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Pabouas nporpamma JUCHUILINHEL "UHCIEHHBIE METOIBI PEIIeHUs IPOOHBIX An(epeHaIbHBIX YPaBHEHHI" 10
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1. IEJIX OCBOEHUA N CHUIIJINHBI

Iensro kypca "HrcieHHbIE METOABI PEIIeHUs IPOOHBIX AH(hepeHINaTBHBIX YPaBHEHUH" IBISETCS H3ydeHHE OCHOBHBIX
METOJIOB, HJEH U IOAXO0A0B K YHCIICHHOMY PELICHHIO JPOOHBIX Tu(depeHnaabHbIX ypaBHEHUH, KOTOPBIE HTPAIOT BCE
6oIee BaXKHYIO POJIb B MOJIETMPOBAHUU CIOXKHBIX SIBICHUIH U IPOIIECCOB B PA3NUYHBIX O0IACTAX HAYKU U TEXHUKH.

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

. W3ydeHne omnpexneneHnii U CBOMCTB APOOHBIX MPOM3BOAHBIX M MHTerpanoB (Kamyro, Pumana-Jlnysumns u ap.), a
Takke 0a30BBIX MOHATHI TEOPUHU APOOHBIX TU(depeHIHaTbHBIX YpaBHEHHUH.

. OcBoeHHE OCHOBHBIX YHCICHHBIX METOIOB PEHICHHUS APOOHBIX An((epeHIMANbHbIX ypaBHEHHUH, BKITIOUast
METO/IbI KOHEYHBIX Pa3HOCTEll, METOI TPEIUKTOP-KOPPEKTOP U APYrUe COBPEMEHHBIC OAXO/IBI.

. 3HAaKOMCTBO C AaHAJIUTUYECKUMHU METOJaMH pEUIeHHUs IPOOHBIX MU (epeHINanbHBIX ypaBHEHHH U UX CpaBHEHHE
C YHCJICHHBIMU METOJaMHU.

. DopMHIPOBaHKE y CTYACHTOB IIOHMMAHHS MECTa U POJIH APOOHBIX AU((hEpeHINATEHBIX YPABHCHHN B
COBPEMEHHOH MaTeMaTHKe, a TAKXKE HX CBS3M C IPYTUMH pa3leiaMi MaTeMAaTHKH M UX IPUMEHCHHUSMH B Pa3IHYHbIX
001acTAX HAyKH M TEXHUKH.

. JleMoHCTpanus Toro, Kak IpoOHbIe anuddepeHInanbHble YpaBHEHUS HCIONB3YIOTCS JUIS MOJCITHPOBAHUS H
aHAaJIM3a CJIOXKHBIX CHCTEM H IIPOIIECCOB, MPOSBIAIOMUX 3()(HEKTH NaMATH U HACJIECTBEHHOCTH (HapuMep, OMOIIOTHs,
(uzmnka).

. Pa3BuTne ymMeHHs CTPOUTH MaTeMAaTHYECKHE MOJENHN, OCHOBAaHHBIC Ha APOOHBIX I (epeHInanbHBIX
YPAaBHEHUX, a TAKXKE IIPOBOAUTH YUCIEHHOE MOJIEINPOBAaHUE

. CTuMynupoBaHUE CHOCOOHOCTH OPHEHTUPOBATHCS B COBPEMEHHBIX UHCICHHBIX METOJAaX PEHICHHs APOOHBIX
I depeHIanbHbIX ypaBHEHUH, a TAKKe Pa3BUTHE HABBIKOB IPUMEHEHUS 3TUX METOJIOB IS PEILCHHS IPAKTHYECKUX
MaTEMAaTHYECKUX 3a/1a4 U IPOBEJCHUS BBIYUCIUTENbHBIX SKCIIEPUMEHTOB.

. CopelicTBHe Pa3BUTHIO MaTEMaTHUECKOH KyJIBTYpHI, MO3BOJIAIONMIEH OYIyIIUM CIICIHAINCTaM CaMOCTOSATEIBEHO
OCBaMBATh HOBBIE MATEMAaTHYECKHE METOIBI U 3(Q(HEKTUBHO MPUMEHSATH UX JUIS PEIICHHUS CIIOKHBIX W aKTyaJIbHBIX 337124 B
Pa3IUYHBIX IPEIMETHBIX 001aCTAX, TPEOYIOIIX ydeTa IpoOHO-ai(hepeHITHaTbHBIX OePaTOPOB.

Pe3ym>TaT1)1 06y‘IeHI/IH 10 TUCOUTIIMHE HAITPABJICHBI HA JOCTUKCHUC NHIUKATOPOB!

VK-1.1. Kputrdeckn aHaIH3UpyeT MPOOIEMHYIO CUTYAIIHIO C [IENIBIO BBIPAOOTKH CTPAaTETHH EUCTBUI, apryMEHTHPOBAHO
(hopMynupyeT COOCTBEHHBIE CY)KACHHS 1 OLICHKH

VK-1.2. Ucronb3yeT KpUTHIESCKUH aHAIH3, CHCTEMATU3AIMIO 1 0000IIeHne HHPOPMAIIAH JIIsl PEIISHUsT MPOOJIeMHO
CUTYalluU

ITK-3.1. O6magaeT 3HaHUAME 00 OCOOEHHOCTSIX YCTPOHCTBA M 3KCIUTyaTanny OBM, 06 OCHOBHBIX MPHUKIIATHBIX
OpPOTPaMMHBIX MTAKETax U OMEPALMOHHBIX CHCTEMAX.

ITK-3.2. lemoHCTpUpYeT yMeHUE: 00pabaThIBaTh HH(GOPMAIHIO X BBOIUTH e¢ B OBM; cucrematu3npoBaTs, popMaTupoBaTh,
3aIMCHIBATh JaHHBIE HA HOCUTEIH U B 00JIAKO.

ITK-3.3. ImeeT nmpakTu4ecKkuii ONbIT (HaBBIKK): HacTpoiku OBM u ycraHOBKH mpuduH cOoeB padotsr OBM.

2. MECTO JUCHMUIIVIMHBI B CTPYKTYPE OIIOII

Huka (paznen) OITOIT: | b1.B.04

2.1 TpeOoBaHus K NpeIBaPUTEIbHOI MOATOTOBKE 00y4aI0LIerocs:

JIis yCTemHoro 0CBOSHUS JUCLMIUIMHBI HEOOXO0AMMBI 3HaHUs AUCHUILUINH «Matematuueckuil aHanus», «JIunelinas
anredpay, «Auddepennuansase ypaBHEHID», « DYHKITMOHATIBHBIN aHAIN3, « HUCIIEHHBIE METOIBD.

HOHOJ’IHHT@J’ILHHG TJ1IaBbl KOMITIJICKCHOT'O aHAJIn3a

YpaBHEHMsI B 4aCTHBIX IIPOU3BOJHBIX IIEPBOTO IOPSIKA

Mertonp! perenus andQepeHnnanbHbIX YpaBHEHNI

2.2 JINCUMILIMHBI ¥ PAKTHKH, /ISl KOTOPBIX 0CBOCHHE JAHHOI JUCHUILTHHBI (MOLYJIs1) HEOOXOUMO KaK
npeiecTByoniee:

3HaHu 110 JIaHHOM JUCLUILIMHE MOTyT OBITh OJIC3HBI JJIA Hay‘lHO-I/ICCHCHOBaTCHLCKOfI pa60TLI CTYIACHTOB.
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3. KOMIIETEHIIMY OBYYAIOILETOCSl, ®OPMHUPYEMBIE B PE3YJIETATE OCBOEHUSI TUCLMTTINHBI
(MOZY.JIA)

YK-1: Cnoco6en ocyliecTBJIATh KPUTHYECKUI aHAIU3 MPOOJIEMHBIX CUTYaI[Hil HA OCHOBE CHCTEMHOI0 MOAX0/1a,
BbIPA0aTHIBATh CTPATErUIO ACCTBUI

3HaTh:

OCHOBHBIC OTIPE/ICIICHISI ¥ CBOMCTBA APOOHBIX IPOU3BOIHBIX U HHTETPaIoB (B cMbiciie Kamyro, Pumana-JInyBuiuis, u
JIPYTUX), OCHOBHBIE TIOAXO/IBI K IOCTPOCHHUIO YHCIEHHBIX METOA0B PEIeHHs JPOOHBIX TU(PepeHIINANBHBIX YpaBHEHHIH, a
TaKKe UX CBSI3b C aHAMTUYCCKUME MeToaMu. [IoHUMaeT orpaHu4eHHs 1 00JIACTh MPUMEHUMOCTH PA3IUYHBIX YUCICHHBIX
METOJIOB, HX CXOJMUMOCTh, YCTOWYNBOCTb, M TIOTPEITHOCTH. 3HAET OCHOBHBIC THITHI IIPOOIIEM, KOTOPBIE MOICITUPYFOTCS
npoOHBIME T (epeHIHaTbHBIMHA YPAaBHEHUSIMHU H UX 0COOCHHOCTH.

Ymers:

MIPUMEHSITh Pa3INYHbIC YUCICHHBIC METOIBI JJIs pelIeHus APOOHBIX T PepeHITHATBHBIX ypaBHEHHH, BKIIIOYAsT METOIBI
KOHEUYHBIX pa3sHocTel u Apyrue. CrocoOeH caMOCTOATENFHO BEIOUpATh HanboIee MOoAXOISMIIUI METO T UTS PEIIeHUs
KOHKPETHOH 3a[a4i, 000CHOBBIBas CBOM BEIOOP HA OCHOBE aHAJIN3a CBOWCTB M OCOOCHHOCTEH ypaBHCHUs. YMeeT
pa3pabaThIBaTh AITOPUTMBI, HEOOXOMMBIE JJIsl MPOTPAMMHO peaTr3ainy YUCIICHHBIX METOJIOB, U aJalITUPOBATh
CYIIECTBYIONINE METOIBI JISl peIleH s HOBBIX 3a7a4. CIIoCOOCH OLIEHUTH M MPOAHATN3UPOBATH MOTydaeMble Pe3YAbTAThI, H
MPOBECTU BepU(HUKALINIO YUCICHHBIX PCIICHUIA.

Baagern:

HaBBIKAMU CAMOCTOSITENBHOTO MIPOBEIECHHS YUCICHHOTO MOJICTHPOBAHUS CUCTEM, OMTUCHIBAEMBIX JPOOHBIMU
JuddepeHanbHBIMI ypaBHEHUSIMHE, BKIIF0Yasi IOCTAHOBKY 3aJ1a4H, BBIOOP YHCICHHOTO METO/a, IIPOrPaMMHYIO
peanu3anuio aropuT™Ma, IPOBEJEHUE BEIUUCIUTEIBHBIX 3KCIIEPUMEHTOB, aHAJIU3 PE3YJIbTATOB, U BBIABICHUE
MOTEHIATBHBIX MPOOJIEM U MIOTPEITHOCTEH.

IIK-3: Cnoco0eH moHMMAThL NPUHIUIBI Pa00ThI COBPEMEHHBIX 3JIEKTPOHHO-BBIYHCINTENbHBIX H BBIYHCIATEIbHBIX
MAIIUH, pa00TaTh B KOMaH/e, yIPABJIATh KOMaHHOIl padoToi

3HaTh:

00 0COOEHHOCTAX YCTPOﬁCTBa 1 SKCILTyaTallui COBPEMCHHBIX BBIYUCIUTCIIBHBIX CUCTEM, BKIIFOYasa
BBICOKOIIPOU3BOAUTCIIbHBIC BBIYUCIIUTCIIbHBIC KJIACTCPBI U MapaJlJICIIbHBIC apXUTCKTYPHI. 3Haer 00 OCHOBHBIX
CIICNAJIM3UPOBAHHBIX IMPUKIIAIHBIX ITPOTPAMMHBIX IMAKETaX, UCTIOJIB3YEMBIX JUISI YACICHHOTO MOJACINPOBAHUS, BKITFOYAsL
IMaKEThI JJI1 PCIICHUA Z[pO6HBIX I[I/I(I)(bepeHLlI/IaHLHLIX ypaBHeHHfI, a TaK)K€ O COBPEMCHHBIX OIICPAallMOHHBIX CUCTEMAX U
NporpaMMHBIX Cpeaax, UCIIOJIb3YCMbIX IJIS1 HAYIHBIX BBIUHCIICHHMIA.

Ymers:

O6pa6aTI>IBaTB, BBOJAUTH, CACTEMATHU3UPOBATh U aHAJIM3UPOBATH YHUCIIOBBIC JAHHBIC, ITOJIYUCHHBIC B PE3YJIbTATC
BBIYMCIIUTCIIBHBIX DKCIEPUMEHTOB C }IpO6HBIMI/I I[I/I(bq)epeHHI/Ia.HLHLIMI/I YPaBHCHUAMHA, BKIIHO4Yas UCIIOJIL30BAHNUEC
HWHCTPYMCEHTOB BU3YyaJIM3allUU JAHHBIX JUIS NPEACTABIICHUA TMTOJTYYCHHBIX PE3YIbTATOB.

Baagern:

HABBIKAMU HACTPONKH BBIYMCIUTEIBHBIX CHCTEM U MPOTPAMMHBIX CPEJI AJIsl IPOBEACHHS BHIYUCIUTEIBHBIX KCIICPUMEHTOB
B 00JIaCTH YHCIICHHOTO penIeHus APOOHBIX nuddhepeHIIaIbHBIX ypaBHEHHUH, BKIIFOYasl YCTAHOBKY M HACTPOMKY
MPOTPaMMHBIX MTAKETOB, & TAKXKE ONITUMH3AIHIO BBIYACIUTEILHBIX IPOIIECCOB.

B pe3yjibTaTe 0OCBOCHUS TUCHUILINHBI oﬁyllamumﬁcn JOJIKCH

3.1 |3narnb:

3.1.1 | ocHOBHBIC OTIPEETIEeHNS U CBOMCTBA JPOOHBIX MPOU3BOIHBIX U HHTErpaoB (B cMeicie Kamyro, Pumana-
JInyBunns, U Ipyrux), OCHOBHBIE OAXObI K MOCTPOEHUIO YUCIICHHBIX METOJJOB PELIEHUs JPOOHBIX
nmuddepeHIINaTbHBIX YpaBHEHHH, a TAKKE UX CBA3b C aHAINTHYCCKUMHA MeToAaMu. [loHMMaeT orpaHudeHus 1
001aCTh TPIMEHUMOCTH PA3IUYHBIX YHCICHHBIX METOJIOB, UX CXOJUMOCTbD, YCTOHYHUBOCTD, U IIOTPEIIHOCTH.
3HaeT OCHOBHBIE TUIIBI POOJIEM, KOTOPBIE MOAETHPYIOTCS JPOOHBIMU U depeHInaNbHBIMU YPAaBHEHUSIMH U
MX 0COOCHHOCTH.

3.1.2 | O6 0coOeHHOCTAX YCTPOMCTBA U IKCILTyaTallid COBPEMEHHBIX BBIYMCIUTENBHBIX CUCTEM, BKIIFOYAs
BBICOKOTIPOHU3BOMTENILHBIC BHIYACIUTEIBHBIC KIIACTEPhI U MapaJICIbHBIC apXUTEKTYPhl. 3HAET 00 OCHOBHBIX
CHeNMaTN3UPOBAaHHBIX PUKIIAIHBIX IPOTPAMMHBIX IMaKeTaX, HCIOIb3yeMbIX JIJIsl YUCICHHOTO
MOJICTTMPOBAHMUS, BKIIFOYAs TAKETHI IS pelieHus APOOHBIX Aud(epeHIMaNbHBIX YPAaBHEHHH, a TAKKE O
COBPEMEHHBIX OTIEPAIIMOHHBIX CUCTEMaX U MPOrPAMMHBIX CpellaX, UCIOIb3yeMbIX JIJISl HAYYHBIX BHIYHACICHHH.

3.2 | YMeTh:
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3.2.1

MIPUMEHSATH PA3TMYHBIC YHCICHHBIE METOIBI VIS PEIIeHHs IpOOHBIX An(hepeHINANBHBIX YPaBHEHHUH,

BKJTIOYAsi METO/bI KOHEUHBIX paszHocTeil u npyrue. CiocoOeH caMoCTOSATENbHO BRIOUPATh HanOoIee
HOAXOSIIMNA METO AJIs pellleHHss KOHKPETHO 3a1a41, 000CHOBBIBasi CBOM BBIOOp HAa OCHOBE aHAJIM3a CBOICTB
1 0COOCHHOCTEH ypaBHEHHS. YMeEeT pa3padaTeiBaTh aNTOPUTMBI, HEOOXOIMMBIE [UIS IIPOTPaMMHOM
peanu3aIiy YUCICHHBIX METONOB, H aallTHPOBATh CYIICCTBYIOIINE METO/BI JUIS PEIICHHUS HOBBIX 3a/ad.
Cnoco6eH OIeHUTh U MPOAaHATN3HPOBATh MOTy4aeMble Pe3yIbTaThl, U IPOBECTH BEPU(DUKAIINIO YUCICHHBIX
peuieHuit.

322

O6pa6aTLIBaTb, BBOUTL, CHCTEMATU3UPOBATL U aHAJIU3UPOBATH YUCJIOBBIC JAaHHBIC, IIOJTYYCHHBIC B pE3YyJIbTATE
BBIYUCIUTCIIBHBIX OKCIICPUMEHTOB C ,HpOGHLIMI/I Z[I/I(b(l)epeHI.lI/IaJ'ILHLIMI/I YpaBHCHHUAMHU, BKIIHOYas
HCTOJIb30BAHNE HHCTPYMCHTOB BU3YAJIU3AIIUNA JTAHHBIX U1 TPCACTABICHUSA IMMOJTYIC€HHBIX PE3YIbTATOB.

33

Baanernb:

33.1

CaMOCTOSITETIFHOTO TIPOBEICHUS YHCICHHOTO MOJICITUPOBAHUS CHCTEM, ONMCHIBAEMBIX IPOOHBIMH
nuddepeHIaTbHEIMI ypaBHEHISIMHE, BKIIIOYAs IOCTAHOBKY 331a4H, BEIOOP YHCIICHHOTO METO/A,
IIPOrpaMMHYIO PEaIM3aLHUI0 aITOPUTMA, IPOBEACHUE BEIYUCIUTENBHBIX KCIIEPUMEHTOB, AHAJIU3 PE3YIbTATOB,
U BBISIBJICHHE [TOTCHIINAIIBHBIX TPOOJIEM ¥ OTPELTHOCTEH.

332

HaCTpOﬁKH BBIYHCIIUTCIIBHBIX CUCTEM U IMTPOIrpaMMHBIX CPEI AJIA IPOBEACHUS BEIYUCIUTCIIbHBIX
OKCIICPUMCHTOB B 00J1aCTH YHCIIEHHOTO peIICHUsA I[pO6HLIX I(I/I(l)(bepeHHI/IaJ'lBHBIX ypaBHGHI/Iﬁ, BKJIrO4ast
YCTaHOBKY U HaCTpOﬁKy TMMPOrpaMMHBIX IMTAKETOB, & TAKKE OIITUMU3ANUIO BBIYUCIUTCIIBHBIX ITPOIECCOB.

4. OFBLEM JUCLMILINHBI (MOLYJIS)

OOwas TpyaoeMKocTb 33ET

YacoB 1o y4eOHOMY IIaHy : 108 Bunbl koHTpONS B cemecTpax:

B TOM YHUCJIC

ayAUTOPHBIC 3aHITHS : 34 3a4yeTsl 3

caMocCTosITeNbHas paboTa : 73,8

KOHTaKTHas pabora: 34,2

HUKP: 0,2
5. CTPYKTYPA U COAEP)KAHUME JUCLHHUIIIMHbBI (MOAY.JIS)
Kon HaumeHoBaHue pa3/1e/ioB U TeM /BUA 3aHATHA/ Cemecrt | Hacos Jluteparypa
3aHATH p / Kvpc
Pazgen 1. YncienHoe peuienne ApoOHbIX A depeHualbHbIX
YpaBHeHHUil
1.1 ANTOPUTM JJ151 OJTHOWICHHBIX ypaBHeHuit /TIp/ 3 16 JIT.1JI2.1 J12.2
313233
1.2 UncneHHBIe CXeMBI 7SI MHOTOWICHHBIX ypaBHeHHH /T1p/ 3 18 JI1.1J12.1 JI2.2
313233
1.3 BrinonHeHne foMamHux padoT, MOATOTOBKA K KOHTPOJILHBIM paboTaM. 3 73,8 JI.1J12.1 J12.2
IMoxroTtoBka k 3avery. /Cp/ 212233
Paznen 2. Unast koHTakTHas padora
2.1 WuauBuayaibHbIC KOHCYIBTAIIMH, TEKYIHHA KOHTPOJb /MKP/ 3 0,2 JIT.1UJI2.1 J12.2
6. POH/JI OHEHOYHBIX CPEJACTB
6.1. IlepeyeHb BH/1I0B OLICHOYHBIX CPEACTB
1. Hoxman

2.Bonpocs! k 3auery

6.2. TunoBkle KOHTPOJIbHBIE 3a1aHUSl U UHBIE MATEPHUAJIbI 11 TeKymeﬁ aTTeCTallum

TeMbl 1OKIAN0B:

1. Uncnennsle MeToAb! penieHns qudepeHuanbHbIX ypapHeHni. 3agava Komm. [locTaHoBKa 3a1a4¥ ¥ IPETION0KEHUS
2. UncreHHBIE METOIBI pemeHuns TuddepeHInaIbHbIX ypaBHEHIH. MeTo b, OCHOBaHHEIC Ha TEHIIOPOBCKOM Pa3IIOKeHUH
3. UncreHHBIE METOABI pemmeHns quddepeHnaapHEIX ypaBHEHIH. SIBHEIN MeTox Ditnepa

4. YucneHHsle MeTOAbI pewieHus auddepeHnranbHbIX ypaBHeHUH. Meton Ditnepa ¢ nepecyeTomMm
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5. UncneHHble METOJIBI pemeHust audpepeHanbHbIX ypaBHeHnH. Meron Komru

6. HUucneHHble MeTOIbI petieHus tuddepeHunanbHbIX ypaBHeHHH. CeMeNHCcTBO sIBHBIX MeT010B PyHre-KyTThl BTOpOTrO
nopsiaKa

7. Kimaccmuecknit anroput™ Anamca — bamdopra — Moyntona

8. IpobHas dopMynupoBka

9. UncneHHble CXEMBI [JI1 MHOTOUIEHHBIX YpaBHEHUH

10. [IpeoOpa3oBaHne B CHCTEMBI OJJHOTO MOPSIKA

11. [IpeoOpa3oBaHne B CUCTEMBI HECKOIBKUX TOPSIIKOB

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

Bomnpocs! qis 3agera:

1. YucnenHsle MeTOIBI pereHus nuddepeHunanbHbpX ypaBHeHuid. 3agaya Komm. ITocTanoBKa 331241 U IPEANONOKEHUS
2. YncnenHsle MeToAbI penieHns U GepeHanbHbIX ypaBHeHUH. MeTo/ibl, OCHOBaHHbIEC HA TEHIIOPOBCKOM Pa3JIOKECHUH
3. UncreHHBIE METOBI pemeHns TuddepeHInaapHbIX ypaBHEHIH. SIBHEIN MeTox Ditnepa

4. YncneHHbIe MEeTOABI perieHus tuddepeHnnanbHbIX ypaBHeHHH. Meton Difnepa ¢ mepecueToMm

5. Yucnennsle MeTOIbI peleHus AuddepeHuaibHbeIX ypapHennid. Meron Komu

6. UncrieHHBIE METO/IBI pemeHus auddepeHnanbHeIX ypaBHeHIHH. CeMelCcTBO SBHBIX MeTon0B PyHre-KyTTH BTOpOTO
HopsIIKa

7. Knaccuueckuit anroput™ Anamca — bamdopra — Moyntona

8. Ipo6Hast hopMynmupoBKa

9. UnciieHHBIE CXEMBI U1 MHOTOWICHHBIX YpaBHEHUH

10. [IpeobpazoBaHre B CUCTEMBI OJHOTO MOPSIKA

11. IIpeoGpa3oBaHue B CUCTEMBI HECKOJIBKUX MOPSAAKOB

6.4. Kputepuu oneHuBaHUA

Kpurepuii BeicTaBneHHs 3a4eTa:

[IponomkuTenbHOCTH 3aueTa — 90 MUHYT. 32 Ka)K10€ BBINIOJTHEHHOE 3aJIJaHie OMJIeTa CTYICHT MOXKET MOJIYJUTh OT 1 110 3
6amtoB. Eciin 3a1anue BBITIOJIHEHO TPAaBUIILHO, TO OHO OIleHnBaeTcs 3 Oaymmamu. Eciu 3ajaHue BBITTOTHEHO ¢ OUIHOKaMH, TO
0asuIbl CHIKAIOTCS B 3aBUCUMOCTH OT KOJIMYECTBA JOMYIIeHHbIX omnOok. Ecnu nomyiiena oqna omubka, To 31aHue
OlleHUBaeTCs 2 OaiaMu, JONYIIeHbI [Be omnOkK — 1 6ayn. Ecimu qomyiieHo 6oee MByX OMHUOOK B 3aJaHHH WIN CTYACHT HE
BBITTOJTHWII KaKoe-Tr00 3a1anue u3 OmieTa, To 3a Hero oH mnosydaetr 0 6amioB. MakcHMaIbHOE KOJIMIECTBO OAJIIOB 3a 3a4eT
—6.

[Ipu moaBeIEHUU UTOTOB YYUTHIBAIOTCS PE3YJAbTAThl TEKyIeH aTTecTanuu. [loydeHHbIE 32 TEKYIIYIO aTTECTalNI0 OalIbI
CYMMUPYIOTCS C OaJIITaMU, ITOJTYICHHBIMHE 33 KX bl 3TaIl P MTPOXO0XKICHUN IIPOMEKYTOUHON aTTECTAIIHH:

Ouenka "He 3a4TeHO" BRICTABIISACTCS 32 19 U MeHee 0alIoB;

Orenka "3aureHo" BeicTaBisercs 3a 20 u 0oJiee 0asIoB:

20-26 6amioB (ypoBeHb 1);

27-30 6aytoB (YpoBeHb 2);

31-36 GannoB (ypoBeHb 3).

Onucanue mokasaTesel ¥ KpUTEPHEB OLICHUBAHUS KOMITSTCHITUH JUIs TOKJIa a:

B cemectpe 3 noxnama. Ha moxman otBogutes 15-20 MuHYT B KOHIIE Iaps! (Kaxmyro mapy | nokman). Kaxmsrit ctyneHT
TOTOBUT JOKJIA[ 110 OJHON U3 MPENIOKEHHBIX TeM. MaKCHUMaIbHOE KOJIMYEeCTBO 0ayioB 3a Jokiazsl - 30.

Ouenka "3aureHo" BeicTaBisiercs 3a 20-30 6amios, "He 3auTeHo" - menee 20 6aI0B.

[TonHoTa NOKIaAa OLEHUBAETCS MO CIEIYIOIIUM KPUTEPHUIM:

L. IlonHoTa M3M0XKEHUS TEOPETUYECKOTO MaTepHaia

2 JlocraToyHOE KOJIMYECTBO IPUMEPOB K TEOPETUUECKOMY MaTepHaly

3. IIpuBeneHsl IpUMeEpH] K ONpPENEIEHUIM U TEOpEMaM

4 IIpuBeneHs! KOHTPIPUMEPDI, IEMOHCTPUPYIOIIUE MPU KaKUX YCIOBHSIX HE NPHMEHHUMBI TEOPEMBI.

7. YHEBHO-METOAUWYECKOE 1 TH®OPMAIIMOHHOE OBECIIEYEHUE JTUCIUIIJIMHBI (MO Y JIS)

7.1. Pexomenayemasi JuTepaTypa

7.1.1. OcHoBHad JIMTepaTypa

ABTOpBI, | 3arnaBue | W3naTenbCcTBO, | Pecypc
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ABTOpBI, 3arnaBue WznarensctBo, | Pecype
JI1.1 |IlanTenees A.B., Yucnennsie MeTopl. [IpakTukyMm: yaebHOE TTOCOOHE Mocksa : OO0 9BC
Kynpsisuesa 1. A. (https://znanium.com/catalog/document?id=427023) "Hay4no-
HM31aTCIbCKUNA
uentp UHOPA-
M", 2023
7.1.2. JlonoJHUTEIbHAS JIHTEpaTypa
ABTOpBI, 3armaBue W3narenscTBo, Pecypc
JI2.1 | Haxymes A. M. JlpoOGHOE ncumcIeHne u ero IPUMCHEHNE Mocksa :
dusmatiut, 2003
JI2.2 |Tlepcoa M. T"., UucneHHble METObI B YpaBHEHHUSIX MaTeMaTH4ecKoil pu3nku: HoBocubupck : 9BC
Comnogeitunk 10. T'., | yaeOHOE OCOOHE HoBocubupckuit
Barun /1. B., (https://biblioclub.ru/index.php?page=book&id=574666) TOCYIapCTBEHHBI
Jlomuukos I1. A., ¥ TEXHUYECKUH
Komkuna 1O. H. YHUBEPCHTET,
2016

7.2. IlepeyeHsb pecypcoB HHGOPMALHOHHO-Te1eKOMMYHUKAIIUOHHOI ceTu "UHTepHeT"

91 |eLIBRARY.RU [3nekrpoHHbIH pecype] : anekTpoHHas oubimoteka / Hayd. snextpon. 6-ka — URL:
http://elibrary.ru/defaultx.asp

32 |Poccuiickuii pong pynnamenransubix uccnenopanuit (PODU) - odpurmansslii caitt http://www.rfbr.ru/rffi /ru

33 |Hayunas anexTponHas 6ubanoTexa. MoHorpadun, H3aHHbIe B H3naTenbcTBe Poccuiickoit Akanemun
EcrecTBO3HAHMUS MOTHOTEKCTOBBIIN pecypc HAYYHBIX U yueOHBIX n3nanuil PAE https://www.monographies.ru/

7.3 Ilepevyenb nHGOPMAIHOHHBIX TEXHOJIOT Ui

7.3.1 IIporpammHoOe o0ecnieyeHmne

LMS Moodle

Adobe Reader

7.3.2 lIpodeccuonanbHble 6a3bl JAHHBIX H HHGOPMAIOHHO-CIIPABOYHBIE CHCTEMbI

1. Web of Science (https://apps.webofknowledge.com) Web of Science : mynsTuancunmmmaapHas peeparuBHas 6aza
nanHblX / komnanus Thomson Reuters. — Pexxum gocryna: asst 3apeructpup. noib3osateneii Yenl'Y. — Teker :
3JEKTPOHHBIN.

2. SpringerLink Mexxaynaponas pedepaTiuBHas 6a3a qaHHBIX HaydHbIX u3manuit (https://www.springer.com)

8. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCIUITIJINHBI (MOJY JIS)

Jlis peanm3ariiy ANCIUTUINHEI HCIIOJIB3YIOTCS yaeOHBIe ayTUTOPHH IS IPOBEACHHS 3aHATHH CEMHHAPCKOTO THIIA,
TPYIIIOBBIX U UHIUBUIYaJIbHBIX KOHCYAbTALUHI, TEKYLETO KOHTPOJIS U IIPOMEXKYTOUHOM aTTECTalliH, @ TAK/KE IOMEIICHUS
JUISL CAMOCTOSITENIHON pabOThI.

Y4eOHbIE ayTUTOPUH YKOMILIEKTOBAHBI CTIEIIUAIN3UPOBAHHOI MEOEIbIO U TEXHUUECKUMH CPEICTBAMU OOYIEHHs: JOCKa,
HapThl, MyJIbTHMEIUIHHOE U ayAN0000PyIOBaHHUE.

Jlist ceMMHApCKUX 3aHSATHH HCIIOJIb3YIOTCS ayIMTOPUU OCHAIIIEHHBIC 0OBIYHOM JI0CKOM, TapTaMu, TIEPEHOCHBIM
MYIBTHUMEIUHHBIM U ayTn0000pyI0BaHHIEM (B CITydae HEOOXOAUMOCTH).

IMToMenieHust A1 CAaMOCTOATEIBHOM PabOTHI 00YJAIONIMXCSl OCHAIICHBI KOMITBIOTEPHOI TEXHUKOH C MOJKITIOYCHUEM K
cetu "MHTepHET" U 00ECTICYeHNEM JIOCTYIIA B 3JICKTPOHHYIO HHPOPMAITMOHHO-00pa30BaTENBHYIO CpEely YHUBEPCHTETA.

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

ITpn n3ydeHnn TaHHOW TUCIUIUIMHEI HCHOJIB3YIOTCS CEMHHAPCKHUE (TIPAKTHUECKAE) 3aHATHS U CAMOCTOSITENTbHAS paboTa
cryneHra. Ha mpakTuueckux 3aHATUSAX U31aracTcsi OCHOBHOE COAEPKaHUE TEM IIPOrpaMMbl, pACCMaTPUBAIOTCSI OCHOBHbBIE
METOABI U TIOJXO/BL.

Jis Haubonee 3 (PEKTUBHOTO U3YYCHUS AUCIAILUIMHEI 00yJaromeMycsl peKOMEHTYeTCS:

* [I0CEIIATh 3aHATUS, KPATKO U BAYMYHMBO KOHCIEKTUPOBATh MaTepUall, C yKa3aHUEM JaThl IPOBEICHUS 3aHSITHUS U TEMBIL;
* CAaMOCTOSATENBHO IIPOpabaThIBATh MaTepPHaN KaK IOCIe KQXKIOTO 3aHATHS, TAK U 110 3aBEPIICHHIO TEMBI, YTO ITO3BOJISIET
CBSI3aTh BOEIMHO MOJTYYEHHBIE CBEJICHUS U COCTABUTD LIETbHYIO KApTHHY.

B cnysae npuMeHeHus Tpu 00ydeHUH AUCIUTUTNHEL SJIEKTPOHHOTO 00Y4IeHHs, TUCTaHIIMOHHBIX 00pa30BaTENbHBIX
TEXHOJIOTHH 00IIeHHe 00YJarOIUXCsl U IPENoAaBaTeNsl OCYIIECTBISIETCS B PEKUME PealbHOrO BpeMeHH (OHNalH-IeKIUN
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(BeOMHApHI), YaTHI, BUACO-KOH(GEPEHINN | JIP.) WX OTJIOKEHHOTO BpeMeHH ( cHcTeMa JIMCTaHIMoHHOTo 00yueHust Moodle,
(hopyMBl, 2I€KTpOHHAsS [TOYTA U Ap.).

Bonbiryto yacTs BpeMeHH 00y4aloMuecs: CaMOCTOSTEIBHO paboTaIOT ¢ y4eOHO-METOJUIECKUMH MaTepruanaMu. CTyIeHTHI
MMEIOT BO3MOXKHOCTh KOHCYJIBTHPOBATECS € TIPENOAaBaTeIeM IT0 BCEM BOIIPOCaM, BOSHUKAOIINM B X0/ CAMOCTOSATCITHHON
paboTHI TOCPECTBOM 3IEKTPOHHOH MOYTHI, COIHANBHBIX CETeH U T.II.

Joctyn oOyuaromierocst K yaeOHbIM pecypcaM B pexXUMe OTJIOKEHHOTO BPEMEHH, CaMOCTOSTENbHON paboThI
OCYIIECTBISIETCS Yepe3 ceTh IHTepHeT B yIOOHOM IS HEro MecTe, BpeMEHH U TeMITe.

ITpu 0Oydenny nHI C OTPAaHNYECHHBIMHI BO3MOXKHOCTSMH 3JJ0POBBSI AIIEKTPOHHOE 00YIECHHUE, TICTAHIMOHHEIE
o0Opa3oBaTenbHbIE TEXHOIOTUH MPeIycMaTPUBAIOT BOSMOXKHOCTD IIpUeMa-Tiepeiaui HHGOPMAIUU B JOCTYIHBIX IS HUX
dbopmax.

Peanmsarust qUCIMIUIMHEI ¢ TPUMEHSHHEM 3JIEKTPOHHOTO 00yJIeHHs, TMCTaHIIMOHHBIX 00pa30BaTeIbHBIX TEXHOJIOTHH (J1anee
— 30, JOT) ocymecTBnsiercs Ha ocHOBaHUHU «I10I0KEeHNUS 0 peann3auy OCHOBHBIX U JOTIOTHUTEIBHBIX 00pa30BaTEIbHBIX
HPOrpaMM C IPUMEHEHHEM DIEKTPOHHOTO 00Y4EeHHs M IUCTAHIIMOHHBIX 00pa30BaTebHBIX TEXHOJIOTHH B (henepansHOM
TOCYIapCTBEHHOM OIOIPKETHOM 00pa30BaTeFHOM YUPEKICHUH BRICIIETO 00pa3oBaHus «esIOMHCKUH rocynapCTBEHHBINA
yHHBepcHUTEeTY, «I10707KeHNs 0 TOpsAAKE 3aUeTa 0OYJIAONIMHUCS TI0 OCHOBHBIM IIPO(ECCHOHATBHBIM 00pa30BaTEeNbHBIM
nporpamMmMam Beiciiero oopasosanus B ®I'6OY BO «Uenl V» pe3ynbTaToB 0CBOSHHUS B OPraHU3aLUIX, OCYIIECTBISIOMNX
00pa30BaTeNbHYIO NEATENLHOCTD, YICOHBIX IIPEIMETOB, KYPCOB, JUCUUILINH (MOYyIeil), IPaKTHK, AOTOIHUTEIbHBIX
00pa30BaTeNLHBIX MPOTPAMM) ITOCPEIICTBOM IIEKTPOHHON HH(POpMaIOHHO-00pa3oBaTenbHOl cpeasl ®I'BOY BO
«Uenl'Y». B uckmodnuTenbHBIX Cirydasx ((opc-Maxop U T.I1.) IPH peann3auy 00pa3oBaTeNbHON eI TETFHOCTH C
npumeHenueM D0, JIOT Moryr npUMeHATh KOMIIOHEHTBI, HE BXOAAIINE B IIepedeHb IEKTPOHHON HHYOPMALIHOHHO-
00pa30BaTeNbHON CpesIbl.

10. CHEIIMAJIBHBIE YCJIOBHUS OCBOEHUSA JTUCIIMITJINHBI OBYYAIOINIUMHUCH C
HHBAJIMJHOCTBIO U OTPAHUYEHHBIMHA BO3MOXKHOCTSAMMU 31O0POBbSA

OcBoeHHME JAWCUWIUIMHBI HMHBAIWAAMH M JIMIIAMH C OTPAHUYEHHBIMH BO3MOXKHOCTSIMH 3/I0POBbSI  OCYIIECTBIISIETCA C
WCIIOJIb30BaHUEM CIEIUATBHBIX TEXHUYECKUX CPEICTB W WH(POPMAIMOHHBIX TEXHOJIOTHH, MpPEAOCTaBIsIeMbIX PecypcHBIM
y4e0HO-METOIMYECKUM LEHTPOM IO OOYYEHHIO WHBAIMIOB M JIHII C OTPAaHUYECHHBIMH BO3MOXKHOCTSIMH 370poBbs Yenl'V mo
3ampocy oOydarorierocst (MOOWIbHBIE CHENHANbHBIE TEXHUYECKHE CPeICTBA IS JIMI[ C HAPYIICHUAMH 3PEHUS U C
HapyIICHUEM CITyXa, ACCUCTUBHBIC HHPOPMAIIMOHHBIC TEXHOIOTHH ).

[Ipu HEOOXOMUMOCTH /ISl OOYJAIOIIMXCA C HAPYIICHUSMH 3pEHUS Ha pabOYMX MECTax JUlsl MPOBENCHHS MPAKTHYESCKUAX WIH
nab0paTOpPHBIX 3aHATHH YCTaHABIMBAeTCs CIHELMAIBHOE MpOrpaMMHOE obecreyeHrne (ImporpaMma pedeBOil HaBHUTaLUH,
peyeBbIe CHHTE3aTOPBI, IKPAHHBIE JTYIIbI).

B yueOHble aymnuTopum oOecreynBaeTcsi OECHpENsATCTBEHHBIH JOCTYyn Jiisl OOyJalomuXcss C WHBATHIHOCTBIO U C
OTPaHUYEHHBIMH BO3MOXKHOCTSIMHU 370pOBbs. B Kakmoil ayauropuu, rae oOydaloTcs WHBANUABI U JIMIA C OTpAaHMYEHHBIMU
BO3MOXHOCTSIMH  3JI0POBbS, TPEAYCMATPUBACTCS COOTBETCTBYIOIIEE KOJMYECTBO MECT /I OOY4YaloIIMXCHd C  Y4ETOM
HapyIeHN UxX 340POBbsI.

Jist OCBOGHUS JHMCIUIUTMHBI WHBAIUIAM W JIMIAM C OTPaHUYEHHBIMH BO3MOXHOCTSMH 3JIOPOBbBSI MPENOCTABISIETCS] TOCTYIT K
MEYaTHBIM HMCTOYHHMKAM, MMEIOIUMCc B HaydHoll Oubnmorexke Yenl'VY, ¢ mOMOIIBIO ClENMAJIbHBIX TEXHHUUYECKHX CPEICTB;
JIOCTYIT C MOMOIIBIO CHEIHAIBHBIX TEXHUYECKUX W MPOTPAMMHBIX CPEJICTB K AJIEKTPOHHBIM HCTOYHUKAM, MPEICTABICHHBIM B
(hopMe AIIEeKTPOHHOTO TOKYMEHTa B (hoHJe HaydHOU oubimotekn Yenl'Y wiu 251eKTpOHHO-OMOIHMOTEUHBIX CHCTEMAX.
Y4eOHO-MeTOIMUeCKHe MaTepHaibl Uil OOYJarolMXCS M3 YHCIa MHBAJIMIOB WM JIUI] C OTPAaHMYEHHBIMH BO3MOXKHOCTSIMH
3I0pPOBbS MPEOCTABISAIOTCS B (opMax, aAanTUPOBAHHBIX K OTPAaHUYCHUSM HUX 3I0POBbSI U OCOOCHHOCTSM BOCIIPHUSTHS
nHpOpManHHL.

JIisT MHBANMHUIOB W JIUII C OTPAaHHMYSHHBIMH BO3MOXKHOCTSIMH 3JI0POBBSI OCBOCHWE JHMCHUILIMHBI MOYET OBITh YaCTUYHO WITH
MOJTHOCTHIO OCYIIECTBIICHO C MCIIOIB30BAHUEM TUCTAHIIMOHHBIX 00pa30BaTeNbHBIX TEXHOJIOTHH.

IIpu mpoBeAeHUH MPOMEKYTOUHOW ATTECTAIMU IO JUCIMIUIMHE OOYJArONIMMCS C WHBAIMIAHOCTBIO M C OrPaHHMYCHHBIMHU
BO3MOYKHOCTSIMH 37I0POBBsSI 00ECIIEUMBACTCS MO WX 3asBJICHUIO TPENOCTABICHUE B JIOCTYMHON (hopMe B 3aBHCHMOCTH OT UX
WHAWBUAYAJIbHBIX OCOOCHHOCTEH HMHCTPYKIMHM O MOPSAKE MPOBENEHHS MPOMEKYTOYHOH aTTECTAalllH, OLEHOYHBIX CPEACTB H
BO3MOKHOCTH OTBETOB Ha 3a/aHusl (IMCbMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIIbIOTEpE, MUCbMEHHO IpudTom bpaiins, ¢
WCIIOJIb30BaHNEM YCIIYT aCCUCTEHTa, YCTHO).

[Ipu mpoBeneHNU NPOLEAYPHl OIEHUBAHUS PE3YIHTATOB OOYUEHUS WHBAIUIOB W JIUI C OTPAHUYEHHBIMH BO3MOKHOCTSIMH
3M0pOBbS TPEAYCMATPUBAETCS HCIONb30BaHUE MpeAocTaBleHHBIX YenlY wunum coOCTBEHHBIX TEXHHYECKUX CpPEACTB,
HEOOXOJUMBIX WM B CBfA3M C WX WHAMBUAYAJIbHBIMH OCOOCHHOCTAMH. [IpH HEOOXOMUMOCTH HWHBAIWAAM M JIMIAM C
OTPaHUYEHHBIMHA BO3MOXKHOCTSIMH 3/I0POBbsI IIPEJIOCTABIISETCS JOMOJHUTEIBHOE BpeMs Il TOJrOTOBKM OTBETa Ha 3a/aHus,
MpoIeypa OLEHUBAHUS PE3YIbTATOB O0YUSHHUS IO AUCIUIIMHE MOXKET MPOBOAUTHCS B HECKOJIBKO 3TATOB.
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1. GOALS OF MASTERING THE COURSE

The purpose of the course "Numerical methods for solving fractional differential equations" is to study the basic methods, ideas and
approaches to the numerical solution of fractional differential equations, which play an increasingly important role in modeling
complex phenomena and processes in various fields of science and technology.

The goals of the course include:

+ The study of definitions and properties of fractional derivatives and integrals (Caputo, Riemann-Liouville, etc.), as well as basic
concepts of the theory of fractional differential equations.

* Mastering basic numerical methods for solving fractional differential equations, including finite difference methods,
predictor-corrector method and other modern approaches.

« Introduction to analytical methods for solving fractional differential equations and their comparison with numerical methods.

+ Formation of students' understanding of the place and role of fractional 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 fractional differential equations are used to model and analyze complex systems and processes that exhibit the
effects of memory and heredity (for example, biology, physics).

* Development of the ability to build mathematical models based on fractional differential equations, as well as conduct numerical
modeling

« Stimulating the ability to navigate modern numerical methods for solving fractional differential equations, as well as developing skills
in applying these methods to solve practical mathematical problems and conduct computational experiments.

* 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 requiring fractional differential
operators.

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

UC-1.1. Critically analyzes the problematic situation in order to develop an action strategy, formulates his own judgments and
assessments in a reasoned manner.

UC -1.2. Uses critical analysis, systematization and generalization of information to solve a problem situation.

PC-3.1. Has knowledge about the features of computer design and operation, about the main application software packages and
operating systems.

PC-3.2. Demonstrates the ability to: process information and enter it into a computer; organize, format, record data on media and in the
cloud.

PC-3.3. Has practical experience (skills) in setting up computers and setting the causes of computer failures.

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

Cycle (section) curriculum: |Pl .E.04

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", "Numerical methods" is required.

Advanced Complex Analysis

First Order Partial Differential Equations

Methods for Solving Differential Equations

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

Knowledge of this course can be useful for students' research work.
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3. COMPETENCIES OF THE STUDENT, FORMED AS A RESULT OF MASTERING THE
COURSE (MODULE)

UC-1: Able to critically analyse problem situations on the basis of a systematic approach, develop a strategy of action

Know:

the main definitions and properties of fractional derivatives and integrals (in the sense of Caputo, Riemann-Liouville, and others), the
main approaches to the construction of numerical methods for solving fractional differential equations, as well as their relationship to
analytical methods. Understands the limitations and scope of various numerical methods, their convergence, stability, and errors. He
knows the main types of problems that are modeled by fractional differential equations and their features.

Be able to:

Apply various numerical methods to solve fractional differential equations, including finite difference methods and others. He is able to
independently choose the most appropriate method for solving a specific problem, justifying his choice based on an analysis of the
properties and features of the equation. He is able to develop algorithms necessary for the software implementation of numerical
methods and adapt existing methods to solve new problems. He is able to evaluate and analyze the results obtained, and verify
numerical solutions.

Possess:

skills to independently conduct numerical modeling of systems described by fractional differential equations, including problem
formulation, choice of numerical method, software implementation of algorithm, conducting computational experiments, analyzing
results, and identifying potential problems and errors.

PC-3: Able to understand the principles of operation of modern electronic computers and computing machines, work in a
team, manage teamwork

Know:

about the features of the device and operation of modern computing systems, including high-performance computing clusters and
parallel architectures. He knows about the main specialized application software packages used for numerical modeling, including
packages for solving fractional differential equations, as well as about modern operating systems and software environments used for
scientific computing.

Be able to:

process, enter, organize, and analyze numerical data obtained as a result of computational experiments with fractional differential
equations, including the use of data visualization tools to present the results.

Possess:

skills in configuring computing systems and software environments for conducting computational experiments in the field of numerical
solution of fractional differential equations, including installation and configuration of software packages, as well as optimization of
computing processes.

As a result of mastering the course, the student must

3.1|Know:

3.1.1|the main definitions and properties of fractional derivatives and integrals (in the sense of Caputo, Riemann-Liouville,
and others), the main approaches to the construction of numerical methods for solving fractional differential equations,
as well as their relationship to analytical methods. Understands the limitations and scope of various numerical methods,
their convergence, stability, and errors. He knows the main types of problems that are modeled by fractional differential
equations and their features.

3.1.2| About the features of the device and operation of modern computing systems, including high-performance computing
clusters and parallel architectures. He knows about the main specialized application software packages used for
numerical modeling, including packages for solving fractional differential equations, as well as about modern operating
systems and software environments used for scientific computing.

3.2|Be able to:
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321

Apply various numerical methods to solve fractional differential equations, including finite difference methods and
others. He is able to independently choose the most appropriate method for solving a specific problem, justifying his
choice based on an analysis of the properties and features of the equation. He is able to develop algorithms necessary for
the software implementation of numerical methods and adapt existing methods to solve new problems. He is able to
evaluate and analyze the results obtained, and verify numerical solutions.

322

Process, enter, organize, and analyze numerical data obtained as a result of computational experiments with fractional
differential equations, including the use of data visualization tools to present the results.

33

Possess:

3.3.1

independent numerical modeling of systems described by fractional differential equations, including problem
formulation, choice of numerical method, software implementation of the algorithm, conducting computational
experiments, analyzing the results, and identifying potential problems and errors.

332

Settings of computing systems and software environments for conducting computational experiments in the field of
numerical solution of fractional differential equations, including installation and configuration of software packages, as
well as optimization of computing processes.

4. SCOPE OF THE COURSE (MODULE)

Total labor intensity 3 Credits

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

classroom training: 34 Credits 3

independent work: 73,8
contact work: 34,2

OCW: 0,2
5. STRUCTURE AND CONTENT OF THE COURSE (MODULE)
Class Name of sections and topics /type of lesson/ Semester | Hours Literature
code [ Course

Section 1. Numerical solution of fractional differential equations

1.1 Algorithm for single-term equations /Pr/ 3 16 |L1.1L12L13L2.1

L2.2
W1 W2 W3

1.2 Numerical schemes for polynomial equations /Pr/ 3 18 L1.1L1.2L1.31L2.1

L2.2
W1 W2 W3

1.3 Doing homework, preparing for exams. Preparation for the test. /IndW/ 3 73,8 |L1.1L1.2L1.3L2.1

L2.2
W1 W2 W3

Section 2. Other contact work

2.1 Individual consultations, ongoing monitoring /OCW/ 3 02 |L1.1L12L13L2.1

L2.2
W1 W2 w3

6. FUND OF ASSESSMENT MEANS

6.1. List of types of assessment tools

1. Report

2. Questions for credit

6.2. Typical control tasks and other materials for current certification

Topics of the reports:
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. Numerical methods for solving differential equations. The Cauchy problem. Problem statement and assumptions
. Numerical methods for solving differential equations. Methods based on the Taylor expansion

. Numerical methods for solving differential equations. The explicit Euler method

. Numerical methods for solving differential equations. Euler's method with recalculation

. Numerical methods for solving differential equations. The Cauchy method

. Numerical methods for solving differential equations. The family of explicit second-order Runge-Kutta methods
. The classical Adams—Bashfort-Moulton algorithm

. Fractional formulation

. Numerical schemes for polynomial equations

10. Transformation into systems of the same order

11. Transformation into systems of several orders

O 031N W A~ WK

6.3. Typical control questions and assignments for interim certification

Questions for credit:

. Numerical methods for solving differential equations. The Cauchy problem. Problem statement and assumptions
. Numerical methods for solving differential equations. Methods based on the Taylor expansion

. Numerical methods for solving differential equations. The explicit Euler method

. Numerical methods for solving differential equations. Euler's method with recalculation

. Numerical methods for solving differential equations. The Cauchy method

. Numerical methods for solving differential equations. The family of explicit second-order Runge-Kutta methods
. The classical Adams—Bashfort-Moulton algorithm

. Fractional formulation

. Numerical schemes for polynomial equations

10. Transformation into systems of the same order

11. Transformation into systems of several orders

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

Authors, compilers Title Publisher, year | Resource
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Authors, compilers Title Publisher, year | Resource
L1.1 |Panteleev A.V., Numerical methods. Practicum: a training manual Moscow : ELS
Kudryavtseva L. A. (https://znanium.com/catalog/document?id=427023) Scientific
Publishing Center
INFRA- M, LLC,
2023
L1.2 |Yemelyanov V. N. Numerical methods: an introduction to the theory of difference Moscow : Urait, ELS
schemes: a textbook for universities 2024
(https://urait.ru/bcode/538894)
L1.3 |Tukhfatullin B. A. Numerical methods for calculating building structures. The finite Moscow : Urait, ELS
element method: a textbook for universities 2024

(https://urait.ru/bcode/541343)

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 |Persova M. G., Numerical methods in mathematical physics equations: a textbook  [Novosibirsk : ELS
Soloveitchik Yu. G.,  [(https://biblioclub.ru/index.php?page=book&id=574666) Novosibirsk State
VaginD. V., Technical
Domnikov P. A., University, 2016

Koshkina Yu. I.

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.

© FSBEI HE “CSU”




Institution of Higher Education

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

Work program of the course (module) “Numerical Methods for Solving Fractional Differential Equations” in the scientific ]
specialty 01.04.01 “Mathematics” direction “Fractional Differential Equations” FSBEI HE “CSU” pp:

For the most effective study of the course the student is recommended:

- attend classes, briefly and thoughtfully outline the material, indicating the date of the class and the topic;

- independently study the material both after each lesson and at the end of the topic, which allows you to link the information received
and make a complete picture.

In the case of application of e-learning, distance learning technologies in teaching the course, communication between students and
teacher is carried out in real time (online lectures (webinars), chats, video conferences, etc.) or delayed time (distance learning system
Moodle, forums, e-mail, etc.).

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

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

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

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.
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- 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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