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1. IEJIX OCBOEHUA N CHUIIJINHBI

Iensro kypca "Metoas! pemrerns nuddepeHnInaaIbHbIX YpaBHEHHH" IBIIeTCS H3y4eHHE OCHOBHBIX METOJIOB, HICH U
MOJXO0J0B K aHAJIN3Y U PEUICHHIO Pa3JINYHBIX THIOB AU((epeHINaTBHBIX YPABHEHUH, KOTOPBIE UTPAIOT KIIIOYEBYIO POJIb B
MOJETMPOBAaHUH HIMPOKOTO CHEKTPA SBIEHUI B €CTECTBEHHBIX U TEXHHUECKUX HayKaX.

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

. Nzydenune knaccudpukanuu auddepeHnnaibHbIX ypaBHeHNH (OOBIKHOBEHHBIC M B YaCTHBIX TPOHM3BOIHBIX,
JMHEHHBIC U HeTMHEHHbIE), OCHOBHBIX MIOHATHH U ONpeeneHui (pelleHne, HHTerpait, 3agada Koy, kpaeBble 3a1aun).

. OcBoeHHE OCHOBHBIX aHATUTHYECKIX METOMOB peleHus nuddepeHnnaabHbIX YPABHEHUH, BKIFOIAas METOJIBI
UHTETPUPOBAHUS, METO XapaKTepUCTHK, MeTo] Ppobenuyca, MeTo npeodpaszosanus Jlannaca u Apyrue KIacCHIECKUe U
COBPEMEHHBIE TOAXOMBI.

. ®dopMupoBaHHe Y CTYACHTOB MOHUMAaHH MECTa W POk Au(pepeHInaNIbHBIX YPaBHCHHH B COBPEMEHHOM
MaTeMaTHKE, a TAKKE UX CBA3HU C APYTUMH Pa3liellaMi MAaTEMATHKU M UX IPUMEHEHUSIMH B Pa3JIMIHBIX 00aCTAX HAYKH U
TEXHHKH.

. JleMoHCTpanus Toro, Kak muddepeHnansable ypaBHEHHS UCTIONB3YIOTCA TSI MOIEIHPOBAHNS U aHAIN3a
Pa3IUYHBIX SBICHUH U IPOIECCOB (MEXaHHKa, (PU3MKa, OMOJIOTHS, SKOHOMUKA H JP.).

. Pa3BuTne ymMeHHs CTPOWTH MaTEMAaTHYECKHE MOJEIH, OCHOBAaHHBIC Ha AU((epeHIMANEHBIX ypaBHEHHUAX, a TaKxKe
aHAIM3UPOBATh UX CBOUCTBA U OCOOEHHOCTH.

. CTuMynupoBaHUE CHOCOOHOCTH OPHEHTHUPOBATHCS B COBPEMEHHBIX METOJaX pelieHus AnuddepeHnnaIbHbIX
YPaBHEHUH, a TAaK)Ke Pa3BUTHE HABBIKOB IPUMEHEHHUS ITUX METOJOB [UIS PEICHHS IPAKTHYECKUX MaTEeMaTHYECKHX 3a/1a4 1
HCITOJTb30BAHMS YUCIICHHBIX METOIOB.

® COﬂeﬁCTBHe Pa3BUTHUIO MaTEeMaTH4YECKOU KYJIbTYPBHI, MO3BOJIAIOIICH 6y,£[yH.II/IM crieuaIucraM CaMOCTOATCIIBHO
OCBaMBaTh HOBBIC MAaTCEMATHYCCKHUEC MCTOAbI U 3(1)(1)CKTI/IBHO MNPUMCHATD UX OJId pCUHICHUA CJIIOKHBIX U aKTYaJIbHBIX 3a/1a4 B
Pa3IMIHBIX IPEAMETHBIX o0macTsx.

Pe3yJ'ILTaTLI O6y‘IeHI/I$I O AUCHUINUIMHEC HAITPaBJICHBI HA JOCTHXXCHUC NHANKATOPOB!:

ITK-1.1 JleMOHCTpUPYET 3HAHUE OCHOBHBIX TEOPETHUECKHX MMOJIOKEHUIH U METOJIOB B 00JIACTH MPOBOIUMBIX HAYIHBIX
HCCIEN0BaHMI

I1K-1.2. lemoHCTpHpYeT yMeHHUS cOopa U aHaIn3a HHPOPMAIUHN 110 TEeMaTHKE IIPOBOIMMBIX HCCIEAOBAHUI

ITK-1.3. lmMeeT npakTUYECKHil OIBIT YCTAHOBIICHUS HOBBIX (PaKTOB M 3aKOHOMEPHOCTEH B 00JIaCTH HAayJHBIX HCCICJOBAHUN

2. MECTO JUCIIUIIJIMHBI B CTPYKTYPE OIIOII

Huka (paznen) OIOIT: b1.B.02

2.1 TpeOoBaHus K NPEABAPUTEIbLHOI IIOAT0TOBKE 00y4al01erocs:

JI71sl yCTIeNTHOTO OCBOSHUST TUCIUILIMHBI HEOOX0AMMBI 3HAHUS JUCIUILTHH «MaTeMaTHIeCKUi aHan3y, «JInHerHas
anredpay, «Auddepeniuanpabie ypaBHEHU.

2.2 JIncuMnJIMHbI M TPAKTHKH, VIS KOTOPbIX OCBOEHHE JAHHON AUCUMIIJIMHBI (MOAY./151) He00X0AUMO KaK
npeauIecTByIOLIEee:

3HaHudg 10 ,HaHHOﬁ JUCHUIUINHE MOTYT OBITh OJIE3HEI JJIsL Hay‘-lHO-PICCHe,HOBaTeJIBCKOfI pa60TI)I CTYACHTOB.

Jpo6HOe nHTErpo-auddepeHIraIbHOe HCUNCITICHIE

UucneHHble METOBI pelieHus APOOHBIX AuddepeHInanbHbIX ypaBHEHUN

O06001mIeHHBIe CHMMETpHHN TU((epeHIHaTBHBIX YPaBHEHUH

Henuneiineie YpaBHCHHS B YaCTHBIX ITPOU3BOAHBIX

3. KOMIIETEHIIMY OBYYAIOILETOCSl, ®OPMHUPYEMBIE B PE3YJIETATE OCBOEHUSI TUCIMTLINHBI
(MOZY.JIA)

IIK-1: CnocodeH NpoBOANTH HAYYHO-UCC/IEA0BATEIbCKYIO padoTy B 00/1acTu AU depeHuHaTBLHBIX YPaBHeHUIt

3HaTh:

OCHOBHBIE TEOPETUYECKHE MO0KEHH, KIACCU(PUKAIINK 1 METOBI pelieHus AU hepeHINaNbHbIX YpaBHEHUH
(OOBIKHOBEHHBIX M B YAaCTHBIX MPOU3BOJHBIX, TMHENHBIX U HETMHEHHBIX ), BK/IIOYas KaK aHAJIMTUYECKUE, TAK U YHCICHHbIE
MOJIXO/bI, B KOHTEKCTE IPOBOIUMBIX HaydHbIX UccieqoBaHull. [IoHMMaTh B3aUMOCBA3b PA3JIMYHBIX TUIIOB
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T depeHITNaTBHBIX ypaBHEHIH U UX MPHIIOKEHHH B Pa3IHIHBIX 001aCTIX HAyKH M TeXHUKH. OCO3HABAaTh COBPEMEHHOE
COCTOSIHME UCCIE0BAHUI U TeHJEHIUU Pa3BUTHUS METOJOB pemeHus JuddepeHIaabHbIX ypaBHEHHH.

YMmers:

9(heKTUBHO cOOUPATh, CUCTEMATH3UPOBAThH M aHAIM3UPOBATh HH(POPMALIMIO U3 HAYUHBIX MTyOJIUKAIMKA, MOHOTpaduii, craTei
U IPYr'uX UCTOYHUKOB 110 TEMATHKE METO/I0B pereHust auddepeHnnanbHbeIX ypaBHeHHH. CIocoOeH KPUTHIECKN OLICHUBATh
MOJTy4IEeHHYI0 HH()OPMAaIHIO, BEISIBISTE OCHOBHBIE 3aKOHOMEPHOCTH W TIEPCIEKTHBEI IS TATbHEHIINX HCCIeI0BaHMH, a
TaKKe IPOBOJUTH CPAaBHEHHE PA3INYHBIX METOJIOB, IOJXO0I0B U PE3y/bTaTOB. BiafeeT coBpeMEHHBIMI METOJaMHU TTOHCKA U
00paboTKH Hay9YHOH MH(POPMALUH, U YMEET IPUMEHSTh COBPEMEHHbBIE HHCTPYMEHTBHI

Baanernb:

HaBBIKAMHU MPOBEJICHUS] CAMOCTOSITENIbHBIX HAyUHBIX HCCIEJOBAaHUI B 00JIaCTH METO/OB pelleHHs Au(epeHInanTbHbIX
YpaBHEHUH, BKJIFOYas TOCTAHOBKY HCCIIEJOBATEIBCKHX 3a1a4, pa3paboTKy METOIOB PEIICHHs, TPOBECHIE BEIYUCIHTEIBHBIX
HKCTICPUMEHTOB U MHTEPIIPETALUIO IIOJTyICHHBIX PE3yIbTaTOB. FIMeeT MpakTHUECKUil ONBIT YCTAHOBIICHHUS HOBBIX (DaKTOB H
3aKOHOMEPHOCTEH B 3TOM 00JaCTH, U TOTOBHOCTH MPECTABIIATH PE3yNbTaThl CBOCH MCCIEJ0BATENLCKOM PabOTHI B BUIE
Hay4HBIX ITyOJIMKALMH 1 IOKJIaZ0B. YMeeT BbIOMpaTh Hanboee MOAXOASIINNA METo | pereHust AuddepeHnaabHOro
ypaBHEHU ISl KOHKPETHOM 3a/1a4M, M MOKET 000CHOBAThH CBOH BEIOOp. O0IanaeT HaBBIKaMH PaOOTHI C COBPEMEHHBIMH
MaTEMAaTUYECKMMHU IIPOTPaMMHBIMU NIAKETAMHU, a TAKXKE C UHCTPYMEHTAMU YUCIIEHHOTO MOJAEIUPOBaHUS.

B pe3yabTaTe 0CBOEHHS JUCHMILINHBI 00yYaIOLIUICSI 10JKEeH

3.1 |3narn:

3.1.1 | ocHOBHBIE TEOPETUUECKHE MOT0KEHHS, KJIACCU(PUKALUK 1 METOABI pelieHnst U GepeHIHaNbHbIX ypaBHCHUH
(0OBIKHOBEHHBIX M B YACTHBIX MPOU3BOIHBIX, JIMHEHHBIX M HEITMHEHHBIX ), BKITIOYas KaK aHAJTUTHYECKUE, TaK 1
YHCIICHHBIC ITOJIXO0/II, B KOHTEKCTE IPOBOAMNMBIX HAyJHBIX HcciaeqoBaHuH. [IOHMMAaTh B3aUMOCBS3b PAa3IHIHBIX
TUNOB JU(depeHInanbHBIX YPAaBHEHHI U NX NPUIIOKEHHH B Pa3IMYHBIX 00IACTAX HAYKH M TEXHHUKH.
Oco3HaBaTh COBPEMEHHOE COCTOSTHUE UCCIIEIOBAHMN M TEHICHIIUH Pa3BUTHS METOOB PEIICHUS

QG depeHIInaTbHBIX ypaBHEHHH.

3.2 | YMmeTh:

3.2.1 | >ddexTnBHO COOMpATh, CHCTEMAaTH3NPOBAThH U AHATM3UPOBATH HH(POPMAINIO U3 HAYIHBIX ITyOIHKAIIUH,
MOHOTpaduii, CTaTel ¥ APYTUX UCTOYHUKOB MO TEMATHKE METOJIOB pemeHns MupdepeHITNaIbHBIX ypaBHEHHIH.
Crnoco6eH KpUTHYECKH OLCHUBATh TOJTyYeHHYIO HH(OPMAIIHIO, BBISBIATH OCHOBHBIC 3aKOHOMEPHOCTH U
HEPCIEKTUBBI IS AaNbHEHIINX HCCIEA0BaHUM, a TAKXKe IPOBOAUTH CPABHEHUE PA3JIMUHBIX METO/IOB,
ITOJTXOJIOB M PE3yNbTAaTOB. BiiageeT COBpeMEHHBIMH METOIaMH TIOMCKA M 00pa0OTKH HaydHOH MH(OPMAIIIH, 1
yMeeT IPUMEHSTh COBPEMEHHbBIE HHCTPYMEHTHI

3.3 | Baagern:

3.3.1 | mpoBemeHHsT CaMOCTOSTENBHBIX HAYIHBIX UCCIICIOBAHUH B 00JIaCTH METOJIOB pemeHus udhepeHIanbHBIX
ypaBHEHUH, BKIIFOYast HOCTAaHOBKY HCCIEIOBATENbCKHX 3aa4, Pa3pabOTKy METOIOB PEIICHHUS, IPOBEACHHE
BBIYMCIIUTENBHBIX 9KCIEPUMEHTOB M HHTEPIPETALHUIO IOTYYCHHBIX PE3yJIbTaTOB. FIMeeT IpakTHYECKHI OIBIT
YCTAHOBJICHHS HOBBIX (haKTOB U 3aKOHOMEPHOCTEH B 3TOH 00JIaCTH, M TOTOBHOCTH IIPE/ICTABIIATE PE3YIbTATHI
CBOEH MCCIIeIOBAaTEIHCKOW PAOOTHI B BHJIE HAYIHBIX ITyONMKAIHif M TOKJIQOB. Y MeeT BEIOMpaTh Hanboree
MOAXOASIIMK METOJ| peteHust AnddepeHnanbHOr0 ypaBHEHHUs 111 KOHKPETHOH 3a/1auk, 1 MOKeT 000CHOBATh
cBoii BbIOOp. O01a1aeT HaBbIKaMU PabOTHI C COBPEMEHHBIMH MAaTEMaTHYECKUMH IPOTPaMMHBIMH MTAaKETaMH, a
Takke ¢ HHCTPYMEHTAMH YHCIEHHOTO MOJICITUPOBAHIISL.

4. OFLEM JUCLMILIMHBI (MOLYJI5T)

OOwas TpyaoeMKoCcTb 53ET
YacoB 1o yueOHOMY IUIaHY : 180 Bunbl KOHTpoONIsL B ceMecTpax:
B TOM YHCIIC :
ayJUTOPHBIC 3AHATHSI : 86 9K3aMeHBbI 2
camocTosTeNnpHas pabora : 45,5 3a4yeThl 2
4acoB Ha KOHTPOJIb : 45
KOHTaKTHas padora: 89,5
HKP: 3,5

5. CTPYKTYPA U COAEPKAHUE JUCIUITIJINHBI (MOJY JIA)

Kon HaunmeHnoBaHue pa3iesioB U TeM /BU/I 3aHATHS/ Cemecr | Hacos Jlutepartypa
3aHATH p / Kypc
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Paznen 1. OcHOBBI APOOHOI0 HCYHCICHHSA

1.1 2 6 JI1.1J11.2

IMpumep npumeHeHust APoOHOTO HcuKcIeHus /Jlex/ JI1.3J12.1 J12.2
J12.3

012233

1.2 Wnrerpan u nponsBoxHas Pumana - Jlnysmms /JIex/ 2 12 JI1.1J11.2
JI1.3J12.1 J12.2
J12.3
512233

1.3 CBs13p MeXIy HHTETpanaMn Pumana—JInyBumisa u nponsBogHeMH /JIex/ 2 2 JI1.1 J11.2
JI1.3J12.1 JI2.2
J12.3
013233

1.4 Omnepatops! ['pronBanbaa—JleTankosa /JIex/ 2 2 JIT.1J11.2
JI1.3J12.1 J12.2
2.3
313233

1.5 Penrenvie ypaBHeHU# ¢ npou3BoagHbIME Pumana - JluyBuss /TIp/ 2 6 JIT.1J11.2
JI1.3J12.1 J12.2
2.3
313233

1.6 IMonxox Kamyro. Onpenenenue 1 0CHOBHBIE cBo¥icTBa /I1p/ 2 4 JIT.1J11.2
JI1.3J12.1 J12.2
2.3
313233

1.7 Hexnaccuueckue npencrapnenus onepatopa Kamyro /JIex/ 2 4 JIT.1J11.2
JI1.3J12.1 J12.2
J2.3
313233

1.8 IMoxxoxa Kamyro. [Tpumeps! /T1p/ 2 8 JI1.1 J11.2
JI1.3J12.1 J12.2
2.3
5109233

1.9 IMoaxon Kamyro. Onpeznenenre u 0CHOBHBIE cBoiicTBa /JIek/ 2 2 JI1.1 JI1.2
JI1.3J12.1 J12.2
J2.3
D192 33

1.10 | ®ynkuun Murrar-Jlepdnepa /Jlex/ 2 2 JI1.1J11.2
J1.3J12.1 J12.2
J2.3
013233

1.11 | ®ynkuun Murrar-Jledgdnepa /Ilp/ 2 4 JIL.1J11.2
JI1.3J12.1 J12.2
J12.3
012233

Paznen 2. Teopusi andpdepeHUHATBHBIX YPABHEHHUI ¢ IPOOHBIMU
NPOU3BOAHBIMH

2.1 PesynbTaThl CyllieCTBOBaHUS U YHUKAIBHOCTH 2 8 JIT.1J11.2

st npooHo-mrddepeHmanbHpIX ypaBHeHnH PuMana—JTnyBrms /Jlex/ JI1.3J12.1 J12.2
2.3

313233

2.2 PesynbTaThl CyllieCTBOBaHUS U YHHUKAIBHOCTH 2 6 JIT.1J11.2
Jutst npooHo-IrddepeHmanbHpIX ypaBHeHNH PruMana—JTuyBrms. JI1.3J12.1 J12.2
Mpumepsr /TIp/ 2.3
313233
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23 OpnHounenHsle ApoOHbIe AuddepeHnnansHele ypaBHeHus Kamyro: 2 14 JI1.1 J11.2

OcHoBHas Teopust U pyHIaMEHTalbHbIE pe3yabTaThl /JIek/ JI1.3J12.1 J12.2
J12.3

012233

2.4 CymectBoBanue pemenuit /IIp/ 2 4 JIT.1J11.2
JI1.3J12.1 J12.2
J12.3
313233

2.5 YaukansHOCTh pemennt /T1p/ 2 2 JIT.1J11.2
JI1.3J12.1 J12.2
J12.3
313233

2.6 Brmmonaenne moMamHuX padoT, MOATOTOBKA K KOHTPOJIBHBIM paboTaMm. 2 45,5 JI1.1J11.2

[MonroToBka k 3avery u 3x3ameny. /Cp/ JI1.3J12.1 J12.2
J12.3

512233

Pasnen 3. Unas koHTaKTHasi padora

3.1 WuauBuaya bHbIC KOHCYTBTAIINH, TEKYIHHA KOHTPoJb /MKP/ 2 3,5 JIT.1J11.2
JI1.3J12.1 J12.2
2.3

6. POH/1 OIEHOYHBIX CPEJICTB

6.1. IlepeuyeHb BU/I0B OLIEHOYHBIX CPEACTB

1. Jokman
2. Bonpocsl k 3a4eTy
3. Bompocs! K 3K3aMeHy

6.2. TunoBkie KOHTPOJIbHBIE 3a/IaHUA U UHbIC MaTepUaJIbI 1] Telcymeﬁ aTTeCTallun

Jloknaner:

. MoTHBHpOBKa UCITIONIB30BaHMs IPOOHBIX TPOU3BOTHBIX

. [Ipumepsr iproxeHut it audhepeHInaTbHBIX YPaBHEHUH ¢ IPOOHBIMH TIPOM3BOTHBIMHI
. Unterpan Pumana - JInyBuis

. [IpousBonnas Pumana - JInysuns

. CBs13p IpOM3BOIHOM 1 UHTerpasia Pumana - JInyBusis

. Uto Takoe apoOHas Mpou3BOAHAS?

. OCHOBHBIE BH]IBI APOOHBIX TPOU3BOTHBIX

. ®yuknusa Murtar - Jlepdepa

. Oynkuus Paiita

10. Haxoxnaenue pemenus quddepeHIaabHeIX ypaBHEHHN ¢ APOOHOM IPON3BOTHOI
11. dpoOnas npousBoaHas Pumana - JInyBuiist

12. 3apauu ¢ rpaHUYHBIMU U HAYAJIbHBIMU YCIOBUSMU

13. Tlpsimble 3anaun

14. O6paTHble 3agaun

O 001N Nk~ W —

6.3. TunoBbie KOHTPOJIbHBbIEC BOIIPOCHI M 3a1aHUA 1/ l'lpOMe)KyTO‘lHOﬁ aTrrecTalumn

Bompocs! mist 3auera:

1. Iuddepentmpyemas GyHKIUA

2. dyHnaMeHTanbHas TeoOpeMa KJIaCcCHYeCKOTO NCUHCIICHUS

3. Unterpan Pumana

4. beckoneuno nuddepeHunpyemast QyHKIHs

5. Tamma-¢pyHKIMs Diinepa

6. I[IpoctpanctBo Jlunmuma

7. IIpocrpanctBo 'enpaepa

8. IIpocTpaHcTBO HenpephIBHO AU PepeHInpyeMbIX QYHKIUIT
9. dyrmaMeHTaNbHast TeOpeMa pocTpaHcTBa Jlebera

10. UnTerpan Pumana - JInyBuis

11. IIpousBoanas Pumana - JInyBuis

12. Teopema o mepecTaHOBKE MECTaMH APOOHOTO MHTETpalia U Ipeeia
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13. Ompenenenue qpoOHOM pou3BoHON Pumana - JImyBuImst
14. ®opmyna JleitGHuna s 1poOHOI TPON3BOAHOM

15. ®opmyna JlelibHua 1uist oneparopoB Pumana—JInyBums
16. ®ynkus Mutrar-Jledgdepa

Bomnpocs! qiis sx3amena:

. OCHOBHBIE OTIpEIICTICHHS ¥ TEOPEMbI KIIACCHIECKOTO HCUUCICHHS

. [Tpumeps! npunoxeHu 1 aAud depeHnnaNTbHbIX YPaBHEHNH ¢ TPOOHBIMH ITPON3BOJHBIMI
. Uurerpan Pumana - JInyBuins

. IIpon3Boanas Pumana - JInyBusist

. Cs13b Ipou3BoiHOM U uHTerpana Pumana - Jlnysums

. Uto Takoe ApoOHast MPOU3BOAHAS?

. OcHOBHBIE BUJIBI APOOHBIX TPOU3BOTHBIX

. @ynxmwms Murtrar - Jleddiepa

. Oynkuus Paiira

10. Haxoxnenue pemenus auddepeHnnaibHbIX YpaBHEHUH ¢ ApOOHOI MPOU3BOAHOIM
11. JIpoGHuas npousBoaHas Pumana - JInyBumis

12. 3agauu ¢ rpaHUYHBIMU U HAYAIBHBIMHU YCIOBUSIMH

13. Tlpsimble 3a1aun

14. O6paTHble 330291

O 001N Nk~ W —

6.4. Kputepuu onieHuBaHUA

Kpurtepuii BBICTaBICHHUS 3a4eTa:

[IponomkuTenbHOCTH 3aueTa — 90 MUHYT. 3a Ka)KI0¢€ BBINIOJTHEHHOE 3aIJaHie OUJIeTa CTYICHT MOXKET MOJIYJUTh OT 1 110 3
6amtoB. Ecin 3a1anue BHITIOJIHEHO TIPaBUIILHO, TO OHO OIleHnBaeTcs 3 Oaymmamu. Eciu 3ajaHue BBITTOTHEHO ¢ ONIHOKaMH, TO
0aJTBl CHIDKAFOTCS B 3aBUCHMOCTH OT KOJIMYECTBA OMYIICHHBIX OMMO0K. Eciu gomyiieHa ojHa ournoka, To 31aHue
OIlleHUBaeTCs 2 OaiaMu, JONYIIeHbI [Be omnOKK — 1 6ayn. Ecimu qomyiieHo 6oee MByX OMHKOOK B 3aJaHUH WIN CTYACHT HE
BBITTOJTHWII KaKoe-Tr0o 3a1anue u3 OmieTa, To 3a Hero oH mnoiydaet 0 6amioB. MakcHMaIbHOE KOJIMIECTBO OAJUIOB 3a 3a4eT
—6.

ITpu moBeICHUH UTOTOB YYUTHIBAIOTCS PE3YNIBTATHI TEKYILEH aTTecTanun. [1oTydeHHBIE 32 TEKYIIYIO aTTECTALUIO OAILTBI
CYMMUPYIOTCS C OaJIITaMU, ITOJTYICHHBIMHE 33 KaXIbIH 3TaIl TIPH MIPOXO0XKICHUN TIPOMEKYTOUYHON aTTECTAIIH:

Orenka "He 3auTeHO" BBICTaBNIACTCS 32 21 M MeHee 0alIoB,;

OreHka "3auTeH0" BRICTABIAETCA 3a 22 U 00Jiee 0asIoB:

22-26 6amnoB (ypoBeHb 1);

27-30 6ayutoB (YpoBeHb 2);

31-36 6amnoB (ypoBeHb 3).

Ha sx3ameHe BbIIaeTCs 2 BOPOCa M3 CITUCKA BOIPOCOB 110 TeMaM MPAKTHYCCKUX 3aHATHH.

IMpomomxuTensHOCTE 3k3aMeHa — 90 MUHYT. 3a KaXx/0€ BEIITOTHEHHOE 3aJaHNe OMmIeTa CTYIeHT MOJKET ITOJTyduTh oT 1 110 3
6amnoB. Ecnu 3a1anue BBINOJIHEHO IPAaBUIIBHO, TO OHO OlleHnBaercs 3 Oamnamu. Ecny 3agaHue BHIOTHEHO ¢ OUIMOKaMH, TO
0aJUTbl CHIDKAIOTCS B 3aBHCUMOCTH OT KOJIMYECTBA JOMYIIEHHBIX omHO0K. Eciu momyiieHa oHa omuoka, To 37anue
olleHUBaeTcs 2 Oaamu, JONyIIeHbI [Be omnoOku — 1 6aymn. Ecnmu momymieHo 6osee MByX omMOOK B 3aJAHUH WM CTYACHT HE
BBITOJIHWI KaKoe-Tr00 3aJaHue u3 OuiieTa, To 3a Hero oH noiydaet 0 6amioB. MakcuManbHOE KOJIMIECTBO OAJIIOB 3a
3K3aMeH — 6.

[Tpu noBeIeHNN UTOTOB YIUTHIBAIOTCS PE3YNIbTAThl TEKYIIEH arTecTanun. [[oydeHHbIe 32 TEKYIIYIO aTTECTAINIO OBl
CYMMHUPYIOTCS ¢ OaJIaMu, TIOTY4EHHBIMH 33 KX 3TaIl [IPU MPOXO0KACHUH TPOMEKYTOYHON aTTECTALIUH:

Orenka "He ymoBrneTBopuTebHO" BBICTaBIIsIeTCs 32 13 U MeHee 6allioB;

Ormenka "Y oBieTBOpUTENEHO" BEICTaBIAeTCA 32 14-17 GayutoB (ypoBeHs 1);

Omenka "Xopomo" BeicTaBmsteTcs 3a 18-21 6anoB (ypoBeHs 2);

Onenka "O1anyHo" BeicTaBuseTcs 3a 22-26 6annoB (YpoBeHb 3).

OrnucaHue rnokasaresae U KpUTEPUEB OLIEHUBAHUS KOMIIETEHIIUH JIJIs TOKJIa1a:

B cemectpe 2 noxnana. Ha noknaa orBoautcs 15-20 MUHYT B KOHLIE mapbl (Kaxayio napy 1 gokmnan). Kaxnaelid cryaeHT
TOTOBHUT IOKJIAJ] ITO OJHOM M3 MPEIJIOKEHHBIX TeM. MakcrMaabHOE KOJTMYECTBO OAJLIOB 3a TOKIazb! - 20.

Ouenka "3auteHo" BeicTaBisieTcs 3a 12-20 6amios, "He 3auTeHo" - meHee 12 0aIos.

ITonHoTa MOKIaga OLECHUBAETCA 110 CJICLYIOLIMM KPUTEPUIM:
1. IonHoTa M3M0KEHNST TEOPETUYECKOTO MaTeprasa
2. JlocTaToyHOE KOJIIMYECTBO IPUMEPOB K TEOPETUUECKOMY MaTepHaLy
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3. IIpuBeneHsl mpUMeEpHl K ONpPENEIEHUSIM U TEOpEMaM
4. [IpuBeneHBI KOHTPIPUMEPBI, IEMOHCTPUPYIOIIUE MPU KAKUX YCIOBHSIX HE MPHMEHHUMBI TEOPEMBI.
7. YAEBHO-METOAUYECKOE I THO®OPMALIMOHHOE OBECIIEYEHUE JUCIIUIIJIMHBI (MO Y JISI)
7.1. Pexomenayemasi JuTepaTypa
7.1.1. OcHoBHas1 IMTepaTypa
ABTODBI, 3arnaBue W3naTenbCcTBO, Pecypc
JI1.1 | Beperennukos B. Juddepenimansaoe ncuancienne GyHKIIMH HECKOTBKUX Mocksa : Jlupekt OBC
H., PxoHcHumnkas MepEeMEHHBIX: yueOHOe mocodue -Menana, 2023
10. b. (https://biblioclub.ru/index.php?page=book&id=698040)
JI1.2 | BopoObeBa 1. A. JuddepeHnnaibHoe UCUUCICHUE: YIeOHO-METOIUIECKOS Jlunenx : 9BbC
nocobue JIumenkwnit
(https://biblioclub.ru/index.php?page=book&id=700386) rOCYIapCTBEHHBI
i
TeJaroru4ecKui
YHHBEPCHTET FM.
ILII. CemenoBa-
Tsan-11lanckoro,
2022
JI1.3 | Kupminos KA., OyHKIIMOHATBHBIN aHAIN3: yaeOHOe TTocooue KpacHospek : 3bC
Kupuiosa C.B., (https://znanium.com/catalog/document?id=432928) Cubupckuii
KsiTmMaHOB A.A. (benepaabHbIH
YHHUBEPCHTET,
2022
7.1.2. lonoJHuTEeAbHAS TUTEPATypa
ABTODEHI, 3arnmaBue WznarensctBo, | Pecypc
JI2.1 | HaxymeB A. M. JpoOHoe ncuucnenre u ero npuMeHeHne Mockaa :
®uzmaraut, 2003
JI2.2 | JIutrBun J.b. JuddepennumansHoe ucurciaeHue QyHKIHA: yaeOHoe mocoone CraBponods : 9BC
(https://znanium.com/catalog/document?id=314660) WznarenbcTBO
"Cepsucikona",
2017
JI2.3 | I'naseipuna I1. 1O., DYHKIIMOHATBHBIN aHAIN3: THIIOBBIC 3a/1a4K: y1eOHOe mocodre ExkarepunOypr : 9bC
Jeiikamosa M. B., (https://biblioclub.ru/index.php?page=book&id=689057) HznarenbcTBO
Kopkuna JI. @. VYpanbckoro
YHHUBEPCHTETA,
2016
7.2. Ilepeuensb pecypcoB HHGOPMAIHOHHO-TE1eKOMMYHUKAIIMOHHOI ceTu "UHTepHeT"
31 |eLIBRARY.RU [OnexTpoHHSIH pecypce] : anekTpoHHas obudmunoTteka / Hayd. anekrpos. 6-ka — URL:
http://elibrary.ru/defaultx.asp
32 |Poccuiickuii ponn pynnamenransubix uccnenopanuii (PODU) - opurmanssrii caift http://www.rfbr.ru/rffi /ru
93 | Hayunas snexTponHas Oubmuorexa. MoHorpaduu, n3jaHHbIe B H3aTeNbCTBE Poccuiickoit AkajgeMuu
EcrecTBO3HaHMS MOTHOTEKCTOBBIN pecypc HaydHbIX U yueOHbIX nznanuii PAE https://www.monographies.ru/
7.3 llepevyens UHGOPMALMOHHBIX TEXHOJIOT U
7.3.1 IIporpamMmHoOe obecrieyeHue
LMS Moodle
Adobe Reader

7.3.2 IIpodeccuonanbHbie 6a3bl JAHHBIX U HHPOPMALUOHHO-CIIPABOYHbIC CHCTEMBbI

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

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

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JTUCHUIIJINHbBI (MOAY JIST)
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JLis peanm3ariiy AUCIUTUINHBI HCIIOIB3YIOTCS yaeOHBIe ayTUTOPHH IS POBEACHHS 3aHATHH CEMHHAPCKOTO THUIIA,
TPYIIOBBIX U UHIUBUIYaJIbHBIX KOHCYAbTALUNI, TEKYLETO KOHTPOJIS U IIPOMEKYTOUHOM aTTECTalliH, @ TAKKE IOMEIICHUS
JUISL CAMOCTOSITENIbHON pabOTHI.

Y4eOHbIE ayTUTOPUH YKOMILIEKTOBAHBI CTICLIUAIN3UPOBAHHOI MeOEIbI0 U TEXHUUECKUMH CPEICTBAMU OOYIEHHS: JOCKa,
HapThl, MyIbTUMEAUIHHOE U ayAn0000pyI0BaHHE.

JLis ceMUHApPCKUX 3aHATHI UCTIONB3YIOTCS ayAUTOPUHU OCHAILCHHBIC OOBIYHOM JOCKOIL, TapTaMHu, IIePEHOCHBIM
MYJIBTUMEIUHHBIM U ayTH0000pyI0BaHUEM (B CITydae HCOOXOAUMOCTH).

IToMereHus U1 CaMOCTOSITENEHOM PabOTh 00YJAIOIIMXCST OCHANICHBI KOMITBIOTEPHON TEXHHKOH € ITOIKITFOUYCHAEM K
cetn "MHTEpHET" U 00ECTICYCHNEM JIOCTYIA B 3JICKTPOHHYIO HHPOPMAITMOHHO-00pa30BaTENLHYIO CPEly YHUBEPCHTETA.

9. METOIUYECKHE YKA3AHUA JJIAA OBYYAIOIIUXCA 110 OCBOEHUIO JUCHUITIJIMHBI (MOAY JIS)

ITpu n3ydeHnn TaHHOW TUCIUILIMHBI HCIOJIB3YIOTCS JIEKIHH, CeMUHAPCKUE (IIPAKTUYECKHE) 3aHATHS U CaMOCTOSsTEIbHAS
paboTa crynenTa. Ha mpakTHYECKHUX 3aHATHSAX U3JIaraeTcsi OCHOBHOE COZIepKaHue TEM MPOTpaMMbl, pacCMaTPUBAIOTCS
OCHOBHBIE METOBI M TTOJIXOMBI.

Jis Haubonee 3 (HEeKTUBHOTO U3YYCHUSI JUCIIMILUIMHBI 00yJaroneMycsi peKOMEH/IYeTCsL:

* [TOCENIATh 3aHATHS, KPATKO M BAYMYHBO KOHCIIEKTUPOBATH MaTEpHal, C yKa3aHHEM JaThl IPOBEIICHUS 3aHATHS U TEMBI;
* CAMOCTOATENILHO MPOPadaThIBATh MaTepHall KakK MOCIe KaKI0TO 3aHATHS, TaK U MO 3aBEPIICHUIO TEMBI, YTO TIO3BOJISET
CBsI3aTh BOCIUHO MOJYYCHHBIC CBEACHHS M COCTABUTD LICIBHYIO KAPTHHY.

B cnysae npuMeHeHus Tpu 00ydeHUH AUCIUTUTMHEL SJIEKTPOHHOTO 00Y4YEHNS, TUCTaHIIMOHHBIX 00pa30BaTENbHBIX
TEXHOJIOTHH O0IIeHHe 00YJarOMUXCSI U MIPEHOAaBaTeNs OCYIIECTBISIETCS B PEKUME PEaIbHOTO BpeMeHH (OHNAHH-IeKIUN
(BeOMHApBI), YaThl, BUICO-KOH(EPEHIIUH U JIp.) WIH OTJIOKEHHOTO BpEeMEeHH ( CHCTEMa JIMCTaHIMOHHOTO 00ydeHus Moodle,
(hOpYMBI, 3IEKTPOHHAS IOYTA H JIp.).

Bosbiryro uacTs BpeMeHH 00ydalouecs CaMOCTOSTENBHO Pab0TAIOT ¢ yaeOHO-METOANIECKIMH MaTepruanaMu. CTyIeHTHI
UMEIOT BO3MOXKHOCTh KOHCYIIbTHPOBATHCS € NIPENoAaBaTeNIeM 110 BCEM BOIIPOCaM, BOSHUKAOIUM B X0J€ CAMOCTOSATEIbHON
PabOThI HOCPEACTBOM 3JIEKTPOHHOH MOYTHI, COIMAIBHBIX CETEH H T.IN.

Joctyn o0yqaromerocst K yaeOHbIM PecypcaM B PEKHME OTI0KEHHOTO BPEMEHH, CAMOCTOSTEIILHONH paboThI
OCYIIECTBIISICTCS Yepe3 ceTb IHTepHeT B yTOOHOM JJIS HEro MecTe, BpEMEHH U TeMIIe.

ITpu 0Oy4eHny ULl C OTPAHMYEHHBIMH BO3MOXKHOCTSIMH 37I0POBBSI JJICKTPOHHOE 00y4eHHUE, TUCTAaHIIMOHHBIC
00pazoBaTenbHBIE TEXHOJIOTHH MPEIyCMaTPHBAIOT BOSMOXXHOCTH IIpHeMa-Tiepeiadi HHGOPMAIUK B JOCTYITHBIX IS HUX
topmax.

Peanu3anust UCHUILUIMHBI ¢ TPUMEHEHUEM 3JIEKTPOHHOTO 00ydeHH s, TUCTaHIMOHHBIX 00pa30BaTeNbHBIX TEXHOIOTHUI (anee
— 30, JOT) ocymecTBnsiercs Ha ocHOBaHUU «IlonoKeHUs 0 peann3aly OCHOBHBIX U IOTIOJHUTEIBHBIX 00pPa30BaTENbHBIX
MpOrpaMM C IPUMEHEHHEM 3JIEKTPOHHOTO 00yJeHNS U AUCTAaHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTHIA B (hefiepaTbHOM
TOCYIapCTBEHHOM OIOPKETHOM 00pa30BaTeIbHOM YUPEXICHUH BBICIIETO 00pa3oBaHus «HeIsIOMHCKUH rocynapCcTBEHHbIH
yHHUBEpcHUTET», «[10I0KeHNs 0 TTopsiiKe 3aueTa 00YJaIOMUMHUCS 10 OCHOBHBIM ITPO]eCcCHOHAIBHBIM 00pa30BaTeIbHBIM
nporpamMam Beicirero oopasosanus B PI'BOY BO «Uenl'V» pe3ynsTaToB OCBOSHHUS B OPTaHU3AIMAK, OCYIIECTBIISIONIIX
00pa3zoBaTeNbHYIO AESTEIBHOCTD, YIEOHBIX IIPEAMETOB, KYPCOB, AUCIUILIHH (MOIYINIeH), IPaKTHK, JOTMOIHUTEIBHBIX
00pa3oBaTeNbHBIX MPOrPaMM» MOCPEICTBOM dJIEKTPOHHON HH(pOopMamoHHo-00pa3oBaTenbHo# cpeast @PTBOY BO
«YenI'Y». B uckmounTenbHbIX cirydasx (Gopc-Maxxop ¥ T.I1.) IPU peasin3aun 00pa3oBaTelIbHON IEITEIbHOCTH C
npumeHerueM D0, JIOT Moryr npuMeHATh KOMITIOHEHTHI, HE BXOAAIINE B TIEpedeHb AJIEKTPOHHOH HH(YOpMAaOHHO-
00pa3zoBaTeNbHO Cpesbl.

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

OcBoeHUE TUCHUIUIMHBI HHBAIMAAMH M JIMIAMH C OTPAaHHYCHHBIMH BO3MOXKHOCTSMH 3/0pPOBBS OCYIIECTBISETCA C
UCTIONIb30BAaHUEM CIEIHATIbHBIX TEXHHYECKHX CPEICTB U HH()OPMAIMOHHBIX TEXHOJOTHUH, MPEeJOCTaBIAeMbIX PecypcHbIM
y4e0HO-METOANYECKUM LEHTPOM MO OOY4EHHIO WHBAIMIOB U JIMI C OTPaHUYECHHBIMH BO3MOXKHOCTSIMH 310poBbst Uenl'V 1o
3ampocy oOydaromerocst (MOOWIBHBIC CHEIMATbHBIE TEXHWYECKHE CPEICTBA IS JIMI C HAPYMICHHAMH 3pPEHHS H C
HapyIIeHUEM CIIyXa, aCCUCTUBHBIE HH()OPMALMOHHbBIE TEXHOJIOTUH).

ITpu HeoOxoammocTH Ul OOYYAIOMIMXCS C HAPYIICHUSIMH 3pEHHMS Ha pabOdMX MecTax Ul NPOBEICHUS IPAKTHYECKHX HWIIH
7a00paTOPHBIX 3aHATHH YCTaHABIMBAETCSA CIICNHATBHOE IPOTpaMMHOE oOecnedeHne (IporpaMMa pedeBOW HaBHTAIIUH,
pedeBbIe CHHTE3aTOPHI, SKPAHHbIE JIYIIb).

B yueOuple ayauTopumn obecrieynBaeTcsi OECHpensTCTBEHHBIM JAocTyn s oOydalomuxcss C HMHBAJMIHOCTBIO U C
OTPaHMYCHHBIMH BO3MOXHOCTSIMH 3I0pOBbsl. B Kaxknoi aymuropuu, riae oOydaroTcss MHBAJIHMABI M JIMIA C OTPAaHUYCHHBIMH
BO3MOXXHOCTSIMH  3/I0POBBS, IPELyCMAaTPHUBAETCS COOTBETCTBYIOMIEE KOJNMYECTBO MeECT Ui OOydJaromUXCs C y4eTOM
HapYLICHUH UX 3J0POBbL.
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Jist OCBOGHUS JUCIUIUTUHBI WHBAIUIAM W JIMIAM C OTPaHUYEHHBIMH BO3MOXHOCTSMH 3JIOPOBbBSI MPENOCTABISIETCS] TOCTYIT K
MEYaTHBIM HMCTOYHHMKAM, MMEIOIUMCcs B HaydHoll Oubnuorexke Yenl'V, ¢ mOMOIIBIO CHENMAJIbHBIX TEXHHUUYECKUX CPENCTB;
JIOCTYIT C MOMOIIBIO CHEIHAIBHBIX TEXHUYECKUX W MPOTPAMMHBIX CPEJICTB K AJIEKTPOHHBIM HCTOYHUKAM, MPEICTABICHHBIM B
(hopMe 2IeKTPOHHOTO TOKyMeHTa B (hoHJe HaydHoU OnOimotekn Yenl'Y Hitu 2JIeKTpOHHO-ONOIUOTEUHBIX CHCTEMAX.
Y4eOHO-MeTOIMYeCKue MaTepHaibl Uil OOYJaroMIMXCS M3 YHCIa HHBAJIHIOB WM JIUI] C OTPAaHMYEHHBIMH BO3MOXKHOCTSIMH
3I0pPOBbSl MPEJIOCTABISAIOTCS B (opMax, aAanTUPOBAHHBIX K OTPAaHUYCHUSM HUX 3I0POBbSI U OCOOCHHOCTSM BOCIIPHUSTHS
nHpOpManH.

JisT MHBANMHUIOB W JIUII C OTPAaHMYEHHBIMH BO3MOXKHOCTSIMH 3JI0POBBSI OCBOCHWE JHMCIUILIMHBI MOXET OBITh YaCTUYHO WIIH
MOJTHOCTHIO OCYIIECTBIICHO C MCIIOJIB30BAHUEM TUCTAHIIMOHHBIX 00pa30BaTeNbHBIX TEXHOJIOTHH.

[Ipn mpoBeneHMM TPOMEKYTOUHOH AaTTECTAIMU I10 JUCIHMILIUHE OOYYaIOIIMMCS C WHBAJIMIHOCTBIO W C OrPaHUYCHHBIMH
BO3MOYKHOCTSIMH 37I0POBBsSI 00ECIIEUMBACTCS MO WX 3asBJICHUIO NPENOCTABICHUE B JIOCTYMHON (hopMe B 3aBHCHMOCTH OT UX
WHIWBUAYATbHBIX OCOOCHHOCTEH HMHCTPYKIMH O MOPSAKE MPOBEIEHHS MPOMEXKYTOYHOH aTTECTAallMH, OLEHOYHBIX CPEACTB 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 wuiau coOCTBEHHBIX TEXHHYECKUX CpPEACTB,
HEOOXOJUMBIX WM B CBfA3M C WX WHAMBUAYAJIbHBIMH OCOOCHHOCTAMH. I[IpH HEOOXOMUMOCTH HWHBAIUAAM M JIHIAM C
OTPaHUYCHHBIMH BO3MOKHOCTSIMH 37I0POBbSI TIPEIOCTABIISCTCS OTOJHUTEIBHOS BPEMs JUIsl MMOJATOTOBKM OTBETA HA 3aJIaHUs,
MpoIeypa OLEHUBAHUS PE3YIbTATOB O0YUSHHUS TI0 AUCHHUIIIMHE MOXKET MPOBOAUTHCS B HECKOJIBKO ITAIOB.
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1. GOALS OF MASTERING THE COURSE

The purpose of the course "Methods for Solving Fractional Differential Equations" is to study the basic methods, ideas and approaches
to the analysis and solution of various types of differential equations, which play a key role in modeling a wide range of phenomena in
natural and technical sciences.

The goals of the course include:

* The study of the classification of differential equations (ordinary and partial derivatives, linear and nonlinear), basic concepts and
definitions (solution, integral, Cauchy problem, boundary value problems).

* Mastering basic analytical Methods for Solving Fractional Differential Equations, including integration methods, the method of
characteristics, the Frobenius method, the Laplace transform method and other classical and modern approaches.

+ Formation of students' understanding of the place and role of differential equations in modern mathematics, as well as their
relationship with other branches of mathematics and their applications in various fields of science and technology.

» Demonstration of how differential equations are used to model and analyze various phenomena and processes (mechanics, physics,
biology, economics, etc.).

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

« Stimulating the ability to navigate modern methods of solving differential equations, as well as developing skills in applying these
methods to solve practical mathematical problems and using numerical methods.

* 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:

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.02

2.1 Requirements for the student's pre-training:

To successfully master the course, knowledge of the courses "Mathematical Analysis", "Linear Algebra", "Differential equations".

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

Numerical Methods for Solving Fractional Differential Equations

Generalised Symmetries of Differential Equations

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:

the main theoretical principles, classifications and Methods for Solving Fractional Differential Equations (ordinary and partial
differential, linear and nonlinear), including both analytical and numerical approaches, in the context of ongoing scientific research.
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Understand the interrelationship of different types of differential equations and their applications in various fields of science and
technology. Be aware of the current state of research and trends in the development of Methods for Solving Fractional Differential

Be able to:

effectively collect, systematize, and analyze information from scientific publications, monographs, articles, and other sources on
Methods for Solving Fractional Differential Equations. He is able to critically evaluate the information received, identify the main
patterns and prospects for further research, as well as compare various methods, approaches and results. He is proficient in modern
methods of searching and processing scientific information, and knows how to use modern tools.

Possess:

the skills of conducting independent scientific research in the field of Methods for Solving Fractional Differential Equations, including
setting research problems, developing solution methods, conducting computational experiments and interpreting the results obtained.
He has practical experience in establishing new facts and patterns in this field, and is ready to present the results of his research work in
the form of scientific publications and reports. He knows how to choose the most appropriate method for solving a differential equation
for a specific problem, and can justify his choice. He has the skills to work with modern mathematical software packages, as well as
with numerical modeling tools.

As a result of mastering the course, the student must

31

Know:

3.1.1

the main theoretical principles, classifications and Methods for Solving Fractional Differential Equations (ordinary and
partial differential, linear and nonlinear), including both analytical and numerical approaches, in the context of ongoing
scientific research. Understand the interrelationship of different types of differential equations and their applications in
various fields of science and technology. Be aware of the current state of research and trends in the development of
Methods for Solving Fractional Differential Equations.

3.2

Be able to:

3.2.1

effectively collect, systematize, and analyze information from scientific publications, monographs, articles, and other
sources on Methods for Solving Fractional Differential Equations. He is able to critically evaluate the information
received, identify the main patterns and prospects for further research, as well as compare various methods, approaches
and results. He is proficient in modern methods of searching and processing scientific information, and knows how to
use modern tools.

33

Possess:

33.1

the skills of conducting independent scientific research in the field of Methods for Solving Fractional Differential
Equations, including setting research problems, developing solution methods, conducting computational experiments
and interpreting the results obtained. He has practical experience in establishing new facts and patterns in this field, and
is ready to present the results of his research work in the form of scientific publications and reports. He knows how to
choose the most appropriate method for solving a differential equation for a specific problem, and can justify his choice.
He has the skills to work with modern mathematical software packages, as well as with numerical modeling tools.

4. SCOPE OF THE COURSE (MODULE)

Overall labor intensity 5 Credits

Curriculum hours: 180 Types of control in semesters:
including :

classroom training: 86 Exams 2

independent work: 45,5 Credits 2

hours for monitoring : 45
contact work : 89,5

OCW: 3,5
5. STRUCTURE AND CONTENT OF THE COURSE (MODULE)
Class Name of sections and topics /type of lesson/ Semester | Hours Literature
code [ Course
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Section 1. The basics of fractional calculus

1.1

An example of using fractional calculus /Lec/

L11L12L13L1.4
[2.1122123
W1 W2 W3

1.2

Riemann-Liouville integral and derivative /Lec/

12

L11L12L13L1.4
[2.1122123
W1 W2 W3

1.3

The relationship between Riemann—Liouville integrals and derivatives /Lec/

L11L12L13L1.4
[21122123
W1 W2 W3

1.4

Grunwald—Letnikov Operators /Lec/

L11L12L13L1.4
[2.1122123
W1 W2 W3

1.5

Solving Riemann-Liouville differential equations /Pr/

L11L12L13L1.4
[2.1122123
W1 W2 W3

1.6

The Caputo approach. Definition and basic properties /Pt/

L11L12L13L1.4
[2.1122123
W1 W2 W3

1.7

Non-classical representations of the Caputo operator /Lec/

L11L12L13L1.4
[2.1122123
W1 W2 W3

1.8

The Caputo approach. Examples /Pr/

L11L12L13L1.4
L2.1122123
W1 W2 W3

1.9

The Caputo approach. Definition and basic properties /Lec/

L11L12L13L1.4
[2.1122123
W1 W2 W3

1.10

Mittag-Leffler functions /Lec/

L11L12L13L1.4
[2.1122123
W1 W2 W3

Mittag-Leffler Functions /Pr/

L11L12L13L1.4
L2.1122123
W1 W2 W3

Section 2. Theory of differential equations with fractional derivatives

2.1

Existence and uniqueness results
for fractional differential Riemann-Liouville equations /Lec/

L11L12L13L1.4
[2.1122123
W1 W2 W3

2.2

Existence and uniqueness results
for fractional differential Riemann—Liouville equations. Examples /Pr/

L11L12L13L1.4
[2.1122123
W1 W2 W3
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23 Single-term fractional Caputo differential equations: 2 14 L1.1L12L13L14
Basic Theory and fundamental results /Lec/ L2.1L22123
W1 W2 w3
2.4 The existence of solutions /Pr/ 2 4 L1.1L12L13L14
L2.11L22123
W1 W2 w3
2.5 Uniqueness of solutions / Pr/ 2 2 L1.1L12L1.3L1.4
L2.11L22123
W1 W2 w3
2.6 Doing homework, preparing for exams. Preparation for the test and exam. 2 45,5 |L11L12L13L14
/IndW/ L2.11L22123
W1 W2 w3
Section 3. Other contact work
3.1 Individual consultations, ongoing monitoring /OCW/ 2 35 |L1.1L12L1.3L14
L2.11L22123
W1 W2 W3

6. FUND OF ASSESSMENT MEANS

6.1. List of types of assessment tools

1. Report
2. Questions for credit
3. Questions for exam

6.2. Typical control tasks and other materials for current certification

Reports:

. Motivation for using fractional derivatives

. Examples of applications for differential equations with fractional derivatives
. The Riemann-Liouville integral

. The Riemann-Liouville derivative

. The relation of the derivative and the Riemann-Liouville integral
. What is a fractional derivative?

. The main types of fractional derivatives

. The Mittag-Leftler function

. The Wright function

10. Finding solutions to fractional differential equations

11. The fractional Riemann-Liouville derivative

12. Problems with boundary and initial conditions

13. Direct tasks

14. Inverse problems

O 001N N W —

6.3. Typical control questions and assignments for interim certification

Questions for the credit:

. Differentiable function

. The fundamental theorem of classical calculus

. The Riemann integral

. Infinitely differentiable function

. Euler's gamma function

. Lipschitz Space

. The Helder space

. The space of continuously differentiable functions
. The fundamental theorem of the Lebesgue space
10. The Riemann-Liouville integral

11. The Riemann-Liouville derivative

12. The theorem on the rearrangement of the fractional integral and the limit

O 031N WU K~ WK
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13. Definition of the Riemann-Liouville fractional derivative
14. Leibniz's formula for the fractional derivative

15. Leibniz formula for Riemann—Liouville operators

16. The Mittag-Leffler function

Exam Questions:

. Basic definitions and theorems of classical calculus

. Examples of applications for differential equations with fractional derivatives
. The Riemann-Liouville integral

. The Riemann-Liouville derivative

. The relation of the derivative and the Riemann-Liouville integral
. What is a fractional derivative?

. The main types of fractional derivatives

. The Mittag-Leftler function

. The Wright function

10. Finding solutions to fractional differential equations

11. The fractional Riemann-Liouville derivative

12. Problems with boundary and initial conditions

13. Direct tasks

14. Inverse problems

O 031N N K~ W

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 “credited” is awarded for 19 or fewer points;

A grade of “not credited” is awarded for 20 or more points:

20-26 points (level 1);

27-30 points (level 2);

31-36 points (level 3).

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 rating "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.
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7. EDUCATIONAL, METHODICAL AND INFORMATIONAL SUPPORT OF THE COURSE

7.1. Recommended literature

7.1.1. Basic literature

Authors, compilers Title Publisher, year Resource
L1.1 |Veretennikov V. N., |Differential calculus of functions of several variables: a textbook |Moscow : Direct- Media,| ELS
Rzhonsnitskaya Yu. |(https://biblioclub.ru/index.php?page=book&id=698040) 2023
B.
L1.2 |Vorobyoval. A. Differential calculus: a teaching aid Lipetsk : Lipetsk State ELS
(https://biblioclub.ru/index.php?page=book&id=700386) Pedagogical University
named after P.P.
Semenov-Tyan-Shansky,
2022
L1.3 |Kirillov K.A.,, Functional Analysis: a textbook Krasnoyarsk : Siberian ELS
Kirillova S.V., (https://znanium.com/catalog/document?id=432928) Federal University, 2022
Kytmanov A.A.
L1.4 |Shipachev V. S. Differential and integral calculus: a textbook and a practical course|Moscow : Yurait, 2024 ELS
for SPE
(https://urait.ru/bcode/538772)
7.1.2. Further reading
Authors, compilers Title Publisher, year Resource
L2.1 |Nakhushev A.M. Fractional calculus and application Moscow : Fizmatlit,
2003
L2.2 |Litvin D.B. Differential calculus of functions: a textbook Stavropol : Publishing ELS
(https://znanium.com/catalog/document?id=314660) House "Serviceshool",
2017
L2.3 |Glazyrina P. Yu,, Functional analysis: typical tasks: a textbook Yekaterinburg : Ural ELS
Deikalova M. V., (https://biblioclub.ru/index.php?page=book&id=689057) University Publishing
Korkina L. F. House, 2016

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.
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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, seminars (practical) classes 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.

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

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

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

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

For persons with visual impairments:

- in printed form in enlarged font,

- in the form of an electronic document,

- in the form of an audio file,

- in printed form in Braille.

For persons with hearing impairments:

- in printed form,

- in the form of an electronic document.

For persons with mobility impairments:

- In printed form,

- in the form of an electronic document,

- in the form of an audio file.

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

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

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

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

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

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

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

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

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