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1. IEJIX OCBOEHUA N CHUIIJINHBI

LICJ'H)IO Kypca "ypaBHeHI/IH B YaCTHBIX ITPOU3BOAHBIX IIEPBOTO nopsmKa" SABJIAICTCA U3YUCHUC (I)yHI[aMeHTaHLHBIX METOAO0B U
KOHHCHHI/Iﬁ, JICKAIUX B OCHOBE aHAJIN3a U PCHICHUSA ypaBHeHI/IfI B YaCTHBIX IMMPOU3BOJIHBIX IIEPBOTO MOPAAKaA, C 0COOBIM

BHHUMAaHHEM K UX IIPUMEHCHUIO B MOACIMPOBAHUN Pa3JIMIHBIX (I)I/I3I/I‘160KI/IX U TCXHUYCCKHUX ITPOLECCOB.

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

* OsnazeHne OCHOBHBIMH IOHATHSAMH M KIacCH(UKanned ypaBHEHNH B YaCTHBIX MPOU3BOIHBIX IIEPBOTO TTOPSAAKA:
IToHrMaHME KIHOYEBBIX ONPEACICHUN, XapaKTEPUCTUK U TUIIOB YpaBHEHUN, BKIIIOUAs JIMHEWHBIE, KBA3WIMHEHHBIE U

HEJIMHEHHBIE YpaBHCHH, a TAKKC UX TCOMECTPHUICCKYIO HHTCPIIPETALUTO.

M I/IB}"{GHI/IC AHAJIMTUYICCKUX METOJ0OB PCIICHUA: OcBoeHHe TaKuX METOZO0B, KaK METOA XapaKTECPUCTUK, METOL
HHTCTPUPYIOIINX MHO)KHTeHCﬁ, a TaK)XC IIOHMMAaHHE UX Ol"paHI/I‘IeHI/Iﬁ 1 IPUMEHHUMOCTHU K Pa3JIMYHBIM KJlacCaM 3aJa4.

* Pa3BuTHE HABBIKOB IOCTPOCHHUA U aHaJIn3a MaTEMaTUICCKUX MOJIeIIeH: qDOpMI/IpOBaHI/Ie YMEHHUA TPpaHCIUPOBATh

(bI/ISI/I‘ICCKI/Ie NJIKM TEXHUYCCKUC 3a1a4u B (bOpMy ypaBHeHI/Iﬁ B YaCTHBIX IMPOU3BOAHBIX IMIEPBOTO MOPAAKA, MHTCPIIPETUPOBATH

TMMOJTY4€HHBIC PEIICHUA U OLICHUBATh UX aJI€KBATHOCTH MonennpyeMoﬁ CUTYyaIlnU.

d HpI/IMeHeHI/Ie ypaBHeHI/Iﬁ B YaCTHBIX ITPOU3BOIHBIX IICPBOTO MOPAAKA K PEHICHUIO ITPUKIIAIHBIX 3a/1a4: HCCJIGZ[OBaHI/Ie

KOHKPETHBIX IIPUMEPOB MOJAEIUPOBAHUS IPOLECCOB [IEPEHOCA, PACIPOCTPAHEHUSI BOJIH, TA30BOM TUHAMUKU U JPYTUX

HBJ'ICHPIﬁ, KOTOPBIC OIMUCBHIBAIOTCA YPAaBHCHUSAMU B YaCTHBIX ITPOU3BOAHBIX IIEPBOTO ITOPsAKA.

* OOpMHMPOBAHUE MIPEACTABICHNUS O B3aUMOCBSI3U MEXy MaTEMAaTUKOW U IpyruMu Haykamu: IloHMMaHue, kak

MAaTCMaTU4YCCKUC HHCTPYMEHTEI, 4 UMEHHO, TCOPUA ypaBHCHI/Iﬁ B YaCTHBIX IPOMU3BOJHBIX, ITO3BOJIACT aHAJIU3UPOBATh U

MMPOTrHO3HUPOBATH MOBCACHUC CIIOXKHBIX CUCTCM B (1)I/ISI/IKG, TCXHUKE, OHOJIOTHH 1 APYrux o0macTsx.

* Pa3BuTHC HABBIKOB CAMOCTOSTCIIBHOM pa6OTI>IZ HpH06peTeHHe CIIOCOOHOCTH AHAJIM3HUPOBATh U pCIIaTh HOBBIC 3aJa4H, a
TaKX€ N3y4aTb COBPEMEHHBIC METOAbI PEIICHUA ypaBHeHI/Iﬁ B 9YaCTHBIX IMPOU3BOJIHBIX IICPBOTO MOPAAKA, YTO cnoco6chyeT

(hopMHPOBAHUIO MATEMAaTHYECKOH KYITBTYPBL.

Pe3ym>TaT1)1 06y‘IeHI/IH T10 TUCOUTIIIMHE HAITPABJICHBI HA JOCTUKCHUEC NHIUKATOPOB!:

IIK-1.1. I[CMOHCTpI/IpyCT 3HAaHHUC OCHOBHBIX TCOPECTUICCKUX MTOJIOKECHUH B MCTOA0OB B obmacTu MIPOBOAUMBIX HAYYHBIX

HCCIIEIOBAHMI.

ITK-1.2. lemoHCTpHpYeT yMeHUS cO0pa U aHAIH3a HHPOPMAITHH 10 TEMATHKE IPOBOANMBIX HCCIICJOBAHHI.

ITK-1.3. mMeeT mpakTHYeCKHUil ONBIT YCTAHOBJICHNS HOBBIX (DAKTOB M 3aKOHOMEPHOCTEH B 00IaCTH HAYIHBIX UCCIICTOBAHHH.

2. MECTO JUCIIUITIJIMHBI B CTPYKTYPE OITIOII

[ux (pa3aen) OIOIL | b1.B.JIB.01.01

2.1 TpeOoBaHus K NPEABAPUTEIbLHOI IIOAT0TOBKE 00y4al01Ierocs:

JI71sl yCTIeNTHOTO OCBOSHHUS AUCIUILTHHBI HEOOXOAUMBI 3HAHHS JUCIHUILTHH «MaTeMaTHIeCKUi aHan3y, «JInHedHas

anrebpay, «uddepenunansupie ypaBHEHUS», « Y PaBHEHUS C YACTHBIMHU ITPOU3BOIHBIMIY).

Mertons! perenus audepeHIHaNbHbIX YpaBHEHNI

2.2 JIucuMnJuHbI M MPAKTHKH, JIsI KOTOPbIX OCBOEHUE JAHHOW JUCHHUILIMHBI (MOIYJ/Is1) HEO0OX0AUMO KAK

npeamecTreyrwuiee:

3HaHUS 110 TaHHOW TUCIMIUIMHE MOTYT OBITh ITOJIC3HBI JIJISl HAYYHO-HUCCIIEIOBATENBCKOM pabOThI CTYIEHTOB.

BLIpO)K,Z[CHHbIC OBOJJIIONUOHHBIC YPABHCHUS B 0aHaXOBBIX IIPOCTPaHCTBAX

Henuneiineie YPaBHCHUA B YACTHBIX TPOU3BOAHBIX

3. KOMIIETEHIINN OBYYAIOIIEI'OCs, ®OPMUPYEMBIE B PE3YJIbTATE OCBOEHUA JUCHUATIJINHBI

(MOZY.JIs)

ITK-1: CnocodeH NpoBOINTH HAYYHO-HCCIIEN0BATENLCKYIO PAa6oTy B 00/1acTH 1H(pdepeHIHANLHBIX yPaBHeHHIT

3HaTh:

OCHOBHBIC TCOPCTUYICCKHUE IMOJIOKECHUA U METO/IbI B obiacTu ypaBHeHI/Iﬁ B YaCTHBIX ITPOMU3BOAHBIX IICPBOTO MOPAAKA.

Ymers:

CO6I/IpaTB H aHAJIM3UPOBATh I/IH(i)OpMaHI/IIO 110 TCMAaTHUKEC ypaBHCHI/Iﬁ B HAaCTHBIX IMPOU3BOAHBIX IIEPBOTO MOPAJAKA, BKIIKOUASA UX

TMPUKJIaJHBIC aCIICKThI.
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Baanern:

HaBbIKaMH1 IPUMEHECHUS METOIOB ypaBHeHI/Iﬁ B YaCTHBIX IMPOU3BOJHBIX IICPBOTO MOPAAKA IJId YCTAHOBJICHUA U aHAIN3a
Moneneﬁ, ONMCBIBAIOMINX PA3JINYHBIC TPOUECCHI U ABJICHUS.

B pe3yabTaTe 0CBOEHHS JUCHMILINHBI 00y4YaIOLIUICSI 10JKEeH

3.1 |3narn:

3.1.1

TopsiIKa.

OCHOBHBIC TCOPETHUCCKHUE TTOJIOKCHUA U METOABI B o0yactTu ypaBHeHI/Iﬁ B YaCTHBIX IPOMU3BOJHBIX IIEPBOTO

3.2 | YMeTh:

3.2.1

TIOpAZKaA, BKITFOYast UX MPUKIIATHBIC aCTICKThI.

CO6I/IpaTL W aHaJIM3UpPOBaATh I/IH(bOpMaHI/I}O 110 TCMAaTHUKE ypaBHeHPIfI B YaCTHBIX IPOU3BOAHBIX IIEPBOTO

3.3 | Bnagern:

3.3.1

MOIICJ'ICI\/‘I, OIMMCBHIBAIOIUX PA3JINYHBIC TPOUECCHI U ABJICHUA.

MNPUMCHCHUA MCTOIOB ypaBHeHI/Iﬁ B YaCTHBIX IMPOU3BOAHBIX IMEPBOTO MOPAAKA JJIsI YCTAHOBJICHUA U aHAJIM3a

4. OFLEM JUCLMILIMHBI (MOLYJI5T)

O6uwasn TpyaoeMKoCTb

33ET

Yacos 1o yueOHOMY IUIaHy : 108 Bunbl KOHTpOIIsL B ceMecTpax:
B TOM YHCIIC
ayJAUTOPHBIE 3aHATHS : 34 9K3aMEHBI 2
caMocCTosiTeNbHas paboTa : 34,7
4acoB Ha KOHTPOJIb : 36
KOHTaKkTHas pabora: 37,3
HKP: 3,3
5. CTPYKTYPA U COAEP)KAHME JUCHHUIIVIMHBI (MOY.JIA)
Kon HaumeHoBaHue pa3iesioB U TeM /BH/I 3aHATHUS/ Cemecr | Hacos JlutepaTtypa
3aHATH p / Kype
Pa3znen 1. BpegeHne U 0CHOBHbIE MOHATHS
1.1 Knaccu¢ukanus 1 OCHOBHBIEC TIOHSTHS yPaBHEHUH B YaCTHBIX 2 2 JI1.1 JI1.2J12.1
MIPOU3BOIHBIX IIEepBOTO mopsiaka /IIp/ J12.2J12.3
013233
1.2 JIunelinble OAHOPOIHBIE YpaBHEHUS NIEPBOTO nopsiaka. Meron 2 2 JI1.1 JI1.2J12.1
xapaxrepuctuk /Ip/ J12.2J12.3
013233
1.3 JIuneiiHble HEOTHOPOAHBIE YPaBHEHHS IEPBOro Nopsiaka. Meron 2 2 JI1.1 J11.2J12.1
xapakrtepuctuk /T1p/ J12.2 J12.3
313233
Paznen 2. KBasuiuHeliHble ypaBHEHHSs
2.1 KBa3unuselinble ypaBHeHMs EPBOro nopsiaka. Meron 2 2 JI1.1 JI1.2J12.1
xapakrepuctuk /I1p/ J12.2J12.3
013233
2.2 KBazununelinsie ypaBHeHus. PazpelieHue OTHOCUTEIBHO 2 2 JIT.1JI1.2J12.1
npon3BoaHEIX /T1p/ J12.2 J12.3
313233
2.3 Ksazununeiinsie ypaBuenus. [Ipunosxenus B ¢puzuke (Moaenu 2 2 JI1.1 J11.2J12.1
nepenoca) /TIp/ J12.2 J12.3
313233
2.4 Oco0bIe peneHNs U pa3phIBE B KBAa3WIMHEHHBIX ypaBHEHMX /I1p/ 2 2 JI1.1 J11.2J12.1
J12.2J12.3
313233
Paznen 3. CnenunajabHbie METOAbI U 3212491
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3.1 Mertox uHTErpHpyromero MHoxuTens /I1p/ 2 2 JIT.1 JI1.2J12.1
J2.2J12.3
2102233
3.2 IIpeodpaszoBanue Jlexanapa /T1p/ 2 2 JI1.1 J11.2J12.1
J12.2 7123
212233
33 VYpaBuenus ['amunbsToHa-Skoou /Ip/ 2 2 JI1.1 J11.2J12.1
JI2.2J12.3
313233
34 VYpasuenus I'amunsrona-SIxo6n. Meron xapakrepuctuk /IIp/ 2 2 JI1.1 JI1.2J12.1
J12.2J12.3
2102233
3.5 3amaun ¢ HaYaabHBIMK ycloBusAMU. 3anada Ko /TIp/ 2 2 JIT.1JI1.2J12.1
J12.2J12.3
212233
Paznean 4. llpuiiosxkenusi 4 06001eHUsT
4.1 YpaBHeHUs EpBOTO MOpPsIIKa B TeoMeTpuu u onTuke /IIp/ 2 2 JI1.1 J11.2J12.1
JI2.2J12.3
313233
4.2 VYpaBHEHUS B YaCTHBIX IIPOU3BOHBIX IIEPBOTO MOPSIKA U 2 2 JI1.1 J11.2J12.1
ynpasnenue /I1p/ J12.2J12.3
2102233
43 AHanM3 U CpaBHEHHUE Pa3IMIHBIX METOI0B perienus /I1p/ 2 2 JIT.1 JI1.2J12.1
J12.2712.3
313233
4.4 Pemenue 3agau moBeIIeHHOM crosxkHoCTH /TIp/ 2 4 JIT.1 JI1.2J12.1
JI2.2J12.3
313233
4.5 BerImonHeHue JoMairHux padoT, MOArOTOBKA K KOHTPOJIBHBIM padoTaM. 2 34,7 JIT.1 JI1.2J12.1
INoaroroBka k 3k3ameny /Cp/ J12.2J12.3
2102233
Pa3nen 5. Unas koHTaKTHasi padoTa
5.1 WunuBuayanbHble KOHCYIBTAIMH, TeKyIIHi KOHTpob /UKP/ 2 3,3 JI1.1 J11.2J12.1
J12.2J12.3

6. POH/I OUEHOYHBIX CPEJCTB

6.1. Hepeqem, BU/I0B OLI€CHOYHBIX CPE/ICTB

1. Hoxman
2.Bompocsl K 9K3aMeHy

6.2. TunoBbIe KOHTPOJBbHBIC 32 JTaHUA U MHbIC MaTepHAJIbI AJIA Telcymeﬁ aTTeCTallun

Temb! [OKITaI0B:

1. TeomeTpuueckast HHTEpIpPETALUs PELICHUH YpaBHEHNH B 4aCTHBIX IPOU3BOIHBIX NIEPBOTO MOPAAKA

2. CpaBHUTENBHBIN aHATIU3 METOJA XapaKTEPUCTUK U METOJa UHTETPUPYIOLETO MHOXKUTEIIS ATl PEILECHUST KBAa3UIMHEHHbBIX
ypaBHEHUM

3. CBsI3b MKy ypaBHEHHAMH [ aMuIbTOHA-SIKOOM M ypaBHEHUSMH KJIACCHYECKOH MEXaHUKH

4. TeopeMbl CyIIECTBOBAHUS U €IMHCTBEHHOCTH PEIICHUN YpaBHEHUN B YACTHBIX IIPOU3BOHBIX NIEPBOTO MOpsAKA

5. Oco0ble pemeHns 1 UX POk B TCOPUH ypaBHEHHH IIEPBOTO MOPSAIKA

6. IIpuMeHeHHe ypaBHEHUH EpBOTo MOpsaKa Ui MOAEITUPOBaHHS IPOLIECCOB MIEPEHOCA BELIECTBA M DHEPTUU

7. MonenupoBaHHe pacpoCTpaHEH s BOJIH C MOMOIIBIO yPaBHEHUH B YaCTHBIX MIPOU3BOAHBIX MEPBOTO MOPSIIKA

8. IlpumeHeHne MeTo1a XapaKTEPUCTUK B TUPOIUHAMUKE AJIS PEILICHUS YpaBHEHUN ra30BOM TMHAMUKH

9. Ucnonb3oBanue ypaBHeHUH ['aMunbToHa-SIKOOM B TEOpUH ONITUMAIBHOTO YIIPABICHUS

10. YpaBHeHHs IEPBOTO MOPSAAKA B TEOMETPUUECKOH ONTHKE

11. IIpumeHeHwe ypaBHEHNI MIEPBOTO MOPSIIKA B (GPHHAHCOBON MaTeMaTHKE

12. MonenupoBaHue JOPOKHOTO ABUKEHUS C IOMOILBIO YPABHEHUH B YaCTHBIX IIPOU3BOJHBIX IIEPBOTO IOPSIIKA

13. IIpeo6pa3oBanue JlexaHapa U ero NpUMEHEHHE B TEOPUH ypaBHEHHH B YACTHBIX ITPOU3BOAHBIX MEPBOTO MOPS KA

14. YncneHHble METOABI PEIIEHNST YPAaBHEHUI EPBOTO MOPsIIKa (HAIPUMEDP, METOJ, KOHEUHBIX Pa3HOCTEN, METO KOHEUHBIX
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JJIEMEHTOB)
15. CoBpeMeHHbIe UCCIeJOBaHUS B 00JACTH YPaBHEHUH B YaCTHBIX MPOM3BOIHBIX MIEPBOTO MOPSIAKA

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

Bompocs! 115t ak3amena:
Pasnen 1: Benenne v OCHOBHEIC TTOHSTHSA

1. aliTe onpeneneHne ypaBHEHUI B YACTHBIX IIPOU3BOAHBIX N1E€PBOT0 nopsaxa. [Ipuseaure npuMepsl TMHEHHBIX,
KBa3WIMHENWHBIX U HEJTMHEWHBIX ypaBHEHUH.

2. Yto Takoe pelleHre ypaBHEHUS B YaCTHBIX IPOU3BOAHBIX NEepBOro nopsaka? /laiite reoMeTpuyecKyto MHTEPIPETALIUIO
peleHus.

3. Chopmynupyiite onpeeneHle XapaKTepUCTUIECKUX KPUBBIX IS TMHEHHOTO OHOPOJHOTO YpaBHEHUS IIEPBOTO MOPSAAKA.
4. OnumuTe METOA XapaKTEPUCTHK [UIsl pelIeHHs JIMHEHHBIX OJHOPOIHBIX ypaBHEHHH IIEPBOro MOpPsAKa.

5. Kak npumeHsieTcs METO/ XapaKTEPUCTHUK JUIsl PELIEHUS IMHEWHBIX HEOJHOPOAHBIX YpaBHEHUH N1€pBOTo nopsiaxa?

Paznen 2: KBasunuHeiHbIe ypaBHEHUS

6. OnuimTe METOJ XapaKTEPUCTHK JUI PELICHUS KBa3WIMHENHBIX ypaBHEHUH NIEPBOTO NOpsiika. B uem oTiuuue ot
JUHEHHBIX ypaBHEHHNA?

7. Kak cTpouTcs XapakTepucTHdecKkas CHCTeMa JJIsl KBa3MIMHEHHOro ypaBHeHHA? UTo Takoe HHTerpajbl
XapaKTEePUCTHUUECKOM cUcTeMbl?

8. OOBsACHUTE, KaK PEIIAIOTCs KBAa3UIMHEIHbIE YPABHEHNUS B CIIydae, KOTJa OHU pa3pelINMbl OTHOCUTEIBHO OJHOMN U3
MPOU3BOIHBIX.

9. IlpuBeanTe MpHMepH! (GU3MICCKHX 337a4, KOTOPHIE OIHCHIBAIOTCS KBA3HIMHEHHBIMH YpaBHEHHSMH MIEPBOTO MOPSIIKA.
10. Yto Takoe ocoOble pelmeHns KBa3WINHEHHBIX ypaBHeHNIT? KakoBa X reoMeTpudecKkast HHTEPIPETaIus?

11. Yro Takoe pa3pbIBbI B PEUICHUSIX KBa3WIMHEHHBIX YpaBHEHUH?

Paznen 3: CrenpanbHble METOIBI M 3aa4N

12. OnumuTe METOA UHTETPUPYIOILET0 MHOKHUTENS Ul PElleHUs ypaBHEHHH B YaCTHBIX IPOM3BOAHBIX MEPBOTO MOPSIIKA.
Korzna on npumensiercs?

13. Pacckaxxure npo npeobpazosanust JIexxanapa u ux npuMenerne 1 pemenus Y UIT mepBoro mopsiaka.

14. Yro takoe ypaBHeHHe ['amunbTOHa-IK00M? Kak 0HO CBS3aHO C ypaBHEHUSIMU KJIACCHUECKOH MEXaHUKH?

15. Kaxk pemaercs ypaBHeHue 'aMunbToHa- SIk0o0H ¢ moMoIbio MeToAa XapakTepucTHk? UTo Takoe MosHbIM uHTerpan?
16. Chopmymnupyiite 3anaqy Koty uist ypaBHEHHS B YaCTHBIX IPOU3BOIHBIX TIEPBOTO ITOPSIKA.

17. Kakue ycnoBus 00eCIedHBaIOT CYIIECTBOBAHNE U €MHCTBEHHOCTH peleHus 3agauu Komu?

Paznen 4: TlpwiosxeHus U 0000IIEeHAS

18. IlpuBenuTe npuMepbl IPUMEHEHNs] ypaBHEHUH B YACTHBIX IIPOU3BOAHBIX EPBOTO MOPSIKA B TEOMETPUH U OITHUKE.
19. Kak ypaBHeHuUs IepBOTO NMOPsIKa MOTYT HCHOIb30BATHCS B 33/1a4aX YNpaBIeHHs?

20. CpaBHUTE pa3IMUHbIE METO/bI PEIICHHS YPaBHEHUI B YaCTHBIX IPOU3BOHBIX NepBOro nopsiaka. Kakue y Hux
MPEHMYIIECTBA U HETOCTATKU?

21. OnumuTe, KaKk CTPOUTCSA MaTeMaTHdeckas MOZENb A ONUCAHKs Ipolecca, KOTOPBIl MOXKeT OBbITh NPECTaBIEH
YPaBHEHHEM B YACTHBIX POU3BOAHBIX IIEPBOIO MOPSIKA.

6.4. Kputepuu oneHuBaHUA

Ha sk3ameHe BeImaeTcs 2 BOIpoca U3 CITUCKa BOIIPOCOB MO TeMaM NPaKTHICSCKUX 3aHATHH.

IMpomomkuTensHOCTE 3k3aMeHa — 90 MUHYT. 3a KaXx/J0e BBIITOJIHEHHOE 3aJaHNe OMIeTa CTYIeHT MOJKET ITOJTyduTh oT 1 110 3
6amtoB. Eciu 3a1anue BBINOJIHEHO IPAaBUIIBHO, TO OHO OlleHnBaercs 3 O6amnamu. Ecnu 3ajaHue BBIOTHEHO ¢ OUIMOKaMH, TO
0aJTbl CHIDKAIOTCSI B 3aBUCHMOCTH OT KOJIMYECTBA JOIMYIIEHHBIX omuboK. Ecin nomymena onxa ommoka, To 31aHue
oreHnBaercs 2 6aamMH, JOIMYIIeHB 1Be omHOKH — 1 6amt. Ecim momymeno Gosee 1ByX omMOOK B 3a{aHUN WIIH CTYICHT HE
BBIIIOJHIII KaKoe-TTH00 3aaHue U3 OuieTa, To 3a Hero oH nomydaeT 0 6amioB. MakcuManbHOE KOJIMUECTBO OaNIoB 3a
9K3aMeH — 6.

[Tpu noaBeIeHNN UTOTOB YIUTHIBAIOTCS PE3YNBTAThl TEKYIIEH arTecTanun. [[oydeHHbIe 32 TEKYIIYIO aTTECTAINIO OBl
CYMMHUPYIOTCS ¢ OaJIaMu, TIOTY4EHHBIMH 33 KX 3TaIl [IPU MPOXO0KACHUH TPOMEKYTOYHON aTTECTALIUH:

Orenka "He ymoBneTBopuTebHO" BBICTaBIsIeTCs 32 13 U MeHee 6allioB;

Orenka "Y noBneTBOpUTENEHO" BEICTaBIIsAeTCA 32 14-17 GayutoB (ypoBeHs 1);

Ormenka "Xopomo" BeIcTaBmsieTcs 3a 18-21 6anoB (ypoBeHs 2);

Orenka "OT1anyHo" BbIcTaBisgeTcs 3a 22-26 6amioB (YpoBeHb 3).
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Omnucanue nokasaTesel 1 KpUTePUEeB OLICHUBAHKS KOMICTCHIMI ST JOKIaa:
B cemectpe 2 noknana. Ha noknan orBoaurces 15-20 MuHyT B KOHIIE napsl (Kaxayro napy 1 goknan). Kaxapiii crygeHt
TOTOBHT JIOKJIA]] TT0 OJTHOHM M3 MPEIOKEHHBIX TeM. MaKCHMaIbHOE KOJTHYECTBO 0alIoOB 3a ToKIas! - 20.
Ouenka "3auTeHo" BeIcTaBisieTcs 3a 12-20 6amios, "He 3auTeHo" - MmeHee 12 0amios.

[NonHOTAa MOKIIaa OLUEHUBACTCA 110 CIICAYIOIINM KPUTEPHUSIM:
INonHOTa M3TOXKEHUS TEOPETHIECKOTO MaTepHaia

1

2. JlocTaToYHOE KOJIMYECTBO MPUMEPOB K TCOPETUUCCKOMY MaTepHAITy
3. [IpuBeneHsI TPUMEpPHI K OMPEICNICHUSIM U TeopeMaM
4. [IpuBeneHs! KOHTPIPUMEPEI, TEMOHCTPUPYIOMINE MPH KaKUX YCIOBHSAX HE MPHMEHUMBI TEOPEMBI.
7. YHEBHO-METOAUYECKOE U TH®OPMAIIMOHHOE OBECIIEYEHUE JUCLUIIJIMHBI (MO Y JISI)
7.1. Pexomenayemasi 1uTepaTypa
7.1.1. OcHoBHas1 IMTepaTypa
ABTODHI, 3arnaBue WznarenscTBo, Pecypc
JI1.1 | CrenyueB B. T JluddepeHnnanbHbie ypaBHEHUS B YaCTHBIX MTPOU3BOTHBIX CaHkT- 9bC
(https://e.lanbook.com/book/169798) [etepOypr :
Jlans, 2021
JI1.2 |Eropos . JI. YpaBHeHHs] MaTeMaTHUeCKOW GU3UKU: ydeOHOe mocodue Kazanb : 9BC
(https://biblioclub.ru/index.php?page=book&id=701255) Kasanckuit
HalMOHAIbHBIN
HCCIIEN0BATEIIBCK
nui
TEXHOJIOTHYECKU
11 YHUBEPCUTET
(KHUTY), 2021
7.1.2. lonoJHUTeAbHAS TUTEPATypa
ABTODBI, 3arnaBue WznarensctBo, | Pecypc
JI2.1 | Gununmos A. @. Beeznenue B Teoputo qudepeHnanbHbIX YpaBHEHHA: yaeOHUK Mocksa :
TSI BY30B KomKwnwura, 2007
JI2.2 | Gununmnos A. ©. Juddepenimansabie ypaBHEHUS: METOIMUECKUE YKa3aHUS VIS Mocksa :
CTYyAEHTOB-320YHMKOB MaTeMaTHUECKUX (haKyIbTETOB W3natenscTBO
YHUBEPCUTETOB MI'Y, 1986
JI2.3 | Tpenorun B. A, YpaBHEHUS B 4aCTHBIX IIPOU3BOJIHEIX: yaeOHOe mocobue Mocksa : 9BC
Henocexkuna 1. C. (https://biblioclub.ru/index.php?page=book&id=275574) ®duzmaraur, 2013
7.2. Ilepeyens pecypcoB HHGOPMALMOHHO-TEJIeKOMMYHHKALMOHHOI ceTn "UHTepHeT"
31 |eLIBRARY.RU [OnexTpoHHSIH pecypc] : anekTpoHHas 6ubmnoTteka / Haya. anexrpon. 6-ka — URL:
http://elibrary.ru/defaultx.asp
92 | Poccuiickuit pouna byHmaMeHTaIbHbIX HcchaenoBanuii (PODUN) - opurmansueiii caidT http://www.rfbr.ru/rffi /ru
33 | HayuHnas anekTpoHHas 6ubinroTeka. MoHorpaduu, u3naHHbIe B n3aaTenabcTBe Poceniickoit Akagemun
EctecTBo3HAHMS MOJHOTEKCTOBBIN pecypc HaydHbIX U yaeOHbIX n3nanuii PAE https://www.monographies.ru
7.3 Ilepevyenb nHGOPMAIMOHHBIX TEXHOJIOT M
7.3.1 IlporpammHoOe o0ecnieyeHune
LMS Moodle
Adobe Reader

7.3.2 lIpodeccuonanbubie 6a3bl JAHHBIX M HHPOPMAIHOHHO-CIIPABOYHbIE CHCTEMBI

1. Web of Science (https://apps.webofknowledge.com) Web of Science : MmynbTuancuumnmnHapHas pedepatuBHas 6aza
naHHbIX / koMmmaHus Thomson Reuters. — Pexxum goctymna: st 3apeructpup. nosib3osarteneit Yenl'Y. — Teker :
JIEKTPOHHBIH.

2. SpringerLink MexnyHnapoaHast pedepaTiBHas 6a3a JaHHBIX HAyIHBIX H3maHui (https://www.springer.com)
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8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JTUCHUIIJIMHBI (MOAY JIS)

JList peanm3aniy AUCIUTUINHBI HCIIOIB3YIOTCS yaeOHBIe ayTUTOPHH IS IPOBEACHHS 3aHATHH CEMHHAPCKOTO THUIIA,
IPYNIIOBBIX U MHAUBUIYAIbHBIX KOHCYNbBTALUM, TEKYIIETO KOHTPOJIA U IPOMEXKYTOYHOM aTTECTallUY, a TAKKE IIOMEILEHHS
JUISL CAMOCTOSITENIbHOM PabOTHI.

Y4eOHble ayIuTOPHH YKOMILJIEKTOBAHBI CIICIHATIN3UPOBAHHON MEOEIBIO U TEXHUYECKUMU CPECTBAMU OOYYEeHUS: TOCKa,
HapThl, MyJATUMEAUHHOE U ayAn0000pyIOBaHHE.

Jnsa ceMUHApCKUX 3aHSATHIA UCTIONB3YIOTCS ayTUTOPUN OCHAILICHHBIE OOBIYHOM TOCKOH, MapTaMu, NEPEHOCHBIM
MYJIbTUMEIUHHBIM U ayTH0000pyIOBaHUEM (B Cllydae HEOOXOIMMOCTH).

IToMereHus U1 CaMOCTOSITENIBHOM PabOThl 00YJAIOIIMXCST OCHALICHBI KOMITBIOTEPHON TEXHUKOH € ITOIKITFOUCHUEM K
cerd "MHTEpHET" N 0OECIIeueHNEeM IOCTYIIA B AJICKTPOHHYIO HH(POPMAaHOHHO-00pa30BaTENbHYIO CpPELy YHUBEPCHTETA.

9. METOAUYECKHE YKA3AHUA JJIAA OBYYAIOIINXCA 110 OCBOEHUIO JUCHUITIJIMHBI (MOAY JIS)

[Tpu M3y4eHny JaHHOW MCLUILIMHBI HCTIOIB3YIOTCS CEMHHApCKUE (IIPAaKTUYECKUE) 3aHATHS U CaMOCTOsATENbHas paboTa
crymeHTa. Ha mpakTHuecknx 3aHATHIX M3JIaraeTcsi OCHOBHOE COJIepIKaHIe TeM MIPOTPaMMBI, pAaCCMATPUBAIOTCS OCHOBHEIC
METOJIbI ¥ HOJXOIBI.

s Haubonee 3(h(HeKTUBHOTO U3YYCHUS JUCLMIUIMHBI 00Y4aIOMIeMycsi pEKOMEHIYSTCS:

* [IOCEIIATh 3aHATHUS, KPATKO ¥ BAYMUYHBO KOHCIEKTHPOBATH MaTepHall, C yKa3aHHEM NaThl IPOBEICHHS 3aHATUS U TEMBI;
* CAaMOCTOSTENIFHO ITPOpadaTHIBATh MaTepHa KaK IOCIIe KAXKIOTO 3aHATHS, TaK U 110 3aBEPIICHHIO TEMBI, UYTO ITO3BOJISIET
CBSI3aTh BOGMHO IOJYYEHHBIC CBEICHUS U COCTAaBHTh LIENBHYIO KAPTUHY.

B ciyqae npuMeHeHus Tpr 00ydeHUH AUCIUTUTHHEL SJIEKTPOHHOTO 00Y4YEHUS, TUCTaHIIMOHHBIX 00pa30BaTeNbHBIX
TEXHOJIOTHH O0IIeHHe 00YJarOMUXCSI U IPEHOAaBaTENsI OCYIIECTBISIETCS B PEKUME PEATbHOTO BPEMEHH (OHIANH-JIEeKIUN
(BeOHMHApBI), YaThl, BUACO-KOH(PEPCHIMHU | P.) WIKA OTIOKEHHOTO BpeMeHH ( CHCTeMa TUCTaHIUOHHOTo o0yueHust Moodle,
(hopyMBbl, IEKTPOHHAS TTOYTA U JP. ).

Bosbiryro 9acTs BpeMeHH 00yJalonuecs CaMOCTOSATENbHO Pab0TAIOT ¢ yaeOHO-METOANIECKIMH MaTepraiaMu. CTyIeHTHI
MMEIOT BO3MOKHOCTh KOHCYJIBTHPOBATHCS € MPETOAaBaTENIEM IO BCEM BOIPOCaM, BOSHUKAIOIIUM B XOJE€ CAMOCTOSTEIbHON
paboOTHI TOCPEACTBOM 3JIEKTPOHHOM MOYTHI, COIMATIBHBIX CETEH H T.II.

Hoctyn oOydaromerocst K y2eOHBIM pecypcaM B PeXKUMe OTJIOKEHHOTO BPEMEHH, CAMOCTOSTENbHON pabOTHI
OCYIIECTBIISETCS Yepe3 ceTh MIHTepHeT B yTOOHOM ISt HEr0 MECTe, BpeMEHH U TeMIIE.

[Tpu oOyueHnn U1 ¢ OTPaHUYEHHBIMHA BO3MOXXHOCTSAMU 310POBBS 3JIEKTPOHHOE O0yUeHHE, TUCTAHIIMOHHbIE
00pazoBaTebHBIC TEXHOJIOTHH MPEyCMaTPHBAIOT BOSMOXKHOCTH ITpHeMa-Tiepeiadi HH(POPMAIUU B JOCTYITHBIX JUIS HUX
dbopmax.

Peanm3anust UCHUIUIMHBI ¢ TPUMEHEHUEM 3JIEKTPOHHOTO 00ydeHH s, TUCTaHIHOHHBIX 00pa30BaTebHBIX TEXHOJIOTHH (aee
— 30, I0T) ocymectBnsiercss Ha ocHOBaHUHU «[1oJ103keHUS 0 peann3aury OCHOBHBIX U AONOJHUTENBHBIX 00pa3oBaTeIbHBIX
IporpaMM C IPUMEHEHHEM 3JIEKTPOHHOTO 00yJeHNS U INCTAaHIMOHHBIX 00pa30BaTeIbHBIX TEXHOJIOTHI B (heepaaIbHOM
TOCYIapCTBEHHOM OIOPKETHOM 00pa30BaTEIbHOM YIPEXKICHHUH BRICIIETO 00pa3oBaHus «HemsIOMHCKUH rocynapCTBEHHbIH
yHUBEpCcHUTET», «I1070kKeHus 0 mopsIKe 3aueTa 00yJaromUMHICS IO OCHOBHBIM ITPO(hecCHOHaIbHBIM 00pa3oBaTeIbHBIM
mporpaMMam Boiciiero oopasosanus B ®I'6OY BO «Uenl V» pe3ynbTaToB 0CBOCHHUS B OPTraHNU3aIUAX, OCYIIECTBISIONINX
00pa3zoBaTeNbHYIO AESTENEHOCTD, YIEOHBIX MIPEAMETOB, KYPCOB, AUCIUIUIHH (MOIYyIIeH), IPaKTHK, JOTTOTHATEIBHBIX
00pa3oBaTeNbHBIX IPOTPaMM» IOCPEACTBOM UIEKTPOHHOI HH(POPMaMOHHO-00pa3oBaTensHOM cpensl PI'BOY BO
«Yenl'Y». B HCKITIOYHUTENBHBIX CiTydasx (Gopc-Maxkop U T.I1.) IPU pean3aniy 00pa3oBaTeIbHON ISSITEIHOCTH C
npumerenueM D0, JIOT MoryT NpuMeHSATh KOMIIOHEHTHI, HE BXOJISIIUE B TIEPSUCHD dIICKTPOHHON HH(POPMAIIHOHHO-
00pa3zoBaTeNbHOM CpebL.

10. CHEIIMAJIBHBIE YCJIOBHUSI OCBOEHUSA JTUCIUITIJIMHBI OBYYAIOIIIUMHUCS C
HHBAJIMJHOCTBIO U OTPAHUYEHHBIMHA BO3MOXKHOCTAMM 310POBbSA

OcBoeHHE UCIUIUIMHBI HHBAIMAAMH W JIMIAMH C OTPAaHMYCHHBIMH BO3MOXKHOCTSMH 3/OPOBBSl OCYIIECTBISETCA C
UCIIOJIb30BAaHNEM CIELMAIBHBIX TEXHHYECKHX CpPEJCTB M HMH()OPMALMOHHBIX TEXHOJIOTHH, NpeoCTaBisieMblXx PecypcHbIM
y4e0HO-METOANYECKUM LIEHTPOM MO OOYYEHHIO MHBAJIMIOB U JIMI C OTPaHUYECHHBIMH BO3MOXKHOCTSIMH 310poBbst Yenl'Y 1o
3ampocy oOydaromerocst (MOOWIBHBIC CHEIMAJbHBIE TEXHWYECKHE CpEICTBA IS JIMI C HApYMICHHSAMH 3pEHHS H C
HapyYIIEHUEM CIIyXa, ACCHCTUBHBIC MH()OPMAMOHHBIE TEXHOJIOTUH).

ITpu HeoOxoamMocTH Ul OOYYAIOMIMXCS C HAPYIICHUSIMH 3pEHHsS Ha pabOdMX MecTax JUls IPOBEICHUS IPAKTHYECKHX HWIIH
71a00paTOPHBIX 3aHATHUH YCTaHABIMBAaETCSA CIELMAIBLHOE IPOrpaMMHOE obOecriedeHHe (IporpaMMma pedeBOH HaBHTaIWW,
pedeBbIe CHHTE3aTOPHI, SKPAHHbIE JIYIIH).

B yueOnple ayauTopum obOecrieuynBaeTcsl OECHpEmsATCTBEHHBIM A0oCTyn s OOydalomuxcs C HWHBAJIUIHOCTBIO U C
OTpaHMYCHHBIMH BO3MOXHOCTSIMH 3I0pOBbsl. B Kaknoi aymuropuu, riae oOydaroTcss MHBAJIMABI M JIMLA C OTPAaHUYECHHBIMU
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BO3MOXKHOCTSIMH  3/I0OPOBBSI, IIPEAYCMAaTPUBAETCA COOTBETCTBYIONIEE KOJNMYECTBO MECT I OOYJaIOMUXCI C yIeTOM
HapyLEeHUH UX 340pPOBbsl.

Jls ocBOEHMs MUCHUIIMHBI MHBAIUIAM M JIMLAM C OTPAaHUYEHHBIMH BO3MOKHOCTSIMH 310POBbSl MPENOCTABISAETCA AOCTYN K
MEeYaTHBIM HCTOYHHWKAM, MMEIONIMMCS B HaydHON OmbOimoTeke Yenl'Y, ¢ MOMOIIBIO CHENHUATBHBIX TEXHWYECKHX CPEICTB;
JIOCTYH C MOMOIIBIO CIIEIUANBHBIX TeXHHYECKHNX U IMPOTPAMMHBIX CPEJCTB K 3JIEKTPOHHBIM HCTOYHHKAM, IPEICTABICHHBIM B
(opMe >IeKTPOHHOTO JOKyMeHTa B poHae HaydHoH 6ubmuorekn Yenl'Y uim 31eKTpOHHO-ONOINOTEYHBIX CUCTEMAX.
VY4eOHO-MeTOANYECKHe MaTepHaNbl Ul OOYJaroIMXCsl W3 YHCIa WHBAJIHIOB W JIAI] C OTPAaHHYCHHBIMH BO3MOXHOCTSIMHU
37I0POBBSI IIPEIOCTABIIOTCA B (hOpMax, agalTHPOBAHHBIX K OTPAHMYCHUSM HX 3[0POBBS M OCOOEHHOCTSAM BOCIpPUSATHS
nHpOpMaLIUH.

Jlnst MHBaNMIOB W JIMIl C OTPaHWYCHHBIMH BO3MOXKHOCTSIMH 3/I0POBbS OCBOCHHE AMCLUIUIMHBI MOXET OBITh YAaCTHYHO WU
HOJIHOCTBIO OCYIIECTBIEHO C UCIIOIb30BaHUEM JAUCTAHIIMOHHBIX 00pa30BaTENbHBIX TEXHOIOTHH.

IMpn mpoBemeHMM MPOMEXKYTOYHOH AaTTECTAI[MM IO JUCHHUIUIMHE OOYJAIONMMCS C HHBAJIUAHOCTBIO U C OTPAHWYCHHBIMH
BO3MOXKHOCTSIMH 3JI0POBbsI 00ECIEUMBACTCS 10 MX 3asABJICHHIO IIPEAOCTABICHUE B JIOCTYMHOH (OpMe B 3aBHCHMOCTH OT HX
WHIVBHIYAITbHBIX OCOOCHHOCTSH HMHCTPYKIMH O TMOPSIKE MPOBEIACHUS MIPOMEKYTOYHON aTTECTAIlHH, OIEHOYHBIX CPENCTB U
BO3MOXKHOCTH OTBETOB Ha 3aaHMA (ITHCBMEHHO Ha Oymare, HaOOp OTBETOB HAa KOMIIBIOTEpE, MHCEMEHHO mpudTom bpaiins, ¢
UCIIONIb30BaHUEM YCIYT aCCHCTEHTA, YCTHO).

ITpu mpoBemeHNM NpoLENYpbl OLEHUBAHUS PE3YNbTATOB OOy4EHHS HHBANKMAOB U JHI[ C OTPAaHUYEHHBIMU BO3MOXHOCTSIMU
3I0POBBSI NPEIyCMaTPHBACTCS HCIIONB30BaHWE IpenocTaBieHHBIX Yenl'Y mimm  COOCTBEHHBIX TEXHHYECKHX —CPEJICTB,
HEOOXOAMMBIX MM B CBS3M C WUX HHAWBUIYaIbHBIMH OCOOCHHOCTAMH. IIpm HE0OXOAMMOCTH WHBAIHIAM H JIMIAM C
OTpaHMYEHHBIMU BO3MOXKHOCTSIMU 3JI0POBbSI IIPENOCTABISAETCA JOMONHUTENbHOE BpeMsl I MOJATOTOBKHM OTBETa Ha 3aJaHMUs,
TpoIIeTypa OIICHUBAHUS PE3YJIFTATOB OOYYCHUS MO AUCIUILTHHE MOKET IPOBOUTHCS B HECKOJIBKO HTAIIOB.
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1. GOALS OF MASTERING THE COURSE

The purpose of the course "First-order partial differential Equations" is to study the fundamental methods and concepts underlying the
analysis and solution of first-order partial differential equations, with special attention to their application in modeling various physical
and technical processes.

The goals of the course include:

* Mastering the basic concepts and classification of first-order partial differential equations: Understanding key definitions,
characteristics, and types of equations, including linear, quasi-linear, and nonlinear equations, as well as their geometric interpretation.

+ Study of analytical solution methods: Mastering methods such as the method of characteristics, the method of integrating multipliers,
as well as understanding their limitations and applicability to various classes of problems.

+ Development of skills in constructing and analyzing mathematical models: Formation of the ability to translate physical or technical
problems into the form of partial differential equations of the first order, interpret the solutions obtained and evaluate their adequacy to
the simulated situation.

+ Application of first-order partial differential equations to solving applied problems: The study of specific examples of modeling
processes of transport, wave propagation, gas dynamics and other phenomena that are described by partial differential equations of the
first order.

+ Forming an understanding of the relationship between mathematics and other sciences: Understanding how mathematical tools,
namely, the theory of partial differential equations, make it possible to analyze and predict the behavior of complex systems in physics,
engineering, biology and other fields.

+ Development of independent work skills: Acquisition of the ability to analyze and solve new problems, as well as to study modern
methods for solving partial differential equations of the first order, which contributes to the formation of a mathematical culture.

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.01.01

2.1 Requirements for the student's pre-training:

To successfully master the discipline, knowledge of the disciplines "Mathematical Analysis", "Linear Algebra", "Differential
equations", "Partial differential equations" is required.

Methods for solving 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.

Degenerate Evolution Equations in Banach Spaces

Nonlinear Partial 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 in the field of partial differential equations of the first order.

Be able to:

collect and analyze information on the subject of first-order partial differential equations, including their applied aspects.
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Possess:

skills in applying methods of partial differential equations of the first order to establish and analyze models describing various processes
and phenomena.

As a result of mastering the course, the student must

3.1|Know:

3.1.1|basic theoretical principles and methods in the field of partial differential equations of the first order.

3.2|Be able to:

3.2.1|collect and analyze information on the subject of first-order partial differential equations, including their applied
aspects.

3.3|Possess:

3.3.1]skills in applying methods of partial differential equations of the first order to establish and analyze models describing
various processes and phenomena.

4. SCOPE OF THE COURSE (MODULE)

Total labor intensity 3 Credits

Curriculum hours : 108 Types of control in semesters:
including:

classroom training: 34 Exams 2

independent work: 34,7
hours for monitoring: 36
contact work: 37,3

OCW: 33
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 and basic concepts
1.1 Classification and basic concepts of partial differential equations of the first 2 2 L1.1L12L13L1.4
order /Pr/ L2.1122123
W1 W2 w3
1.2 Linear homogeneous equations of the first order. Method of characteristics / Pr/ 2 2 LI.IL12L13L1.4
L2.1122123
W1 W2 w3
1.3 Linear inhomogeneous equations of the first order. Method of characteristics / 2 2 LI.IL12L13L1.4
Pr/ L2.1122123
W1 W2 w3
Section 2. Quasi-linear equations
2.1 Quasi-linear equations of the first order. Method of characteristics / Pr/ 2 2 LI.IL12L13L1.4
L2.11L22123
W1 W2 w3
2.2 Quasi-linear equations. Resolution regarding derivatives /Pr/ 2 2 L11L12L13L1.4
L2.11L22123
W1 W2 w3
23 Quasi-linear equations. Applications in physics (transfer models) /Pr/ 2 2 L11L12L13L1.4
L2.11L22123
W1 W2 w3

© 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) “First Order Partial Differential Equations” in the scientific specialty 01.04.01

“Mathematics” direction “Fractional Differential Equations” FSBEI HE “CSU”

pp- 5

24

Special solutions and discontinuities in quasi-linear equations /Pr/

L11L12L13L1.4
[2.1122123
W1 W2 W3

Section 3. Special methods and problems

3.1

The method of the integrating multiplier / Pr/

L11L12L13L1.4
[2.1122123
W1 W2 W3

32

Legendre Transformation /Pr/

L11L12L13L1.4
[21122123
W1 W2 W3

33

Hamilton-Jacobi Equations /Pr/

L11L12L13L1.4
[2.1122123
W1 W2 W3

34

Hamilton-Jacobi equations. Method of characteristics / Pr/

L11L12L13L1.4
[2.1122123
W1 W2 W3

35

Tasks with initial conditions. The Cauchy Problem /Pr/

L11L12L13L1.4
[2.1122123
W1 W2 W3

Section 4. Applications and generalizations

4.1

First-order equations in geometry and optics /Pr/

L11L12L13L1.4
[2.1122123
W1 W2 W3

4.2

Partial differential equations of the first order and control /Pr/

L11L12L13L1.4
L2.1122123
W1 W2 W3

43

Analysis and comparison of various solution methods / Pr/

L11L12L13L1.4
[2.1122123
W1 W2 W3

44

Solving problems of increased complexity / Pr/

L11L12L13L1.4
[2.1122123
W1 W2 W3

4.5

Doing homework, preparing for exams. Exam Preparation /IndW/

34,7

L11L12L13L1.4
[2.1122123
W1 W2 W3

Section 5. Other contact work

5.1

Individual consultations, ongoing monitoring /OCW/

33

L11L12L13L1.4
[2.1122123
W1 W2 W3

6. FUND OF ASSESSMENT MEANS

6.1. List of types of assessment tools

1. Report

2. Questions for exam
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6.2. Typical control tasks and other materials for current certification

Topics of the reports:

. Geometric interpretation of solutions of partial differential equations of the first order

. Comparative analysis of the characteristics method and the integrating multiplier method for solving quasi-linear equations
. The relationship between the Hamilton-Jacobi equations and the equations of classical mechanics

. Existence and uniqueness theorems for solutions of partial differential equations of the first order

. Special solutions and their role in the theory of first-order equations

. Application of first-order equations for modeling the processes of matter and energy transfer

. Simulation of wave propagation using first-order partial differential equations

. Application of the method of characteristics in hydrodynamics for solving equations of gas dynamics

. The use of Hamilton-Jacobi equations in optimal control theory

10. First-order equations in geometric optics

11. Application of first-order equations in financial mathematics

12. Traffic modeling using first-order partial differential equations

13. Legendre transformation and its application in the theory of partial differential equations of the first order

14. Numerical methods for solving first-order equations (for example, the finite difference method, the finite element method)
15. Modern research in the field of partial differential equations of the first order

O 0031 W K~ WK

6.3. Typical control questions and assignments for interim certification

Exam Questions:
Section 1: Introduction and Basic Concepts

1. Define partial differential equations of the first order. Give examples of linear, quasi-linear, and nonlinear equations.
2. What is the solution of a partial differential equation of the first order? Give a geometric interpretation of the solution.
3. Formulate a definition of characteristic curves for a linear homogeneous equation of the first order.

4. Describe a method of characteristics for solving linear homogeneous equations of the first order.

5. How is the method of characteristics used to solve linear inhomogeneous equations of the first order?

Section 2: Quasi-linear equations

6. Describe a method of characteristics for solving first-order quasi-linear equations. What is the difference from linear equations?
7. How is a characteristic system constructed for a quasi-linear equation? What are the integrals of a characteristic system?

8. Explain how quasi-linear equations are solved when they are solvable with respect to one of the derivatives.

9. Give examples of physical problems that are described by first-order quasi-linear equations.

10. What are special solutions of quasi-linear equations? What is their geometric interpretation?

11. What are discontinuities in solutions of quasi-linear equations?

Section 3: Special methods and tasks

12. Describe the integrating multiplier method for solving partial differential equations of the first order. When is it applied?
13. Tell us about Legendre transformations and their application to solving first-order NPV.

14. What is the Hamilton-Jacobi equation? How is it related to the equations of classical mechanics?

15. How is the Hamilton-Jacobi equation solved using the method of characteristics? What is a complete integral?

16. Formulate the Cauchy problem for a partial differential equation of the first order.

17. What conditions ensure the existence and uniqueness of a solution to the Cauchy problem?

Section 4: Applications and generalizations

18. Give examples of the application of partial differential equations of the first order in geometry and optics.

19. How can first-order equations be used in control problems?

20. Compare different methods for solving partial differential equations of the first order. What are their advantages and disadvantages?
21. Describe how a mathematical model is constructed to describe a process that can be represented by a first-order partial differential
equation.
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6.4. Evaluation criteria

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

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

points per exam is 6.

The results of the current assessment are taken into account when summarizing the results. The points received for the current
certification are summed up with the points received for each stage during the intermediate certification.:

The grade "unsatisfactory” is given for 13 or less points.;

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

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

An Excellent score is given for 22-26 points (level 3).

Description of indicators and criteria for assessing competencies for the report:

There are 2 reports per semester. The report is given 15-20 minutes at the end of the pair (1 report for each pair). Each student prepares
a report on one of the proposed topics. The maximum number of points for reports is 20.

The score "credited" is given for 12-20 points, "not credited" - less than 12 points.

The completeness of the report is assessed according to the following criteria:

1. Completeness of the presentation of the theoretical material

2. A sufficient number of examples for the theoretical material

3. Examples of definitions and theorems are given.

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

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 |Egorov D. L. Equations of mathematical physics: a textbook Kazan : Kazan ELS
(https://biblioclub.ru/index.php?page=book&id=701255) National Research
Technological
University

(KNRTU), 2021

L1.3 |Baykov V. A., Zhiber |Equations of mathematical physics: textbook and practical course for |Moscow : Urait, ELS
AV. universities 2024
(https://urait.ru/bcode/538417)
L1.4 |Yemelyanov V. M., Equations of mathematical physics. Problem Solving Workshop: a  |Saint 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 [Filippov A. F. Introduction to the theory of differential equations: a textbook for Moscow :
universities KomKniga, 2007
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Authors, compilers Title Publisher, year | Resource
L2.2 |Filippov A. F. Differential equations: methodological guidelines for part-time Moscow : Moscow
students of mathematical faculties of universities State University

Publishing House,
1986

L2.3 |Trenogin V. A, Partial differential equations: a textbook Moscow : ELS

Nedosekina I. S. (https://biblioclub.ru/index.php?page=book&id=275574) Fizmatlit, 2013

7.2. 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)

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.
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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.

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);
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¢) 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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