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1. IEJIX OCBOEHUA N CHUIIJINHBI

[ensto kypca "I[IpuMeHeHnsT APOOHOTO HHTETPO-THUPPEePEHIINATEHOTO HCYHCIICHUS " SIBIIIETCS U3ydeHe U TPUMEHEHUE
OCHOBHBIX KOHIIETIIMIA U METOJJOB APOOHOTO UCUHCICHUS ISl MOJICIIMPOBAHMS 1 aHAJIM3a CIIOKHBIX CUCTEM H MPOIIECCOB B
Pa3MUYHBIX 00JIACTsIX HAyKH U TeXHUKH. Kypc HaleneH Ha (pOpMUpPOBaHKE Y CTYICHTOB HOHIMMAHHS HEOKAIBHBIX () (PEKTOB
Y MX MOJICTTMPOBAHUS C UCIIOJIb30BAaHUEM JIPOOHBIX OIEPAaTOPOB, a TAKIKE PA3BUTHE HABBIKOB PUMEHEHHS dTHX
WHCTPYMEHTOB JIJIsl PELICHUS TIPUKJIAIHBIX 3371a4.

3agagamu HU3YYCHUA JUCHUITIMHBI SABJIAKOTCA:

* O3HaKOMJICHUE C OCHOBHBIMH ITOHATUSIMU U ONPEACIICHUSIMH APOOHOTO McuucieHus: M3ydenne pa3nnuHbIX BUIOB
JpOOHBIX MPOU3BOIHEIX U HHTErpaiioB (Pumana-Jlnysmuis, Kamyro, I'prorBanpaa-JIeTHuKOBA, U 1Ip.), KX CBOHCTB,
B3aMMOCBA3€H, a Takke TOHUMAaHNUE HETOKAJIBHOCTH JPOOHBIX OMEepaTopoB.

* I3ydeHne MeTOOB pelIeHns IpoOHBIX AnddepeHnnaNbHBIX 1 HHTETpo-andhepeHInaNbHbIX ypaBHeHNIT: OCBOCHHUE
AQHAJMTUYECKUX U YUCIICHHBIX METOJIOB, BKIIIOYas METObI IpeoOpa3oBanus Jlamaca, @ypse, METOABI BOSMYILCHUH, a Takke
METO/Ibl, OCHOBaHHbIEC HA MCIIOJIb30BAHUH CIIELMAIBHBIX (YHKIUH.

+ DopMHpOBaHUE HABBIKOB IIOCTPOCHUSI MaTEMAaTHUECKUX MOJIeNell ¢ UCIOIb30BaHUEM IpOOHBIX onepaTopos: Pa3surue
C1IocoOHOCTH (POPMYITMPOBATh PeallbHbIC MPOLECCHI U SBICHUS B BUJE APOOHBIX AN (epeHIMAIBHBIX WIH HHTErPO-
nddepeHITaIbHBIX ypaBHEHHIH, 000CHOBBIBAS BEIOOP IPOOHOTO MOPSIIKA, YIUTHIBAsK HEOKAIBHOCTh M ITAMATH CHCTEMBI.

* I3ydenwe npuMeHeHUs IPpoOHOTO NCUHCICHHS JUTT MOACITHPOBAHMS MIPOIIECCOB B Pa3IMIHBIX o0yacTsax: PaccMoTpenue
PUMEPOB IPUMEHECHNS IPOOHOTO NCUHCIEHHS B (PU3MKE (BI3KOYIIPYrOCTh, aHOMaJIbHAS TU(Qy3Hs, STEeKTPOMAarHETH3M),
MeXaHHUKe (AMHAMUKA 1ePOPMUPYEMBIX Tel), OHONIOTUH (MOAETUPOBaHUE OMOIOTHYECKUX CUCTEM ), XUMUH, (PMHAHCAX U
JpYrux 061acTsix, e He0OXOAUM YdeT HeJOKaIbHbIX (P (EKTOB U MaMATH.

 PasBuTHE CIOCOOHOCTH MPOBOANTE aHAIU3 YCTOHYMBOCTH, YIIPABIIIEMOCTH U HaOIIOaeMOCTH IPOOHBIX ANHAMHYECKHX
cucreM: M3ydeHne METo10B HCCIIeI0BaHUS JIOJITOCPOYHOTO MOBECHHS pelIeHn T ApoOHbBIX JuddepeHIIanbHbIX U HHTETPO-
nuddepeHITaTbHBIX ypaBHEHHH.

+ CoznaHue IeTOCTHON KapTHHBI COBPEMEHHBIX MaTeMaTHYECKUX METOZOB M MIX IPUMEHEHHNS B 00J1acTH IpoOHOTO
ucuncnenns: @opMupoBaHre TOHUMAHHS O B3aUMOCBSA3U MEXTY APOOHBIM HCUUCIEHHEM, (DYHKIIHOHATBHBIM aHAIN30M 1
JPYT'MHU MaTeMAaTU4€CKUMHU HHCTPYMEHTAMHU.

* Pa3BuTHE HaBBIKOB CAMOCTOSATENILHOIO U3Y4EHUsI COBPEMEHHOM Hay4HOU nurepaTypsl: I10AroToBKa CTyNEHTOB K
CaMOCTOSTEIbHOMY HCCIIE0BAHHIO IIOCIEAHUX JOCTHXEHU B 001aCTH APOOHOTO MCUUCIICHNUS U €T TIPUIIOKEHHH, a TaKkKe
K y4aCTHIO B HAy4YHBIX IIPOEKTaX.

PCSyﬂLTaTLI 06y‘{€HI/IH 0 IMCUUINIMHE HAITpaBJICHbI HA JOCTUKCHUEC NHAUKATOPOB!:

[IK-1.1. leMOHCTpUpYET 3HAHHE OCHOBHBIX TEOPETHUYECKUX MOJIOKEHUN U METOA0B B 00JIACTH MPOBOJUMBIX HAYIHBIX
HCCIJIEAOBaHUM

ITK-1.2. leMoHCTpUpyeT yMeHUs cOopa U aHaIn3a HHPOPMAIIUHU 110 TEeMaTHKE IIPOBOIUMBIX UCCICAOBAHUI

[TK-1.3. ImeeT mpakTUYECKUH OMBIT YCTAHOBJIEHUS HOBBIX (DAKTOB U 3aKOHOMEPHOCTEN B 00JIACTH HAYYHBIX UCCIEIOBAHUI

2. MECTO JUCIUIIVIMHBI B CTPYKTYPE OIIOII

Huka (paznen) OIOIT: | b1.B.JIB.02.02

2.1 TpeOoBaHus K NpeIBapUTEIbHOI MOATOTOBKE 00y4aI0LIerocs:

JIis yCremHoro oCBOEHUs JUCIMIUIUHBI HEOOXO0AMMBI 3HaHUs AUCIUILINH «MartemaTtuueckuil aHanus», «JIuneiinas
anredpay, «Auddepennuanpasie ypaBHEHI», «DYHKITMOHATIBHBIN aHAN3», « KOMIUICKCHBIH aHAN3». A TaKkxKe

ITpeo6paszoBanme Jlamraca BEKTOPHO3HAYHBIX (DYHKITHHA

[IpeoOpazoBanue Oypbe BEKTOPHO3HAYHBIX (PYHKLINH

JluneiiHBIe OTIEPATOPHI U OIEPaTOP-HYHKIINH

2.2 IMCOMILTHHBI M IPAKTHKH, J1J18 KOTOPBIX OCBOEHUE TAHHOIH JHCHHILITMHBI (MOYJIs1) HEOOXOIHMO KaK
NpeanIecTBYOIIee:

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

3. KOMIIETEHIIMY OBYYAIOILETOCSl, ®°OPMHUPYEMBIE B PE3YJIETATE OCBOEHUSI TUCLIIMTLINHBI
(MOZY.JI)
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IIK-1: CnocodeH NpoBOANTH HAYYHO-UCCJIEA0BATEIbCKYIO padoTy B 00/1acTu AU depeHunaTbLHBIX YPaBHEHUIt

3HaTh:

OCHOBHBIE TEOPETUUECKHUE MTOJIOKEHUSI K METOABI IPOOHOTO HHTErpo-AudhepeHInaTbLHOT0 HCUHUCIEHHSI, HEOOXOUMBIX JJIS
peuIeHus NpUKIagHbIX 3a1a4.

YMmernb:

CO6I/IpaTL, AHAJIU3UPOBATh U IaBaThb KPUTUYCCKYIO OLICHKY I/IH(I)OpMaLII/II/I 10 TCMaTHUKE ,I[pOGHOFO HUHTETPO-
Z[I/I(i)(l)epeHHI/IaHLHOFO HUCHYUCJICHUA U €TI0 IIPUMCHCHUS B PA3JIMYHBIX obactsx HAYKHU U TCXHHUKH.

Baanern:

HaBBIKAMH TIPAMEHEHHS IPOOHOTO HHTErpo-aud(hepeHITaIbHOTO HCUUCICHIS AU TOCTPOCHHUS, NCCIEAOBAHNS U aHAIN3a
MaTeMaTHYECKUX MOJENeH, OMUCHIBAIONINX JUHAMUYECKHIE CUCTEMBI, IIPOIECCHI U SIBIICHUS B Pa3JIMYHBIX 00JIACTAX, a TAKXKE
JUISl yCTAHOBJICHUS HOBBIX (DAaKTOB U 3aKOHOMEPHOCTEIA.

B pe3yiabTaTe 0CBOCHHS JUCHMILINHBI 00y4Ya0LIUICS J0JKEH

3.1 |3narh:

3.1.1 | ocHOBHBIEC TCOPCTUYCCKUC ITOJIOKCHUA U METOIbI )IpO6HOFO HHTCT’pO-JII/I(I)(I)epeHHI/IaJ'ILHOFO HCYHCIICHHA,
HeO6XO,ZII/IMLIX JUTA PCIICHUS TPUKITaTHBIX 3a1a4.

3.2 | YMmeTh:

3.2.1 | cobupaTh, aHATU3UPOBATH U AaBaTh KPUTHUECKYIO OIICHKY HH(POPMAIIHH 110 TEMaTHKE IPOOHOTO HHTETPO-
nudhepeHIaTbHOTO HCUNUCICHUS U €70 MPUMEHEHHUS B Pa3INYHBIX 00JIACTAX HAYKU M TEXHUKH.

3.3 | Baagern:

3.3.1 | npuMeHeHusT APOOHOTO HHTETPO-TUPPEPSHITUATEHOTO HCUUCICHUS IS TOCTPOCHUS, HCCIICIOBAHUS U
aHaJM3a MaTeMaTUYECKUX MOJIENel, ONUCHIBAOIIUX JUHAMHYECKUE CUCTEMBI, IIPOLIECCH] U SBJICHUS B
Pa3IHYHBIX 00JACTIX, a TAKXKE U YCTAHOBIICHHUS HOBBIX (DAaKTOB M 3aKOHOMEPHOCTEH.

4. OFLEM JUCUOUILINHBI (MOLY.JIST)

O6wasn TpyaoemKocTb 23ET
YacoB 1o yueOHOMY ILTaHY : 72 Bupasl kOHTpONS B ceMecTpax:
B TOM YHCJIE
AyIUTOPHBIE 3aHATHS : 34 3a4ueTsl 3
camocTosTeNnpHas pabora : 37,8

KOHTaKTHas pabota: 34,2

HKP: 0,2
5. CTPYKTYPA U COJAEP)KAHUE JUCLHHUIIIMHBI (MOYJIS)
Kon HanmeHoBaHue pa3aenoB U TeM /BHJ 3aHATHSA/ Cemect | YacoB Jluteparypa
3aHATH p / Kype
Paznen 1. [IpumeHeHne 3JieMeHTOB IPOOHOT0 UCYHCTIECHUS
1.1 JIuneiiHple MaTEMaTHYECKHE MOJICIH BSI3KOYIIPYroro Tejla, OCHOBaHHbBIC 3 2 JIT.1JI2.1 J12.2
Ha IIPOM3BOAHBIX ApoOHOTO Topsaka /I1p/ 0102233
1.2 Penmykmms onpenensrormero ypasHeHus: PabotHoBa k Moaenn P.JI. TopBux 3 2 JI1.1J12.1 JI2.2
-I1.JTx. TopBuk Bsizkoympyroro tena /ITp/ 313233
1.3 [Ipumenenue y ypaBHenuto auddyzuu Oypoe /p/ 3 2 JI.1J12.1 J12.2
013233
1.4 [IpuMeHeHue K THIEpO0II0-TTapadboInIeCKUM YPaBHEHHSIM BTOPOTO 3 2 JIL.1JI2.1 J12.2
MOpsIIKa ¢ HeXapaKTePHCTHIECKON JIMHNEeH n3MeHeHust Tama /I1p/ 012233
1.5 [Mpumenenue k ypaBHeHHIO Jitnepa - [{apOy - [Tyaccona u 3 2 JIT.1JI2.1 J12.2
napaboIMUecKy BBIpOKAatoeMycs runepOonndeckomy ypaBHenuto /I1p/ 212233
1.6 [Ipumenenue k runep6010-napadboaInueckoMy ypaBHEHHIO BTOPOTO 3 2 JIL.JI2.1 J12.2
TOpsIZIKa C XapaKTePUCTHIECKOH THHUeH n3MeneHus tTuna /I1p/ 2102233
1.7 IIpumenenue k 3agade TpUKOMU U1 ypaBHEHUS CMEIIAHHOTO 3JUIUITHKO 3 2 JI1.1J12.1 JI2.2
-runepbosraeckoro tuna /I1p/ 313233
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1.8 [IpumMeHeHue K CIUTOMIHBIM cpefam ¢ maMsThio /I1p/ 3 2 JIT.1J12.1 J12.2
213233
1.9 VYpaBHeHue nepeHoca B cpeax ¢ hpakranbHoit reomerpueii /IIp/ 3 2 JI.1J12.1 J12.2
313233
1.10 | IIpumenenue k nmpobieme peryssinuu 3aaaqdn Jdapoy /Tlp/ 3 2 JIL.1J12.1 J12.2
313233
1.11  |3amaga Camapckoro B BUIOM3MEHEHHOH TOCTAHOBKE I HETOKAIEHOTO 3 2 JI1.1J12.1 J12.2
nmuddysuonHoro ypasaenus /IIp/ 2122533
1.12 CwmemaHHas 3a7a4a Juis OJJHOPOTHOTO HENOKAJILHOTO BOJTHOBOTO 3 2 JI1.1J12.1 J12.2
ypasHenus /I1p/ 0102233
1.13 | CmemanHas 3a1a4a Ui HEOAHOPOIHOTO HEJIOKAJIBHOIO BOJIHOBOIO 3 2 JI1.1J12.1 JI12.2
ypaBHenus /I1p/ 313233
1.14 | Marematuueckasi MOAENb Mpolecca TpanchopMaluu moiei 3 2 JI.1J12.1 J12.2
TEeMIIepaTyphl U BIAKHOCTH B IPU3EMHOM ciioe atMochepst /TIp/ 213233
1.15 |IIpumeHeHHE K ypaBHEHUSIM COCTOSIHUS BemecTBa /I1p/ 3 4 JIT.1JI2.1 J12.2
013233
1.16 | YpaBHEHUs poCTa YUCIEHHOCTH mormysinuu /I1p/ 3 2 JIT.1J12.1 J12.2
213233
1.17 | BeimonHeHne qOMalIHUX paboT, HOArOTOBKA K KOHTPOJIBHBIM paboTaMm. 3 37,8 JI.1J12.1 J12.2
IMonroTtoBka k 3avety. /Cp/ 212233
Paznen 2. Unas koHTaKTHasi padoTa
2.1 WuauBuya bHbIC KOHCYIBTAIINH, TEKYIIHHA KOHTPoJb /MKP/ 3 0,2 JIL.1JI2.1 J12.2

6. POH/JI OIEHOYHBIX CPEJCTB

6.1. IlepeyeHb BH/I0B OLICHOYHBIX CPEACTB

1. Hoxman
2.Bompocs! k 3a4eTy

6.2. TunoBkie KOHTPOJIbHBIE 3a/IaHUA U UHbIC MaTepUaJIbI 1151 Telcymeﬁ aTTeCTallun

Tempbl qoKnIaI0B:

1. JIuHeitHbIe MaTEMAaTUYECKHE MOJICITH BA3KOYIIPYrOro Tella, OCHOBaHHbIC Ha IIPOU3BOIHBIX IPOOHOTO MOpPsIIKa

2. Penyknus onpeaessiroriero ypasaenust Paornosa k monenu P.JI. Topsuk-I1.J[x. TopBHK BA3KOYIpyroro Tena

3. Ilpumenenue y ypasHeHHIO U dy3un Dypne

4. [IpuMeHeHue K runepo010-napadboInIeckuM ypaBHEHUSIM BTOPOTO TOPSI/IKA C HEXapaKTEPUCTHUECKON JINHIEH N3MEHEHHS
TUIA

5. Tlpumenenwue K ypaBHeHUIO Diiepa - JapOy - [lyaccona u mapaboinndecky BBIPOKIAIOMEMYCS THITEPOOTMIECKOMY
YPaBHEHUIO

6. [Ipumenenue k runep6o10-napaboJuuecKOMy YpaBHEHHIO BTOPOTO HOPSIIKA C XapaKTepPUCTUIECKOM JTMHUEH H3MEHEHUs
THIIa

7. Ilpumenenue k 3agade TpUKOMH JUIS yPaBHEHUS CMEIIAHHOTO JUINITUKO-TUIIEPOOTHIECKOTO THIIA

8. IlpuMeHeHne K CIJIOLIHBIM CPeAaM C MaMsIThIO

9. YpaBHeHHe nepeHoca B cpefax ¢ ppakTaibHON reoMeTpueit

10. [IpumeHenue k npobiiemMe peryisinuu 3anaun J[apoy

11. 3agaya Camapckoro B BUJOM3MEHEHHOH MOCTAHOBKE AJISI HENIOKANBbHOTO TU((Y3HOHHOTO ypaBHEHHUS

12. CmernanHas 3a1a4a Jyisi OJHOPOJHOTO HENOKAJIbHOTO BOJIHOBOTO YPaBHEHUS

13. CmermanHas 3a1a4a U1 OJJHOPOTHOTO HEJIOKAIEHOTO BOJTHOBOTO YPaBHEHHUS

14. MaremaTrdeckast MOJelb Iporecca TpaHc(hOPMAIIIK TOIeH TeMIepaTypsl M BIaXHOCTH B IPU3EMHOM CIIO€ aTMOC(EpEI
15. YpaBHEHUs pocTa YUCIEHHOCTH HOMYISAILUI

6.3. TunoBbIe KOHTPOJIbHBIC BOIIPOCHI M 3aIaHUA 1JIs IIpOMe)KyTO'-lHOﬁ aTrTrecTalnumn

Bompocs! 115 3auera:

1. JIuHeliHBIe MaTeMaTHYECKUE MOJIETH BSI3KOYIPYTOTO Tella, OCHOBAaHHBIC HAa IIPOM3BOIHBIX JPOOHOTO MOPSAAKA

2. Penykuust onpenersiroriero ypasaenust Padornosa k monenu P.JI. Topsuk-IT.J[x. TopBHK BI3KOYIpyroro Tena

3. Ilpumenenue y ypaBHeHUI0 U by3un Dypne

4. IlpumeHeHue K runepooa0-napaboIMIecKUM YpaBHEHHUM BTOPOTO MOPSIIKA ¢ HEXapaKTEPHUCTUYECKON TIMHUEH H3MEHEHHS
THIIa

5. Ilpumenenue k ypaBHeHH!o0 Ditnepa - JapOy - [Tyaccona u nmapaboamuecku BEIPOXKIAIOMEMYCS THIIEPOOTHIECKOMY
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YpaBHEHUIO

6. IIpumenenne k runepOoII0-napaboIMIecKoMy YpaBHEHHIO BTOPOTO MOPSIIKa C XapaKTepUCTHYECKO IMHNEH n3MEHEeH s
THIA

7. Ilpumenenwe k 3amade TprKOMH U ypaBHEHHS CMEITAHHOTO JJUIMITHKO-TUIIEPOOTIHIECKOTO THITA

8. IlpuMeHeHue K CIJIOUIHBIM CPEAaM C NaMATbIO

9. YpaBHeHHe nepeHoca B cpesax ¢ GppakTaibHOi reomeTpuei

10. [IpumeHeHne K podiiemMe peryisnuu 3anaqn J[apoy

11. 3agaga CamMapcKoro B BUJOM3MEHEHHOH ITOCTAHOBKE AJIS HEJIOKAIBHOTO MU((y3HOHHOTO YpaBHEHHS

12. CmemanHas 3a7a4a Juisi OAHOPOJHOTO HENIOKAILHOTO BOJTHOBOTO YPaBHEHHMS

13. CmemanHas 3a7a4a Juist OHOPOJHOTO HENTOKAILHOTO BOJTHOBOTO YPaBHEHHMS

14. MartemaTHdeckast MOJIeIb IIporiecca TpaHc(HOPMAIIIH TOJIeH TeMIepaTypsl ¥ BIaXHOCTH B IPU3EMHOM CIIO€ aTMOC(EpEI
15. YpaBHeHUsI pOCTa YUCIEHHOCTH MOMY/ISILIAU

6.4. Kputepuu oneHUBaHUS

Kpurepuii BbICTaBIcHUS 3a4eTa:

[MpomomxkutensHOCTH 3auera — 90 MUHYT. 3a Ka)XJ0e BHIITOJHEHHOE 3a/IaHKe OWIIeTa CTYICHT MOJKET IOJYyJUTh OT 1 10 3
6ayutoB. Ecin 3a1aHue BBIMOJIHEHO TIPAaBUIILHO, TO OHO OIlCHUBaeTcs 3 Oamtamu. Eciu 3a1aHue BBITTOTHEHO ¢ ONTHOKaMU, TO
0auTbl CHIKAIOTCST B 3aBUCUMOCTH OT KOJIMYECTBA JOMYIIEHHBIX omubOok. Eciu momymiena ofna ommoka, To 31aHne
oleHuBaercs 2 Oannamu, JONyLeHbl ABe omuoku — 1 6amn. Ecnu qomymeHo 6oee 1Byx ommrOOK B 3aJaHUH WK CTYAEHT HE
BBIMOJIHWII Kakoe-Tr0o0 3amaHue u3 OuiieTa, To 3a Hero oH nosydaet 0 0amioB. MakcHMaIbHOE KOJIMYECTBO OAJIIOB 32 3a4eT
—6.

[Tpu nogBeIeHNH UTOTOB YIUTHIBAIOTCS PE3YNbTAThl TEKYIIEH arTecTanuu. [lomydeHHbIe 32 TEKYIIYIO aTTECTALNIO OaJIIbI
CYMMHUPYIOTCS ¢ OaJIaMU, TIOTY4EHHBIMH 33 KX 3TaIl PU MPOXO0KACHUU TPOMEKYTOUHON aTTECTALIUH:

Ornenka "He 3a4TeHO" BBICTABIIAETCS 32 19 M MeHee 0allioB;

Orenka "3aureHo" BeicTaBiseTcs 3a 20 u O6osee 6aIoB:

20-26 6annoB (ypoBeHb 1);

27-30 6amnoB (ypoBeHb 2);

31-36 6amioB (ypoBeHb 3).

Onucanue nokasaresneil 1 KpUTEpUEB OLICHUBAaHNS KOMIIETEHINH A1 TOKIIaaa:

B cemectpe 3 noxmama. Ha moxman otBogutes 15-20 MHHYT B KOHIIE Taph! (Kaxmyro mapy 1 nokian). Kaxmsrit ctyneHT
TOTOBUT JOKJIAJ 10 OTHOH U3 MPEAT0KEHHBIX TeM. MakcuMaIbHOE KOJIMIECTBO 0aJlToB 3a JoxIaasl - 30.

Orenka "3aureHo" BeicTaBisiercd 3a 20-30 6annos, "He 3aureHo" - MeHee 20 0ajIoB.

[NonHOTa MOKIIaga OLEHMBACTCA 110 CICAYIOMINM KPUTEPHUSIM:

1. IlonHOTa M3I0KEHUS TEOPETUYECKOTO MaTepuaa

2 JlocTaToyHOE KONMYECTBO MPUMEPOB K TEOPETUUECKOMY MaTepHaiy

3. IIpuBeneHsl IpUMeEpHl K ONpENEIEHUSIM U TeopeMaM

4 IIpuBeneHBl KOHTPIPUMEDPBI, IEMOHCTPUPYIOIIME IIPU KAKUX YCIOBUSAX HE NPUMEHUMBI TEOPEMBIL.

7. YHEBHO-METOAUYECKOE U TH®OPMAIIMOHHOE OBECIIEYEHHUE JUCIUIIJIMHBI (MO Y JIS)

7.1. Pexomenayemasi 1uTeparypa

7.1.1. OcHoBHas1 IMTepaTypa

ABTOpBHI, 3ariaBue WznarensctBo, | Pecype
JI1.1 {Munocues B. b., Juddepenimanpaelie ypaBHEHUS. Y paBHEHNS MaTEMaTHIECKOH CaHKT- 9BC
bepxos H. A, ¢u3uxn. Teopust oNTUMH3AIAN Ierepbypr :
3y6koB B. T (https://e.lanbook.com/book/211358) Jlanb, 2022
7.1.2. lonoJHUTeIbHAS TUTEPATypa
ABTOpBHI, 3arnaBue WznarensctBo, | Pecypc
JI2.1 |Haxymes A. M. JpoOHoe ucuucineHre u ero npuMeHeHue Mocksa :
dusmatiut, 2003
JI2.2 | Caburos K. B. YpaBHeHHS MaTeMaTHYeCKON (PU3UKH: yICOHUK Mockga : 9BC
(https://biblioclub.ru/index.php?page=book&id=275562) ®duzmarnur, 2013

7.2. Ilepeyens pecypcoB HHGOPMALHOHHO-Te1eKOMMYHHKAIIUOHHOI ceTu "UHTepHeT"

31 |eLIBRARY.RU [OnexTpoHHSIH pecypce] : anekTporHas bubmmoTeka / Haya. snexrpon. 6-ka — URL:
http://elibrary.ru/defaultx.asp

32 |Poccuiickuii ponn pynnamenransubix uccnenopanuii (PODU) - odurmanssiii caiir http://www.rfbr.ru/rffi /ru
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33 |Hayunas anexTponHas 6nbiarorexa. MoHorpadum, H31aHHbEIe B H3naTenbeTBe Poccniickoit Akanemun
EcrecTBO3HaHMS MOTHOTEKCTOBBIN pecypc HaydHbIX U yueOHbIX nznanuii PAE https://www.monographies.ru/

7.3 llepevyenb 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 / KomnaHus Thomson Reuters. — Pexxum noctymna: amst 3apeructpup. nomas3oBateneit Yenl'V. — Texker :
3JEKTPOHHBIN.

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

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCIUITIJIMHBI (MOXYJISA)

Jlis peanm3ariy AUCIUTUINHEI HCIIOIB3YIOTCS yaeOHBIe ayTUTOPHH IS POBEACHUS 3aHATHH CEMHHAPCKOTO THUIIA,
IPYNIIOBBIX U MHAUBUIYAIbHBIX KOHCYNIBTALUH, TEKYIIETO KOHTPOJIA U IPOMEXKYTOYHOM aTTECTallUY, a TAKKE IIOMEILEHHS
JUISL CAMOCTOSITENIbHOM pabOTHI.

Y4eOHble ayIuTOPHH YKOMITJIEKTOBAHBI CIICIIHATIM3UPOBAHHON MEOENIBIO U TEXHUYECKUMU CPECTBAMHU OOYYEeHUS: T0CKa,
HapThl, MyJIbTUMEANIHHOE U ayIn0000pyIOBaHHE.

Jns ceMUHApCKUX 3aHSATHIA UCTIONB3YIOTCS ayTUTOPUN OCHAILICHHBIE OOBIYHOM TOCKOH, MapTaMu, NEPEHOCHBIM
MYJIBTUMEIUHHBIM U ayTH0000pyI0BaHUEM (B Cllydae HEOOXOIMMOCTH).

[TomenieHus 1t CaMOCTOSATENBHON pabOThl 00YYAIOIMXCS OCHALIEHBI KOMIBIOTEPHON TEXHUKOH € TOJKITIOUEHHEM K
cetu "MHTepHET" U 00ECIICYCHNEM JIOCTYIA B 3JICKTPOHHYIO HH(POPMAITMOHHO-00pa30BaTELHYIO CPEly YHUBEPCHTETA.

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

HpI/I HU3YyUCHUU JIaHHOM AVCHUIUIMHBI UCTTIOJIB3YKOTCS CEMHUHAPCKUE (HpaKTI/I‘{CCKHe) 3aHATHA U CaMOCTOATCIIbHAasA pa60Ta
CTYACHTA. Ha MPAKTUYCCKHUX 3aHATUAX U3JIAra€TCs OCHOBHOC COACPIKAHNE TCM IIPOTPAMMBI, pAaCCMAaTPHUBAIOTCA OCHOBHBIC
MCTOAbI U ITOAXOBbI.

I[J'IH HaunboJjee Bq)d)eKTI/IBHOFO N3YUCHUA AUCHUTIINHBL 06yqa10meMyc>1 PEKOMECHAYECTCA:

¢ [IOCCIIATh 3aHATHA, KPATKO U BAYMYHNBO KOHCIICKTUPOBATh MAaTCpUajl, C YKa3aHUEM AaThbl IPOBCACHUS 3aHATUSA U TCMBbI;
¢ CaAMOCTOATCIIBHO HpOpa6aTBIBaTI) MaTepurall KakK MOCIC KAXKIOTO 3aHATUA, TAK U 110 3aBEPIICHUIO TEMBI, YTO ITO3BOJIACT
CBA3aTbh BOCAMHO IMOJTYYCHHBIC CBEACHUA U COCTABUTH LECJIbHYIO KapTUHY.

B cityqae mpumeHeHHs Ipy 00Y4eHUN TUCIMIUTHHBI DJIEKTPOHHOTO 00YYIEHUS, TUCTAaHIIMOHHBIX 00pa30BaTEeIbHBIX
TEXHOJIOTHIA 001IeHue 00yJaromuXcsl ¥ MPErnoiaBaTessi OCYIECTBISIETCS B PEKUME PEATBHOTO BpeMeHH (OHIaiH-TIEKIH
(BeOMHApBI), YaThl, BUACO-KOH(PEPECHIIMHU | JIP.) WIX OTIOKESHHOTO BpeMeHH ( cucTeMa TUCTaHIMOHHOTo 00ydeHust Moodle,
(hopyMBbl, IIeKTpOHHASI TTOYTA H JP.).

Bosbiryro yacTs BpeMeHH 00yJalonuecs CaMOCTOSATENbHO Pab0TAIOT ¢ yaeOHO-METOANIECKIMH MaTepraiaMu. CTyIeHTHI
MMEIOT BO3MOKHOCTh KOHCYJIBTHPOBATHCS € MPETOAaBaTENIEM IO BCEM BOIPOCaM, BOSHUKAIOIIUM B XOJ€ CAMOCTOSTEIbHON
paboOTHI TOCPEICTBOM JIEKTPOHHOH MTOYTHI, COIHANBHBIX CETeH H T.II.

Joctyn oOydaromerocst K y2eOHBIM pecypcaM B peXXUMe OTJIOKEHHOTO BPEMEHH, CAMOCTOSTENbHON paboTHI
OCYIIECTBIISETCS Yepe3 ceTb IHTepHeT B yTOOHOM IS HEr0 MECTe, BpEMEHH U TEMIIE.

[Tpu oOyueHuH U1 ¢ OTPAaHUYEHHBIMUA BO3MOXHOCTSAMU 310POBBSI 2JIEKTPOHHOE 00ydeHHe, TUCTAaHIIMOHHbIE
00pa3oBaTelbHBIC TEXHOJIOTHH MPEAYCMATPHUBAIOT BO3MOXKHOCTh NpHeMa-nepeaadd HHHOPMAIHU B TOCTYITHBIX JIJISI HUX
dbopmax.

Peanuzanus TUCUMIUIMHBI C TPUMEHEHUEM JIEKTPOHHOTO 00y4eHUs, JUCTAaHIIMOHHBIX 00pa30BaTeIbHBIX TEXHOIOTHH (Hamnee
— 30, A0T) ocymectBnsiercss Ha ocHOBaHUHU «[1oJ103keHUs 0 peann3aury OCHOBHBIX U JONOJIHUTENBHBIX 00pa3oBaTeIbHBIX
MIPOTPaMM C MIPUMEHEHUEM DIISKTPOHHOTO OOYUICHUS U JUCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTHH B (enepaabHOM
TOCYIAapCTBEHHOM OIOPKETHOM 00pa30BaTEIbHOM YIPEXICHUH BRICIIETO 00pa3oBaHus «HemsIOMHCKUH rocynapCTBEHHbIH
yHUBEpcUTET», «Ilo70kKeHus 0 mopsaKe 3aueTa 00y4aromuMHICs IO OCHOBHBIM PO eccHoHaIbHbIM 00pa30BaTeIbHBIM
mporpaMMam Boiciiero oopasosanus B ®I'6OY BO «Uenl V» pe3ynbTaToB 0CBOCHHUS B OPTraHNU3aIUAX, OCYIIECTBISIONINX
00pa30BaTeNbHYIO AATETLHOCTD, YUCOHBIX MPEIMETOB, KYPCOB, JUCITUTLTHH (MOIYJEH ), MPAKTHK, JOMOTHATEILHBIX
00pa3oBaTeNbHBIX IPOTPaMM» IOCPEACTBOM IEKTPOHHOI HHpOpMannoHHO-06pa3oBaTensHoi cpeast PTBOY BO
«Yenl'Y». B HCKITIOYUTENBHBIX CITydasx (Hopc-Makop U T.I1.) IPH peatn3aui 00pa3oBaTeIbHON e TETFHOCTH C
npumerenueM D0, JIOT MoryT nmpuMeHsATh KOMIIOHEHTHI, He BXOJISIIUE B TIEPSUCHB dIICKTPOHHOW HHPOPMAIIMOHHO-
00pa3oBaTeNbHOM CpebL.
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10. CHEIIMAJIBHBIE YCJIOBUS OCBOEHUSA JTUCIIUITIJINHBI OBYYAIOIIUMHUCH C
HHBAJIMJTHOCTBIO U OT'PAHUYEHHBIMHU BO3SMOKHOCTSAMMU 310POBbA

OcBoeHHE TUCHUIUIMHBI HHBAIMAAMH M JIMIAMH C OTPAaHMYCHHBIMH BO3MOXKHOCTSMH 30pPOBbS OCYIIECTBISETCA C
UCTIONIb30BAaHUEM CHELHAJIbHBIX TEXHUYECKHX CPEICTB U HH()OPMAIMOHHBIX TEXHOJOTHUH, MpeaoCTaBIseMbIX PecypcHbIM
y4e0HO-METOJMYECKUM IIEHTPOM 110 OOYYCHHIO MHBAIUIOB H JIUI C OTPAaHHMYCHHBIMH BO3MOXKHOCTSIMH 310poBbs Yenl'V mo
3ampocy oOydaromierocs (MOOWIIBHBIC CIICIMANbHBIC TEXHHYECKHE CPEACTBAa JUIL JIMIl C HAapYIICHHSIMH 3peHHI H C
HapyIIEeHUEM CIyXa, aCCUCTUBHbIE HH()OPMALMOHHbBIE TEXHOJIOTUH).

IIpu HeoOXoanMocTH Ul OOYJAIOMIMXCS C HAPYIICHUSIMH 3pEHHS Ha pabOdMX MecTax Ul IPOBEICHUS IPAKTHUECKUX HWIIH
7a0OpaTOPHBIX 3aHATHH YCTaHABIMBAeTCSA CIICNHANBHOE IPOTpaMMHOE oOecnedeHne (IporpaMMa pedeBOW HaBHTAIIUH,
pedeBble CHHTE3aTOPHI, SKPAHHbIE JIYIIB).

B yueOHble aymuropuu obecrieunBaeTcs OCCHPENSATCTBEHHBIH JOCTYNm A OOYJalOmMXCS C WHBAIMJHOCTBIO U C
OTpaHWYECHHBIMH BO3MOKHOCTSIMH 3JI0pPOBBSl. B Kaxmolf ayguropuu, Tie OOy4aroTcsi MHBAIMABI U JIMIA C OTPAaHWYCHHBIMH
BO3MOXXHOCTSMH  3/I0POBBS, IIPEAYCMAaTPUBAETCA COOTBETCTBYIONIEE KONWYECTBO MECT I OOYJAIOMUXCI C y4eToOM
HapyleHUH UX 340pPOBbsl.

Jlis ocBOEHMs MUCHUIIMHBI MHBAIUIAM M JIMLAM C OTPAaHUYEHHBIMH BO3MOKHOCTSMH 310POBbSl MPENOCTABISAETCA AOCTYN K
MeYaTHBIM HCTOYHHWKAM, MMEIOMIMMCS B HaydHOW OmbOnmoTeke Yenl'Y, ¢ MOMOIIBIO CHENHUAIBHBIX TEXHWYECKHX CPEICTB;
JIOCTYH C MOMOIIBIO CIIEIHUANBHBIX TeXHUYECKHX U IMPOTPAMMHBIX CPEICTB K 3JIEKTPOHHBIM HCTOYHHKAM, MPEICTABICHHBIM B
(opMe >IEKTPOHHOTO JOKYMEeHTa B (hoHe HaydHO! 6nbanorexkn YenlY mim 21eKTpOHHO-OMOIMOTEUHBIX CHCTEMAX.
VY4eOHO-MeTOANYECKHe MaTepHaNBl Ul OOYJaroIMXCsl W3 YHCIa WHBAJIHIOB W JIAI] C OTPaHUYCHHBIMH BO3MOXHOCTSIMHU
370pPOBBSI IPEOCTABIIIOTCS B (OpMax, amalNTHPOBAHHBIX K OTPAHMUYCHUSM HX 3[0POBBS M OCOOECHHOCTSAM BOCIPHUSTHS
nHpOpPMaLIUY.

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

ITpu mpoBemeHMH MPOMEXYTOUHOH AaTTECTAl[MM IO JUCHHUIUIMHE OOYJAIOIMMCS C HHBAJIUAHOCTBIO U C OTPAHUYEHHBIMHU
BO3MOXXHOCTSIMH 3JI0POBbsl 0OECIEUMBACTCS 10 MX 3asABJICHHIO IIPEAOCTABICHUE B JIOCTYMHOH (OpME B 3aBHCHMOCTH OT MX
WHIVBHIYAITBHBIX OCOOCHHOCTEH HMHCTPYKIHMH O TMOPSIKE MPOBEICHUS MIPOMEXKYTOYHON aTTECTAIlMH, OIEHOYHBIX CPENCTB U
BO3MOXKHOCTH OTBETOB Ha 3aaHMA (ITHCEMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIIbIOTEpE, MHChMEHHO mpudToMm bpaiins, ¢
UCIIONIB30BaHUEM YCIIYT aCCHCTEHTA, YCTHO).

ITpu npoBeneHHM NpoLENYpbl OLEHUBAHUS PE3YNbTATOB OOy4EHHsS HHBANKMAOB U JHI[ C OTPaHUYEHHBIMU BO3MOXHOCTSIMU
3I0POBBSI PEIYyCMaTPHBACTCS HCIIONB30BaHWE IpenocTaBieHHBIX Yenl'Y mimm  COOCTBEHHBIX TEXHHYECKHX CPEICTB,
HEOOXOAUMBIX MM B CBS3M C UX HHAMBUIYaJbHBIMH OCOOCHHOCTAMH. IIpum HE0OXOAMMOCTH WHBAaIMIAM M JIHIAM C
OrpaHMYEHHBIMU BO3MOXKHOCTSIMU 3JI0POBbSI IIPENOCTABISETCA JOMONHUTENBHOE BpeMsl I MOJATOTOBKM OTBETa Ha 3aJaHMUs,
IpOIIeTypa OICHUBAHMUS PE3YJIFTATOB OOYICHUS MO AUCHUILTIHE MOKET IPOBOUTEHCS B HECKOJIBKO ATAIOB.
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1. GOALS OF MASTERING THE COURSE

The purpose of the course "Applications of Fractional Integro-Differential Calculus" is to study and apply the basic concepts and
methods of fractional calculus for modeling and analyzing complex systems and processes in various fields of science and technology.
The course is aimed at developing students' understanding of non-local effects and their modeling using fractional operators, as well as
developing skills in using these tools to solve applied problems.

The goals of the course include:

» Familiarization with the basic concepts and definitions of fractional calculus: The study of various types of fractional derivatives
and integrals (Riemann-Liouville, Caputo, Grunwald-Letnikov, etc.), their properties, relationships, as well as understanding the
nonlocality of fractional operators.

+ Study of methods for solving fractional differential and integro-differential equations: Mastering analytical and numerical methods,
including Laplace transform, Fourier transform, perturbation methods, as well as methods based on the use of special functions.

+ Formation of skills in constructing mathematical models using fractional operators: Development of the ability to formulate real
processes and phenomena in the form of fractional differential or integro-differential equations, justifying the choice of fractional order,
taking into account the nonlocality and memory of the system.

+ The study of the use of fractional calculus for modeling processes in various fields: Consideration of examples of the use of
fractional calculus in physics (viscoelasticity, anomalous diffusion, electromagnetism), mechanics (dynamics of deformable bodies),
biology (modeling of biological systems), chemistry, finance and other fields where it is necessary to take into account non-local effects
and memory.

+ Developing the ability to analyze the stability, controllability, and observability of fractional dynamical systems: Studying methods
for investigating the long-term behavior of solutions to fractional differential and integro-differential equations.

+ Creating a holistic picture of modern mathematical methods and their applications in the field of fractional calculus: Forming an
understanding of the relationship between fractional calculus, functional analysis and other mathematical tools.

+ Developing skills of independent study of modern scientific literature: Preparing students for independent research of the latest
achievements in the field of fractional calculus and its applications, as well as for participation in scientific projects.

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

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

PC-1.2. Demonstrates the ability to collect and analyze information on the subject of ongoing research

PC-1.3. Has practical experience in establishing new facts and patterns in the field of scientific research

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

Cycle (section) curriculum: |Pl .E.ED.02.02

2.1 Requirements for the student's pre-training:

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

Fourier Transform of Vector-Valued Functions

Laplace Transform of Vector-Valued Functions

Linear Operators and Operator Functions

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

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

3. COMPETENCIES OF THE STUDENT, FORMED AS A RESULT OF MASTERING THE
COURSE (MODULE)
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PC-1: Able to carry out research work in the field of differential equations

Know:

the main theoretical principles and methods of fractional integro-differential calculus necessary for solving applied problems.

Be able to:

to collect, analyze and critically evaluate information on the subject of fractional integro-differential calculus and its application in
various fields of science and technology.

Possess:

skills in applying fractional integro-differential calculus to construct, research, and analyze mathematical models describing dynamical
systems, processes, and phenomena in various fields, as well as to establish new facts and patterns.

As a result of mastering the course, the student must

3.1|Know:

3.1.1|the main theoretical principles and methods of fractional integro-differential calculus necessary for solving applied
problems.

3.2|Be able to:

3.2.1|to collect, analyze and critically evaluate information on the subject of fractional integro-differential calculus and its
application in various fields of science and technology.

3.3|Possess:

3.3.1]skills in applying fractional integro-differential calculus to construct, research, and analyze mathematical models
describing dynamical systems, processes, and phenomena in various fields, as well as to establish new facts and patterns.

4. SCOPE OF THE COURSE (MODULE)

Total labor intensity 2 Credits

Curriculum hours: 72 Types of control in semesters:
including:

classroom training: 34 Credits 3

independent work: 37,8
contact work: 34,2

OCW: 30,2
5. STRUCTURE AND CONTENT OF THE COURSE (MODULE)
Class Name of sections and topics /type of lesson/ Semester | Hours Literature
code [ Course
Section 1. Application of fractional calculus elements
1.1 Linear mathematical models of viscoelastic bodies based on fractional 3 2 L1.1L1.2L1.3
derivatives /Pr/ L2.11L2.2
W1 W2 w3
1.2 Reduction of the defining Rabonov equation to the R.L. Torvik-P.J. Torvik 3 2 L11L12L13
model of a viscoelastic body /Pr/ L2.1L2.2
W1 W2 w3
1.3 Application to the Fourier diffusion equation /Pr/ 3 2 L1.1L1.2L1.3
L2.1L22
W1 W2 W3
1.4 Application to second-order hyperbolic-parabolic equations with an 3 2 L1.1L1.2L1.3
uncharacteristic line of type change/ L2.11L2.2
W1 W2 w3
1.5 Application to the Euler-Darbu-Poisson equation and the parabolic degenerate 3 2 L11L12L13
hyperbolic equation /Pr/ L2.1L22
W1 W2 w3
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1.6 |Application to a second-order hyperbolic-parabolic equation with a 3 2 L11L12L1.3
characteristic line of type change /Pr/ 121122
W1 W2 W3
1.7 |Application to the Tricomi problem for an equation of mixed elliptic-hyperbolic 3 2 L11L12L1.3
type /Pr/ L2.1L22
W1 W2 W3
1.8 Application to continuous memory environments /Pr/ 3 2 L1.1L1.2L1.3
L2.1122
W1 W2 W3
1.9 The transport equation in media with fractal geometry /Pr/ 3 2 L11L12L1.3
L2.1L22
W1 W2 W3
1.10  |Application to the problem of regulation of the Darbu problem /Pr/ 3 2 L11L12L1.3
L2.1L22
W1 W2 W3
1.11  [Samarsky's problem in a modified formulation for the nonlocal diffusion 3 2 L11L12L1.3
equation /Pr/ 121122
W1 W2 W3
1.12  |A mixed problem for a homogeneous nonlocal wave equation /Pt/ 3 2 L11L12L1.3
L2.1L22
W1 W2 W3
1.13  |A mixed problem for an inhomogeneous nonlocal wave equation/Pr/ 3 2 L11L12L1.3
L2.1L22
W1 W2 W3
1.14  [Mathematical model of the transformation process of temperature and humidity 3 2 L11L12L1.3
fields in the surface layer of the atmosphere / Pr/ L2.1L2.2
W1 W2 W3
1.15  |Application to equations of state of matter /Pr/ 3 4 L11L12L1.3
L2.1L22
W1 W2 W3
1.16  |Population growth equations /Pr/ 3 2 L11L12L1.3
L2.1L22
W1 W2 W3
1.17  |Doing homework, preparing for exams. Preparation for the credit. /IndW/ 3 37,8 L11L12L1.3
L2.1L22
W1 W2 W3
Section 2. Other contact work
2.1 Individual consultations, ongoing monitoring /OCW/ 3 0,2 L11L12L1.3
L2.1L22
W1 W2 W3

6. FUND OF ASSESSMENT MEANS

6.1. List of types of assessment tools

1. Report
2. Questions for credit

6.2. Typical control tasks and other materials for current certification

Topics of the reports:

1. Linear mathematical models of viscoelastic bodies based on fractional derivatives

2. Reduction of the defining Rabonov equation to the R.L. Torvik-P.J. Torvik model of a viscoelastic body
3. Application of the Fourier diffusion equation

4. Application to second-order hyperbolic-parabolic equations with an uncharacteristic line of type change
5. Application to the Euler-Darboux-Poisson equation and the parabolic degenerate hyperbolic equation

6. Application to a second-order hyperbolic-parabolic equation with a characteristic line of type change

7. Application to the Tricomi problem for an equation of mixed elliptic-hyperbolic type
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8. Application to continuous media with memory

9. The transport equation in media with fractal geometry

10. Application of the Darboux problem to the problem of regulation

11. Samarsky's problem in a modified formulation for the nonlocal diffusion equation

12. A mixed problem for a homogeneous nonlocal wave equation

13. A mixed problem for a homogeneous nonlocal wave equation

14. Mathematical model of the transformation process of temperature and humidity fields in the surface layer of the atmosphere
15. Population growth equations

6.3. Typical control questions and assignments for interim certification

Questions for the credit:

. Linear mathematical models of viscoelastic bodies based on fractional derivatives

. Reduction of the defining Rabonov equation to the R.L. Torvik-P.J. Torvik model of a viscoelastic body
. Application of the Fourier diffusion equation

. Application to second-order hyperbolic-parabolic equations with an uncharacteristic line of type change
. Application to the Euler-Darboux-Poisson equation and the parabolic degenerate hyperbolic equation

. Application to a second-order hyperbolic-parabolic equation with a characteristic line of type change

. Application to the Tricomi problem for an equation of mixed elliptic-hyperbolic type

. Application to continuous media with memory

. The transport equation in media with fractal geometry

10. Application of the Darboux problem to the problem of regulation

11. Samarsky's problem in a modified formulation for the nonlocal diffusion equation

12. A mixed problem for a homogeneous nonlocal wave equation

13. A mixed problem for a homogeneous nonlocal wave equation

14. Mathematical model of the transformation process of temperature and humidity fields in the surface layer of the atmosphere
15. Population growth equations

O 001N 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 “fail” is awarded for 19 or fewer points;

A grade of “pass” is awarded for 20 or more points:

20-26 points (level 1);

27-30 points (level 2);

31-36 points (level 3).

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

There are 3 reports in the semester. 15-20 minutes are allocated for the report at the end of the pair (each pair 1 report). Each student
prepares a report on one of the proposed topics. The maximum number of points for the reports is 30.

The grade “pass” is given for 20-30 points, “fail” - less than 20 points.

The completeness of the report is evaluated by the following criteria:

1. Completeness of presentation of theoretical material

2. Sufficient number of examples to the theoretical material

3. Examples are given for definitions and theorems

4. Counterexamples are given to show under what conditions the theorems do not apply.

7. EDUCATIONAL, METHODICAL AND INFORMATIONAL SUPPORT OF THE COURSE
(MODULE)

7.1. Recommended literature

7.1.1. Basic literature
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Authors, compilers Title Publisher, year | Resource
L1.1 |Minostsev V. B., Differential equations. Equations of mathematical physics. Saint Petersburg : ELS
Berkov N. A., Zubkov |Optimization theory Lan, 2022
V.G. (https://e.lanbook.com/book/211358)
L1.2 |A Zhibera. V., R Equations of mathematical physics. Nonlinear integrable equations: a |Moscow : Urait, ELS
Murtazi. D., textbook for universities 2024
Khabibullin. T., A (https://urait.ru/bcode/538452)
Shab. B.
L1.3 |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 [Nakhushev A.M. Fractional calculus and application Moscow :
Fizmatlit, 2003
L2.2 [Sabitov K. B. Equations of mathematical physics: textbook Moscow : ELS
(https://biblioclub.ru/index.php?page=book&id=275562) 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.
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In the case of application of e-learning, distance learning technologies in teaching the course, communication between students and
teacher is carried out in real time (online lectures (webinars), chats, video conferences, etc.) or delayed time (distance learning system
Moodle, forums, e-mail, etc.).

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

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

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

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

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.

© 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) “Applications of Fractional Integro-Differential Calculus” in the scientific specialty 9
01.04.01 “Mathematics” direction “Fractional Differential Equations” FSBEI HE “CSU” pp:

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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