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

MIMHOBPHAYKHU POCCHU
@” denepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE

Pabouast nporpamma auctumuinHel "HenvHelHbIe ypaBHEHNS B YaCTHBIX IPOU3BOIHBIX" 110 HAIIPaBICHUIO
noarotoBku (crernuanbaoct) 01.04.01 "Marematuka" HanpasieHHOCTH (TIpoduITt0) YpaBHEHHS ¢ IPOOHBIMU crp. 3
npousBoaHeiMu PI'BOY BO «Uenl'Y»

1. IEJIX OCBOEHUA N CHUIIJINHBI

Henbro kypca "HenuHeitHble ypaBHEHUS B UaCTHBIX MPOU3BOIHBIX" SIBJISIETCS U3y4€HNE OCHOBHBIX METO/I0B, UIEH 1
[I0/IXO0/10B K aHAJIM3Y U PELICHHUIO HEIMHEHHBIX YPaBHEHHUH B YACTHBIX MPOU3BOJIHBIX, KOTOPBIE UTPAIOT KIKOUEBYIO POJIb B
MOJICTTUPOBAHUY IIIUPOKOTO CIIEKTPA SBJICHHUI B €CTECTBEHHBIX M TEXHUYECKHX HayKaX.

3a/:[aanI/1 N3YUCHUA TUCHUIUINHBI ABJISIOTCA:

. W3ydeHne xnaccnUKanny ypaBHEHUH B YAaCTHBIX IPOM3BOIHBIX, OCHOBHEIX NPHMEPOB HENMMHEHHBIX YpaBHEHMII,
a TakXKe MOHATHH, TAKUX KaK Cladble PelIeHNUs, PEIICHUS B CMBICIIE paclpeie/ICHUi U T. 1.

. OcBoeHHE OCHOBHBIX aHAJIUTHUYECKUX METOJIOB pPEIICHUs] HEJIMHEHHBIX YpaBHEHUH B YACTHBIX MPOU3BOIHBIX,
BKJTIOYasi METOIbI (PYHKIIMOHATIBHOTO aHajn3a, BApUAIMOHHBIA METOl, METOJ] XapaKTEPUCTUK U JIp.

° cDOpMI/IpOBaHI/Ie Y CTYACHTOB INOHUMaHUA MECTa U POJIN HEJIMHEHHBIX ypaBHeHI/Iﬁ B YaCTHBIX NPOU3BOJAHBIX B
COBpCMeHHOﬁ MaTEeMaTUKE, a TAKXKC UX CBA3H C APYIrUMU pa3gciiaMi MaTCMaTUKHU, (bPISI/IKI/I, MCXaHUKHU U JPYIrux o0JacTeid.

. JleMOHCTpalus TOro, KaKk HEIMHEHHbIC YPAaBHEHHS B YACTHBIX IPOU3BOIHBIX HUCIOJB3YIOTCSA AJIsl MOICITAPOBAHUS
W aHAJIN3a CJIOKHBIX SIBJICHUH B pa3IMYHBIX 00JacTsaX (THAPOAMHAMUKA, TEOPHUS YIPYTOCTH, ONITHKA, OMOJIOTHS U JIp.).

® PasButue yYMEHUA CTPOUTH MATEMATUYICCKUE MOACIU, OCHOBAHHBLIC HaA HEJIMHEHHBIX YpaBHEHUAX B YaCTHBIX
MMPOU3BOAHBIX, a TAKXKEC aHAJIM3UPOBATH UX CBOMCTBA M 0COOEHHOCTH.

® CTI/IMyJ'II/IpOBaHI/IG CIIOCOOHOCTH OPHUEHTHUPOBATHCA B COBPEMEHHBIX NOCTHIKCHUAX TCOPUH HEJIMHEHHBIX
ypaBHCHI/Iﬁ B HAaCTHBIX IMPOU3BOAHBIX, BKIIKOYAA HOBEHIINE PE3YIBbTATHI U MOAXOJbI, 4 TAKXKC PACIIUPCHUC 3HAHUH JUIsL
peuicHud MPaKTUICCKUX MAaTCMATUYECKIX 3a4a4 Ha COBPEMCHHOM YPOBHE.

. CopelicTBie pa3BUTHIO MaTEMATUYECKOW KYJIBTYPHI, MO3BOJISIOMIEH OyIyIIUM CIIEIUATUCTAM CaMOCTOSTEIHHO
0CBanBaTh HOBBIE MATEMATUIECKUE METOABI M 3PPEKTUBHO MPUMEHSITD UX JJISI PEILICHUS CIIOKHBIX U aKTYaJbHBIX 33/1a4 B
Pa3IUYHBIX PESIMETHBIX 00IacTsX.

Pe3yﬂbTaTLI 06yqu1/1;1 IO JUCHUIIIIMHE HAITPABJICHBI HA JOCTUKECHUEC MHAUKATOPOB!:

OIIK-1.1. O6nmamaer ¢pyHAaMEHTATBHBIMU 3HAHUAMH, HEOOXOXUMBIMH JUT (OPMYITHPOBAHUS U PEIICHUS aKTyaJIbHBIX U
3HAYUMBIX MPOOIEM MaTeMaTHKU

OIIK-1.2. JIleMOHCTpHpYET yMEHHS peIlaTh aKTyalbHbIC U 3HAUUMBIC 331391, (opMyIHpyeMble B paMKaX MaTeMaTHUECKUX
HaykK

OIIK-1.3. ViMeeT HaBBIKU PEIICHUS aKTyalIbHBIX U 3HAUUMBIX IPOOJIEM MaTeMaTUKU

ITK-1.1 leMOHCTpUpPYeT 3HAHNUE OCHOBHBIX TEOPETUUECKUX MOT0XKCHUI U METOAOB B 0OJIACTH IIPOBOAUMBIX HAYIHBIX
HCCIIEAOBaHUMN

[IK-1.2. lemoHCTpUpyeT yMeHuUs cOopa U aHaau3a HHHOPMAIMK IO TeMaTHKE MPOBOAUMBIX UCCIEIOBaHUN

ITK-1.3. IMeeT mpaKTUYECKHif OIBIT YCTAHOBICHUS HOBBIX (DAKTOB M 3aKOHOMEPHOCTEH B 001aCTH HAyJHBIX HCCICIOBAHUN

2. MECTO JUCIIUMIIJIMHBI B CTPYKTYPE OIIOII

Huka (paznemn) OIOIT: F1.0.04

2.1 TpeOoBaHus K NPeABAPUTEIbLHOI IIOAT0TOBKe 00y4Yarolerocs:

JIy1sl yCIIEeNIHOTO OCBOCHHUS TUCIMILIMHBI HEO0X0IUMBI 3HAHUS JUCIUTLTHH «MaTeMaTHIeCKUi aHan3y, «JIuHenHast
anrebpay, «Judpdepennmanbasie ypaBHEHU», « DYHKIIMOHATIBHBIN aHAN3», « KOMIUIEKCHBIN aHaH3Y.

ypaBHCHI/ISI B HaCTHBIX MPOMU3BOJHBIX IIEPBOTO MOPAAKA

2.2 IMCOMILTHHBI M IPAKTHKH, 118 KOTOPBIX OCBOECHUE TAHHOI JHCHHILTMHBI (MOXYJIs1) HEOOXOIHMO KaK
NpeanIecTBYOIIee:

3HaHUA 110 JIaHHOM JUCHUMILUIMHE MOI Y1 OBITh TOJIC3HBI JJIA Hay’IHO-PICCJIeZ[OBaTCHLCKOfI pa6OTLI CTYACHTOB.

Jpob6noe nnTerpo-auddepeHantbHoe HCUUCICHIE

ITpousBoacTBeHHAs MpaKTHKA (TIPEIIUITIOMHAS TIPAKTHKA)

ITpousBoACTBEeHHAs MPAKTHKA (HAydHO-TIEAArOTHYeCKas IPAKTUKA)

[Tpou3sBoACTBEHHAs IPaKTHKA (HAyIHO-HCCIIENOBATENbCKast paboTa)

3. KOMIETEHIIMHA OBYYAIOIETOCSI, ®OPMHUPYEMBIE B PE3YJIBTATE OCBOEHUSI JUCIIATIINHBI
(MOJIY.JIsT)
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Pabouast nporpamma auctumuinHel "HenvHelHbIe ypaBHEHNS B YaCTHBIX IPOU3BOIHBIX" 110 HAIIPaBICHUIO
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npousBoaHeiMu PI'BOY BO «Uenl'Y»

OIIK-1: Cnoco6en ¢popmyiMpoBaTh U pelIaTh AKTYaJbHbIe U 3HAYUMbIe MP0GJieMbl MATEMATHKHU

3HaTh:

OCHOBHBIC ITOHATHUA, TCOPEMBI U METOAbI TCOPUN HEJIMHEHHBIX ypaBHCHI/Ii/'I B YaCTHBIX IPOU3BOJHBIX, BKIIIOYAsd
KJ'IaCCI/I(l)I/IKaL[I/IIO ypaBHeHHfI, MTOHATHUS CIA0BIX peH.IeHPIfI, METOAbI q)yHKI.lI/IOHaJ'IBHOFO aHaJIn3a M BapualluOHHBIC METOAHI, a
TAKXXC UX IPUMCHCHHS B pAa3JIMIHBIX 00J1aCTIX MAaTEMATHKHU U €€ TPUIOKCHHUAX.

Ymers:

IIPUMEHSTh aHAJTUTUYECKHAE METO/IbI ISl PELLICHUS] HEJIMHEHHBIX YpaBHEHUH B YACTHBIX ITPOU3BOIHBIX, BKIIKOUasi METO
XapaKTEePUCTUK, METOJ{ MaJOTO apaMeTpa, MeTOAb! (PyHKIIMOHAIBHOTO aHAIIN3A.

Baanernb:

HaBBIKAMHU CaMOCTOSITCILHON MOCTAHOBKU U HUCCIICAOBAHUA MAaTCMAaTHYCCKHUX 3a/]ad, CBA3aHHBIX C HEIIMHEHHBIMUI
YpaBHEHUSIMU B YaCTHBIX TPOU3BOAHBIX.

IIK-1: CnocodeH NpoBOANTH HAYYHO-UCCJIEA0BATEIbCKYIO padoTy B 00/1acTu AU depeHunaTbLHBIX YPaBHEHUIt

3HaTh:

OCHOBHBIC TCOPETUYECKHE MMOIOKEHHS U METO/Ibl TCOPHU HEIMHEHHBIX YPABHCHUI B YACTHBIX MPOU3BOHBIX, BKIIFOYAS UX
NPUMEHCHHUE B 001acTsIX (QyHKIMOHAIEHOTO aHaIH3a, TU(pGepeHINATBHBIX YPABHEHHUH, M B TIPOBOIMMBIX HAYYHBIX
HCCITEIOBAHUIX.

Ymers:

3¢ dexTHBHO COOMPATh N aHANN3UPOBATH HHPOPMAIIHIO U3 HAYIHBIX ITyOJIMKAIIMHA M PYTHX HCTOYHUKOB ITO TEMaTHKE
HCCIIEIOBAHUH B 00JIACTH HETMHEHHBIX YPABHEHHH B YACTHBIX MPOHU3BOIHBIX.

Baanernb:

HaBbIKaMH IPOBEACHUS CAMOCTOATCIbHBIX I/ICCIIC,HOBaHI/Iﬁ B 001aCTH HETMHEWHBIX ypaBHeHI/Iﬁ B YaCTHBIX IPOU3BOJHBIX,
BKJIIO4asl IOCTAHOBKY 3a/1a4, C])OpMyJ'II/IpOBaHI/IC TUIIOTE3, MOCTPOCHUE NOKAa3aTCIIbCTB, IPOBCACHUC YHUCIICHHBIX
OKCIICPUMCHTOB U HHTCPIIPCTALNIO ITOJTYICHHBIX PE3YJIbTATOB.

B pe3yjibTaTe 0OCBOCHUS TUCHUILINHBI oﬁyl[amumﬁcn JOJIKCH

3.1 |3narn:

3.1.1 | OCHOBHBIE IOHATHSI, TEOPEMBL U METObI TEOPUH HEIMHEWHBIX YPABHEHUH B YaCTHBIX IIPOU3BOIHBIX, BKIIIOUAs
KIIaccu(UKAIHIO ypaBHEHUH, TOHATHSA CIa0BIX PeIIeHUH, MeToIbl (PyHKIIMOHAIBHOTO aHAN3a U
BapHaLIOHHBIE METO/IbI, & TAK)KE UX IPHUMEHEHUS B PA3IMYHBIX 00JIACTSIX MATEMAaTHKU U €€ IPHIOKCHHSX.

3.1.2 [ OcHOBHBIE TEOPETUYECKHE MOJIOKEHUS] U METOAbl TEOPHH HETMHEWHBIX YPaBHEHUH B YaCTHBIX MPOU3BOIHBIX,
BKJIFOYasl MX IPUMEHEHHE B 00IacTsIX (PyHKIIMOHAIBEHOTO aHam3a, Tn(GepeHInaIbHBIX YPaBHCHHUH, 1 B
IIPOBOJIUMBIX HAyUHBIX UCCICIOBAHUSX.

3.2 | YMmeTh:

3.2.1 OPUMCHATH aHAJIUTUYICCKUC MCTOAbI JJI PCIHICHUA HEIIMHCHHBIX ypaBHeHI/Iﬁ B YaCTHBIX ITPOU3BOOHBIX,
BKJTIO4ast METO XapaKTCPUCTUK, METO MAJIOTO ImapaMeTpa, METOAbI (byHKHI/IOHaJ'ILHOFO aHaJim3a.

3.2.2 | OddexTuBHO cOOMPATh U aHATH3UPOBATH HH(MOPMAIIHIO U3 HAYIHBIX MyOIHKANNil U IPyruX HCTOYHUKOB 110
TeMaTHKe HCCIeJOBaHUN B 001aCTH HENMHEHHBIX YPABHEHUH B UaCTHBIX IIPOU3BOHBIX.

3.3 | Baagers:

3.3.1 | caMOCTOSITEIPHOM MMOCTAHOBKH M UCCIICIOBAHUS MAaTEMAaTHIECKUX 321249, CBSI3aHHBIX ¢ HEITMHEHHBIMU
YpaBHEHUSIMU B YaCTHBIX IPOU3BOIHBIX.

3.3.2 | IIpoBeneHHs: CaMOCTOSTENBHBIX HCCICIOBAaHUN B 00IaCTH HEIMHEHHBIX YPAaBHEHUH B YaCTHBIX IIPOU3BO/IHEIX,
BKJIFOYasi TIOCTAHOBKY 3aja4, (hOpMyNUpPOBaHUE TUIIOTE3, TOCTPOEHHE JI0KA3aTEIbCTB, IPOBEACHHUE YHCIEHHBIX
SKCIEPMMEHTOB U MHTEPIPETALUIO [TOJYyYEHHBIX PE3YyJIbTaTOB.
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MUMWHOBPHAYKHN POCCHUU

denepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE
y4pekaeHHe BBICIIEro 00pa30oBaHus

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

Pa6ouvas nporpamma auctuiuinebl "HenrHEeHbIC YypaBHEHHS B YACTHBIX MIPOM3BOIHBIX" TI0 HAMTPABJICHUIO

noarotoBku (crernuanbaoct) 01.04.01 "Marematuka" HanpasieHHOCTH (TIpoduITt0) YpaBHEHHS ¢ IPOOHBIMU crp. 5
npousBoaHeiMu PI'BOY BO «Uenl'Y»
4. OFbEM JUCIHUIIJIMHBI (MOAY JIsT)
OOwas TpyaoeMKocTb 23ET
YacoB 1o y4eOHOMY IIaHy 72 Bunb koHTpONIS B cemecTpax:
B TOM YHUCIIe
ayAUTOPHBIC 3aHITHS 34 3a4yeTsl 3
caMocCTosiTeNbHas paboTa 37,8
KOHTaKTHas pabora: 34,2
UKP: 0,2
5. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIUHBI (MOAY JIST)
Kon HaumeHoBaHue pa3/1e/ioB U TeM /BUJA 3aHATHSA/ Cemecrt | Hacos JlutepaTtypa
3aHATH p / Kype
Pa3nen 1. BBenenue
1.1 Ob6o3nauenus. Jluneitnslie ypasHenus /Jlex/ 3 2 JI1.1J12.1
JI2.2J13.1 JI3.2
212233
1.2 Henunelinsie ypaBHEHUS U cHCTeMBI /JIek/ 3 4 JI1.1J12.1
JI2.2713.1 J13.2
212233
1.3 YpaBHeHHs BTOporo nopsaka /Jlex/ 3 2 JIT.1J12.1
JI2.2J13.1 J13.2
212233
1.4 VYpaBHEHHS BBICIIHX HOPSIKOB /JIex/ 3 2 JI1.1J12.1
JI2.2J13.1 JI3.2
212233
1.5 IIpoctpancTBa HeMpepbIBHBIX QyHKIHH /JIek/ 3 4 JI1.1J12.1
JI2.2J13.1 J13.2
212233
1.6 Kpaesbie ycmoBust /JIek/ 3 2 JI1.1J12.1
JI2.2J13.1 J13.2
212233
1.7 Pemenuie kpaeBoii 3anaun /JIex/ 3 2 JIT.1J12.1
JI2.2J13.1 JI3.2
2102233
1.8 Brmmonaenne mroMamHuX paboT, MOATOTOBKA K KOHTPOJIBHBIM paboTaMm. 3 13 JI1.1J12.1
INonroroBka x 3auery. /Cp/ JI2.2J13.1 JI3.2
212233
Paznen 2. Cnadoe penieHne KpaeBoii 3a1aun
2.1 [Ipoctpancrea Cobonesa /Jlex/ 3 4 JIL.1J12.1
JI2.2J13.1 JI3.2
212233
2.2 Huddepennnanbaeie onepatopsl /JIek/ 3 4 JI1.1J12.1
JI2.2J13.1 JI3.2
2102233
2.3 PerynspHocTb cnabbIx perreHuit /JIex/ 3 4 JI1.1J12.1
JI2.2J13.1 J13.2
212233
2.4 BrinonHeHne foMamHux padoT, MOATOTOBKA K KOHTPOJILHBIM paboTaM. 3 13,3 JI1.1J12.1
IMoxroTtoBka k 3avery. /Cp/ JI2.2J13.1 JI3.2
212233
Pazgen 3. TonoJjioruyeckuii MeToq
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npousBoaHeiMu PI'BOY BO «Uenl'Y»

3.1 Teopemsl cymecTBoBanus /Jlex/ 3 2 JIT.1J12.1
JI2.2713.1 J13.2

512233

32 O061ue KpaeBble YCIOBHS A5 UG GEpEeHINATBHBIX YPaBHEHHH BTOPOTO 3 2 JIT.1J12.1
nopsika /JIex/ JI2.2J13.1 J13.2

313233

33 BrinonHeHne foMamHux padoT, MOATOTOBKA K KOHTPOJILHBIM paboTaM. 3 11,5 JIL.1J12.1
IMoxroTtoBka k 3avery. /Cp/ JI2.2J13.1 J13.2

313233

Pa3gen 4. Mnasi kOHTaKTHasA padora

4.1 VHnuBuayanbHbIe KOHCYIBTAINH, TeKyIHit KoHTpos /KP/ 3 0,2 JI1.1J12.1

JI2.2J13.1 JI3.2

6. POH/J]I OIEHOYHbBIX CPEJACTB

6.1. IlepeuyeHb BU/I0OB OLEHOYHBIX CPEACTB

1. Jokman
2.Bompocs! k 3auery

6.2. TunoBbie KOHTPOJIbHbIE 32JaHUA M MHbIE MAaTEPHAJIbI VI TeKylIeil aTTecTauuu

TeMbl 1OKIa10B:

. Henuuelinple ypaBHEHHS B YaCTHBIX IPOU3BOIHBIX
. Henunelinpie cucreMsl

. IIpuMeps! HeMMHENHBIX 3a1a4

. YpaBHeHHE PaBHOBECHS TJIACTHUHBI
IIpocTpaHcTBa HEMPEPHIBHBIX (HYHKITHIA

. Perrenust auddepeHManbHbIX ypaBHEHHH
. Pemenue kpaeBoit 3anaumn

. O0 uHTErpaIbHOM TOXKIECTBE

. OnepaTopsl Hemsltkoro

10. CnabpIe permeHus

11. PerynsapHOCTb cnaObIX penIeHnH

OO A W~

6.3. TunoBblie KOHTPOJIbHBbIC BOIIPOCHI M 3aIaHUA JIA l'[pOMe)KyTO‘ll—[Oﬁ aTrecrTalmumn

Bomnpocs! quis 3auera:

. Henunelinpie ypaBHEHUS B YaCTHBIX TPOU3BOIHBIX
. Henunelineie cucreMsl

. IIpuMepsl HEMMHENHBIX 33124

. YpaBHEHHE PaBHOBECHS IIJIACTHHBI

IIpocTpaHcTBa HEMPEPHIBHBIX (HYHKIIHI

. Pemenust nuddpepeHnmanbHEIX ypaBHEHUH

. Pemenue kpaeBoii 3anaun

. O0 uHTErpaJIbHOM TOXKIECTBE

. CitaGwlie perieHus

10. PerynspHOCTb CJTa0bIX pelICHUI

11. IIpoctpancreo CoboseBa

12. TuddepeninanbHbie onepaTopbl

13. TeopeMmsbl CyIIECTBOBaHUS

14. O6mmue xpaeBble ycaoBuUs I quddepeHIInaabHbIX ypaBHEHHH BTOPOTO OPSAAKA

OO AW~

6.4. Kpurepun oueHuBanus

Kpurepuii BbICTaBIcHUS 3a4eTa:

[IponomkutenbHOCTS 3aueTa — 90 MUHYT. 3a Ka)kA0€ BHIMOIHEHHOE 3alaHie OUjieTa CTyA€HT MOKET MOIY4uTh OT 1 10 3
6amnoB. Ecnu 3a1aHne BBINOJIHEHO NPaBWILHO, TO OHO OLleHUBaeTcst 3 Oayutamu. Eciti 3a1aHne BBITIOJTHEHO ¢ OIIMOKaMH, TO
0aJUTBI CHIDKAIOTCS B 3aBUCHMOCTH OT KOJIMYECTBA JIOMYIIEHHBIX ommOok. Ecim momymmena oqaa ommoKa, To 31aHne
oneHuBaercs 2 6amnamMu, JOMyIeHs! 1Be omiOKky — 1 6amt. Eciu nomymeno 6osee ABYX OMMOOK B 3aJaHUU WM CTYICHT HE
BBIMIOJHUII KaKoe-TH00 3aaHKe U3 OuieTa, To 3a Hero oH noiydaeT 0 6amnoB. MakcumanbHOE KOJHUECTBO OANIOB 3a 3a4€T
—-6.

ITpu moiBeIeHUH UTOTOB YUUTHIBAIOTCS PE3YNIBTATHI TEKYIIEH aTTecTanuy. [10TydeHHbIE 32 TEKYIIYIO aTTECTAIINIO OaIThI
CYMMHPYIOTCS ¢ OaIaMy, HOTy4€HHBIMU 32 KaXKIbIH 3Tall MPU MIPOXOKASHUU IPOMEKYTOUHON aTTECTALIUH:
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Orenka "He 3auTeHO" BBICTABIACTCS 32 19 M MeHee 0alioB,;
Orenka "3aureHo" BeicTaBisercs 3a 20 u 0oJiee 0asIoB:
20-26 6amioB (ypoBeHb 1);

27-30 6aytoB (YpoBeHb 2);

31-36 6amnoB (ypoBeHb 3).

Onucanue nmokasaTeseld ¥ KpUTEPHEB OLICHUBAHUS KOMITSTCHITUH JTs TOKJIa a:

B cemectpe 3 noxmana. Ha moxman otBogutes 15-20 MuHYT B KOHIIE Taps! (Kaxmyro mapy | nokman). Kaxmsrit ctyneHT
TOTOBUT JOKJIAJ IO OHOW U3 MPEATI0KEHHBIX TeM. MaKkcuMalbHOE KOJIHYECTBO OAILIOB 3a AOKIAAbI - 30.

Orenka "3auteHo" BeicTaBsiercd 3a 20-30 6annos, "He 3auteHo" - MeHee 20 0aIoB.

[TonHOTa NOKIaAa OLEHUBAETCS MO CIEIYIOIIUM KPUTEPHUSIM:

1. [TonHOTa M3TOXKEHUSI TEOPETHUYECKOTO MaTeprana
2. JlocTaToYHOE KOJIMYECTBO MPUMEPOB K TCOPETUIECKOMY MaTepHaLy
3. IIpuBeneHsl mpUMeEpHl K ONpPENEIEHUIM U TEOpEMaM
4. [IpuBeneHsl KOHTPIPUMEPHI, TEMOHCTPUPYIOIINE MPU KAKUX YCIOBUSAX HE MPUMEHHUMBI TEOPEMBIL.
7. YHEBHO-METOAUWYECKOE 1 TH®OPMAIIMOHHOE OBECIIEYEHUE JUCIUIIJIMHBI (MO Y JIS)
7.1. Pexomenayemasi JuTepaTypa
7.1.1. OcHoBHasi IMTepaTypa
ABTODBI, 3arnaBue W3naTenbCcTBO, Pecypc
J1.1 | Crenyues B. T. Juddepenimansabie ypaBHEHUS B YaCTHBIX PON3BOTHBIX CaHkKT- OBC
(https://e.lanbook.com/book/169798) [etepOypr :
Jlans, 2021
7.1.2. lonoJHHUTeIbHAS JTUTEPATYpPa
ABTODHI, 3arnaBue WznarenscTBo, Pecypc
JI2.1 | KonbiTOB A. B., JluneliHble ¥ HeMHEHHbIC ypaBHEHUS (DU3UKHU: yaeOHOE Kemeposgo : 9bC
Kocobynxwit A. B. nocobue Kemeposckuit
(https://biblioclub.ru/index.php?page=book&i1d=495216) rOCyHapCTBEHHBI
1 YHUBEPCUTET,
2018
JI2.2 | Tpenorun B. A, YpaBHEHUS B YaCTHBIX IIPOU3BOHEIX: yaeOHOE mocobue Mocksa : 9BC
Henocexuna U. C. (https://biblioclub.ru/index.php?page=book&id=275574) Odmmatnt, 2013
7.1.3. MeTtoauueckue pa3padoTKu
ABTODBI, 3arnaBue W3naTenbCcTBO, Pecypc
JI3.1 |3ampimisieBa A. A., | YpaBHEHHS COOOJICBCKOTO THITA: COOPHHUK HAYIHBIX PaboT Yensabuuck : [6. OBC
WBanosa M. B., (https://library.csu.ru/rbooks2/view2? n.], 2002
VYurakos B. 1., code=local/200305n0072/sviriduk)
Kamuenko C. U.,
[IsarxkoB C. T'.,
®enopos B. E.
JI3.2 | Cupuarok I'. A, JlunelHble ypaBHEHMs COOOJEBCKOTO THIIA: YIeOHOE Mocooue UenssOMHCK :
®enopos B. E. Yenl'V, 2002
7.2. IlepeueHsb pecypcoB HHGOPMALHOHHO-Te1eKOMMYHHKAIIUOHHOI ceTu "UHTepHeT"
91 |eLIBRARY.RU [3nekrpoHHBIH pecype] : anekTpoHHas oubimorteka / Hayd. snextpon. 6-ka — URL:
http://elibrary.ru/defaultx.asp
32 |Poccuiickuit ponn pynnamentansasix uccnenosanuit (PODU) - odurmansrslii caift http://www.rfbr.ru/rffi /ru
33 |Hayunas anexTponHas 6ubanoTexa. MoHorpaduu, H3naHHbIe B H3naTenscTBe Poccuiickoit Akanemun
EcrecTBO3HAHMS MOJHOTEKCTOBBIN pecypc HaydHbIX U yueOHbIX n3nanuii PAE https://www.monographies.ru/

7.3 Ilepevyenb nHGOPMAIHOHHBIX TEXHOJIOT Ui

7.3.1 IIporpammHoOe obecrieyeHmne

LMS Moodle

Adobe Reader

7.3.2 lIpodeccuonanbHble 6a3bl JaHHBIX H HHGOPMAIMOHHO-CIIPABOYHBIE CHCTEMbI
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1. Web of Science (https://apps.webofknowledge.com) Web of Science : MynpTHANCIHIUTHHAPHAS pedepaTHBHAs 6a3a
naHHbIX / KommaHus Thomson Reuters. — Pexxum noctyna: amst 3apeructpup. nonas3osateneit Yenl'V. — Teker :
3JEKTPOHHBIN.

2. SpringerLink Mexxaynapoanas pedepaTuBHas 6a3a JaHHBIX HaydHbIX u3ganuil (https://www.springer.com)

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JTUCHUIIJIMHBI (MOAY JIS)

JList peanu3ariy AUCIUTUIMHBI HCIOIB3YIOTCS yaeOHBIC ayTUTOPHH IS POBEACHHS 3aHATHH CEMHHAPCKOTO THUIIA,
TPYIIIOBBIX U UHJUBUIYaJIbHBIX KOHCYAbTALUN, TEKYILIETO KOHTPOJIS ¥ IIPOMEXKYTOUHOM aTTECTAalliH, @ TAKIKE TOMEIICHUS
JUISL CAMOCTOSITENIBHOM paboTHL.

Y4eOHble ayIuTOPUH YKOMITJIEKTOBAHBI CIICIIHATIM3UPOBAHHON MEOCIBIO U TEXHUYECKUMU CPECTBAMU OOYYEeHUS: TOCKa,
HapThl, MyJATUMEAUHHOE U ayAn0000pyIOBaHHE.

s ceMUHApCKUX 3aHSATHIA UCTIONIB3YIOTCS AyTUTOPUN OCHAILICHHBIE OOBIYHOM TOCKOH, MapTaMu, MEPEHOCHBIM
MYJIBTUMEIUHHBIM U ayTH0000pyI0BaHUEM (B Cllydae HEOOXOIMMOCTH).

[Tomenienus 1t CaMOCTOATENBHON pabOThl O0YYAIOIIMXCS OCHALIEHBI KOMIBIOTEPHON TEXHUKOH € TIOJKITIOUEHHEM K
cetn "MHTEpHET" ¥ 00ECIICYCHNEM JIOCTYIA B 3JICKTPOHHYIO HH(POPMAITMOHHO-00pa30BaTENLHYIO CPEly YHUBEPCHTETA.

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

ITpu 3y4eHny JaHHOW MCLMILIMHBI HCTIOIB3YIOTCS JEKIMOHHbIC 3aHATHS U CaMOCTOsITeIbHAst paboTa crynenTa. Ha
MPAaKTHYECKUX 3aHATHAX U3J1araeTcsi OCHOBHOE COJlep KaHHUE TeM MPOTPaMMBI, pACCMATPUBAIOTCS OCHOBHBIE METOIBI U
HOJXOBI.

Jns nanbonee >pPeKTUBHOTO U3ydeHHsI JUCHUILTUHBI 00YyJaromeMycsi peKOMEHTyeTCsl:

* [IOCEIIATh 3aHATHUSL, KPATKO ¥ BAYMYHBO KOHCIEKTHPOBATH MaTepHall, C yKa3aHHEM AaThl IPOBECHHS 3aHATUS U TEMBI;
* CAaMOCTOSATENHHO ITPOpadaTHIBATh MaTePHa KaK IOCIe KAKIOTO 3aHATHS, TaK U 110 3aBEPIICHNIO TEMBI, YTO ITO3BOJISIET
CBSI3aTh BOSIMHO MOJIYYEHHBIE CBEACHHS H COCTABUTD IIETbHYIO KAPTHHY.

B ciyuae npuMeHneHus Tpu 00y4eHUH AUCIUTUTHEL SJIEKTPOHHOTO 00Y4IeHH, TUCTAaHIIHOHHBIX 00pa30BaTeIbHBIX
TEXHOJIOTHH OOIIeHHe 00YJarOIUXCsI U TPENOAaBATENS OCYIIECTBIISIETCS B PEKUME PEATbHOTO BPeMEHH (OHIAHH-IeKIUN
(BeOuHapHI), YaThl, BUACO-KOH(GEPEHLIMH U Ap.) WIN OTI0KEHHOTO BpEMEHH ( cHUCTeMa AUCTaHUMOHHOTrO o0ydeHus Moodle,
(hOpYMBI, IEKTPOHHAS IOYTA H JIP.).

Bosbiryro yacTs BpeMeHH 00yJalonIuecs CaMOCTOSATENEHO Pab0TAaIOT ¢ yaeOHO-METOANIECKIMH MaTepranaMu. CTyIeHTHI
MMEIOT BO3MOXHOCTh KOHCYJIBTHPOBATHCS € MIPENoAaBaTeIeM 10 BCEM BOIIPOCaM, BOSHUKAIOIIUM B X0/I€ CAMOCTOSATETbHON
paboTHI TOCPEACTBOM JEKTPOHHOM MOYTHI, COLHATBHBIX CETCH H T.II.

Hoctyn oOydaromerocst K y2eOHBIM pecypcaM B PeXKUMe OTJIOKEHHOTO BPEMEHH, CAMOCTOSTEIbHON paboTHI
OCYIIECTBIISETCS Yepe3 ceTh MIHTepHeT B yIOOHOM IS HEro MeCTe, BpeMEHH U TeMIIE.

[Tpu oOyueHnH U1 ¢ OTPaHUYEHHBIMHA BO3MOXHOCTSAMH 310POBBSI 2JIEKTPOHHOE 00ydeHNe, TUCTaHIIMOHHbIE
00pazoBaTeNbHbIC TEXHOJIOTHUH MPEyCMaTPHBAIOT BOSMOXKHOCT ITpHUeMa-Tiepeiayi HH(POPMAIUU B JOCTYITHBIX JUIST HUX
dbopmax.

Peanm3anust TUCHUIUIMHBI ¢ TPUMEHEHUEM 3JIEKTPOHHOTO 00y4eHH s, TUCTAaHI[HOHHBIX 00pa30BaTebHBIX TEXHOJIOTHH (Jlanee
— 30, I0T) ocymectBnsiercss Ha ocHOBaHUHU «[10J103keHUS 0 peann3aury OCHOBHBIX U JONOJHUTENBHBIX 00pa3oBaTeIbHBIX
MporpamMM C IPUMEHEHHEM 3JIEKTPOHHOTO 00yJeHNS W TUCTAaHIIMOHHBIX 00pa30BaTEIBHBIX TEXHOJIOTHH B (heiepaTbHOM
TOCyIapCTBEHHOM OIOIKETHOM 00pa30BaTEILHOM yUPEXKICHHH BBICIIET0 00pa3oBaHus «YensOMHCKHN TOCy1apCTBEHHBIH
yHUBEpCHUTET», «I1070XKeHus 0 mopsIKe 3aueTa 00yJaromUMHICs IO OCHOBHBIM MTPO(hecCHOHaIbHBIM 00pa3oBaTeIbHBIM
nporpamMMam Boiciiero oopasosanus B ®I'6OY BO «Uenl V» pe3ynbTaToB OCBOCHHUS B OPTraHU3AIUAX, OCYIIECTBISIONINX
00pa3zoBaTENBHYIO AEATEIBHOCTD, YIEOHBIX IIPEAMETOB, KYPCOB, AUCIUIUIIH (MOIYyIeH), IPaKTHK, TOTTOTHUTEIBHBIX
00pa3zoBaTeNbHBIX IPOTPaMM» IOCPEACTBOM IEKTPOHHOI HHPOpMannoHHO-00pa3oBaTenbHol cpenst PI'BOY BO
«Yenl'Y». B HCKITIOYHUTENBHBIX CiTydasx (Hopc-Makop U T.I1.) IPH pean3anuy 00pa3oBaTeIbHON IS TEIHOCTH C
npumerenueM D0, JIOT MoryT NpuMeHsATh KOMIIOHEHTHI, HE BXOJISIIUE B TIEPSUCHD dIICKTPOHHON HHPOPMAIIMOHHO-
00pa3oBaTeNLHOM CpebL.

10. CHEIIMAJIBHBIE YCJIOBUSI OCBOEHUSA JTUCIUITIJIMHBI OBYYAIOIIUMUCH C
HHBAJIMJHOCTBIO U OTPAHUYEHHBIMHA BO3MOXKHOCTAMMU 310POBbSA

OcBoeHHME [UCLMIUIMHBI MHBaJIMJaMH M JIMIAMU C OIPAaHUYEHHBIMM BO3MOXKHOCTSMH 370POBbsl OCYIIECTBILIETCS C
UCIIONIb30BAaHUEM CIEHHATbHBIX TEXHUYECKHX CPEICTB U HH()OPMAIMOHHBIX TEXHOJOTHH, IPEeJOCTaBIAEeMBIX PecypcHBIM
y4e0HO-METOANYECKUM LIEHTPOM MO OOYYEHHIO MHBAJIHMJIOB U JIUI C OIPaHHYECHHBIMH BO3MOXKHOCTSIMH 310poBbst Yenl'V 1o
3ampocy oOydaromerocst (MOOWIBHBIC CHEIMAJbHBIE TEXHWYECKHE CPEICTBA IS JIMI C HApYyMICHHSAMH 3pEHHS H C
HapyYIIEHUEM CIIyXa, ACCHCTUBHBIC MH()OPMALMOHHBIE TEXHOJIOTUH).
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[Ipu HEOOXOMUMOCTH /ISl OOYJAIOIIMXCS C HAPYIICHUSMH 3pEHUS Ha pabOYMX MeCTax JUisl MPOBENSHHS MPAKTHYESCKUAX WIH
nab0paTOpPHBIX 3aHATHH YCTaHABIMBAeTCsS CIELMAIBHOE MPOrpaMMHOE obecreyeHrne (ImporpaMma pedeBOil HaBHUTaLUH,
peyeBbIe CHHTE3aTOPBI, IKPAHHBIE JTYTIHI).

B yueOHble aynuTopum obOecrieunBaeTCsl OCSCHPENsATCTBEHHBIM JOCTYyn il OOyJalomuXcs C WHBATHIHOCTBIO W C
OTPaHUYEHHBIMH BO3MOXKHOCTSIMU 370pOBbs. B Kaxmoil ayauropuu, rjae oOydarloTcss WHBAIWABI U JIMIA C OTPAaHMYCHHBIMU
BO3MOKHOCTSIMU  3JIOPOBbsI, IpPEIyCMaTpUBAETCsl COOTBETCTBYIOIIEE KOJIMYECTBO MECT Ui OOydaloluxcs € Yy4eToM
HapPYIICHUH UX 37I0POBBSI.

Jst OCBOGHUS JMCIUIUTUHBI WHBAIUAM W JIMIAM C OTPaHUYEHHBIMH BO3MOXHOCTSMH 3JIOPOBbBS MPENOCTABISIETCSI TOCTYIT K
MEYaTHBIM HMCTOYHHMKAM, MMEIOIMMCs B HaydHoll Oubnmorexke Yenl'V, ¢ mOMOIIBIO CHENMAJIbHBIX TEXHHUYECKHX CPENCTB;
JIOCTYIT C MOMOIIBIO CHEIHANBHBIX TEXHUYECKUX W MPOTPAMMHBIX CPEICTB K AJIEKTPOHHBIM HCTOYHUKAM, MPEICTABICHHBIM B
(hopMe 2IeKTpOHHOTO TOKYyMeHTa B (hoHJie HaydHOW Onbnmmotekn Yenl'Y with 2JIeKTpOHHO-ONOIUOTEIHBIX CHCTEMAX.
Y4eOHO-MeTOIMYeCKHe MaTepHaibl Uil OOYJaroIMXCS M3 YHCIa HHBAJIHIOB WM JIUI] C OTPAaHMYEHHBIMH BO3MOXKHOCTSIMH
3I0pPOBbS TMPEOCTABISAIOTCS B (opMax, aAanTUPOBAHHBIX K OTPAaHUYCHUSM HUX 3I0POBbSI U OCOOCHHOCTSM BOCIPHUSTHS
nHpOpManHH.

JIsi MHBANMHUIOB W JIUII C OTPAaHHMYSHHBIMH BO3MOXKHOCTSIMH 3JI0POBBSI OCBOCHWE JHMCIUILIMHBI MOYET OBITh YaCTUYHO WITH
MOJTHOCTBIO OCYIIECTBIICHO C MCIIOIB30BAHUEM TUCTAHIIMOHHBIX 00pa30BaTeNbHBIX TEXHOJIOTHH.

[Ipn mpoBeneHMM TPOMEXKYTOUHON AaTTECTAIMU IO JUCIHMILIUHE OOYYaIOIIMMCS C WHBAJIMIHOCTBIO W C OTPaHUYCHHBIMHU
BO3MOKHOCTSIMH 37I0POBBsI 00ECIIEUMBACTCS MO WX 3asBJICHUIO NPENOCTABICHUE B JIOCTYMHON (hopMe B 3aBHCHMOCTH OT UX
WHIWBUAYATbHBIX OCOOCHHOCTEH HMHCTPYKIMH O TMOPSAKE MPOBENEHHS MPOMEXKYTOYHOH aTTECTAallMH, OLEHOYHBIX CPEICTB H
BO3MOKHOCTH OTBETOB Ha 3a/aHusl (IHMCbMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIIbIOTEpE, MUCbMEHHO IpudTom bpaiins, ¢
WCIIOJIb30BaHNEM YCIIYT aCCUCTEHTa, YCTHO).

[Ipu mpoBeneHNWU NPOLEAYPHl OIEHUBAHUS PE3YIHTATOB OOYUEHUS WHBAIUIOB W JIUI C OTPAHUYEHHBIMH BO3MOKHOCTSIMH
3M0POBbS TPEAYCMATPUBAETCS HCIONb30BaHUE MpeAocTaBleHHBIX YenlY wunu coOCTBEHHBIX TEXHHYECKHUX CpPEACTB,
HEOOXOJUMBIX WM B CBA3M C WX WHAMBUAYAJIbHBIMH OCOOCHHOCTAMH. I[IpH HEOOXOMUMOCTH HWHBAIUAAM M JIHIAM C
OTPaHUYCHHBIMA BO3MOKHOCTSIMH 37I0POBbSI TIPEIOCTABIISCTCS OTOJHUTEIBHOS BPEMs JUIsl IMOJATOTOBKM OTBETA HA 3aJIaHUs,
MpoIeypa OLEHUBAHUS PE3YIbTATOB O0YUSHHUS IO AUCIUIIIMHE MOXKET MPOBOAUTHCS B HECKOJIBKO 3TATOB.
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1. GOALS OF MASTERING THE COURSE

The purpose of the course "Nonlinear Partial Differential Equations” is to study the basic methods, ideas and approaches to the analysis
and solution of nonlinear partial differential equations, which play a key role in modeling a wide range of phenomena in the natural and
technical sciences.

The goals of the course include:

* The study of the classification of partial differential equations, basic examples of nonlinear equations, as well as concepts such as
weak solutions, solutions in the sense of distributions, etc.

+ Mastering basic analytical methods for solving nonlinear partial differential equations, including methods of functional analysis,
variational method, method of characteristics, etc.

* Formation of students' understanding of the place and role of nonlinear partial differential equations in modern mathematics, as well as
their relationship with other branches of mathematics, physics, mechanics and other fields.

+ Demonstration of how nonlinear partial differential equations are used to model and analyze complex phenomena in various fields
(hydrodynamics, elasticity theory, optics, biology, etc.).

* Developing the ability to build mathematical models based on nonlinear partial differential equations, as well as analyze their
properties and features.

« Stimulating the ability to navigate modern advances in the theory of nonlinear partial differential equations, including the latest results
and approaches, as well as expanding knowledge to solve practical mathematical problems at a modern level.

* To promote the development of a mathematical culture that allows future specialists to independently master new mathematical
methods and effectively apply them to solve complex and urgent problems in various subject areas.

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

GPC-1.1. Has the fundamental knowledge necessary to formulate and solve relevant and significant mathematical problems.

GPC-1.2. Demonstrates the ability to solve relevant and significant problems formulated in the framework of mathematical sciences

GPC-1.3. Has the skills to solve relevant and significant problems of mathematics

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 .0.04

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

First Order Partial Differential Equations

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

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

Fractional Integro-Differential Calculus

Work Experience Internship (Pre-graduation Practical Training)

Work Experience Internship (Educational Research Internship)

Work Experience Internship (Research Work)

3. COMPETENCIES OF THE STUDENT, FORMED AS A RESULT OF MASTERING THE
COURSE (MODULE)
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GPC-1: Able to formulate and solve relevant and meaningful problems in mathematics

Know:

the basic concepts, theorems and methods of the theory of nonlinear partial differential equations, including the classification of
equations, concepts of weak solutions, methods of functional analysis and variational methods, as well as their applications in various
fields of mathematics and its applications.

Be able to:

apply analytical methods to solve nonlinear partial differential equations, including the method of characteristics, the method of small
parameter, methods of functional analysis.

Possess:

skills of independent formulation and research of mathematical problems related to nonlinear partial differential equations.

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

Know:

the main theoretical principles and methods of the theory of nonlinear partial differential equations, including their application in the
fields of functional analysis, differential equations, and in ongoing scientific research.

Be able to:

effectively collect and analyze information from scientific publications and other sources on research topics in the field of nonlinear
partial differential equations.

Possess:

the skills of conducting independent research in the field of nonlinear partial differential equations, including setting problems,
formulating hypotheses, constructing proofs, conducting numerical experiments and interpreting the results.

As a result of mastering the course, the student must

3.1|Know:

3.1.1]|the basic concepts, theorems and methods of the theory of nonlinear partial differential equations, including the
classification of equations, concepts of weak solutions, methods of functional analysis and variational methods, as well
as their applications in various fields of mathematics and its applications.

3.1.2| The main theoretical principles and methods of the theory of nonlinear partial differential equations, including their
application in the fields of functional analysis, differential equations, and in ongoing scientific research.

3.2|Be able to:

3.2.1|apply analytical methods to solve nonlinear partial differential equations, including the method of characteristics, the
method of small parameter, methods of functional analysis.

3.2.2|Effectively collect and analyze information from scientific publications and other sources on research topics in the field
of nonlinear partial differential equations.

3.3|Possess:

3.3.1|independent formulation and research of mathematical problems related to nonlinear partial differential equations.

3.3.2|Conducting independent research in the field of nonlinear partial differential equations, including setting problems,
formulating hypotheses. constructing proofs. conducting numerical experiments and interpreting the results.

4. SCOPE OF THE COURSE (MODULE)

Total labor intensity 3 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

© 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”)

Work program of the course (module) “Nonlinear Partial Differential Equations” in the scientific specialty 01.04.01

“Mathematics” direction “Fractional Differential Equations” FSBEI HE “CSU” pp- 3
5. STRUCTURE AND CONTENT OF THE COURSE (MODULE)
Class Name of sections and topics /type of lesson/ Semester | Hours Literature
code / Course
Section 1. Introduction

1.1 Designations. Linear equations /Lec/ 3 2 L11L12L13L1.4
L2.11L22L1L3.11L3.2

W1 W2 w3
1.2 Nonlinear equations and systems /Lec/ 3 4 LI.1L12L1.3L14
[2.11L22L3.11L3.2

W1 W2 w3
1.3 Second-order equations /Lec/ 3 2 L1.1L12L13L1.4
L2.11L22L3.1L3.2

W1 W2 w3
1.4 Higher-order equations /Lec/ 3 2 LI.1L12L1.3L14
L2.11L22L1L3.11L3.2

W1 W2 w3
1.5 Spaces of continuous functions /Lec/ 3 4 L1.1L12L13L1.4
L2.11L22L1L3.11L3.2

W1 W2 w3
1.6 Boundary conditions /Lec/ 3 2 LI.1L12L13L14
L2.11L22L1L3.11L3.2

W1 W2 w3
1.7 Solving the boundary value problem / Lec/ 3 2 L1.1L12L13L1.4
L2.11L22L1L3.1L3.2

W1 W2 w3
1.8 Doing homework, preparing for exams. Preparation for the credit. /IndW/ 3 11,5 |L1.1L121L13L14
[2.11L22L3.11L3.2

W1 W2 w3

Section 2. Weak solution of the boundary value problem

2.1 Sobolev spaces /Lec/ 3 4 LI.IL12L13L14
L2.11L22L3.1L3.2

W1 W2 w3
2.2 Differential operators /Lec/ 3 4 LI.1L12L1.3L14
[2.11L22L3.11L3.2

W1 W2 w3
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2.3 The regularity of weak solutions /Lec/

L11L12L13L1.4
[2.11221L3.1L3.2
W1 W2 W3

24 Doing homework, preparing for exams. Preparation for the credit. /IndW/ 11,5

L11L12L13L1.4
[2.11221L3.1L3.2
W1 W2 W3

Section 3. Topological method

3.1 Existence Theorems /Lec/

L11L12L13L1.4
[21122L1L3.1L3.2
W1 W2 W3

3.2 |General boundary conditions for second-order differential equations /Lec/

L11L12L13L1.4
[2.112213.1L3.2
W1 W2 W3

33 Doing homework, preparing for exams. Preparation for the credit. /IndW/ 11,5

L11L12L13L1.4
[2.11221L3.1L3.2
W1 W2 W3

Section 4. Other contact work

4.1 Individual consultations, ongoing monitoring /OCW/ 3,5

L11L12L13L1.4
[2.1122L1L3.1L3.2
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:

. Nonlinear partial differential equations
. Nonlinear systems

. Examples of nonlinear problems

. Plate equilibrium equation

. Spaces of continuous functions

. Solutions of differential equations

. Solving the boundary value problem
. On the integral identity

. Nemytsky Operators

10. Weak decisions

11. The regularity of weak decisions

O 01N LN b~ W —

6.3. Typical control questions and assignments for interim certification

Questions for credit:

. Nonlinear partial differential equations
. Nonlinear systems

. Examples of nonlinear problems

. Plate equilibrium equation

. Spaces of continuous functions

. Solutions of differential equations

. Solving the boundary value problem
. On the integral identity

. Weak decisions

10. The regularity of weak decisions
11. Sobolev Space

O 031N LN b W —
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12. Differential operators
13. Existence theorems
14. General boundary conditions for second-order differential equations

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
(MODULE)

7.1. Recommended literature

7.1.1. Basic literature

Authors, compilers Title Publisher, year | Resource
L1.1 [Stepuchev V. G. Partial differential equations Saint Petersburg : ELS
(https://e.lanbook.com/book/169798 ) Lan, 2021
L1.2 |Polyanin A.D., Zaitsev [Nonlinear equations of mathematical physics in 2 hours Part 1: a Moscow : Urait, ELS
V.F. textbook for universities 2024
(https://urait.ru/bcode/537989)
L1.3 [Polyanin A.D., Zaitsev [Nonlinear equations of mathematical physics and mechanics. Solution|Moscow : Urait, ELS
V.F., Zhurov A. . methods: textbook and workshop for universities 2024
(https://urait.ru/bcode/537994)
L1.4 |Polyanin A.D., Zaitsev [Nonlinear equations of mathematical physics in 2 hours Part 2: a Moscow : Urait, ELS
V.F. textbook for universities 2024

(https://urait.ru/bcode/537989)

7.1.2. Further reading

Authors, compilers Title Publisher, year | Resource
L2.1 |Kopytov A.V., Linear and nonlinear equations of physics: a textbook Kemerovo : ELS
Kosobutsky A.V. (https://biblioclub.ru/index.php?page=book&id=495216) Kemerovo State

University, 2018

L2.2 |Trenogin V. A, Partial differential equations: a textbook Moscow : ELS
Nedosekina I. S. (https://biblioclub.ru/index.php?page=book&id=275574) Fizmatlit, 2013

7.1.3. Methodological developments
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Authors, compilers Title Publisher, year | Resource
L3.1 |Zamyshlyaeva A. A., [Sobolev type equations: a collection of scientific papers Chelyabinsk : [B. ELS
IvanovaM. V., (http://library.csu.ru/rbooks2/view2? 1], 2002
Ushakov V. 1, code=local/200305n0072/sviriduk)

Kadchenko S. 1.,
Pyatkov S. G., Fedorov
V.E.

L3.2 |Sviridyuk, Fedorov Linear equations of the Sobolev type: A textbook Chelyabinsk: CSU,
2002

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

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)

When studying this discipline, lectures and independent work of the student are used. In 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 discipline, the student is recommended:

« attend classes, briefly and thoughtfully take notes of the material, indicating the date of the lesson and the topic;

« independently work through the material both after each lesson and at the end of the topic, which allows you to link together the
information you have received and create a complete picture.

If e-learning and distance learning technologies are used in teaching, students and teachers communicate in real time (online lectures
(webinars), chats, video conferences, etc.) or in deferred time (Moodle distance learning system, forums, e-mail, etc.).

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

The student's access to educational resources in the deferred time mode, independent work is carried out via the Internet in a convenient
place, time and pace for him.
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When teaching people with disabilities, e-learning and distance learning technologies provide for the possibility of receiving and
transmitting information in forms accessible to them.

Implementation of the discipline using e-learning, distance learning technologies (hereinafter referred to as — EO, DOT) It is carried out
on the basis of the "Regulations on the implementation of basic and additional educational programs using e-learning and distance
learning technologies at the Federal State Budgetary Educational Institution of Higher Education Chelyabinsk State University",
"Regulations on the procedure for crediting students in basic professional educational programs of higher education at the FSBEI HE
CSU" the results of mastering in organizations engaged in educational activities. activities, academic subjects, courses, disciplines
(modules), practices, additional educational programs" through the electronic information and educational environment of the Federal
State Budgetary Educational Institution of Higher Education "CSU". In exceptional cases (force majeure, etc.), when implementing
educational activities using EO, DOT may use 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.

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.
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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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