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Pa6ouvas nporpamma aucturuinHbl "O000IIEHHBIC CHMMETPHUU TUPPEepEeHIHATBHBIX YPABHEHUN" TI0 HAITPABICHUIO
noaroroBku (crenmansHoctH) 01.04.01 "Maremaruka" HanpapiaeHHOCTH (poduITI0) YpaBHEHHS € IPOOHBIMH crp. 2
npousBoaHeiMu PI'BOY BO «Uenl'Y»

Conep:xanue

1. Llenn ocBOEHUS TUCITUTUTNHBI

2. Mecrto nucuuminsbl B ctpykType OITOIT

3. Kommnerenuuu oOy4aromerocsi, GopMupyeMbIe B pe3yJIbTaTe OCBOCHHS TUCIIUTLTAHBI
(Momyst)

4. O0beM AUCIUTIUIAHBI (MOTYJIs)

5. CTpykTypa u cojiepKaHue TUCUUTUIUHBI (MO )

6. ®OHI OLICHOYHBIX CPEACTB

6.1. IlepeueHb BUOB OLIEHOYHBIX CPEACTB

6.2. TUnoBbIe KOHTPOJIHHBIC 3aJJaHUSI U UHBIE MaTepHaIbl JJIsl TEKYILEeH aTTeCTalluu
6.3. TunoBbIe KOHTPOJIBHBIE BOMPOCHI U 3aJaHUs JUIsl TPOMEXKYTOUHON aTTeCTalluU
6.4. Kputepuu onieHuBaHUA

7. YueOHo-MeToAn4YecKoe U nH(popMaIimoHHOe 00eCTIeueHne TUCIUIUIMHBI (MOTYIIs)
7.1. PexomenayeMas aureparypa

7.2. Ilepedenn pecypcoB HHPOPMAITMOHHO-TEICKOMMYHUKAITMOHHOM ceTn "MHuTepHeT"
7.3. Ilepeuerb HHGOPMAITMOHHBIX TEXHOJIOTHIA

8. MaTepuanbHO-TEXHHUECKOE 00eCIIeYeHHE TUCITUTUTMHBI (MOTYIIS)

9. Meroaunueckue ykazaHus JUIsl 00yJaromMuXCsl 0 OCBOCHUIO AUCIIUTUIUHBI (MOTYJIs)
10. CrennanpHble yCI0BUS OCBOCHHMSI TUCHUIIIIMHBI 00yJarOIUMHUCS C
WHBAJIUJIHOCTHIO U OTPAHUYEHHBIMU BO3MOKHOCTSIMU 3/10POBbSI
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y4pekaeHHe BBICIIEro 00pa30oBaHus
«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

MIMHOBPHAYKHU POCCHU
@” denepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE

o

Pa6ouvas nporpamma aucturuinHbl "O000IIEHHBIC CHMMETPHUU TUPPEepEeHIHATBHBIX YPABHEHUN" TI0 HAITPABICHUIO
noarotoBku (creruanbaoct) 01.04.01 "Marematuka" HanpasieHHOCTH (TIpodHITt0) YpaBHEHHS ¢ IPOOHBIMHU crp. 3
npousBoaHeiMu PI'BOY BO «Uenl'Y»

1. IEJIX OCBOEHUA N CHUIIJINHBI

Iens kypca "O6o6mIeHHBIE CHMMETpHH A depeHINANTFHBIX YPaBHEHNH" COCTONT B H3YIEHUH (YyHIaMEHTAIBHBIX
KOHIIETIIIUH ¥ METOJIOB, CBA3aHHBIX C AHAIN30M H HCIOIB30BaHHEM CUMMETpUil qu(hepeHnanbHbBIX YPaBHEHHH, B TOM
qucie 0000IEHHBIX (HEKIIACCHYECKUX ) CHMMETPUH, VISl TOCTPOCHHS UX PEIICHUH U TOHUMaHHUS UX CBOMCTB.

3amaun Kypca BKIIOYAIOT:

* U3yuenne Teopun cumMeTprii: O3HaKOMIICHHE C OCHOBHBIMH TOHATHAMH Teopuu rpymi JIu, anre6p JIn n ux
IpUMEHEeHHEM K TuddepeHITaIbHbIM YPAaBHEHUAM, BKIIFOYast KITACCHYIECKHE U 0000IeHHBIE CHMMETPHUH (B YaCTHOCTH,
HETPaH3UTUBHBIC, YCIIOBHBIE M HEJIOKAJIBHbIE).

+ CummerpuitHblif anamu3: OcBoeHHE METOAOB OIpeIeTeHIs CHMMETPHUil, TO3BOJISIOMNX TOHMKATh MOPSIOK yPaBHEHHH,
CTPOMTH I'PYIIIOBbIE HHBAPUAHTHI U TOUHBIC PEILIECHUS.

* CBs3b CUMMETpUH U perienuil: MccnenoBanre B3aMMOCBSI3H MEXKIY CUMMETPUSIMH TU(PepeHInaNbHBIX YpaBHEHUN 1
CTPYKTYpOH MX pelIeHHH, BKII04asi MHTErPaibl IBMKEHHUS U MHTErpajibHble MHOI000OpasHs.

* IIpumeHeHne 0000IIEHHBIX CHMMETPHH: PaccMOTpeHre MeTOI0B MOCTPOEHHMS PEIICHUH C HCII0JIB30BaHUEM 0000LIEHHBIX
CHMMETpHHl, TAKHX Kak MeTo] mpsmoro penreHus (direct method), MeTos pa3oXKeHHs O YCIOBHBIM CHMMETPHSM
(conditional symmetries) u npyrue.

* MopenupoBaHue B CUMMETpUI: AHAIW3 NPUKJIAJAHBIX 33129 MEXaHUKH, GU3UKA U APYTHX 00JIACTEH ¢ TOUKH 3pEHHS UX
CHMMETpHii, a Takxke pa3paboTka MaTeMaTHIECKUX MOJENICH C yIeTOM CHMMETPHIA.

+ CospemenHbIe MeTOIBI: O030p COBPEMEHHBIX HAMIPABICHUH B UCCIICIOBAHIH CUMMETPHH Au(hepeHITHaNEHBIX
YPaBHEHUH, TAaKMX KaK MCIOJIb30BaHUE KOMIIBIOTEPHOMH anreOpbl U alropuTMHYECKOTO MOAX0/1a K CHMMETPUITHOMY aHaNIun3Yy.

* PasBurne MaTeMaTHYeCKOH KyIbTyphl: BocnnTaHne MOHUMAaHUS BA)KHOCTH CUMMETPHH Kak (hyHIaMEeHTaIbHOTO CBOWCTBA
MaTeMaTHYECKUX Mojenell U pa3sBUTHE HABBIKOB HCIONB30BAHUS CHMMETPUITHOTO ammnapaTa JJIsl pellieHns 3aa4.

Pe3yJ'H>TaTI)I 06y‘IeHI/I${ 10 JUCHUIITMHE HAITPABJICHBI HA JOCTUKECHUC NHAUKATOPOB!:

ITK-1.1 leMOHCTpHpPYeT 3HAHNE OCHOBHBIX TEOPETHUECKUX MOJIOKCHUI U METOMOB B 0OJIACTH ITPOBOAUMBIX HAYIHBIX
UCCIIENOBAHUM

ITK-1.2. lemoHCTpHpYeT yMeHUS cOopa U aHaIHu3a HHGOPMAIUHN 110 TEeMaTHKE IIPOBOIUMBIX HCCIEAOBAHUIT

ITK-1.3. IMeeT mpaKTHYECKHIf OTBIT YCTAHOBJICHNS HOBBIX (DaKTOB M 3aKOHOMEPHOCTEH B 001aCTH HAyIHBIX HCCIeJOBAaHUN

2. MECTO JUCIIUITIJIMHBI B CTPYKTYPE OIIOII

Iukn (paznen) OIIOIT: | OT/1.B.02

2.1 TpeGoBanusi K NpeIBapUTEIbHOI MOATOTOBKE 00y4alOIerocs:

JI7s yCTIenmHOTO OCBOSHHUS AUCIUILTHHBI HEOOX0AUMBI 3HAHUS AUCHUILTHH «MaTeMaTH4IeCKUi aHanu3y, «JInaeiHas
anrebpay, «uddepeHinanpubie ypaBHeHUS», « DYHKIINOHATIBHBIA aHATN3Y, «Y PaBHEHHUS MAaTEMATHUECKON (BU3UKI». A
TaKXKe

ypaBHeHI/IH B YaCTHBIX POMU3BOJIHBIX IIEPBOT0 MOPAAKA

2.2 TMCOMILTHHBI M PAKTUKH, ]I KOTOPBIX OCBOEHHUE JAHHOI JUCIHILTMHBI (MOYJIs1) HEOOXOIHMO KaK
TpeanIecTBYIONIEe:

3HaHus MO NaHHOW AUCIMIUIMHE MOTYT OBITh MOJIE3HBI AJIS1 HAYYHO-HUCCIIEI0BATENbCKOM pabOThI CTYIEHTOB.

3. KOMIIETEHIIMY OBYYAIOILETOCSl, ®OPMHUPYEMBIE B PE3YJIETATE OCBOEHUSI TUCLIMTIINHBI
(MOJYJIS)

IIK-1: CnocodeH NpoBOANTH HAYYHO-UCCJIEA0BATEIbCKYIO padoTy B 00/1acTu AU depeHunaIbLHBIX YPaBHeHUit

3HaTh:

(hyHIaMeHTaIbHbIe IPUHIUIIEI TEOPHU CUMMETPUH U UX IPUIOKEHHH.

Ymers:

AHAJIM3UPOBATH U IPUMECHATH METOIOB CHMMeTpHﬁHOFO aHaJiu3a.

Baanern:

HaBBIKH MIPOBEICHHS CAMOCTOSTEIBHBIX MCCIICIOBAHIH B 00IaCTH CHMMETPHi A hepeHInaIbHBIX YPAaBHEHHUI.
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crp. 4

B pe3yjabTaTe 0CBOCHUA JUCHUIIJIHHBI Oﬁy‘[alﬂﬂll/lﬁCH JOJIZKCH

3.1 |3narn:

3.1.1

(byHIaMeHTalIbHbIC TPHHIUITEI TEOPHH CUMMETPUH U UX MPUIIOKEHHH.

3.2 | YMmeTh:

3.2.1

AHAJIM3UPOBATh U IPUMEHATH MCTOJ0B CI/IMMCTpI/IﬁHOFO aHaJM3a.

3.3 | Bmagern:

3.3.1

MPOBEACHHS CAMOCTOSTENBHBIX UCCIICNOBAaHUN B 00IaCTH CUMMETPH AU PepeHInaTBHBIX YPABHEHUIA.

4. OFbEM JUCLUILJIMHBI (MOAY.IS)

13ET

O6Lwas TpyaoemMKocTb
YacoB 1o yueOHOMY IUTaHy : 36
B TOM YHUCIIE
ayIUTOPHBIC 3aHITHS : 16
camMoCTosATeNbHas paboTa : 19,8

KOHTaKTHas pabora: 16,2

HKP: 0,2

Bunsl kOHTpONS B ceMecTpax:

3a4eThI 3

5. CTPYKTYPA U COJAEP)KAHUE JUCHUILIAHBI (MOLY.JI5T)

Kon
3aHATH

HaumeHoBaHue pa3ae/ioB U TeM /BUJ 3aHATHS/

Cemect
p / Kypc

Yacos

Jlureparypa

Paznen 1. Teopusi cumMeTpuii

1.1

Beenenue B Teoputo rpymn Jlu /Tlp/

JI1.1J11.2
JI1.3J12.1 J12.2
J12.3
213233

1.2

Anre6ps! JIn u unpuHUTE3UMAaNBHEIE onepaTops! /I1p/

JI1.1J11.2
JI1.3J12.1 J12.2
JI2.3
012233

1.3

Knaccugeckue cummeTpun auddepeHnnansHex ypasHenuii /I1p/ 3

JI1.1J11.2
JI1.3J12.1 J12.2
J12.3
012233

1.4

ITpumeHeHUe KTacCHYeCKUX CHMMETpHIL: MOHIKeHue nopsaka /Ip/ 3

JI1.1J11.2
JI1.3J12.1 J12.2
J12.3
0102353

1.5

Ycnosusie cummerpun /Ilp/

JI1.1 J11.2
JI1.3J12.1 J12.2
J12.3
0102353

1.6

Herpansutusasie cummerpun /I1p/

JI1.1 J11.2
JI1.3J12.1 J12.2
JI2.3
0103233

1.7

Henoxansusie cummerpun /I1p/

JI1.1 J11.2
JI1.3J12.1 J12.2
JI2.3
01030233

1.8

CuMMeTpHH ypaBHEHHH ¢ IpoOHBIME pon3BoaHBIMH /T1p/

JI1.1 J11.2
JI1.3J12.1 J12.2
JI2.3
0103233
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Pabouast nporpamma guctumuinHel "O06001eHHbIe CHMMETpHH U depeHInanbHBIX YpaBHSHUH" 110 HalpaBISHUIO
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npousBoaHeiMu PI'BOY BO «Uenl'Y»
1.9 [MocTpoenne nHBapuaHTHBIX pernenuit /[Ip/ 2 JIT.1J11.2
JI1.3J12.1 J12.2
J12.3
0109233
1.10 | IloHmxeHne mopsaka ypaBHEHHUH ¢ qpoOHBIMI TPOon3BOAHEIME /I1p/ 2 JI1.1 JI1.2
JI1.3J12.1 J12.2
J12.3
0102233
1.11 | BrmonHeHne foManIHAUX padoT, IMOATOTOBKA K KOHTPOJIBHEIM paboTam. 19,8 JI1.1 J11.2
[onroToska k 3auery. /Cp/ JI1.3J12.1 J12.2
J12.3
Pa3nen 2. Unas koHTaKTHasi padoTa
2.1 WuauBuayaabHbIE KOHCYIBTAIIMH, TEKYIMHA KOHTPOJb /MKP/ 3 0,2 JIT.1J11.2
JI1.3J12.1 JI2.2
2.3
6. POHJI OHEHOYHBIX CPEJACTB
6.1. IlepeyeHb BH/1I0B OLIECHOYHBIX CPEACTB
1. Jokman

2. Bompocsl k 3a4ery

6.2. TunoBbie KOHTPOJIbHbIE 32JaHUSI U MHbIE MaTepPUAJIbI /ISl TEKYILIEH aTTecTalul

TeMbl 1OKIa10B:

. Kimaccnueckue cummMerpun ypaBHEHHH ¢ TpOOHBIMH IPON3BOIHBIMI: 0030p METOJIOB M IIPIMEPOB.

. YCoBHBIE CHMMETPHH U UX IPHMEHEHHE K YPaBHEHUSIM C APOOHBIMU ITPOM3BOAHBIME: HETUHEHHBIE (P (PEKTHI.

. HeTpaH3uTHBHBIC CHMMETPUH: PacIMPEHIE BO3MOXKHOCTEH CHMMETPUITHOTO aHaIM3a [UIsl IPOOHBIX YpaBHEHHUIL.

. HenmoxaneHbIe cCHMMeETpUH ypaBHEHHH C APOOHBIMH ITPOU3BOIHBIME: HOBBIE ITOIXOJIBI M BO3MOKHOCTH.

. CuMmMeTpun B ypaBHEHHSIX ApoOHOI nuddy3un: Gpusndeckas HHTEPIPETANUs U IPIIOKEHHS.

. @paKkuMOHHBIE MOJIETH B MEXaHUKE: CAMMETPUITHBIN aHaIU3 ypaBHEHHUI BIKEHUSL.

. CHMMeTpHH B COXPaHSIONINECS BETMYMHBI B YPaBHEHUSX C IPOOHBIMH POU3BOIHBIMHU: POJIh B AHAIN3E YCTOMIMBOCTH.
. CUMMeTpHHHBII aHaIH3 IPOOHBIX YpaBHEHUH C IEPEMEHHBIMH KO3 (HUITNEHTAMH: IPOOIEMBI U TTOAXOMBL.

. [IpuMeneHne KOMIBIOTEPHOH anreOpsl B CHMMETPUHOM aHAIM3€ YPaBHEHUH ¢ TPOOHBIMU MPOU3BOJHBIMHU:
MPEeUMYILECTBA U OTPAHUYEHHUS.

10. CumMeTpHitHBIE METOIBI JUTS TIOCTPOCHUS YHCIICHHBIX PEIICHNH ypaBHEHUH C APOOHBIMHU NTPOM3BOIHBIMH.

11. I'pynmoBsie MHBAPUAHTHI U TOYHBIE PEIICHUS ypaBHEHHH C APOOHBIMU IIPOU3BOAHBIME: METO/BI ¥ HOBBIC PE3YIIbTATHL.
12. CumMeTpuiiHBII aHAIU3 CUCTEM YPaBHEHUH ¢ JPOOHBIMU MIPOU3BOIHBIMU: OCOOCHHOCTH U TPYIHOCTH.

13. CBsA3p CHMMETPHI M HHTETPAITBHBIX TPe00pa30BaHUI B YPaBHEHHUAX C APOOHBIMH ITPOU3BOIHBIMH: BO3MOYKHOCTH 1
HEPCIICKTHBEL.

14. CuMMeTpHitHbIA aHAIN3 YpaBHEHUH ¢ APOOHBIMHU MPOU3BOJAHBIMU B PA3IMYHBIX 00NACTIX (GU3UKH U MHKEHEPUH.

O 01N DN K~ Wi —

6.3. TunoBbIe KOHTPOJIbHBbIE€ BOIIPOCHI M 3a1aHUSA 1/ l'lpOMe)KyTO'-lHOﬁ aTrrecTalnumn

Bompocs! mis 3auera:

. OCHOBHBIE OTIpeeIeH S TPYIIL, ITOATPYII, H30MOP(U3MOB.

. Onpenenenue anre6p JIn, KOMMYTaTOpBI, CBS3b ¢ rpynmaMu JIu.

. OCHOBHBIE ITOHATHS O CHMMETPHSIX, ONIpEAeNeHHe KIACCHUECKUX CUMMETPHH.

. Merox nonmkeHus nopsiaka quddepeHnnaabHbIX ypaBHEHHH C UCIIOIb30BAaHUEM CHMMETPHIA.
. OmpesierieHre yCIIOBHBIX CHMMETPHI, METOJ] TPSIMOTO PETIICHS.

. Onpenernenre HETPAH3UTHBHBIX CHMMETPHIA.

. [loHsATHE HENOKAIBHBIX CUMMETPHII.

. Onpenenenne npoOHbIX pou3BoAHbIX (Kamyro, Pumana-JlnyBuss).

. OcobeHHOCTH e CTBUSA CHMMETPHI Ha APOOHEIE ITPOU3BOIHEIE.

10. O6muit moaxo K MOCTPOCHUIO MHBAPUAHTHBIX PEIICHUI.

11. Meroa nMoHMWXeHUs OPSIKA AJIs APOOHBIX yPaBHEHUH.

12. Ucrionp30BaHye YUCIICHHBIX METO/IOB /TSI ypaBHEHHUH ¢ IPOOHBIMH MPOHU3BOTHBIMH.

13. OcobeHHOCTH aHATHM3a CHCTEM ypaBHEHHH.

14. CtygenTsl pabOTaloT B IpyNax HaJ UCCIEN0BATENbCKUMU MPOEKTAMH C HCIIOJIB30BAHUEM METOJI0B CHMMETPUITHOTO
aHaJIn3a.

O 001N N K~ W —

6.4. Kputepuu oneHuBaHUA

© ®I'BOY BO «Henl'V»




B

MIMHOBPHAYKHU POCCHU
denepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE
yUpeXKICHHE BBICIIET0 00pa30BaHuUs

«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

Pabouast nporpamma guctumuinHbl "O6001eHHbIe CHMMETpHH U depeHInanbHEIX ypaBHCHN
noarotoBky (cnenuansHoctr) 01.04.01 "Matemaruka" HanpasieHHOCTH (podmitio) YpaBHeHUs ¢ IPOOHBIMU

o

npousBoaHeiMu PI'BOY BO «Uenl'Y»

1 110 HalmpaBJICHUIO

cTp. 6

Kpurepuii BbIcTaBIcHUS 3a4eTa:
[IponomkurenbHOCTS 3aueTa — 90 MUHYT. 3a Ka)kA0€ BHIMOIHEHHOE 3a/laHie OuUJieTa CTyAeHT MOKET MOMY4uTh OT 1 10 3
6amnoB. Eciu 3a1aHne BBINOJIHEHO NPaBWILHO, TO OHO OLleHUBaeTcst 3 Oayutamu. Eciti 3a1aHne BBITIOJTHEHO ¢ OIIMOKaMHU, TO
0aJUTBI CHIDKAIOTCS B 3aBUCHMOCTH OT KOJIMYECTBA JIOIMYIIEHHBIX ommOoK. Eciy momyimena ogHa onmoOKa, To 31aHHe
oneHuBaercs 2 6ammaMu, JOMyIeHs! 1Be omHuOKy — 1 6amt. Ecou nomymeno 6oee ABYX OmHMOOK B 3aJaHUN WM CTY/ICHT HE
BBITIOJIHMII KaKoe-JIN00 3a/jaHue U3 Ouiera, To 3a Hero oH noaydaer 0 6auioB. MakcuManbHOE KOJIMYECTBO OAJIIOB 3a 3a4eT

—-6.

[Tpu noBEIeHNN UTOTOB YIUTHIBAIOTCS PE3YNIbTATHl TEKYIIEH arTecTanun. [[oydeHHbIe 32 TEKYIIYIO aTTECTAINIO OBl
CYMMHUPYIOTCS ¢ OaJIaMH, TIOTY4EHHBIMH 33 KQXKIBIH 3Tall [IPU MPOXOKACHUN TPOMEKYTOUHON aTTECTALIUH:
Orienka "He 3auTeHO" BhICTaBsAeTCd 32 19 U MeHee 0ajIIoB;
Ouenka "3auteHo" BeicTaBisieTcs 3a 20 u GoJree OAILIOB:

20-26 6amnoB (ypoBeHb 1);
27-30 6annoB (ypoBeHb 2);
31-36 6amioB (ypoBeHb 3).

Omnucanue nokaszaTesel U KpUTePUEeB OLICHUBAHKS KOMICTCHIUI 1T JOKIaa:
B cemectpe 3 noknaga. Ha noknan orBoautes 15-20 MuHyT B KOHIlE napsl (Kaxayro nmapy 1 goknan). Kaxapiid cryaeHt
TOTOBHT JIOKJIA]] TT0 OJTHOHM M3 MPEIOKEHHBIX TeM. MaKCHMalbHOE KOJTHYECTBO 0aylIoB 3a oKiIas! - 30.

Ouenka "3auteHo" BeicTaBissercs 3a 20-30 6amios, "He 3auTeHo" - menee 20 0aLIoB.

[NonHOTA MOKIIaa OLEHUBACTCA 110 CIICAYIOMINM KPUTEPHUSIM:
INonHOTa M3TOXKEHNS TEOPETHIECKOTO MaTepHaia

1

2. JlocTaToYHOE KONMYECTBO MPUMEPOB K TEOPETUUECKOMY MaTepHaly
3. IIpuBeneHs! NpuUMephl K ONpPENeNeHusIM U TeopeMaM
4. [IpuBeneHs! KOHTPIPUMEPEI, TEMOHCTPHUPYIOIINE MPH KaKUX YCIOBHSX HE MPHMEHHMBI TEOPEMBI.
7. YHEBHO-METOAUYECKOE U TH®OPMAIIMOHHOE OBECIIEYEHHUE JUCLUIIJIMHBI (MO Y JISI)
7.1. Pexomenayemasi 1uTepaTypa
7.1.1. OcHoBHas1 IMTepaTypa
ABTODHI, 3arnaBue WznarenscTBo, Pecypc
JI1.1 | Jlarno B. 1., CUMMeTpHUIHBIN aHaJIN3 ypaBHEHUH HBOJIFOIIMOHHOTO THIIA Mocksa :
Cmnuak C. B, Wuctutyr
Crornwuii B. 1. KOMIIBIOTEPHBIX
HCCIIEIOBaHMH,
2004
JI1.2 | KapueBckuit M. M., | YpaBHeHUs MaTeMaTHUeCKOH (GM3UKH. [OTIOTHNUTENBHBIC TTaBhL: CaHKT- 9BC
ITaBnosa M. @. yaebHOe mocodue Iy By30B Ierepbypr :
(https://e.lanbook.com/book/489359) Jlans, 2025
JI1.3 |Tlonsnun A. 1., HenuHelinble ypaBHEHUS] MaTeMaTH4ecKoi ¢pusuku B 2 4. Yacth Mockaa : FOpaiir, 9bC
3aiines B. ©. 2: y4eOHHK IS BY30B 2025
(https://urait.ru/bcode/562665)
7.1.2. JlonoJHUTEIbHAS JIHTEpaTypa
ABTOpBI, 3arnmaBue W3narenscTBo, Pecypc
JI2.1 |Homumsy K., Jlante | I'pynmst JIu u nudeperimansaas reoMeTprs: MOHOTpadus Mocksa : OBC
r.o. (https://biblioclub.ru/index.php?page=book&id=257391) WznarenbcTBO
HWHOCTpPaHHOMN
JIUTEPaTypHI,
1960
J12.2 | Cepp XK. I1., Anre6ps! JIu u rpynns! JIu: MoHOTpadus Mocksa : Mup, 3BC
Onumuk A. J1., (https://biblioclub.ru/index.php?page=book&id=450347) 1969
AsepOyx B. U.
JI2.3 | OBcsauukoB JI. B. I'pymmoBoit ananmm3 nuddepeHnnanTbHbIX YpaBHEHUH Mocksa : Hayka,
1978
7.2. llepeyenn pecypcoB HHGOPMALMOHHO-TEJIeKOMMYHHKALMOHHOI ceTn "UHTepHeT"
31 |eLIBRARY.RU [OnexTpoHHsIi pecypc] : anekTponHast 6ubmnoteka / Hayu. sanexrpon. 6-ka — URL:

http://elibrary.ru/defaultx.asp
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32 |Poccuiickuit ponn pynnamenransusix uccnenopanuii (PODU) - opurmanssrii caitt http://www.rfbr.ru/rffi /ru

93 | Hayunas snekTpoHHas Onbmuorexa. MoHorpaduu, U3JaHHbIe B H3IaTeNbcTBE Poccuiickoit AkageMuu
EcrecTBO3HAHUS MOTHOTEKCTOBBII pecypc HaydHBIX U y4eOHbIX u3nanuit PAE https://www.monographies.ru/

7.3 llepevyens uHGOPMALMOHHBIX TEXHOJIOTH I

7.3.1 IlporpaMMHoOe o0ecnieueHue

LMS Moodle

Adobe Reader

7.3.2 IIpodeccuonanbHbie 6a3bl JAHHBIX U HHGOPMALUOHHO-CIIPABOYHbIC CHCTEMbI

1. Web of Science (https://apps.webofknowledge.com) Web of Science : MynmpTHANCIATUTHHAPHAS pedepaTHBHAs 0a3a
naHHbIX / KommaHus Thomson Reuters. — Pexxum noctyna: amst 3apeructpup. nonas3osateneit Yenl'V. — Texker :
3JEKTPOHHBIN.

2. SpringerLink Mexxaynapoanas pedepaTiuBHas 6a3a JaHHBIX HaydHbIX u3aanuil (https://www.springer.com)

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JTUCHUIIJIMHBI (MOAY JIS)

JList peanm3aniy AUCIUTUIMHBI HCIIOIB3YIOTCS yaeOHBIC ayTUTOPHH IS POBEACHHS 3aHATHH CEMHHAPCKOTO THUIIA,
TPYIIIOBBIX U UHUBUIYaJIbHBIX KOHCYAbTALUH, TEKYIIETO KOHTPOJIS ¥ IIPOMEXKYTOUHOU aTTECTalluH, @ TAKKE TOMEIICHUS
JUISL CAMOCTOSITENIbHOM pabOTHL.

Y4eOHble ayIUTOPHH YKOMITJIEKTOBAHBI CIICIIHATIM3UPOBAHHON MEOEIBIO U TEXHUYECKUMU CPECTBAMU OOYYEeHUS: TOCKa,
HapThl, MyJITUMEAUHHOE U ayAn0000pyIOBaHHE.

s ceMUHApCKUX 3aHSATHIA UCTIONB3YIOTCS AyTUTOPUN OCHAILICHHBIE OOBIYHOM TOCKOH, MapTaMu, MEPEHOCHBIM
MYJIbTUMEIUHHBIM U ayTH0000pyI0OBaHUEM (B Cllydae HEOOXOIMMOCTH).

[Tomenienus 1t CaMOCTOATENBHON paOOThl 00YYAIOIINXCS OCHALIEHBI KOMIBIOTEPHON TEXHUKOH € TIOJKITIOUEHHEM K
cetu "MHTEpHET" U 00ECIICYCHNEM JOCTYIA B 3JICKTPOHHYIO HH(POPMAITMOHHO-00Pa30BaTEBLHYIO CPEly YHUBEPCHTETA.

9. METOAUYECKHE YKA3AHUA JJIAA OBYYAIOIIUXCA 11O OCBOEHUIO JUCHUITIJIMHBI (MO Y JIS)

[pu M3y4eHny JaHHOW IMCIUIUIMHBI UCTIOJIB3YIOTCS CEMHHAPCKUE (IIPAaKTUYECKUE) 3aHATHS U CaMOCTOsATENIbHAs padoTa
crymeHTa. Ha mpakTHuecknx 3aHATHIX M3IaraeTcsi OCHOBHOE COJIEpIKaHHe TeM MIPOTPaMMBI, pAaCCMATPUBAIOTCS OCHOBHEIC
METOJIbI ¥ HOJXOIBI.

Jns nanbonee >pPeKTUBHOTO U3yUeHHS AUCLHUILTHHBI 00yJaroeMycs peKOMEeHyeTCsl:

* [IOCEIIATh 3aHATHUSL, KPATKO ¥ BAYMYHBO KOHCIEKTHPOBATH MaTepHall, C yKa3aHHEM AaThl IPOBECHHS 3aHATUS U TEMBI;
* CAaMOCTOSATENIHHO ITPOpadaTHIBATh MaTepPHaN KaK IIOCIe KAKIOTO 3aHATHS, TaK U 110 3aBEPIICHNIO TEMBI, UYTO ITO3BOJISIET
CBSI3aTh BOSUHO MOIYYEHHBIE CBEACHHS H COCTABUTD IIETbHYIO KAPTHHY.

B ciyuae npuMeneHus Tpu 00y4eHUH AUCIUTUTMHEL SJIEKTPOHHOTO 00Y4IeHH, TUCTAaHIIHOHHBIX 00pa30BaTeIbHBIX
TEXHOJIOTHH OOIIeHHE 00YJarOIMUXCsI U TPEHOAaBATENs OCYIIECTBIISIETCS B PEKUME PEATbHOTO BPeMEHH (OHIANH-IEKIUN
(BeOuHapHI), YaThl, BUACO-KOH(GEPEHLIMH U Ap.) UK OTI0KEHHOTO BpEMEHH ( CHCTeMa AUCTaHIUMOHHOTO 00ydeHus Moodle,
(hOpYMBI, SMEKTPOHHAS TOYTA U JIp.).

Bosnbiryro gacTs BpeMeHH 00yJalonIuecs CaMOCTOSATENEHO PaboTAaIOT ¢ yaeOHO-METOANIECKIMH MaTepranaMu. CTyIeHTHI
HMEIOT BO3MOXHOCTh KOHCYJIBTHPOBATHCS C IIPEHoAaBaTeIeM 110 BCEM BOIIPOCaM, BOSHUKAOIIUM B X0/I€ CAMOCTOSATETbHON
paboOTHI TOCPEICTBOM JIEKTPOHHOM MOYTHI, COLHATBHBIX CETCH H T.II.

Hoctyn oOydaromerocst K y2eOHBIM pecypcaM B PeXKUMe OTIIOKEHHOTO BPEMEHH, CAMOCTOSTEIbHON pabOTHI
OCYIIECTBIISETCS Yepe3 ceTh MIHTepHeT B yIOOHOM IS HEro MecTe, BpeMEHH U TeMIIE.

[Tpu oOyueHnn U1 ¢ OTPaHUYEHHBIMHA BO3MOXHOCTSAMU 310POBBSI 2JIEKTPOHHOE 00ydeHHE, TUCTAaHIIMOHHbIE
00pazoBaTeNbHBIC TEXHOJIOTHH MPETyCMaTPHBAIOT BOSMOXKHOCTH ITpHUeMa-Tiepeiayi HH(POPMAIHU B JOCTYITHBIX ISl HUX
dbopmax.

Peanm3anust UCHUIUIMHBI ¢ TPUMEHEHUEM 3JIEKTPOHHOTO 00y4eHH s, TUCTAaHI[HOHHBIX 00pa30BaTeIbHBIX TEXHOJIOTHH (Jlanee
— 30, A0T) ocymectBnsiercss Ha ocHOBaHUHU «[10J103keHUS 0 peann3aury OCHOBHBIX U JONOJHUTENBHBIX 00pa30oBaTeIbHBIX
MporpamMM C IPUMEHEHHEM 3JIEKTPOHHOTO 00yUeHNS W TUCTAaHIMOHHBIX 00pa30BaTEIBHBIX TEXHOJIOTHH B (heiepabHOM
TOCyapCTBEHHOM OIOMKETHOM 00pa30BaTEIFHOM yUpEXKICHHH BBICIIET0 00pa3oBaHus «YensOMHCKHN ToCy1apCTBEHHBIH
yHUBEpCHUTETY», «I1070XKeHus 0 mopsIKe 3aueTa 00yJaromUMHICS IO OCHOBHBIM ITPO(hecCHOHaIbHBIM 00pa30BaTeIbHBIM
nporpamMMam Boiciiero oopasobanus B ®I'6OY BO «UenlV» pe3ynbTaToB OCBOCHHUS B OPTraHU3aIUAX, OCYIIECTBISIOIINX
00pa3zoBaTENBHYIO AEATETEHOCTD, YIEOHBIX IIPEAMETOB, KYPCOB, AUCIUIUINH (MOIYIIeH), IPaKTHK, TOTTOTHUTEIBHBIX
00pa3zoBaTeNbHBIX IPOTPaMM» IOCPEACTBOM IEKTPOHHOI HHPOpMannoHHO-00pa3oBaTensHoi cpenast PTBOY BO
«Yenl'Y». B HCKITIOYHUTENBHBIX CiTydasx (Hopc-Maxkop U T.I1.) IPH peann3aui 00pa3oBaTeIbHON e TETBHOCTH C
npumerenueM D0, JIOT MoryT NprUMeHsATh KOMIIOHEHTHI, HE BXOJISIIUE B TIEPSUCHD DIICKTPOHHON HHPOPMAIIMOHHO-
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00pa3oBaTeNBHOM CpesbL.

10. CHEIIMAJIBHBIE YCJIOBHUS OCBOEHUSA JUCIIMITJINHBI OBYYAIOHNIUMHUCH C
HWHBAJINJHOCTBIO U OTPAHUYEHHBIMHA BO3MOXKHOCTAMMU 310POBbSA

OcBoeHHME JUCUMIUIMHBI MHBaJMJaMM M JMIAMU C OIPAaHUYEHHBIMM BO3MOXKHOCTSIMH 370POBbSl OCYILIECTBISETCS C
WCIIOJIB30BaHUEM CIEIUAIBHBIX TEXHUYECKUX CPEICTB W WH(POPMAIMOHHBIX TEXHOJIOTHH, MPEAOCTaBIsIeMbIX PecypcHBIM
y4e0HO-METOIMYECKUM LEHTPOM MO OOYYEHHIO WHBAIMIOB M JHIl C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMH 370poBbs Yenl'V mo
3ampocy oOydaromierocss (MOOMJIbHBIC CIICIHANbHBIE TEXHHYECKHE CPEACTBAa JUIS JIMI C HApYIICHUSIMH 3pCHHA U C
HapyYIICHHEM CIIyXa, aCCHCTHBHBIC MH()OPMAIIMOHHBIE TEXHOJIOTHH).

[Tpu HEOOXOMUMOCTH AJsI OOYJAIOMIMXCA C HAPYIICHUSMH 3pPEHUS Ha pabOuYMX MeCTax IUlsl MPOBENCHHS MPAKTHYECKUX WIH
nabopaTOpHBIX 3aHATHH YCTaHABIMBAeTCs CIHELMAIBHOE IpOrpaMMHOE obecreyeHune (mporpaMma pedeBOil HaBHUTaLlUM,
pEUeBbIE CHHTE3aTOPhI, SKPaHHbIE JIYIIbI).

B yueOHple ayguropmm obecrieunBaeTCS OECTIPENSATCTBEHHBIH JOCTY IUI OOY4JaroMXCsl C HMHBAIMAHOCTBIO M C
OTPaHUYEHHBIMH BO3MOXKHOCTSIMHU 3I0pOBbs. B Kakmoil ayauropuu, rae oOydaloTcs WHBANUABI U JIMIA C OTpAaHMYCHHBIMU
BO3MOKHOCTSIMU  3JI0OPOBbsI, IpEIycMaTpUBAETCsl COOTBETCTBYIOIIEE KOJIMYECTBO MECT Ui OOydalomuxcs ¢ y4eToM
HapPYIICHUH UX 37I0POBBSI.

Jis OCBOGHUS IHWCIUILTMHBI WHBAIUAAM W JIMIAM C OTPAaHMYEHHBIMH BO3MOXKHOCTSIMHU 3JIOPOBBS MPENOCTABISETCS AOCTYI K
MEYaTHBIM HMCTOYHHMKAM, MMEIOIUMCcs B HaydHoll Oubimorexke Yenl'Y, ¢ mOMOIIBIO ClENMAaJIbHBIX TEXHHUYECKUX CPENCTB;
JIOCTYIl € MOMOILBIO CHELUAIBHBIX TEXHUYECKUX U IMPOTPAMMHBIX CPEICTB K 3NMEKTPOHHBIM MCTOYHUKAM, NPEACTABIEHHBIM B
(hopMe AIIEKTPOHHOTO TOKYMeHTa B (hoHJe HaydHOU oubimotekn Yenl'Y wim 251eKTpOHHO-OMOIHMOTEUHBIX CHCTEMAX.
Y4eOHO-MeTOIMUeCKHe MaTepHajbl Uil OOYJarolMXCS M3 YHCIa MHBAJIHIOB WM JIUI] C OTPAaHMYEHHBIMH BO3MOXKHOCTSIMH
3I0pOBbsSl IPEAOCTABIAIOTCS B (opMmax, aJaNTUPOBAHHBIX K OTPAaHMYEHHSM HUX 370POBbS M OCOOCHHOCTSIM BOCIPUSTHS
nHpOpManHHL.

Jns MHBaNMHMIOB W JIUIl C OTPAaHHMYEHHBIMH BO3MOXKHOCTSIMH 3I0POBBSI OCBOCHWE AHMCHUILIMHBI MOXET OBITh YaCTUYHO WIIH
MOJTHOCTBIO OCYIIECTBIICHO C MCIIOJIB30BAHUEM TUCTAHIIMOHHBIX 00pa30BaTeNbHBIX TEXHOJIOTHH.

ITpu mpoBepeHWH NPOMEXKYTOYHON ATTECTAIlMH IO JTUCHHUIUIMHE OOYJAIOIMMCS C HHBAIUAHOCTBIO W C OTPaHWYCHHBIMHU
BO3MOXKHOCTSIMH 37I0POBBSI 00ECIEUMBACTCS 110 WX 3asABICHHIO NIPEIOCTABICHHE B JOCTYHHOH (opMe B 3aBHCHMOCTH OT HX
WHAWBUAYATbHBIX OCOOCHHOCTEH MHCTPYKIMM O MOPSAKE MPOBENEHHS MPOMEXKYTOYHOH aTTECTAalllH, OLEHOYHBIX CPEACTB H
BO3MO’KHOCTH OTBETOB Ha 3a/aHusl (IMCbMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIIbIOTEpE, MUCbMEHHO Ipudrom bpaitns, ¢
HCITOJIb30BAaHHUEM YCIIYT aCCHCTEHTA, YCTHO).

[Ipu mpoBeneHNU MPOLEAYPH OLEHUBAHUS PE3YIBTATOB OOYUEHUS WHBAIUIOB W JIUI C OTPAHUYEHHBIMH BO3MOKHOCTSIMH
3M0POBbS NPEAYCMATPUBAETCS HCIOJNb30BaHUE MpeAocTaBleHHBIX YenlY wunum coOCTBEHHBIX TEXHHYECKUX CpPEACTB,
HEOOXOAMMBIX MM B CBS3M C WX HHAWBUIYaJbHBIMH OCOOCHHOCTAMH. [lpum HE0OXOIUMOCTH WHBAJIMIAAM H JIUIAM C
OTpaHWYEHHBIMH BO3MOXXHOCTSIMH 3JIOPOBBS IIPEIOCTABIACTCS IOMOJIHUTENBFHOE BpeMs UIS MOJTOTOBKHM OTBETa Ha 3aJaHMUS,
Mpoleypa OLEHUBAHUS PE3YIbTATOB O0YUSHHUS IO AUCIUIIIMHE MOXKET MPOBOAUTHCS B HECKOJIBKO ITATOB.
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1. GOALS OF MASTERING THE COURSE

The purpose of the course "Generalized Symmetries of Differential Equations" is to study fundamental concepts and methods related to
the analysis and use of symmetries of differential equations, including generalized (nonclassical) symmetries, the construction of their
solutions and understanding their properties.

The goals of the course include:

+ Study of symmetry theory: Familiarization with the basic concepts of the theory of Lie groups, Lie algebras and their application to
differential equations, including classical and generalized symmetries (in particular, non-transitive, conditional and nonlocal).

+ Symmetry analysis: Mastering methods for determining symmetries that allow reducing the order of equations, constructing group
invariants and exact solutions.

+ The relation of symmetries and solutions: The study of the relationship between the symmetries of differential equations and the
structure of their solutions, including integrals of motion and integral manifolds.

+ Application of generalized symmetries: Consideration of methods for constructing solutions using generalized symmetries, such as
the direct method, the method of decomposition by conditional symmetries, and others.

* Modeling and symmetries: Analysis of applied problems in mechanics, physics and other fields in terms of their symmetries, as well
as the development of mathematical models based on symmetries.

* Modern methods: An overview of modern trends in the study of symmetries of differential equations, such as the use of computer
algebra and an algorithmic approach to symmetry analysis.

+ Development of mathematical culture: Fostering an understanding of the importance of symmetries as a fundamental property of
mathematical models and developing skills in using the symmetry apparatus to solve problems.

The results of training in the course are aimed at achieving the following indicators:

PC-1.1 Demonstrates knowledge of the basic theoretical principles and 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 scientific research

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

Cycle (section) curriculum: |OC.V.02

2.1 Requirements for the student's pre-training:

To successfully master the course, knowledge of the courses "Mathematical Analysis", "Linear Algebra", "Differential equations",
"Functional Analysis", "Equations of mathematical physics" is required. And also

Partial differential equations of the first order

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

Knowledge of this course can be useful for students' research work.

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

PC-1: Able to carry out research work in the field of differential equations

Know:

the fundamental principles of symmetry theory and their applications.

Be able to:

analyze and apply symmetry analysis techniques.

Possess:

the skills to conduct independent research in the area of symmetries of differential equations.
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As a result of mastering the course, the student must

3.1|Know:

3.1.1|the fundamental principles of symmetry theory and their applications.

3.2|Be able to:

3.2.1analyze and apply symmetry analysis techniques.

3.3|Possess:

3.3.1]|the skills to conduct independent research in the area of symmetries of differential equations.

4. SCOPE OF THE COURSE (MODULE)

Total labor intensity 1 Credits

Curriculum hours : 36 Types of control in semesters:
including :

classroom training : 16 credits 3

independent work : 19.8
contact work : 16,2
OCW : 0,2

5. STRUCTURE AND CONTENT OF THE COURSE (MODULE)

Class Name of sections and topics /type of lesson/ Semester | Hours Literature
code / Course

Section 1. Theory of symmetries

1.1 Introduction to the theory of Lie groups /Pr/ 3 2 L1.1L1.2L1.3L2.1
L22123
W1 W2 W3

1.2 Lie algebras and infinitesimal operators /Pr/ 3 1 L1.1L1.2L1.3L2.1
L22123
W1 W2 W3

1.3 Classical symmetries of differential equations /Pr/ 3 1 L1.1L1.2L1.3L2.1
L22123
W1 W2 w3

1.4 |Application of classical symmetries: lowering of order /Pr/ 3 1 L1.1L1.2L1.3L2.1
L22123
W1 W2 W3

1.5 Conditional symmetries /Pr/ 3 1 L1.1L1.2L1.3L2.1
L22123
W1 W2 w3

1.6 [Non-transitive symmetries /Pr/ 3 1 L1.1L1.2L1.3L2.1
L22123
W1 W2 W3

1.7 Non-local symmetries /Pr/ 3 1 L1.1L1.2L1.3L2.1
L22123
W1 W2 W3

1.8 Symmetries of «Fractional Differential Equations» /Pr/ 3 4 L1.1L1.2L1.3L2.1
L22123
W1 W2 W3
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1.9 Construction of invariant solutions /Pr/ 3 2

L1.1L1.2L1.3L2.1
122123
W1 W2 W3

1.10  |Decreasing the order of «Fractional Differential Equations /Pr/ 3 2

L1.1L1.2L1.3L2.1
122123
W1 W2 W3

1.11  |Doing homework, preparing for exams. Preparation for the credit. /IndWork/ 3 19,8

L1.1L1.2L1.3L2.1
122123
W1 W2 W3

Section 2. Other contact work

2.1 Individual consultations, ongoing monitoring /OCW/ 3 0,2

L1.1L1.2L1.3L2.1
122123
W1 W2 W3

6. FUND OF ASSESSMENT MEANS

6.1. List of types of assessment tools

1. Report
2. Questions for credit

6.2. Typical control tasks and other materials for current certification

Report topics:

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

. Conditional symmetries and their application to equations with fractional derivatives: nonlinear effects.
. Non-transitive symmetries: extending the possibilities of symmetry analysis for fractional equations.

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

. Symmetries in fractional diffusion equations: physical interpretation and applications.

. Fractional models in mechanics: symmetry analysis of equations of motion.

. Symmetries and conserved quantities in fractional derivative equations: role in stability analysis.

. Symmetry analysis of fractional equations with variable coefficients: problems and approaches.

. Application of computer algebra in symmetry analysis of equations with fractional derivatives: advantages and
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.
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14. Symmetry analysis of «Fractional Differential Equationsy in various fields of physics and engineering.

limitations.

13. Relation of symmetries and integral transformations in equations with fractional derivatives: possibilities and prospects.

6.3. Typical control questions and assignments for interim certification

Questions for credit:

. 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.
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6.4. Evaluation criteria

© FSBEI HE “CSU”




MINISTRY OF EDUCATION AND SCIENCE OF THE RUSSIAN FEDERATION
Federal State Budgetary Educational

Institution of Higher Education

“Chelyabinsk State University” (FSBEI HE “CSU”)

B

Work program of the course (module) “Generalised Symmetries of Differential Equations” in the scientific specialty

01.04.01 “Mathematics” direction «Fractional Differential Equations» FSBEI HE “CSU” pp- 6

Scoring criterion:

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.

When summarizing the results, the results of current attestation are taken into account. The points received for the current certification
are summarized 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).

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.

7. EDUCATIONAL, METHODICAL AND INFORMATIONAL SUPPORT OF THE COURSE

(MODULE)

7.1. Recommended literature

7.1.1. Basic literature

Authors, compilers Title Publisher, year | Resource

L1.1 |Zaitsev V. F., Polyanin |Differential equations with partial derivatives of the first order: Moscow : Urait, ELS

AL textbook for universities 2024

(https://urait.ru/bcode/537986)

L1.2 |Zhiber A. V., Equations of mathematical physics. Nonlinear integrable equations: |Moscow : Urait, ELS

Murtazina R. D., textbook for universities 2024

Habibullin I. T., Shabat|(https://urait.ru/bcode/538452)

A.B..
L1.3 |Emelyanov V. M., Equations of mathematical physics. Practicum on problem solving:  |St. Petersburg : ELS

Rybakina E. A. textbook for universities Lan, 2024

(https://e.lanbook.com/book/390614)
7.1.2. Further reading
Authors, compilers Title Publisher, year | Resource

L2.1 |Nomizu K., Laptev G. [Lie groups and differential geometry: a monograph Moscow : ELS

D. (https://biblioclub.ru/index.php?page=book&id=257391) Izdatelstvo Foreign

Literature, 1960

L2.2 |[Serr J. P, Onischik A. |Lie algebras and Lie groups: a monograph Moscow : Mir, ELS

L., Averbukh V. L. (https://biblioclub.ru/index.php?page=book&id=450347) 1969
L2.3 |Ovsyannikov L. V. Group analysis of differential equations Moscow : Nauka,

1978
7.2. List of resources of the information and telecommunication network “Internet”

W1 |eLIBRARY.RU [Electronic resource] : electronic library / Scientific Electronic Library - URL: http://elibrary.ru/defaultx.asp
W2 [Russian Foundation for Basic Research (RFBR) - official website http://www.rfbr.ru/rffi /ru
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W3 [Scientific electronic library. Monographs published in the publishing house of the Russian Academy of Natural Sciences
full-text resource of scientific and educational publications RAE https://www.monographies.ru/

7.3 List of information technologies

7.3.1 Software

LMS Moodle

Adobe Reader

7.3.2 Professional databases and reference systems

1. Web of Science (https://apps.webofknowledge.com) Web of Science : multidisciplinary abstract database / Thomson Reuters
Company. - Access mode: for registered users of CSU. - Text : electronic.

2. SpringerLink International Abstract Database of Scientific Publications (https://www.springer.com)

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

For the realization of the course are used classrooms for seminars, group and individual consultations, current control and interim
certification, as well as rooms for independent work.

The classrooms are equipped with specialized furniture and technical means of education: blackboard, desks, multimedia and audio
equipment.

For seminars, classrooms equipped with a blackboard, desks, portable multimedia and audio equipment (if necessary) are used.

The rooms for independent work of students are equipped with computer equipment with Internet connection and access to the
electronic information and educational environment of the University.

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

Seminar (practical) classes and independent work of the student are used in the study of this course. At practical classes the main
content of the program topics is presented, the main methods and approaches are considered.

For the most effective study of the course the student is recommended:

- attend classes, briefly and thoughtfully outline the material, indicating the date of the class and the topic;

- independently study the material both after each lesson and at the end of the topic, which allows you to link the information received
and make a complete picture.

In the case of application of e-learning, distance learning technologies in teaching the course, communication between students and
teacher is carried out in real time (online lectures (webinars), chats, video conferences, etc.) or delayed time (distance learning system
Moodle, forums, e-mail, etc.).

Most of the time students work independently with teaching and learning materials. Students have the opportunity to consult with the
instructor on all issues arising in the course of independent work through e-mail, social networks, etc.

Access of the student to learning resources in the mode of deferred time, independent work is carried out through the Internet at a
convenient place, time and pace.

When training persons with disabilities, e-learning, distance education technologies provide for the possibility of receiving and
transmitting information in accessible forms.

Implementation of the course with the use of e-learning, distance education technologies (hereinafter - EE, DOT) is carried out on the
basis of the “Regulations on the implementation of basic and additional educational programs with the use of e-learning and distance
education technologies in the federal state budgetary educational institution of higher education ‘Chelyabinsk State University’,
”Regulations on the procedure for crediting students on basic professional educational programs of higher education In exceptional
cases (force majeure, etc.) in the implementation of educational activities with the use of E-Learning, DOT may apply components that
are not included in the list of electronic information and educational environment.
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10. SPECIAL CONDITIONS FOR MASTERING THE COURSE OF STUDENTS WITH
DISABILITIES AND DISABILITIES

The mastering of the course by disabled persons and persons with disabilities is carried out with the use of special technical means and
holo-information technologies provided by the Resource Educational and Methodological Center for Education of Disabled Persons
and Persons with Disabilities of CSU at the request of the student.

1. Mobile special technical means for persons with visual impairments: portable computer with Braille input/output with speech
synthesizer “ElBraile-W14J G2”; laptops with NVDA screen access software; electronic magnifiers for remote viewing; portable video
magnifiers; tiflo player; digital dictaphones.

2. Mobile special technical means for persons with hearing impairments: free sound field system with built-in compatibility with FM
devices; radio class “Sonet-RSM” with transmitter, behind-the-ear inductor and induction loop; information system for the hearing
impaired portable “Istok” A2 with built-in player - sound informer; document camera; programmable hearing aids for individual use.
3. assistive information technologies: screen access software with speech synthesis NVDA; screen magnification programs; speech
synthesis programs for computers and laptops; speech synthesis programs for mobile devices; on-screen keyboard; screen magnifier.
If necessary, special software (NVDA speech navigation program, speech synthesizers, screen magnifiers) is installed at workplaces for
practical or laboratory classes for students with visual impairments.

Unimpeded access to classrooms is provided for students with disabilities and students with disabilities. In each classroom, where
students with disabilities and persons with disabilities, provides an appropriate number of seats for students, taking into account their
health problems.

To master the course, disabled people and persons with disabilities are provided with access to printed sources available in the CSU
scientific library, with the help of special technical means; access to electronic sources, presented in the form of electronic documents in
the collection of the CSU scientific library or electronic library systems, with the help of special hardware and software (workstation for
blind users with screen access software with speech synthesis NVDA, workstation with computerized

Educational and methodical materials for students with disabilities and persons with disabilities are provided in forms adapted to the
limitations of their health and perception of information:

For persons with visual impairments:

- in printed form in enlarged font,

- in the form of an electronic document,

- in the form of an audio file,

- in printed form in Braille.

For persons with hearing impairments:

- in printed form,

- in the form of an electronic document.

For persons with mobility impairments:

- In printed form,

- in the form of an electronic document,

- in the form of an audio file.

This list can be specified depending on the contingent of students.

For persons with disabilities and persons with disabilities mastering the course can be partially or fully implemented using distance
education technologies (Moodle, Adobe Connect Pro, etc.).

In the mastering of the course by disabled people and persons with disabilities is used individual work. Individual work means two
forms of interaction with the teacher: individual training work (consultations), i.e. additional explanation of the educational material
and in-depth study of the material with those students who are interested in it, and individual educational work. Individual consultations
are aimed at individualizing learning and establishing educational contact between the teacher and a disabled student or a student with
disabilities.

When conducting the procedure for assessing the learning outcomes of disabled people and persons with disabilities in the course
provides the following additional requirements depending on the individual characteristics of students:

a) instruction on the order of the assessment procedure is provided in an accessible form (orally, in written form, in written form in
Braille, orally with the use of sign language interpreter);

b) accessible form of providing assessment tasks (in printed form, in printed form in enlarged font, in printed form in Braille, in the form
of an electronic document, tasks are read out by an assistant, tasks are provided with the use of sign language interpreter);

¢) an accessible form of providing answers to tasks (in writing on paper, typing answers on a computer, in writing in Braille, using the
services of an assistant, orally).

When conducting the procedure for evaluating the learning outcomes of persons with disabilities and persons with disabilities, the use
of technical means necessary for them due to their individual characteristics is envisaged. These means may be provided by CSU or the
university's own technical means may be used. If necessary, persons with disabilities and persons with disabilities are given additional
time to prepare an answer to the tasks, the procedure of assessment of learning outcomes in the course can be conducted in several
stages.

The procedure of assessment of learning outcomes for persons with disabilities and persons with disabilities is allowed using distance
learning technologies.
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