIX CPeICTB

Bricokuii ypoBeHb

Cpennuii ypoBeHb

ba3oBbIi1 ypoBeHB

Hwuskuii ypoBeHb

MaTeMaTU4eCKHe
MOJIEIIH, YBS3bIBaTh
TEOPUIO C IIPAKTUKOM,
[I0OKa3bIBAECT YMEHUE
[IPUMEHSATH 3HAHUS.

yMeeT MPUMECHSITh
OCHOBHBIE MOJIOKEHUS U
(bopMyIIBI IS PEIICHUS
3ajad.

(bopMyITUPOBKY; C
TPYZOM YBSI3bIBACT
OCHOBHBIE TTOJIOKECHHUS
C IIPAKTUKOM.

OCBOCHHUS OCBOCHHSI POBEPSEMBIX OCBOCHHUS OCBOCHHS ITPOBEPSEMBIX
MIPOBEPSEMBIX KOMITETEHITU I MIPOBEPSEMBIX KOMITETEHITUI
KOMIIETCHIIUH KOMIIETCHIIU I

6 GatoB 5 6anos 4 Gama 0 — 3 6amna

OO6yuatomuiics Oo6yuatomuiicst rpamotHo | OOyuaromuiicst umeer | OOyJarOIUNACS HE 3HACT
MOCJIEIOBATENBHO, Y TIO CYIIIECTBY M3JIaraeT |3HaHUS TOJBKO OCHOBOTIOJIAraloIuX
IPaMOTHO ¥ JIOTUYECKU | MaTepHa; BIaaeeT OCHOBHOT'O MaTepHana, |BOIMPOCOB U3y4aeMOTo
CTPOIHO M3Naraer OCHOBHBIMU HO HE yMEeT JeNaTh Kypca Win

MaTepua; BIajeeT MaTeMaTUIeCKUMU BBIBOJIOB H 3HAYUTEIILHOU YacTh
OCHOBHBIMU METOZAMH; HE JIOMYCKAET |I0Ka3aTeNbCTB; MPOrPaMMHOTO
MaTeMaTUIeCKUMU CYIIECTBEHHBIX OIIMOOK, |IOMyCKaeT OMNOKH, Marepuana; JOMmyCcKaeT
METOJaMH U HO HCIIBITHIBAET MIPUBOIUT OIMOKHU, OOHAPYKUBAET
ANITOPUTMAMHU PEIICHUS |3aTPYIHEHUS B BHIBOJAAX |HEIOCTATOYHO HEYMEHUE MX

3aJla4; yMeeT CTPOUTh | M JOKAa3aTeNbCTBAX; MIPaBUIIbHBIC UCIIPABIISATE; HE MOXKET

yBSI3aTh TEOPHIO C
IIPaKTUKOM.

Onucanue 1okaszareiaeil U KpUTEPUEB OLICHUBAHUS KOMIIETEHIIMH JJIs JOKJIaAa:
B cemectpe 3 noknana. Ha noknag orBoautcs 15-20 MuHYT B KOHILIE naphl (Kaxayo napy 1 nokman).
Kax/plif CTyJeHT TOTOBHUT JIOKJIAJ] 110 OJHOM U3 MPEUIOKEHHBIX TeM. MaKCUMalbHOE KOJMYECTBO OalioB

3a gokanasl - 30.

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

ITosnHOTA NOKNIAMa OLIEHUBAETCS 1O CIEIYIOIIMM KPUTEPHSIM:
1. IlosnHOTA U3710’)KEHUS TEOPETUUECKOI0 MaTepraia

2. JlocTaTOuHOE KOJIMYECTBO PUMEPOB K TEOPETUUECKOMY MaTepualy

3. IIpuBeneHbI IpUMEPHI K ONPEACIECHUSIM U TEOPEMaM

© ®I'BOY BO «Uenl'V»
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4. IlpuBeneHbl KOHTPIPUMEPDI, IEMOHCTPUPYIOLIUE NTPU KAKUX YCIOBUAX HE IPUMEHUMBI TEOPEMBI.

4.3.Pe3y1bTaThl IPOMEKYTOYHOM ATTECTAMHA U YPOBHHU C()OPMHUPOBAHHOCTH KOMIIeTeHIM I

IIpn noxBeneHUM WTOrOB YUYMTBHIBAIOTCS PpE3yJIbTAaThl TEKyLIEH arrecranud, B Tom uwucie

noceraeMocts (MakcumyM 10 6anoB) u akTuBHas padoTa Ha nape (MakcumyM 10 Gamnsos). [TomyueHHsie
32 TEKYUIyI0 aTTeCTaluio Oajulbl CyMMHPYIOTCS ¢ OajulaMu, IMOJYYEHHBIMH 3a KaXIbld 3Tal NpU
MIPOXOXKJICHUH IPOMEKYTOUHON aTTEeCTAIUU:

Ouenka "He 3auTeHO" BBICTaBIsAETCS 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 OLICHUBAHUS PE3yJIbTaTOB 00yUEHHsI MHBAIMIOB U JIULL C

OrpaHUYEHHBIMU BO3MOXKHOCTSMU 37I0POBbsi 0003HAYCHBI B paboueil mporpaMme TUCIUILTHHBI (MOTYJIS).

YpoBHH c(HOPMHUPOBAHHOCTH KOMIIETCHIIUI OMPEAEISAETCS CIEAYIOMUM 00pa3om

1. Boicokuii ypoBeHb CHOPMHPOBAHHOCTH KOMITETCHIIUH COOTBETCTBYET OLICHKE OTJIMYHO:

npenmnoaraet GopMUPOBAHNE KOMIIETEHITNI Ha BEICOKOM YPOBHE, TOTOBHOCTH K CAMOCTOSATEIHHON
npoecCHOHABHON  JeSTENBHOCTH: (POPMHUPYIOTCS HABBIKM YCTAHABIMBATH CBS3H MEXKIY
Pa3TMYHBIMU TOHATUSMH M C JPYTMMH OOJIACTSMU MaTEMAaTUKU, HABBIKU JIOKA3BIBATH TEOPEMBI,
HABBIKM CUCTEMATHU3allMM JaHHBIX, HEOOXOMUMBIX IS TMPWIOKCHUS IOJYYCHHBIX 3HAHUN B
Pa3NUYHBIX 00IACTSX.

CTYJEHT CIIOCOOCH aTh MOJTHOE MPEACTABICHUE 00 OCHOBHBIX MOHATHSIX 0000IICHHBIX CUMMETPUN
g depeHIMaTbHBIX YPaBHEHHI, UCTIOIh30BaTh MATEMAaTHIECKHU SI3BIK, CIIOCOOCH peliaTh 3a1a9u
U YOPaKHEHUS, UCIONB3Ysl OINpEAeTCHHs, TEOPEMbl M TEXHUYECKUE MPUEMBI, (OPMYITUPOBATH
COOCTBEHHEBIE BEIBOJILI.

2. CpenHuii ypoBEHb COOTBETCTBYET OLIEHKE XOPOILIO:

npenmnoyiaraetr (HOpMHUPOBAaHHE KOMIIETCHIM Ha Oolieeé BBICOKOM YpOBHE: (opMHUpYeTCs
KOMIUICKCHOE 3HAaHHE CBS3M MEXAY pAa3IUYHBIMA TOHATHUSAMH W C JPYTUMH 00JIaCTIMU
MaTEMaTHKH, HABBIKH JJOKA3bIBaTh TEOPEMBI;

CTYIEHT CIOCOOEH WCIOJIb30BaTh MATEMAaTUYECKUH S3BIK, CHOCOOCH pemiaTh 3aqadyd |
yIPaXHEHHUsI, UCIIONIBb3Ys OTPEICIICHHUS, TEOPEMbI M TEXHUYECKHE MPUEMBI.

CTYIEHT CHOCOOCH JaBaTh pa3BEpPHYThIE OTBETHI HA TEOPETHUYECKHE BOMPOCHI JUCHUIUIHHBI Ha
YPOBHE HE HUXKE OIEHKU «YOBIETBOPUTEITHHOY.

3. bBa3oBbIil ypOBEHb COOTBETCTBYET OLICHKE Y OBIETBOPUTENBHO!

npezanonaraetT GopMHUPOBAHNE KOMIIETCHIIMI HA HAYaJIbHOM YPOBHE: 3HAHUE OCHOBHBIX MMOHATUH U
TeopeM 000OIIEHHBIX cUMMETpH AuddepeHnanbHbIX ypaBHEHUH, HEOOXOJUMBIX JJIS1 PEIICHHS
3a7a4 B MPO(eCcCHOHANBHON NeATETbHOCTH;

CTYZAEHT CIIOCOOEH penIath 6a30Bble 3a1aun. KoarmuecTBo MpaBUIIbHBIX OTBETOB — HE MeHee 50%.

4. Hwuszkuil ypoBEHb COOTBETCTBYET OLIEHKE HEYAOBIETBOPUTEIIBHO.

© ®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: Generalized symmetries of 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 “Generalized Symmetries of 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

differential equations

theoretical provisions and
methods in the field of the
conducted scientific
research.

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

FSBE (BPEP HE) BPEP HE
1 2 3
PC-1 Able to carry out PC-1.1. Demonstrates Knowledge of:
research work in the field ofknowledge of the basic |- The fundamental principles of symmetry theory

and their applications.

Be able to:

- Analyze and apply the methods of symmetry
analysis.

Possess:

- Skills of independent research in the field of
symmetries of differential equations.

© FSBEI HE “CSU”
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3. Content of assessment tools for the course

3.1.Types of assessment tools

Table 2. Types of assessment tools.

Code and name | List of planned Controlled Semester Task Name of the
of competencies learning Topics/ number assessment tool
according to outcomes for Sections
FSBE (BPEP the discipline
HE)

PC-1 Able to| 1.1 know: The Introduction to | 3 1-5 Open-ended

carry out | fundamental Lie group question with a

research work in | principles of theory detailed answer

the field of | symmetry Lie algebras

differential theory and their and

equations applications.. infinitesimal

operators
1.2 be able to: Classical 3 6-10 Open-ended
Analyze and symmetries of question with a
apply the differential detailed answer
methods of equations
symmetry Applications of
analysis. classical
symmetries

1.3 possess: Conditional 3 11-14 Open-ended
Skills of symmetries question with a
independent Symmetries of detailed answer
research in the equations with
field of fractional
symmetries  of derivatives
differential
equations.

Typical tasks, criteria and indicators of evaluation in the current control are presented in the working
program of the course (module). Complete sets of assessment tools and control and measurement materials

are stored at the department.

3.2.Content of assessment tools

Report topics:

1. Classical symmetries of equations with fractional derivatives: a review of methods and examples.

2. Conditional symmetries and their application to equations with fractional derivatives: nonlinear

effects.

3. Non-transitive symmetries: extending the possibilities of symmetry analysis for fractional

equations.

4. Nonlocal symmetries of equations with fractional derivatives: new approaches and possibilities.

© FSBEI HE “CSU”
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5. Symmetries in fractional diffusion equations: physical interpretation and applications.
6. Fractional models in mechanics: symmetry analysis of equations of motion.
7. Symmetries and conserved quantities in fractional derivative equations: role in stability analysis.
8. Symmetry analysis of fractional equations with variable coefficients: problems and approaches.
9. Application of computer algebra in symmetry analysis of equations with fractional derivatives:
advantages and limitations.
10. Symmetry methods for constructing numerical solutions of equations with fractional derivatives.
11. Group invariants and exact solutions of equations with fractional derivatives: methods and new
results.
12. Symmetry analysis of systems of equations with fractional derivatives: peculiarities and
difficulties.
13. Relation of symmetries and integral transformations in equations with fractional derivatives:
possibilities and prospects.
14. Symmetry analysis of equations with fractional derivatives in various fields of physics and
engineering.
Questions for credit:
1. Basic definitions of groups, subgroups, isomorphisms.
. Definition of Lie algebras, commutators, connection with Lie groups.
. Basic concepts of symmetries, definition of classical symmetries.
. Method of lowering the order of differential equations using symmetries.
. Definition of conditional symmetries, direct solution method.
. Determination of non-transitive symmetries.
. The concept of nonlocal symmetries.
. Definition of fractional derivatives (Caputo, Riemann-Liouville).
. Peculiarities of the action of symmetries on fractional derivatives.
10. General approach to the construction of invariant solutions.
11. The method of order reduction for fractional equations.
12. The use of numerical methods for equations with fractional derivatives.
13. Peculiarities of analyzing systems of equations.
14. Students work in groups on research projects using symmetry analysis techniques.

O 03O LB W
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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. For each completed task of the ticket the student can receive
from 1 to 3 points. 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 a 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.

© FSBEI HE “CSU”
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4.3.Results of interim attestation and levels of competencies formed

In summarizing the results of current attestation, including attendance (maximum 10 points) and
active work in the pair (maximum 10 points) are taken into account. The points received for the current
certification are summed up with the points received for each stage during the intermediate certification:

A grade of “fail” is awarded for 19 or fewer points;

A grade of “pass” is awarded for 20 or more points:

20-26 points (level 1);

27-30 points (level 2);

31-36 points (level 3).

The peculiarities of the procedure of assessment of learning outcomes of disabled people and persons
with disabilities are specified in the working program of the course (module).

The levels of competence formation are determined as follows

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

- assumes the formation of competences at a high level, readiness for independent professional
activity: the skills 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 the acquired knowledge
in different areas are formed.

- the student is able to give a full understanding of the basic concepts of generalized symmetries of
differential equations, use mathematical language, is able to solve problems and exercises using definitions,
theorems and technical methods, formulate his/her own conclusions.

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

- assumes the formation of competencies at a higher level: a comprehensive knowledge of the
relationship between different concepts and with 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 technical methods.

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

3. the Basic level corresponds to a satisfactory grade:

- assumes the formation of competences at the initial level: knowledge of basic concepts and theorems
of generalized symmetries of differential equations necessary for solving problems in professional activity;

- the student is able to solve basic problems. The number of correct answers is not less than 50%.

4. The low level corresponds to the unsatisfactory grade.

© FSBEI HE “CSU”
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