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y4pekaeHHe BBICIIEro 00pa30oBaHus
«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

MIMHOBPHAYKHU POCCHU
@” denepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE

Pabouast mporpamma IUCIHUILINHEL ""BEIPOXKAEHHBIC YBOIIONMOHHBIC ypaBHEHHS B 0aHAXOBBIX IIPOCTpaHCTBaxX" MO
HaTpaBJICHHIO MOAroToBKH (crenuanbaoct) 01.04.01 "Maremaruka" HanpaBieHHOCTH (Tipoduinto) YpaBHEHUS ¢ crp. 3
npobubiMu iponsBogHbIMU OT'BOY BO «Uenl'Vy»

1. IEJIX OCBOEHUA N CHUIIJINHBI

[enbto kypca "BoIposkJIeHHBIC SBOIOIMOHHBIC YpaBHEHHS B 0aHAXOBBIX MPOCTPAHCTBAX" SBISCTCS H3YICHUE
(hyHIaMeHTaIbHBIX KOHIICIIUH, METOIOB aHAJHM3a U TEOPUH PEIICHNH BHIPOXKICHHBIX DBOJTIOUOHHBIX YpaBHEHUH B
a0CTpaKTHBIX OaHAXOBBIX IIpocTpaHcTBax. Kypc HaleneH Ha (OpMUPOBAHUE Y CTYACHTOB MIYOOKOTO TIOHMMAHHS
MaTeMaTHYeCKON TeOpUU TaKUX ypaBHEHUH, KX 0COOEHHOCTEH 1 MPUMEHUMOCTH ISl MOACITUPOBAHUS CIIOKHBIX
JIMHAMUYECKHUX CUCTEM, BKIIFOUAst CUCTEMbI C CHHTYJISIPHBIM [TOBEICHUEM.

3agagamu HU3YYCHUA JUCHUITIMHBI SABJIAKOTCA:

* O3HaKOMJIEHHE C OCHOBHBIMU MOHATHAMHU (QYHKIMOHAJIHHOTO aHAIN3a, HEOOXOAUMBIMH ISl aHAJIN3a BBIPOKIEHHBIX
9BOJIIOLIMOHHBIX ypaBHEHUH: 3yueHne cBoicTB 6aHaXOBBIX IPOCTPAHCTB, IMHEWHBIX ONIEPATOPOB, CIEKTPAILHON TEOPUH,
CHIIBHO HETIPEPBIBHBIX ITOJIYTPYIIT ONEpaToOpOB M APYTHX HEOOXOIUMBIX KOHIIEIITHH.

* H3yueHue pa3anyHbIX KJIaCCOB BBIPOXKIEHHBIX 3BOJIIOLIMOHHBIX YPABHEHUH: AHAIN3 YpaBHEHUH ¢ BBIPOXKJICHUEM KaK BO
BPEMEHH, TAK U B IIPOCTPAHCTBE, U3YUCHUE UX OTIMYUM OT KJIACCUUECKUX SBOJIIOLMOHHBIX YPaBHEHUM, BKIIIOUAsl ypaBHEHUS
C CUHTYJIIPHBIMHU OIIEPaTOPaMH.

° OBHaHeHI/Ie METOJaMU aHaJIn3a U PEIICHUS BhIPOKICHHBIX 3BOJIIOIIMOHHBIX ypaBHeHHfIZ OcBoOeHME TaKUX MCTOOO0B, KaK
METOJbI TCOPHH MOJYIPYIIIL, (I)yHKL[I/IOHaJ'H:HOFO HUCUYUCIICHU, CH@KTpaJ'ILHOfI TCOpUH, METOAbI PETYIIApU3alU, METOAbI
TCOpUH BO3My[H€HPII>‘I " Apyrue noaxodbl.

+ ®opMHpOBaHHE HABBIKOB OCTPOEHHMS a0CTPAKTHBIX MaTEMAaTHYECKHUX MoJieneii: PasBurue ciocodHoCTH (hOpPMYIHPOBATH
peanbHBIC IPOIIECCH U ABICHHS B BU/IE BEIPOXK/ICHHBIX SBOJIOIMOHHBIX YPaBHEHHUI B 0aHAXOBBIX TPOCTPAHCTBAX,
000CHOBBIBas BEIOOP COOTBETCTBYIOLINX ONIEPATOPOB U MIPOCTPAHCTB.

* l3yueHne MPUMEHEHHS BBIPOKIEHHBIX SBOJIONMOHHBIX YpaBHEHH JJISl OMTHUCAHUS TPOIIECCOB B PA3IUYHBIX 001aCTSIX:
PaccMoTpeHune mpuMepoB MOICIHPOBAHHUS IIPOLECCOB B (DU3HMKE (HATIPHMED, PACHIPOCTPAHEHHE TEIJIa B HEOJHOPOTHBIX
cpenax), MHXeHepuH (HampuMep, MOJCTUPOBAHNE SJCKTPHUECKHX IeTel ¢ BBIPOXKICHUEM ), OMOJIOTHH (HapuMep, MOJICITH
MOMYJISIIIMOHHOM TMHAMUKH) U IPYTHX 00J1aCTAX, IJIe BOSHUKAIOT CHHTYIISIPHBIEC SIBIICHUST M HEOOXOIUMO HCITOJB30BATh
a0CTpaKTHBIE MOJICTIH.

* PaszBuTHE CIOCOOHOCTH MPOBONTH AaHATN3 YCTOWIHBOCTH M aCHMIITOTUYIECKOTO MOBEJCHNUS pelneHnii: M3yueHne MeTo10B
HCCIIEZIOBAHUS JOJTOCPOYHOI'O TIOBEJICHUSI pellIeHUI BBIPOKICHHBIX 3BOJIIOLMOHHBIX YPABHEHUH, BKIIIOUasl aHAIN3
CHUHTYIISIPHOCTEH.

M CO3Z[aHI/Ie LEJIOCTHOM KapTUHBI COBPEMEHHBIX MATEMATUICCKUX METOI0B B obmactu TEOpHUHN 3BOJIOLMOHHBIX ypaBHeHHﬁi
(DOpMI/IpOBaHI/Ie IIOHUMAaHHA O B3aUMOCBA3U a6CTpaKTHLIX MaTEeMaTHYECKUX KOHIEMIINN U UX MNPUMCHCHUSA 1A pCIICHUA
KOHKPETHBIX 3a/1av, 4 TAKXKC 3HAKOMCTBO C IIEPCIEKTUBHBIMU HAIIPABJICHUAMU HCCIICIOBAHUM.

* Pa3BuTHE HaBBIKOB CAMOCTOSATENILHOTO U3y4EHHS COBPEMEHHOM Hay4HOH aurepaTyphl: [IonroToBka CTyaeHTOB K
CaMOCTOSATETIFHOMY HCCIIEJOBAHHIO MTOCIIEAHIX JOCTIDKCHUH B 00JIaCTH BBIPOXKICHHBIX YBONIONNOHHBIX YPAaBHEHUH U HX
MPUIIOKEHUH, BKITIOUast HCCIIEI0BAHUsI, CBA3aHHbIE C IPUMEHEHHEM ONEePaTOPHBIX METOA0B U (DYHKI[HOHATIBHOTO aHAIN3a.

Pe3yJ'H>TaTI)I OGy‘IeHI/IH 10 TUCOUTIITMHE HAIIPABJICHBI HA JOCTUKECHUEC MHAUKATOPOB!

ITK-1.1. leMoHCTpHpYeT 3HAHNE OCHOBHBIX TEOPETHIECKHUX TOJIOKEHUH U METOIOB B 00JIaCTH MTPOBOANMBIX HAydHBIX
HUCCIIECA0BaHMUI

ITK-1.2. lemoHCTpUpYeT yMeHUS cOopa U aHaIM3a HHPOPMAITIH II0 TEMATHKE IPOBOANMBIX HCCIIETOBAHUH

ITK-1.3. lmMeeT mpakTHYECKHii ONBIT YCTAHOBJICHNS HOBBIX ()aKTOB M 3aKOHOMEPHOCTEH B 00JIaCTH HayYHBIX UCCIIETOBAHUH

2. MECTO JUCIIHUIIJIMHBI B CTPYKTYPE OIIOII

uxx (pa3aen) OIOIL: | b1.B.JIB.02.01

2.1 TpeGoBaHus K NpeBAPUTEIbHOI MOATr0TOBKe 00y4alomerocs:

JI1s yCTIenrHoTo 0CBOSHUS AUCIMILTMHBI HEOOXO MBI 3HaHUS TUCHUTUINH « MartemaTnyeckuii ananms», «JInHenas
anre6pay, «Iuddepenunansusie ypaBHEHU», « DYHKIMOHATIBHBIN aHAIN3», «KOMIUIEKCHBIN aHaIU3». A TaKxke

[IpeobpaszoBanue Jlamnaca BEKTOPHOZHAUHBIX (YHKIIMH

HOHOJ’IHI/ITCJ'ILHBIC TJ1aBbl KOMIIJICKCHOT'O aHaJIn3a

JluneiHble oniepaTopsl U onepaTop-GyHKIUN

2.2 JIucuMnJIuHbI M MPAKTHKH, 1JIS KOTOPbIX OCBOEHUE JAHHOU JUCHHMILIMHBI (MOAYJ/Is1) HEO0OX0AUMO KAK
NnpeauecTByoLee:
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3HaHUS 110 TaHHOW JTUCIMIUIHHE MOTYT OBITh ITOJIC3HBI JIJISI HAYYHO-HCCIIEIOBATENBCKON PabOThI CTYIEHTOB. A TaKkxKe

O600m1eHHbIE cUMMETPUHU AU(PepeHITHATBHBIX YPaBHEHU I

Henuneiineie YPaBHCHUA B YACTHBIX IMPOU3BOJIHBIX

Cemunap "I'pynmoBoii anaau3 qudhepeHIInaIbHBIX YpaBHEHNH"

3. KOMIIETEHIIMY OBYYAIOILETOCSl, ®OPMHUPYEMBIE B PE3YJIETATE OCBOEHUSI TUCIIMTLINHBI
(MOAY.JI)

IIK-1: CnocoGeH NpoBOAUTh HAYYHO-UCCIEJ0BATEIbCKYIO paGoTy B 00acTu A depeHnaNbHbIX YPABHEHUH

3HaTh:

OCHOBHBIE TEOPETUUECKHE MOJIOKEHHS 1 METO/IbI aHANIN3a BBIPOXKICHHBIX SBOIIOLMOHHBIX YPaBHEHUI B OaHAXOBBIX
IIPOCTPaHCTBAX.

Ymers:

CO6I/IpaTB, AHAJIU3UPOBATh U IaBaThb KPUTUYCCKYIO OLICHKY I/IH(i)OpMaHI/II/I MO0 TCMATUKE BBIPOKIACHHBIX 3BOJTIOIUOHHBIX
ypaBHeHI/Iﬁ B 0aHAXOBBIX IMMPOCTPAHCTBAX, BKIIFOYAA UX TCOPETUICCKNUE OCHOBBI U IMPUIOXKCHUA.

Baanernb:

HaBbIKW IIPUMEHCHUA METOAOB aHAJIM3a BBIPOXKIACHHBIX 3BOJIOIUOHHBIX ypaBHeHI/Iﬁ B 0aHAXOBBIX IIPOCTPAHCTBAX IJIA
TMOCTPOCHUS, UCCIICAOBAHMA U aHAJIN3a MATEMATUYCCKUX MOﬂeHeﬁ, ONMCBIBAIOIIUX TUHAMHUYECKUE CUCTEMbI C CUHTYJIAPHBIM
MOBCACHUECM, a4 TAKIKC YCTAHOBJICHUS HOBBIX (I)aKTOB u BaKOHOMepHOCTGﬁ.

B pe3yjabTaTe OCBOCHUA TUCHUIIJINHBI Oﬁy'lalﬂlllﬂﬁCﬂ JOJIZKCH

3.1 |3uaThb:

3.1.1 | OcHOBHBIE TEOPETHYECKHE ITOJIOKEHHS M METO/IBI aHAIN3A BBEIPOIKICHHBIX SBOJIIOIIOHHBIX YPaBHEHHI B
0aHaXOBBIX IPOCTPAHCTBAX.

3.2 | YMmeTh:

3.2.1 | cobupaTh, aHATU3UPOBATH U AABATh KPUTHUECCKYIO OIICHKY HH(MOPMAIIUH 110 TEMAaTHKE BBIPOXKICHHBIX
9BOJIIOLMOHHBIX YpaBHEHUH B 0aHAXOBBIX IIPOCTPAHCTBAX, BKIIIOYAS NX TEOPETHUECKHUE OCHOBBI U
HPHIIOXKCHHS.

3.3 | Baagers:

3.3.1 | npuMeHeHHs METOJ0B aHAIN3a BBIPOXKICHHBIX IBOJIOHOHHBIX YpaBHEHHI B 6aHAXOBBIX MIPOCTPAHCTBAX JUIs
IIOCTPOCHHS, UCCIIEOBAHMA U aHAIM3a MATEMAaTHYECKUX MOJIEJIEH, ONMCBIBAIOIIUX IMHAMUYECKUE CUCTEMBI C
CHHTYIISIPHBIM ITOBEICHHEM, a TAKOKe YCTAaHOBIICHHS HOBBIX (DAKTOB M 3aKOHOMEPHOCTEH.

4. OFLEM JUCLMILIMHBI (MOLYJI5T)

OOwas TpyaoeMKocTb 2 3ET
Yacos 1o yueOHOMY IUIaHy : 72 Busl KOHTpOIISL B ceMecTpax:
B TOM YHCIIC
ayAUTOPHBIE 3aHATHSA : 34 3a4eTHl 3

caMocCTosiTeNbHas paboTa : 37,8

KOHTaKTHas pabora: 34,2

HKP: 0,2
5. CTPYKTYPA U COAEPKAHUME JUCLHUIIIMHbBI (MOAY.JIS)
Kon HaunmeHnoBaHue pa3iesioB U TeM /BH/I 3aHATHUS/ Cemecr | Hacos Jlutepartypa
3aHATH p / Kvpc
Pa3nen 1. OTHOCHTEIbHO OTPAHUYEHHbIE ONEPATOPbI
1.1 OTtHOcHTeNbHBIE pe30ibBeHTHI /I1p/ 3 2 JIT.1 JI1.2J12.1
.2
313233
1.2 OTHOCHTENBHO OTpaHUYeHHBIE oniepaTopsl /I1p/ 3 2 JIT.1JI1.2J12.1
2.2
212233
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1.3 Paspemaromiue rpynms onepatopos /IIp/ 3 4 JI1.1 J11.2J12.1
J12.2
2102233
1.4 ®daszoBbic mpoctpanctia /I1p/ 3 4 JI1.1 J11.2J12.1
J12.2
212233
1.5 JocraTounsle ycnoBus orpanuueHHoctu /I1p/ 3 2 JI1.1 J11.2J12.1
J12.2
212233
1.6 3amaua Komm st HeoqHOpoaHOTO ypaBHeHMs /IIp/ 3 4 JI1.1 J11.2J12.1
J12.2
2102233
1.7 3anaua Komm 1711 ypaBHeHUst Bbicokoro nopsiaka /IIp/ 3 4 JIT.1JI1.2J12.1
J12.2
212233
Pa3nen 2. OTHOCHTEIbHO P-CeKTOPHAJILHbIE OEPATOPBI
2.1 OTHOCUTENBHBIE P-pe30abpBeHTH /TIp/ 3 2 JI1.1 J11.2J12.1
J2.2
212233
2.2 OTHOCHTENBHBIE P-CEKTOpUANBbHBIE otepaTopsl /T1p/ 3 4 JI1.1 JI1.2J12.1
2.2
2102233
2.3 Paspemaromiue momxyrpymmsl /TIp/ 3 4 JI1.1 J11.2J12.1
J12.2
212233
2.4 Snpa u 06pa3sl pazpemaromux norpymi /IIp/ 3 2 JI1.1 J11.2J12.1
J2.2
212233
2.5 BrimonHeHne roMamHuX paboT, TOATOTOBKA K KOHTPOJIBHBIM PaboTaM. 3 37,8 JI1.1 JI11.2J12.1
IMonroToBka k 3auery. /Cp/ 2.2
2102233
Pa3nen 3. Unas koHTaKkTHasi padoTa
3.1 WunuBuayanbHble KOHCYIBTAIMH, TeKyIIHi KOHTpob /UKP/ 3 0,2 JI1.1 J11.2J12.1
J12.2
212233

6. POHJI OIEHOYHBIX CPEJCTB

6.1. ITepeyennb BUIOB OIEHOYHBIX CPEACTB

1. Jokman

2. Bompocsl k 3a4ery

6.2. TunoBbie KOHTPOJIbHBIE 32JaHUSI U MHbIE MAaTePUAJIbI /ISl TEKYIIEH aTTecTalul

TeMBI TOKIIaI0B:
1. Pe30s1bBEHTHI

O 03N Dk~ W

. OTHOCHUTENBHBIE PE30IBBEHTEI

. Paspemarormue rpymnmsl onepaTopoB

. JlocTaTo4HBIE YCTIOBHUS OTHOCUTEIIFHOM OTpaHUIEHHOCTH

. Ciyuait ppenronbsmoBa omneparopa

. 3amaua Komm 111 HEOJHOPOAHOTO YpaBHEHHS

. 3agava Koum 1t ypaBHEHHsI BBICOKOTO TOpPsAKA

. Belpoxknennas crcrema 0OBIKHOBEHHBIX TU((GepeHINaTBHBIX ypaBHEHIH
. JluneapuzyeMocTh CUCTeMBI ypaBHEHUI OCKONKOBa

10. OTHOCHUTENBHBIE P-CEKTOPHUANIBHBIE ONIEPATOPEI
11. Pa3pemaromye NOIyrpyImmbl

12. SAnpa u 06pas3sl pa3penIaronux DOIyrPyII

13. CymiectBoBaHuE 0OpPATHOTO OMEpaTopa

14. Kontpripumep
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15. Heonnoponnas 3anaua Ko
16. JIuneiinas cucrema HaBre-CTokca

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

Bomnpocs! mis 3auera:

. PesonbBeHTHI

. OTHOCHUTEITBEHBIE PE30IIHBEHTEI

. Pazpemaromue rpynimsl onepaTopos

. ocTaTtouHble YCI0BUS OTHOCUTENBHOM OrpaHU4eHHOCTH
. Cnyuait ppenrosisMmoBa orneparopa

. 3anaua Koy 111 HEOJHOPOAHOTO ypaBHEHUS

. 3amaua Komwu 1711 ypaBHEHHs BBICOKOTO TIOPsIIKa

. Belpoxknennas cucrema 0OBIKHOBEHHBIX TU((GepeHINATBHBIX ypaBHEHHHA
. OTHOCHTENBHBIE P-CEKTOPHAIBHBIE OTIEPaTOPEI

10. Pa3pemraromue NOTyrpyIIIbL

11. Sinpa u oGpa3sl pa3pelaromux MoJIyrpyrn

12. CymiecTBoBaHHE 00pPaTHOTO OrepaTopa

O 001N DNk~ W —

6.4. Kputepuu oneHuBaHUA

Kpurepuii BbICTaBIeHUS 3a4eTa:

IMpomomxurensHOCTH 3adeta — 90 MUHYT. 3a Ka)J0€ BEIITOJHEHHOE 3aJaHIe OMIeTa CTYIeHT MOJKET IOJIyduTh OT 1 10 3
6amtoB. Eciu 3a1anue BBINOJIHEHO IPAaBUIIBHO, TO OHO OlleHnBaercs 3 O6amnamu. Ecnu 3ajaHue BBIOTHEHO ¢ OUIMOKaMH, TO
0aJTbl CHIDKAIOTCS B 3aBUCUMOCTH OT KOJIMYECTBA JOMYIIEHHBIX OIMO0K. Eciu nomyiena onHa ommoka, T 31aHKe
oreHHBaeTcs 2 6ayutamMH, OIYIIeHB! 1Be omnOky — 1 6aymur. Eciu momyreHo Oojee IBYX OMIMOOK B 3aJaHUH WIIN CTYJICHT HE
BBITOJIHWII KaKoe-Tr00 3aJaHue 13 OuiieTa, To 3a Hero oH noiydaeT 0 6amioB. MakcuManbHOE KOJIMYECTBO OAJIIOB 3a 3a4eT
—6.

[Ipu noBEICHUN UTOTOB YIUTHIBAIOTCS PE3YJIbTAThl TEKYIIEH arTecTau. [1oTydeHHbIe 32 TEKYIIYIO aTTECTAINIO OBl
CYMMUPYIOTCSI C OaJlIIaMU, TIOTYIEHHBIMH 32 KaXKIbIi TAIl TPU MPOX0KICHUHU MPOMEXKYTOTHOHN aTTeCTaINH:

Orenka "He 3auTeHO" BBICTaBIsIeTCd 32 19 U MeHee 0ajIIoB;

Orenka "3auteHo" BeicTaBisercd 3a 20 u 6oJiee OaIOB:

20-26 6amioB (ypoBeHb 1);

27-30 6amnoB (ypoBeHb 2);

31-36 6amnoB (ypoBeHs 3).

OrnucaHue rnokasaresae U KpUTEpUEB OLIEHUBAHUS KOMIIETEHIUH IS TOKJIaa:

B cemectpe 3 noxnama. Ha noknax orBoautcs 15-20 MUHYT B KOHLIE Mapbl (Kaxkayro napy 1 gokmuan). Kaxnaelid cryaeHT
TOTOBUT JIOKJIAJI IO OJHOW U3 MPEUIOKEHHBIX TeM. MaKCMMalIbHOE KOJIMYECTBO 0aslioB 3a AoKIas - 30.

Ouenka "3auteHo" BeicTaBisieTcs 3a 20-30 6amios, "He 3auteno" - menee 20 0aIoB.

[TonHOTa HOKIAaaa OLICHUBAETCS 110 CJIICAYIOIIUM KPpHUTECPUSIM:

1. INonHOTa M3TOXKEHUST TEOPETHYECKOTO MaTepHaja

2 JlocTaTo9HOE KOIMYECTBO MPUMEPOB K TEOPETHUECKOMY MaTepHaILy

3. [IpuBeneHs! mpUMeEpHI K ONpENeeHUIM U TeopeMaM

4 IIpuBeaeHsl KOHTPIPUMEDPHI, IEMOHCTPUPYIOLIME MPU KAaKUX YCIOBUSAX HE NPUMEHHUMBI TEOPEMBI.

7. YHEBHO-METOJNYECKOE U HH®OPMALIMOHHOE OBECIIEYEHHUE JUCHUIIJIMHBI (MOAY JISA)

7.1. Pexomenayemasi JinTeparypa

7.1.1. OcHoBHasi IuTEpaTypa

ABTOpBHI, 3arnaBue WznarensctBo, | Pecype
JI1.1 | Bopucos B. T OYHKIMOHATBHBIN aHANMN3: yueOHOe mocodre Kemepogo : 9BC
(https://biblioclub.ru/index.php?page=book&id=719733) KemepoBckuii
TOCYHapCTBEHHBI
11 YHUBEPCUTET,
2023
JI1.2 |Tlonsnun A. 1., HenuHeliHble ypaBHEHUS] MATEMATHYECKOW (DU3UKU M MEXaHUKH. Mocksa : FOpaiir, 9bC
3aiines B. @., Metobl penieHus: yaeOHUK B IPAKTUKYM JUTS By30B 2025
Kypos A. 1. (https://urait.ru/bcode/562002)

7.1.2. lonoJHuTeIbHAS TUTEPATypa

ABTOpBI, | 3arnaBue W3naTenbCcTBO, Pecypc
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ABTOpBI, 3arnaBue WznarensctBo, | Pecype
JI2.1 [Hocuna K. OYHKIMOHAIBHBIN aHANIN3: HaydHas! IUTEepaTypa Mocksa : Mup, 9BC
(https://biblioclub.ru/index.php?page=book&id=459742) 1967
JI2.2 | ®enopoB B. E., [Monmyrpynmsl 1 TPYIIIEL OTIEPATOPOB C sIAPaMU: yueOHOe YemnstOuHCK :
Muppak H. TI. nocooue Yensb. roc. yH-T,
1998

7.2. Ilepeuensb pecypcoB HHGOPMALHOHHO-Te1eKOMMYHUKAIIUOHHOI ceTu "UHTepHeT"

91 |eLIBRARY.RU [3nekrpoHHBIH pecype] : anekTpoHHas oubnmoteka / Hayd. sanextpon. 6-ka — URL:
http://elibrary.ru/defaultx.asp

92 | Poccuiickuii pona ¢pynnamentanbubix uccienopanuii (PODN) - opunmanbuelii caitt http://www.rfbr.ru/rffi /ru

33 |Hayunas snextponHas 6ubanoTeka. MoHorpaduu, n3naHasle B n3gatenseTBe Poceniickoit Akagemun
EcrecTBO3HAHMS MOJHOTEKCTOBBIN pecypc HaAydHbIX M yaeOHbIX n3nanuii PAE https://www.monographies.ru/

7.3 Ilepevyenb nHGOPMAIHOHHBIX TEXHOJIOT Ui

7.3.1 IIporpammHoOe obecrieyeHmne

LMS Moodle

Adobe Reader

OpenOffice

7.3.2 llpodeccuonanbuble 6a3bl JAHHBIX H HHPOPMAIIHMOHHO-CIIPABOYHBIE CHCTEMBI

1. Web of Science (https://apps.webofknowledge.com) Web of Science : mynsTuancunmmmaapHas peeparuBHas 6aza
nannblX / komnanus Thomson Reuters. — Pexxum mocrtyna: is 3apeructpup. nojip3osareneit Yenl'V. — Teker :
AJIIEKTPOHHBIH.

2. SpringerLink MexayHapoaHas pedepaTiBHas 0a3a qTaHHBIX HaydHBIX U3aanuil (https://www.springer.com)

8. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCIUIIJINHBI (MOJAY JISA)

Jlis peanm3ariiy AMCIUTUINHBI HCIOIB3YIOTCS yaeOHBIe ayTUTOPHH IS IPOBEACHHS 3aHATHH CEMHHAPCKOTO THIIA,
TPYIIOBBIX U MHAUBUIYAIbHBIX KOHCYJIbTALUN, TEKYILETO KOHTPOJISA U IIPOMEKYTOUHOM aTTECTALMY, a4 TAKKE [IOMELICHUS
JUISL CAMOCTOSITENIbHOM pabOTHI.

Y4eOHbIe ayTUTOPUH YKOMILIEKTOBAHBI CTIEIIMAIN3UPOBAHHOI MEOEbIO U TEXHUYECKIMHU CPEACTBAMHU OOy4eHHUs: T0CKa,
HapThl, MyJIbTHMEIUIHHOE U ayAH0000PyIOBaHHUE.

Jlis ceMMHApCKUX 3aHATHH UCIOIB3YIOTCS ayIUTOPUH OCHAILIIEHHbIE OOBIYHON TOCKOM, MapTaMu, ePEeHOCHBIM
MYIBTUMEIUIHHBIM U ayTH0000pyI0BaHHEM (B CITydae HEOOXOIMMOCTH).

[MToMemeHust 11 CaMOCTOATENBHON PabOTHI 00YJAIONIMXCS OCHAIICHB! KOMIIBIOTEPHOH TEXHHUKOH C ITOKITIOUCHHAEM K CEeTH
"UaTepHeTr" 1 00ecreueHrEM JIOCTYIA B 3JIEKTPOHHYIO HHPOPMAIIMOHHO-00pa30BaTENbHYIO CPETy YHUBEPCUTETA.

9. METOIUYECKHE YKA3AHUA JJIAA OBYYAIOHINXCA 11O OCBOEHUIO JUCHUITIJIMHBI (MOAY JIS)

ITpn n3ydeHnn TaHHOW TUCIUIUIMHEI HCHOJIB3YIOTCSI CEMHHAPCKHUE (TIPAKTUUECKAE) 3aHATHS U CAMOCTOSITENTbHAS paboTa
cryaeHra. Ha npakTuueckux 3aHATUSIX U31aracTcsl OCHOBHOE COJEP KaHUE TEM IIPOTPaMMBbl, pACCMATPUBAIOTCS OCHOBHBIE
METOBI U IOJIXOIBI.

s Haubonee 3(h(heKTUBHOTO U3YdCHUS JUCIUIUINHBI 00yJaronieMycsi peKOMEHIYESTCS:

* [IOCEIIATh 3aHATUS, KPATKO U BAYMYHMBO KOHCIEKTUPOBATh MaTepUall, C yKa3aHHEM JaThl IPOBEICHUS 3aHSATHUS U TEMBIL;
* CAaMOCTOSATENBHO IIPOpabaThIBATh MaTepPHaN KaK IOCIe KQXKIOTO 3aHATHS, TAK U 110 3aBEPIICHHIO TEMBI, YTO ITO3BOJISIET
CBSI3aTh BOEIMHO MOJTYYEHHBIE CBEJICHUS U COCTABUTD LIETbHYIO KapTHHY.

B ciysae npuMeneHus Tpu 00ydeHUH QUCIATUIMHEI JJICKTPOHHOTO OOYIEeHHs, ANCTAaHIMOHHBIX 00pPa30BaTEIbHBIX
TEXHOJIOTHH 00IIEeHHEe 00yJaroIMXCsl ¥ IPETIOAaBaTelsl OCYLIECTBIISIETCS B PEKUME PEaIbHOTIO BpeMeHH (OHIaliH-JIeKIUH
(BeOMHAPBI), YaThl, BUICO-KOH(EPEHIIUH 1 Ap.) WK OTJIOKEHHOTO BpEeMEeHH ( CHCTeMa JIMCTaHIMOHHOTO o0ydenus Moodle,
(hOpYMBI, 2JTEKTPOHHAS TIOYTA H JP.).

Bosnbiryro uacTs BpeMEHH 00yJarouecs CaMOCTOSTENbHO Pab0TAIOT ¢ yaeOHO-METOANIECKIMH MaTepruanamMu. CTyaeHTHI
MMEIOT BO3MOXKHOCTh KOHCYJIBTHPOBATHCS € MTPEIoJaBaTeNeM 110 BCEM BOIIPOCaM, BO3HUKAIOIIMM B XO/I€ CAMOCTOSTEIbHOMN
paboOTHI TOCPECTBOM JIEKTPOHHOHN ITOYTHI, COIIMATBHBIX CETeH U T.11.

Joctyn o0yqaromerocst K yaeOHbIM PeCypcaM B PEKHUME OTI0KEHHOTO BPEMEHH, CAMOCTOSTENILHONH paboThI
OCYIIECTBIIsIETCs yepe3 ceTh VIHTepHeT B yIOOHOM JUISl HETO MECTE, BPEMEHH U TEMIIE.

ITpu 0Oy4eHny UL C OTPAHMYEHHBIMH BO3MOXKHOCTSIMH 37I0POBBSI JJIEKTPOHHOE 00y4eHHUE, TUCTaHIIMOHHBIC
00pazoBaTeNbHBIE TEXHOJIOTHH TIPEAYCMAaTPUBAIOT BO3MOKHOCTh IIpHeMa-Tiepeadi NHGpOopMannui B JOCTYITHBIX JUTST HAX

© ®I'BOY BO «Henl'V»




y4pekaeHHe BBICIIEro 00pa30oBaHus
«Yensbunckuit rocynapcrBenHsiil yausepcurer» (PI'BOY BO «Henl V)

MIMHOBPHAYKHU POCCHU
@” denepanbHOE rOCYIaPCTBEHHOE OIOKETHOE 00pa30BaTeIbHOE

Pabouvas nporpamma AuCHHIUIAHBI "BBIpOXKIICHHBIC BOIONMOHHBIC YPABHCHHUS B 0aHAXOBBIX MPOCTPAHCTBAX' 1O
HaTpaBJICHHIO MOAroToBKH (crenuanbaoct) 01.04.01 "Maremaruka" HanpaBieHHOCTH (Tipoduinto) YpaBHEHUS ¢ crp. 8
npooubiMU nipou3BoaHbIME PT'BOY BO «Uenl'Vy»

(hopmax.

Peanuzanus TUCUUIUIMHBI C TPUMEHEHUEM DIIEKTPOHHOTO 00YUEHUs, JUCTaHIIMOHHBIX 00pa30BaTENbHBIX TEXHOJIOTHH (1ajee
— 30, A0T) ocymiectBisiercs Ha ocHOBaHUHU «Iloy10’keHUs 0 peanu3aluy OCHOBHBIX M JOTIOJIHUTEIBHBIX 00pa30BaTeIbHBIX
MporpamMM C IPUMEHEHHEM 3JIeKTPOHHOTO 00ydeHNS U INCTAaHIMOHHBIX 00pa30BaTELHBIX TEXHOJIOTHH B (enepatbHOM
TOCYIapCTBEHHOM OIOPKETHOM 00pa30BaTEIbHOM YIPEXKICHUH BRICIIETO 00pa3oBaHus «HemsIOMHCKUH rocynapCTBEHHbIH
yHUBEpCUTET», «Ilog0xKeHus 0 mopsake 3aueTa 00y4aromuMHUCs IO OCHOBHBIM ITPO(}eCcCHOHaIbHBIM 00pa30BaTeIbHBIM
nporpaMMam Boiciiero oopazosanus B ®I'6OY BO «Uenl V» pe3ynbTaToOB OCBOCHUS B OPTraHU3AIUIX, OCYIISCTBIISIONIIX
00pa30BaTeNbHYIO ACATENLHOCTD, YI€OHBIX IPEAMETOB, KYPCOB, JUCIUIUINH (MOAY/IEH), MPAKTUK, JTOTIOTHATEHHBIX
00pa3oBaTeNbHBIX TPOTrpaMM» MOCPEACTBOM IEKTPOHHOM HH(OopMaIIMOHHO-00pazoBaTenbHol cpeast ®IBOY BO
«Yenl'Y». B uCKITIOYUTENBHBIX Cydasx (Gopc-Makop U T.11.) IPU pean3aliy 00pa3oBaTEeIbHON ISSITEHOCTH C
npumerenueM 30, IOT MoryT npuMeHsITh KOMIIOHEHTHI, HE BXOJISIINE B IEPEYCHB 3JICKTPOHHON HH()OPMAIMOHHO-
00pa3oBaTeNbHOM CpebL.

10. CHEIIMAJIBHBIE YCJIOBHUSI OCBOEHUSA JTUCIUITIJINHBI OBYYAIOIIUMHUCH C
HHBAJIMJHOCTBIO U OTPAHUYEHHBIMHA BO3MOXKHOCTAMM 310POBbA

OcBoeHHE UCIHUIUIMHBI HHBAIMAAMH M JIMIAMH C OTPAaHMYCHHBIMH BO3MOXKHOCTSMH 3/0pPOBBS OCYIIECTBISETCA C
UCIIOJIb30BAHNEM CIELMAIBHBIX TEXHMYECKUX CPEICTB M HMH(OPMALMOHHBIX TEXHOJIOTWH, NpeocTaBisieMblXx PecypcHbIM
y4e0HO-METOANYECKUM LIEHTPOM MO OOY4EHHMIO WHBAJIHMJIOB U JIMI C OTPaHUYECHHBIMH BO3MOXKHOCTSIMH 310poBbst Uenl'V 1o
3ampocy oOydaromerocst (MOOWIBHBIC CHEIMAJbHBIE TEXHHYECKHE CPEICTBA IS JIMI C HApYMICHHSAMH 3pEHHS H C
HapyIIeHUEM CIIyXa, aCCHCTHBHBIC HH(POPMAIIMOHHBIC TEXHOJIOTUH).

ITpn HeoOxomuMoOCTH Ul OOYJAIOMIMXCS C HAPYIICHUSIMH 3pEHHsS Ha pabOdMX MecTax Ul IPOBEICHUS IPAKTHYECKHX HWIIH
a00paTOPHBIX 3aHATHH YCTaHABIMBACTCSA CIENHANBHOE IPOTpaMMHOE oOecnedeHne (IporpaMMa pedeBOW HaBHTAIlUH,
pedeBbIe CHHTE3aTOPHI, SKPAHHbIE JIYITH).

B yueOuple ayauTopum obecreynBaeTcsl OECHpensATCTBEHHBI JA0oCTyn A OOyJalomuXcsi C HWHBAJUIHOCTBIO U C
OTpaHMYCHHBIMH BO3MOXHOCTSIMH 370pOBbsl. B Kaxkno# aynuropuu, riae oOydaroTcss MHBAJIMABI M JIMIA C OTPAHUYECHHBIMU
BO3MOXXHOCTSIMH  37I0POBbBS, IIPEILyCMAaTPHBACTCSI COOTBETCTBYIOMIEE KOJIMYECTBO MeECT JUIi OOYydYaroOIUXCS C y4eTOM
HapyLICHUH UX 340POBBAL.

Jst ocBOGHMSI IMCLIMIUIMHEL MHBAJIMAAM M JIMIAM C OTPaHMYECHHBIMHM BO3MOXKHOCTSMH 3JI0POBbSl IIPEIOCTABISACTCS DOCTYH K
MEeYaTHBIM HCTOYHHMKAM, MMEIOMIMMCS B HaydHOW OmoOimoreke Yenl'Y, ¢ MOMOIIBIO CHENHUAIBHBIX TEXHHYECKHX CPEICTB;
JIOCTYH C TOMOIIBIO CIICIMANBHBIX TEXHUYECKHX U MPOTPAMMHEBIX CPEICTB K 3JIEKTPOHHBIM HCTOYHHKAM, IPEICTABICHHBIM B
(hopMe 2IeKTPOHHOTO TOKyMeHTa B (hoHIe HaydHOoU 6ubnuoteku Yenl'Y uinu aneKTpoHHO-ONOIMOTEUHBIX CHCTEMAX.
Y4eOHO-METOIMUECKHE MaTepHallbl Ul OOyJalomuXcs W3 4YWCIa WHBAJIMIOB M JHI] C OTPAaHHYCHHBIMH BO3MOXKHOCTAMHU
3I0POBBSI IIPENOCTABIAIOTCA B (hOpMax, aJanTHPOBAHHBIX K OTPAHWYCHHAM HX 3I0POBBS M OCOOCHHOCTSM BOCIIPHATHS
uHpopManu.

Jlnst MHBaNMIOB M JIMI[ C OTPaHWYCHHBIMH BO3MOXKHOCTSIMH 3/I0POBbSl OCBOCHHE AMCLUIUIMHBI MOXET OBITh YAaCTHYHO WU
MOJTHOCTBIO OCYIIECTBIIEHO C UCIIOIb30BaHUEM AUCTAHIIMOHHBIX 00Pa30BaTEIbHBIX TEXHOIOTHH.

IMpn mpoBemeHMM MPOMEXYTOYHOH AaTTECTAI[MM IO JUCIHHUIUIMHE OOYJAIONMMCS C HHBAINAHOCTBIO M C OTPAaHWYCHHBIMH
BO3MOKHOCTSIMH 3JI0POBbsI 00ECIEUMBACTCS M0 MX 3asBJICHHIO IIPEAOCTABICHUE B JIOCTYMHOH (opMe B 3aBHCHMOCTH OT MX
WHJMBHUIYaJIbHBIX OCOOCHHOCTEH MHCTPYKIMH O IIOPSIKE IPOBEICHMS IPOMEKYTOUHON aTTECTALMH, OLEHOYHBIX CPEICTB H
BO3MOXKHOCTH OTBETOB Ha 3a/1aHMA (ITMCEMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIBIOTEpE, MIChMEHHO mpudToMm bpaitrs, ¢
HCIIONIB30BaHUEM YCIYT aCCHCTEHTA, YCTHO).

IIpn mpoBexeHHMH NPOLEAYPHI OLEHUBAHUS PE3YITATOB OOY4EHHS WHBAJIMAOB M JIMI] C OIPAaHUYEHHBIMH BO3MOXKHOCTAMHU
3I0POBBSl TPEIYyCMaTPHBACTCS HCIIONB30BaHWE TpenocTaBieHHBIX Yenl'Y mim  COOCTBEHHBIX TEXHHYECKHMX —CPEJICTB,
HEOOXOMMMBIX MM B CBSI3M C WX HHAWBUIYaJbHBIMH OCOOCHHOCTAMH. IIpm HEoOXOOMMOCTH WHBAIMIAM H JIHIAM C
OTpaHMYECHHBIMH BO3MOXKHOCTSIMH 37I0POBBSI IIPEIOCTABIISACTCSl JOTIOJHUTENFHOE BpeMsl AJIs ITOJrOTOBKM OTBETAa HA 3aJaHMs,
HpoLEeypa OLICHUBAHUS PE3Y/IETATOB O0YUCHHS 110 JUCHUIUINHE MOXKET IPOBOJMUTHCS B HECKOJIBKO ITATIOB.
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1. GOALS OF MASTERING THE COURSE

The purpose of the course " Degenerate Evolution Equations in Banach Spaces " is to study the fundamental concepts, methods of analysis
and theory of solutions of degenerate evolutionary equations in abstract Banach spaces. The course aims to provide students with a deep
understanding of the mathematical theory of such equations, their features and applicability to modeling complex dynamical systems,
including systems with singular behavior.

The goals of the course include:

» Introduction to the basic concepts of functional analysis necessary for the analysis of degenerate evolutionary equations: The study
of the properties of Banach spaces, linear operators, spectral theory, strongly continuous semigroups of operators and other necessary
concepts.

+ Study of various classes of degenerate evolutionary equations: Analysis of equations with degeneracy in both time and space, study
of their differences from classical evolutionary equations, including equations with singular operators.

* Mastering the methods of analysis and solution of degenerate evolutionary equations: Mastering such methods as methods of
semigroup theory, functional calculus, spectral theory, regularization methods, perturbation theory methods and other approaches.

+ Formation of skills in constructing abstract mathematical models: Development of the ability to formulate real processes and
phenomena in the form of degenerate evolutionary equations in Banach spaces, justifying the choice of appropriate operators and
spaces.

+ The study of the application of degenerate evolutionary equations to describe processes in various fields: Consideration of examples
of modeling processes in physics (for example, heat propagation in inhomogeneous media), engineering (for example, modeling
electrical circuits with degeneracy), biology (for example, population dynamics models) and other fields where singular phenomena
occur and abstract models need to be used.

+ Developing the ability to analyze the stability and asymptotic behavior of solutions: The study of methods for investigating the
long-term behavior of solutions to degenerate evolutionary equations, including singularity analysis.

+ Creating a holistic picture of modern mathematical methods in the field of the theory of evolutionary equations: Forming an
understanding of the relationship between abstract mathematical concepts and their application to solve specific problems, as well as
familiarization with promising research areas.

+ Developing skills of independent study of modern scientific literature: Preparing students for independent research of the latest
achievements in the field of degenerate evolutionary equations and their applications, including research related to the application of
operator methods and functional analysis.

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: |Pl .E.ED.02.01

2.1 Requirements for the student's pre-training:

To successfully master the discipline, knowledge of the disciplines "Mathematical Analysis", "Linear Algebra", "Differential
equations", "Functional Analysis", "Complex Analysis" is required. And also

Laplace transform of vector-valued functions

Advanced Complex Analysis

Linear operators and operator functions

2.2 Courses and practices for which the development of this course (module) is necessary as a precursor:
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Knowledge of this discipline can be useful for students' research work. And also

Generalised Symmetries of Differential Equations

Nonlinear Partial Differential Equations

Seminar (Group Analysis of Differential Equations)

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:

basic theoretical principles and methods of analysis of degenerate evolutionary equations in Banach spaces.

Be able to:

To collect, analyze, and critically evaluate information on the subject of degenerate evolutionary equations in Banach spaces, including
their theoretical foundations and applications.

Possess:

skills in applying methods of analysis of degenerate evolutionary equations in Banach spaces to construct, study and analyze
mathematical models describing dynamical systems with singular behavior, as well as to establish new facts and patterns.

As a result of mastering the course, the student must

3.1{Know:
3.1.1|basic theoretical principles and methods of analysis of degenerate evolutionary equations in Banach spaces.

3.2|Be able to:

3.2.1|To collect, analyze, and critically evaluate information on the subject of degenerate evolutionary equations in Banach
spaces, including their theoretical foundations and applications.

3.3|Possess:

3.3.1|skills in applying methods of analysis of degenerate evolutionary equations in Banach spaces to construct, study and
analyze mathematical models describing dynamical systems with singular behavior, as well as to establish new facts and

patterns.
4. SCOPE OF THE COURSE (MODULE)
Total labor intensity 2 Credits
Curriculum hours: 72 Types of control in semesters:
including:
classroom training: 34 Credits 3

independent work: 37,8

contact work: 34,2

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. Relatively limited operators
1.1 Relative resolvents /Pr/ 3 2 L1.1L1.2L1.3
L2.1L22
W1 W2 W3
1.2 Relatively limited operators /Pr/ 3 2 L1.1L1.2L1.3
L2.1L22
W1 W2 W3
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1.3 Permissive operator groups / Pr/ 3 4

L11L12L13
121122
W1 W2 W3

1.4  |Phase spaces / Pr/

L11L12L13
121122
W1 W2 W3

1.5 Sufficient conditions of limitation / Pr/ 3 2

L11L12L13
121122
W1 W2 W3

1.6 The Cauchy problem for an inhomogeneous equation /Pr/ 3 4

L11L12L13
121122
W1 W2 W3

1.7 The Cauchy problem for a high-order equation /Pr/ 3 4

L11L12L13
121122
W1 W2 W3

Section 2. Relatively p-sector operators

2.1 Relative p-resolvents /Pr/ 3 2

L11L12L13
121122
W1 W2 W3

2.2 Relative p-sector operators / Pr/ 3 4

L11L12L13
121122
W1 W2 W3

23 Resolving semigroups /Pr/ 3 4

L11L12L13
121122
W1 W2 W3

2.4  |Kernels and images of resolving semigroups /Pr/ 3 2

L11L12L13
121122
W1 W2 W3

25 Doing homework, preparing for exams. Preparation for the credit. /IndW/ 3 37,8

L11L12L13
121122
W1 W2 W3

Section 3. Other contact work

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

L11L12L13
121122
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

Topics of the reports:

. Resolvents

. Relative resolvents

. Permissive groups of operators

. Sufficient conditions of relative limitation

. The case of the Fredholm operator

. The Cauchy problem for an inhomogeneous equation
. The Cauchy problem for a high-order equation

. Degenerate system of ordinary differential equations
. Linearizability of the system of Oskolkov equations
10. Relative p-sector operators

11. Resolving semigroups

12. Kernels and images of resolving semigroups

13. The existence of the inverse operator

14. Counterexample

O 001N N K W —
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15. The heterogeneous Cauchy problem
16. The linear Navier-Stokes system

6.3. Typical control questions and assignments for interim certification

Questions for the credit:

. Resolvents

. Relative resolvents

. Permissive groups of operators

. Sufficient conditions of relative limitation

. The case of the Fredholm operator

. The Cauchy problem for an inhomogeneous equation
. The Cauchy problem for a high-order equation

. Degenerate system of ordinary differential equations
. Relative p-sector operators

10. Resolving semigroups

11. Kernels and images of resolving semigroups

12. The existence of the inverse operator

O 01NN A~ WK~

6.4. Evaluation criteria

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

7.1. Recommended literature

7.1.1. Basic literature

Authors, compilers Title Publisher, year | Resource
L1.1 |Starovoitov V. N. Functional analysis. The Lebesgue measure and integral: a textbook |Moscow : Yurait, ELS
for universities 2024
(https://urait.ru/bcode/557431)
L1.2 |Borisov V. G. Functional Analysis: a textbook Kemerovo : ELS
(https://biblioclub.ru/index.php?page=book&id=719733) Kemerovo State
University, 2023

© FSBEI HE “CSU”




Institution of Higher Education

MINISTRY OF EDUCATION AND SCIENCE OF THE RUSSIAN FEDERATION
@\,’/ Federal State Budgetary Educational
“Chelyabinsk State University” (FSBEI HE “CSU”)

Work program of the course (module) “Degenerate Evolution Equations in Banach Spaces” in the scientific specialty

01.04.01 “Mathematics” direction “Fractional Differential Equations” FSBEI HE “CSU” pp- 7
Authors, compilers Title Publisher, year | Resource
L1.3 |Polyanin A.D., Zaitsev [Nonlinear equations of mathematical physics and mechanics. Solution|Moscow : Yurait, ELS
V.F., Zhurov A. L methods: textbook and workshop for universities 2025

(https://urait.ru/bcode/562002)

7.1.2. Further reading

Authors, compilers Title Publisher, year | Resource
L2.1 |Fedorov V. E., Mirdak |Semigroups and groups of operators with kernels: a textbook Chelyabinsk :
N. P. Chelyabinsk State
University, 1998
L2.2 [Yoshida K. Functional analysis: scientific literature Moscow : Mir ELS
(https://biblioclub.ru/index.php?page=book&id=459742) Publ., 1967

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

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

OpenOffice

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.).
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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.

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.
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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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