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1. IEJIX OCBOEHUA N CHUIIJINHBI

Iensro kypca "CrernuanbsHablie GyHKINUN" SBISIETCS M3ydeHHe (yHIaMEeHTaIbHBIX CBOMCTB, METO/IOB aHAIN3A M TIPIIIOKEHIH
HanboJIee BaXKHBIX CIICIUAIBHBIX (PyHKIHH, HCIIOIB3YeMbIX B MATEMAaTHUCCKOH (u3nke, TuphepeHnnaabHbIX YPAaBHEHUSIX,
TEOPHH BEPOATHOCTEH U NPYrux 001acTsX Hayku M TexHUKH. Kypc HaueneH Ha GOpMHpOBaHHUE Y CTYEHTOB NIIyOOKOTO
TMOHUMaHHS POJIH CHEIHATIBHBIX (QYHKIMHA KaK HHCTPYMEHTA PEIICHHS CI0KHBIX MaTeMaTHYCCKUX 3a/1ad ¥ MOJICITHPOBAHUS
Pa3IUYHbIX IPOLIECCOB U SBICHUI.

3agagamu HU3YYCHUA JUCHUITIMHBI SABJIAKOTCA:

* O3HaKOMJIEHHE C OCHOBHBIMH OTIPENICICHUSAMHU M CBOMCTBAMH CIIeUHaNbHBIX GYyHKIMN: M3yuenne ramma-QyHKINM, OeTa-
(dyHKIMH, THIepreoMeTpudeckux GyHkimi, pyakiuit beccens, Jiexxanapa, Murrar-Jlepdaepa, smmmnraaeckux QyHKIHMA 1
MHTETPAJIOB, a TaKKe JPYTUX KIACCOB CIENHATBHBIX (DYHKIIHIA.

* OcBoeHHE METOIOB aHANM3a CIICIHATBHBIX (GYHKIMH: M3ydeHne acCHMITOTHIECKIX Pa3iIoKEeHHH, HHTETrPaIbHBIX
IIPEICTaBICHUH, PEKYPPEHTHBIX COOTHOIIEHUH, IPOU3BOJHBIX U HHTETPAJIOB, a TAKXKE IPYTUX METOJOB aHAIU3a,
MPUMEHHMBIX K Pa3IMYHBIM KJIaccaM CHEHaTbHBIX (QYHKIHH.

* H3yueHne B3aMMOCBSA3CH MEXIy ClIeIMANbHBIMU (yHKIMAME: ViccnenoBanue cBs3eil U pecTaBICHUH OTHUX
crienuanbHbIX (GYHKIMH Yepe3 Opyrue, a Takke MOHUMaHue OOIINX MPUHLUIIOB X KiIacCH(HUKaIn.

* ®OopMHPOBaHUE HABBIKOB IPUMEHEHHS CTIELUAIBHBIX (DYHKIMIA IS pelieHuss MaTeMaTHUECKUX U QU3MUECKHX 3a1a4:
PaccmoTpenune mpumepoB penreHus AudQepeHInaIbHbIX ypaBHEHHIHA, HHTETPAIBHBIX YpaBHEHHH, 3a]1a4 MATEMaTHIECKO
(hI3UKH, TEOPUH BEPOSTHOCTEH M IPYTHUX 3a71a4 C MCHOJIb30BAaHNEM CIICIAAIBHBIX (BYHKIIHH.

* zydeHue npuitoxXeHnH crienuanbHbIX QYHKIMH B pa3IMYHBIX 00MacTiX: PaccMoTpeHne IpuMepoB MOIEITHPOBAHHS
MIPOIIECCOB B (pH3HKe (Teopus KoJIeOaHHid, pacipOCTpaHEHNE BOJIH, TETUIONPOBOTHOCTD), MEXaHUKE (3a]]a4u TEOPUH
YIPYrOCTH M IUIACTUYHOCTH ), IEKTPOTEXHHUKE (TEOpHs LIeTeii), KBAaHTOBONH MEXaHHKE, CTATHCTHKE U IPYTHX 00JacTAX ¢
HCIIOJIb30BaHNEM CHELMAIBHBIX (DYHKIUH.

* Pa3BuTHE CIOCOOHOCTH MPOBOIUTH AHAJIN3 M UHTEPIPETALUIO PELICHUI, TOTYUYEHHBIX C UCTIONb30BAaHHEM CIIELHATBHBIX
¢yHKIMIA: V3ydeHne ToBeICHUS CIICIHATbHBIX (DYHKIMH TP PAa3IMIHBIX 3HAUCHUAX ITAPaMETPOB, HX aCHMIITOTHYECKAX
CBOHCTB M 0COOCHHOCTEH, a Taxke MHTEPIPETAIHS IOTyIeHHBIX PE3yIIbTATOB B TEPMHUHAX MOACIHUPYEMBIX IIPOIIECCOB.

» Co3zgaHue LENOCTHOM KapTHHBI CYLLECTBYIOIIMX MaTEMATUYECKUX METOIOB U NOHATHUH, CBS3aHHBIX CO CIIELMaIbHBIMU
¢yrKIsIMI: PopMUpPOBaHUE TOHUMAHHS O POJIH CIIEIMANBHBIX (DYHKIIMH KaK MOIITHOTO MHCTPYMEHTa MAaTEMaTHIECKOTO
aHaJIu3a U MOJEIUPOBaHUS.

* Pa3BuTHe HaBBIKOB CAMOCTOSITEIILHOTO U3Y4EHHsI COBPEMEHHOM HayqHOU nuTepatypsl: [loAroToBKa CTYIEHTOB K
CaMOCTOATEILHOMY HCCIIEIOBAHHUIO HOBBIX CIICIIUANBHBIX (GYHKITHH U X MPHIOKSHUH, a TAKKE K YI4aCTHIO B HAYIHBIX
MPOEKTaXx.

PCSyﬂLTaTH 06y‘~I€HI/IH 0 IUCUUINUIMHE HAIpaBJICHbI HA JOCTHKCHUC NHIAUKATOPOB!:

[TK-1.1 AeMoHCTpUpYET 3HAHHUE OCHOBHBIX TEOPETHUECKHX MOJI0KEHHI U METOJIOB B 00JIaCTH MPOBOIUMBIX HAYUHBIX
HCCIJIEAOBaHUMI

ITK-1.2. leMoHCTpUpyeT yMeHHUs cOOpa U aHaIn3a HHPOPMAIIMH [T0 TEMATHKE MIPOBOIMMBIX UCCIICIOBAHUIM

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

2. MECTO JUCHMUIIVIMHBI B CTPYKTYPE OIIOII

Huka (paznen) OITOIT: | OT.B.01

2.1 TpeGoBaHus K NpeIBaPUTEIbHOI MOATOTOBKE 00y4aI0LIerocs:

Jlns ycriemHoro 0CBOSHUs AUCLMITIMHBI HE0OX0AUMBI 3HAHUS AUCLHUILINH «MaTeMaTH4ecKuil aHanu3y, «JIuHeiHas
anrebpay, «IuddepeHnmanbupie ypaBHESHHUD), « DYHKITMOHATBHBIN aHaIH3», « KOMITTICKCHBIN aHAN3». A TakKe

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

2.2 TMCOMILTHHBI M PAKTUKH, JJI1 KOTOPBIX OCBOECHUE TAHHOI JHCHHILTMHBI (MOYJIs1) HEOOXOIHMO KaK
NpeAnIecTByIONIee:

3HaHus M0 NaHHOW AUCIMIUIMHE MOTYT OBITh IOJIE3HBI AJIs1 HAYYHO-HUCCIIEI0BATENbCKOM PabOThI CTYIEHTOB.

Jpob6Hoe naTerpo-audhepeHInaIbHoe HCIUCICHUE

Merozp! penienus audpdepeHIaIbHbIX ypaBHEHHN
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ypaBHGHI/ISI B 4YaCTHBIX IMPOU3BOJHBIX IICPBOTO MOPAIKA

BLIpO)K,Z[CHHbIC OBOJIFONMOHHBIC YPaBHCHUS B 0aHaXxOBBIX IPpOCTpaHCTBAX

Henuneiineie YPaBHCHHUA B YACTHBIX TPOU3BOAHBIX

O0001IeHHBIe CHMMETpHU TU(GdEPCHIHATEHBIX YPaBHCHHI

YucneHHbIe METOIBI penIeHs APOOHBIX qudhepeHnInaNbHbIX YPaBHEHUIT

3. KOMIIETEHLIMY OBYYAIOILETOCS, ®OPMHUPYEMBIE B PE3YJIbTATE OCBOEHUSI TUCLIMITIMHBI
(MOJYJIS)

IK-1: CnocodeH NpoBOANTH HAYYHO-UCCJIEA0BATEILCKYIO PadoTy B 00/1acTu AU depeHunaIbHbIX YPaBHeHUit

3HaTh:

OCHOBHBIC TCOPCTUICCKHUE IMOJIOKCHUA, CBOMCTBA K MCTOAbI aHAJIN3a CIICHHUAJIbHBIX (byHKIIHﬁ, HeO6XOI[I/IMI>IX JUTSL PCTICHU ST
MATEMAaTUYCCKUX U NPUKIAAHBIX 3a1a4.

YMmerb:

cobupath, aHATM3UPOBATh U AaBAaTh KPUTHUECKYIO OLEHKY HH(GOPMALIUH 10 TEMATHKE CHEUAIbHBIX (QYHKIUH, BKIIIOYast UX
TEOPETHYECKHE OCHOBBI, CBOMCTBA U 00JIACTH IIPUMEHEHHS B PA3INYHbBIX 00JIaCTSIX HAYKH U TEXHUKH.

Baaners:

HaBBIKAMH IIPUMEHEHHMS CIIELMANIbHBIX (DYHKIUH JUIs TOCTPOCHUS, PEIICHUS U aHAIN3a MaTeMaTHUECKUX MOJIENIEH,
OTIMCHIBAIONINX TTPOIIECCHI U ABJIEHHS B Pa3JIMUHBIX 00JIACTX, a TAKXKe JUII YCTAHOBICHHUS HOBBIX (DAaKTOB H
3aKOHOMEPHOCTEH.

B pe3yabTaTe 0CBOEHHs JUCHMILINHBI 00y4YaOLIUICSI 10JKEeH

3.1 |3narn:

3.1.1 | ocHOBHBIE TCOPETUYCCKUC ITOJIOKCHUA, CBOMCTBa U METO/bI aHAJTIK3a CHEHUATBHBIX (pyHKI_II/II‘/'I, HEO0OXOIUMBIX
JJIL pCHICHUA MAaTCMAaTUYCCKUX U IIPUKIIAAHBIX 3a1a4.

3.2 | YMeTh:

3.2.1 | cobupaTh, aHATU3UPOBATH U IaBaTh KPUTHYCCKYFO OIICHKY HH(POPMALIUH MO TEMATHKE CIEIHATbHBIX (DYHKIIHH,
BKJTIOYAs] UX TEOPETUIECKUE OCHOBBI, CBOMCTBA M 00J1aCTH MPUMEHEHUS B PA3JIMYHBIX 00JIACTSIX HAYKU U
TEXHHKH.

3.3 | Baagers:

3.3.1 | npuMeHeHHs CTIeUaTbHBIX (GYHKIMN IS TOCTPOSHHS, PEIICHHS U aHaJIi3a MaTeMaTHIECKIX MOJIeTIeH,
OTIHMCHIBAIOIINX MPOIIECCH U SBICHUS B PA3JIMYHBIX 00JACTAX, 8 TAKXKE [Tl YCTAHOBJICHUS! HOBBIX (DAaKTOB U

3aKOHOMEPHOCTEH.
4. OFBbEM JUCIUAIIJIMHBI (MOAY JIS)
O6wasn TpyaoemKocTb 13ET
YacoB 1o yueOHOMY ILIaHY : 36 Bupasl KOHTpONA B ceMecTpax:
B TOM YHCJIE
AyIUTOPHBIE 3aHATHS : 16 3aueThl 2
camocTosTenpHas pabora : 19,8

KOHTaKTHas pabora: 16,2

HKP: 0,2
5. CTPYKTYPA U COAEPKXAHUE JUCLHHUIIINHBI (MOAYJIS)
Kon HaumeHoBaHHe pa31esioB U TeM /BH] 3aHATHS/ Cemect | YacoB Jluteparypa
3aHATH p / Kype
Paznen 1. CnienuajibHble QYHKIUH
1.1 Beenenue B cienmanbabie GyHKIME. O030p 0CHOBHBIX (yHKIuMH /TIp/ 2 1 JIL.1 J11.2
JI1.3J12.1
213233
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1.2 I'amMma-GyHKIMSA: aCHMITOTHKY, HHTETPATIBHBIC IPEACTABIICHUS, CBA3b C 2 1 JI1.1 J11.2
¢daxTopuanom /Ip/ JI1.3J12.1
2102233
1.3 Bera-dyHkus: onpeneneHue, CBOMCTBA, HHTETPAIbHBIC 2 1 JIT.1JI1.2
npencrasienus /I1p/ JI1.3J12.1
313233
1.4 [Tpumenenue raMmma- u 6eta-QyHKIMN B 3a1a4ax IPOOHOTO 2 1 JIL.1J11.2
ncuucnenuns /TIp/ JI1.3712.1
313233
1.5 I'mnepreomerpraeckas QyHKIUS: onpereneHne, CBOHCTBA, PIIHOE 2 1 JI1.1 J11.2
npencrasienue /I1p/ JI1.3712.1
2102233
1.6 BeiposxaeHHas runepreomerpudeckas pyHkuus. KongmoeHTHas 2 1 JIT.1JI1.2
runepreomerpryeckas gyaxmus /Tp/ JI1.3J12.1
313233
1.7 CBsI3b THIIEPreoOMeTpUIeCKUuX (PYHKIUN C APYTUMH CHEHUATbHBIMU 2 1 JI.1J11.2
¢byuaxmusamu /Tp/ JI1.3712.1
313233
1.8 ®dyrkunn Mutrar-Jledduepa: onpenenenne, CBOWCTBA, HHTETPATBHBIE 2 2 JIT.1 J11.2
npexcrasienus /I1p/ JI1.3J12.1
2102233
1.9 0O6006mennbie pyHknnu Muttar-Jleddnepa /TIp/ 2 1 JIL.1 J11.2
JI1.3J12.1
313233
1.10 | Csa3b ¢yaxuuit Murrar-Jleddnepa ¢ 1poOHBIMH TPOU3BOIHBIMU U 2 1 JIL.1J11.2
uuTerpanamu /IIp/ JI1.3712.1
313233
1.11 [Mpumenenue ¢pyaxnuit Murrar-Jleddiepa B Moaemnsx 1poGHOTO 2 1 JIT.1 JI1.2
nopsiaka /TIp/ JI1.3712.1
2102233
1.12 | ®ynkuuu beccens: onpeneneHue, CBOMCTBA, HHTETPATIbHbBIC 2 1 JIT.1JI1.2
npexcrasienus /I1p/ JI1.3J12.1
313233
1.13 | @ynxnuu Jlexanapa: onpeneneHne, CBoiicTBa, CBA3b C OPTOTOHAIBHBIMU 2 1 JI1.1J11.2
MHorowieHamu /T1p/ JI1.3712.1
313233
1.14 | CBsa3b crienma bHBIX GYHKIUH 1 ipeoOpazoBanue Jlaraca /TIp/ 2 1 JI1.1 J11.2
JI1.3712.1
2102233
1.15 | O630p ¥ MpUMEHEHNE CIICIUATBHBIX (PYHKIIUH B PA3TUUHBIX MPUKIIATHBIX 2 1 JIT.1JI1.2
3amavax /IIp/ JI1.3712.1
313233
1.16 |BsInonHeHHE JOMANIHUX PabOT, HOATOTOBKA K KOHTPOJIEHBIM PabOTaM. 2 19,8 JI1.1J11.2
IMoxroTtoBka k 3avety. /Cp/ JI1.3J12.1

Pa3nen 2. Unas koHTaKTHasi padoTa
2.1 WuauBuayaabHbIE KOHCYTBTAIIMH, TEKYIMH KOHTPOJb /MKP/ 2 0,2 JIT.1JI1.2
JI1.3J12.1

6. POHJI OUEHOYHBIX CPEJACTB

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

1. Hokman
2. Bonpockl k 3a4yety

6.2. TumoBbIe KOHTPOJIbHBIE 32TAHAS H HHbIE MAaTePHAJBI 115 TeKyIIeil aTTecTaliu

TeMBbI I0KJIaI0B:
1. Tamma-(yHKIHS: pa3TUIHbIC ONIPEACICHUS H MHTETPABHbBIC MTPECTABICHUS, UX SKBUBAJICHTHOCTh M TIPUJIOKEHHSL.
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(I'iryboxwmit aHANMN3 pa3NUYHBIX ONIPEACNICHHI U IIPEeCTaBICHIH raMMa-(QyHKIHN, UX B3aHMOCBS3b, IPUMEHEHNE B JPOOHOM
WCYHCIICHUH. )

2. Bera-dynkius u ee cBsi3b ¢ raMma-yHkiueil. [Ipunoxenns B reopun apodHoro ucuucnenus. (IlogpobHoe paccMorpenue
cBO¥iCTB OeTa-pyHKINH, ee CBA3M ¢ raMMa-(QyHKIHEH W UCIIOIh30BaHNE B BRIYMCIICHHUSIX IPOOHBIX IIPON3BOJHEIX U
MHTETPAJIOB. )

3. I'nnepreomerpudeckye (pyHKIUU U UX YaCTHBIE CIydau: CBOUCTBA, aCUMOTOTUKY, MpuiokeHus. (O630p pa3nu4HbIX
BUJIOB THIIEPTEOMETPHUYECKUX (PYHKIIMH, UX CBOMCTB U NMPEACTABICHIH, TPUMEHEHNE B peIIeHUH AU PepeHIHaTBHBIX
YpaBHEHUIA. )

4. BeIpokIeHHbIE THIIepreoMeTpudeckue (GyHKIUHU: CBOMCTBA, IpeCTaBIeHNe, IPIMEHEHHE B MOJETSIX C IPOOHBIMU
MPOU3BOAHBIMU. (AHAIN3 BEIPOXKACHHBIX THIEPIeOMETPHYECKUX (DYHKIUH, NX CBSI3H C APYTMMH CIICHUaIbHBIMA
(YHKIMSIMA M TIPFIMEHEHHE B YPAaBHEHHAX € IPOOHBIMH TIPON3BOTHBIMU. )

5. ®yaknun Mutrar-Jleddepa: pasnuaabie 06001IeHNS, CBOWCTBA B IPUMEHEHHE B TEOPUH APOOHBIX T hepeHIHanbHbIX
ypaBHenwuii. (ITogpo6HOe n3ydenue 0606menuii pynkimu Mutrar-Jleddiepa, ux CBOHCTBa U POJIb B PEIICHUH APOOHBIX
nddepeHIHaNbHbIX YpaBHEHHI. )

6. Crienimasbpable (GyHKIUU 1 TpeoOpa3oBanue Jlamiaca: B3aUMOCBSI3b U TPUMEHEHUE ISl pelIeHHsT JPOOHBIX
nuddepeHInaIbHbIX YpaBHeHUH. (AHAIN3 UCIOIB30BaHUs peoOpazoBanus Jlammaca Ui peleHus 3a1ad, CBsI3aHHbIX CO
CrIennanbHBIMU (QYHKIUSAMH 1 APOOHBIMU ypaBHCHUSIMHL. )

7. Meton ®pobennyca 1 ero npuMeHeHHe JUIT HaXOXICHUS pelleHni quddepeHnranbHbIX YpaBHEHNH, BEIpaXKaeMbIX depes
crieruanbHble QyHKIUH. (M3ydenne meroga @pobeHnyca 1 ero IpUMEHEHHE AT HAXOXKICHUS PEICHHH ¢ TTOMOIIBIO PAIOB,
BBIPAXKEHHBIX Uepe3 CleHanbHble (QYHKIUH.)

8. lHTerpanpHbIe MPeACTaBICHHS CIICIAANBHBIX (DYHKIMH U UX TPUMEHEHHE B aHAIN3e APOOHEIX onepaTtopoB. (IToxpoOHErit
aHAJIM3 MHTETPANBHBIX TPECTaBICHUI CIEIANbHBIX (DYHKIIMH U UX CBA3b C MHTETPATLHBIMU IPE00Pa30BAHUSIMHI H
JpOOHBIMHU OTIEpPAaTOpaMH. )

9. Ilpumenenne ramma- 1 Geta-(OyHKIMH B BEIYUCICHUH IPOOHBIX HHTETPAIOB U IPOU3BOJHBIX, IPUMEPHI M aHAITH3.
(PaccMmoTpeHe mpruMepoB UCIOTB30BaHNSA TaMMa- i 0eTa-(OyHKITHH JUTS BEIYUCICHHUS JPOOHBIX TPOU3BOIHBIX U
MHTETPAJIOB. )

10. Pemienue npoOHBIX AudpepeHInaTbHbIX YPaBHEHUH ¢ ucronb3oBanneM (yHkuuit Mutrar-Jleddnepa. (Anamus
npumeHeHus pyHKIH Muttar-Jleddnepa s pereHns pa3nuiHBIX KIacCoB IPpOoOHBIX Tu(depeHITHaIbHBIX YpaBHEHHH. )
11. Mopenmposanue aHOMaTbHON MG dy3rH ¢ TOMOIIBIO IPOOHBIX ONEPATOPOB U CIEIMANbHBIX GyHKIWMH. (MccnenqoBanue
MoJjeneit aHoManbHOH quddy3uu ¢ NCIONB30BaHUEM IPOOHBIX IPOU3BOJHBIX M AHAIN3 PEIICHUH C MOMOIIBIO CHEHATBHBIX
(hyHKIIHI. )

12. [IpoOHOE MCUHCIICHNE U BA3KOYIIPYrOCTh: NCIIOIB30BAaHHE CHEIIHABHBIX (DYHKIIUH JIS1 MOJETTMPOBAHMS PEOIOTHYECKIX
cBoiicTB MaTepuanoB. (IIpumeHeHne IPOOHOTO UCUHUCIICHNS U CIICHUATBHBIX (PyHKIUIT I MOSITHPOBAHHS BI3KOYIPYTOTO
MOBE/ICHUSI MaTEPHUAOB. )

13. IIpuMeHeHwe CriennaNbHBIX (QYHKINH U1 pelIeHus APOOHBIX HHTETpaIbHBIX ypaBHeHNU . (V3ydeHne MeToI0B peleHns
MHTETPATFHBIX YPaBHEHHUH ¢ IPOOHBIMH OTIepaTopaMHy M UCIIOIH30BaHHUE CHEIHNATBHBIX (DYHKITHIH. )

14. CnenuanbHble (pyHKINU B APOOHBIX CHCTeMax ympaBieHus. (PaccMoTpeHne IpIMeHEHHs CIIeIUaNbHBIX (QYHKIHI U1
aHaJM3a U CHHTE3a APOOHBIX CHCTEM YIPABIIEHHUS.)

15. CnenmanbHbIe QyHKINH B 331a49aX APOOHOHN AMHAMUKH. (AHAIN3 IPUMEHEHHMS CIIeNHNaTBHBIX (QyHKINiT B 3a1adax
MOJIETTHPOBAHUS MEXaHHIECKUX CUCTEM C IPOOHBIMHU IPOU3BOIHBIMIL. )

16. O6001meHHbIe crenuaibHble QYHKIMHU: ONpeielIeHue, CBOHCTBa, IPUIIOKEHHS B 1poOHOM ncuuciennu. (U3ydenne
0000IIEHHBIX CHENUANBHBIX (DYHKIMH 1 UX POJIU B TEOPUH APOOHBIX ONEpaToOpoOB.)

17. YnceHHbIE METOABI BEIYHUCIICHAS CIIENHATBHBIX (QYHKIMI 171 32124 JpoOHOTO MCUHCIICHHS.

18. CBs3b cnenuanbHbIX (QYHKIHUH ¢ TEOpUeH OPTOrOHAIBHBIX MHOTOUWIEHOB U UX NIPUMEHEHNE B IPHOIMKEHHBIX METOJaX
pereHust ApoOHbBIX ypaBHEHUH. (3ydyeHne cBsA3M CrienUaIbHbIX (QYHKIUH ¢ OPTOrOHaJIbHBIMA MHOTOWICHAMH U UX
MPUMEHEHHE B YHCIEHHBIX METOIaxX JUTS PeIIeHus TpoOHBIX YpaBHEHHIH. )

19. CnenunanpHble (yHKIMH B MHOTOMEPHOM JPOOHOM HUCUHCICHUN U MX IPUMEHEHNE B MOACIUPOBAHNH MHOTOMEPHBIX
npoueccoB. (AHaIM3 MHOTOMEPHBIX IPOOHBIX ONEPaTOPOB U UCMOIB30BaHHE CHELUATBHBIX (QYHKLMI A1 nx
WCCIICZIOBAHHUA. )

20. CoBpeMeHHEBIE HCCIIEAOBAHNS M HOBBIC HANIPABICHIS B 00JIACTH NIPUMEHEHHS CIICIMANBHBIX (DYHKIMH T YpaBHEHHUH ¢
JpoOHBIMU POu3BOAHBIMU. (O630p MOCIEAHNX HAYyYHBIX JOCTIKEHHN U MepCIEKTUBHBIX HANIPaBIICHUI HCCIeN0BaHNUIl B
o0JlacT IPUMEHEHHS! CIELMANIBHBIX (DYHKLUH U151 IPOOHBIX YpaBHEHHH.)

6.3. TunoBbie KOHTPOJILHBIE BONPOCHI U 321aHUS VI MPOMEKYTOUHOI aTTeCTANMI

Bompocs! s 3agera:

1. O630p OCHOBHBIX CHIEITUANBLHBIX QYHKIHI (TamMa, OeTa, TunepreoMmerprdeckue, yakimn beccens, Jlexxanapa, Murtrar-
Jlepdnepa).

2. Ucropuveckre acleKThl 1 00IaCTH IPUMCHEHHS.

3. Brenenue B raMMa-(yHKIIHIO: OTIpe/ielIcHIe, CBOHCTBA, aHATATHYECKOE TPOI0DKCHHE.

4. AcUMIITOTHYECKUE pa3inokeHus raMma-Qpyakiun (popmyna CTUPIMHTA).
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5. nTerpanpHbIe MpeACTaBIeHNS TaMMa-(gyHknmy (HHTerpan Diepa Il pona).

6. CBsa3b raMMma-(pyHKIIH ¢ (pakTOpHaIoM U 000OIIEHHBIM (DAKTOPHATIOM.

7. Onpenenenue 6era-pyHkiun (MHTErpan Dunepa I pona).

8. CoiicTBa Oeta-(yHKITNH: CHMMETPHS, CBS3b C TaMMa-(pyHKIIHEH.

9. HTerpanbHbIe NpecTaBIeHUs OeTa-(QyHKIUH.

10. Beruncnenue 1poOHBIX TPOU3BOAHBIX U MHTETPAJIOB IIPOCTHIX (DYHKIMI C UCHOJIB30BaHUEM raMMa-(QYHKIMH.
11. CBa3b Geta-pyHKINH ¢ 0000IICHHBIMI HHTETPATaMH.

12. ITpuMeps! npUMEHEHHs TaMMa- 1 OeTa-(QyHKINY B PEIICHUH HHTETPAIBHBIX YPaBHEHHUI.

13. Onpenenenue pynxuu Murrar-Jleddnepa.

14. CeotictBa ¢ynkuun Muttar-Jledduepa.

15. VnTerpanbHble NPECTABICHUS.

16. O606menns pyaxuun Murrar-Jleddepa: qByxmapaMmerprdeckas, MHOTOapaMeTPHUIECKasl.

17. CeoiictBa 000011eHHBIX hyHKIMHE MutTar-Jleddepa.

18. Ipencrasienne pereHnit TpoOHBIX A depeHITNAaTBHEIX ypaBHEHHH ¢ oMombio GyHKIHH Mutrar-Jleddnepa.
19. Ucnons3oBanne ¢yaknuit Mutrar-Jleddnepa B Mopensax aHoManbHONM An(Qy3un, BI3KOYIPYTOCTH U IPYrUX
mporeccax.

20. IIpumenenne npeobpazoBanus Jlamiaca K pelIeHNIO ypaBHEHHH CO CHEUAIbHBIMU (DYHKIUSMH.

6.4. Kputepuu oneHuBaHUA

Kputepuii BBICTaBICHHUS 3a4eTa:

[IponomkuTenbHOCTH 3aueTa — 90 MUHYT. 32 KaXKI0€ BBITIOTHEHHOE 3aJJaHie OUJIeTa CTYIEHT MOKET MOIYIUTh OT 1 110 3
6amtoB. Eciu 3aanue BBINONIHEHO IPAaBUIIBHO, TO OHO OIleHnBaeTcs 3 Oamnamu. Ecnu 3ajaHue BBIOTHEHO ¢ OUIHOKaMU, TO
0aJTbl CHI)KAIOTCS B 3aBUCUMOCTH OT KOJIMYECTBA JOMYIIEHHBIX omHO0K. Eciu momyrieHa oHa omuoka, To 37aHne
OIlCHUBaeTCs 2 Oaamu, JONyIIeHbI [Be omnoOku — 1 6ayn. Ecimu nomymieHo G6osee MByX oMHUOOK B 3aJAHUH WIN CTYACHT HE
BBITIOJTHWII KaKoe-Tr00 3a1anue u3 OmiieTa, To 3a Hero oH mnoydaet 0 6amioB. MakcuManbHOE KOJIMIECTBO OAJIIOB 3a 3a4eT
- 6.

IIpu noaBeIeHUH UTOTOB YIUTBHIBAIOTCS PE3yNIbTaThl TEKYIIEH aTTecTaliu. [1oydeHHbIe 32 TEKYIYIO ATTECTAIUIO OaJITbI
CYMMUPYIOTCS C OaJlITaMU, TTOJTyIEHHBIMHE 33 KaXIIbIi 3Tl MPH MPOX0XKICHUN MPOMEKYTOTHOHN aTTeCTaIHN:

Ouenka "He 3a4TeHO" BhICTABIISACTCS 32 19 U MeHee 0allIoB;

Orenka "3aureHo" BeicTaBisercs 3a 20 u OoJiee 0asI0B:

20-26 6amioB (ypoBeHsb 1);

27-30 6aynoB (ypoBeHb 2);

31-36 6amnoB (ypoBeHb 3).

Onucanue mokaszaTesel ¥ KpUTEPHeB OLICHUBAHUST KOMITSTSHITUH JUIs TOKJIa ia:

B cemectpe 3 noknana. Ha moxman otBogutes 15-20 MUHYT B KOHIIEe aps! (Kaxmyro mapy | mokman). Kaxmsrit ctyneHT
TOTOBHT JOKJIA[ 110 OJHOM M3 MPEIOKEHHBIX TeM. MaKCUMalIbHOE KOJMUYECTBO OayIoB 3a Jokmar - 10.

Ouenka "3auteHo" BeicTaBisieTcs 3a 20-30 6amios, "He 3auTeHo" - menee 20 6aI0B.

[lonHOTa NOKIaAa OLEHUBAETCS MO CIELYIOIIUM KPUTEPHUIM:

1. [TonHoTa M37105KEHUS TEOPETUYECKOTO MaTepHaa

2 JlocraToyHOE KOJIMYECTBO IPUMEPOB K TEOPETUUECKOMY MaTepHalLy

3. IIpuBeneHsl IpUMeEpH] K ONpENEICHUAM U TEOpEMaM

4 [IpuBeneHpl KOHTPIPUMEDBI, IEMOHCTPUPYIOIINE MPU KaKUX YCIOBUSAX HE IMPUMEHUMBI TEOPEMBI.

7. YHEBHO-METOJNYECKOE U HH®OPMALIMOHHOE OBECIIEYEHUE JUCHUILIJIMHBI (MOAY JIS)

7.1. Pexomenayemasi JuTepaTypa

7.1.1. OcHoBHasi IMTepaTypa

ABTODBI, 3arnaBue WznarensctBo, | Pecypc
JI1.1 | KapueBckuit M. M., | YpaBHeHus MaTeMaTtuueckoi ¢pu3uku. JlononHuTensHele aBel: | CaHKT- 3bC
[TaBnoBa M. @. ydaeOHOe mocooue s By30B IetepOypr :
(https://e.lanbook.com/book/489359) Jlanb, 2025
JI1.2 | baiikos B. A, YpaBHEHUS MAaTeMaTHUECKOH QH3UKN: YIEOHUK M TIPAKTHKYM Mocksa : }Opaiit, 9BC
Kubep A. B. JUIsL BY30B 2025
(https://urait.ru/bcode/562402)
JI1.3 |Tonsaun A. 1., HenuHeliHble ypaBHEHUS] MATEMATHYECCKONW (DU3UKH U MEXaHUKH. Mocksa : FOpaiir, 9BC
3aiines B. ©., MeTonp! peneHns: YIeOHUK 1 MPAKTHKYM JUIS BY30B 2025
Kypos A. . (https://urait.ru/bcode/562002)
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7.1.2. JlonoJHHUTENIbHAS JTUTEPATYpPa
ABTOpBHI, 3araBue WznarensctBo, | Pecype
JI2.1 | Apcenun B. 4. MeTo1bI MaTeMaTHIECKON (DM3HUKH U CTIEIHAaIbHbIC (YHKIIUU: Mocksa : Hayka,
ydaeOHOe mocoOue ATl CTYICHTOB BTY30B 1984

7.2. Ilepeuensb pecypcoB HHGOPMAIHOHHO-TETEKOMMYHHKAIIUOHHOI ceTH "UHTepHeT"

D1 |eLIBRARY.RU [3rnekTpoHHbIi pecype] : anekTponHas oubmnoreka / Hayd. anekrpon. 6-ka — URL:
http://elibrary.ru/defaultx.asp

32 |Poccuiickuii porn pyHmaMenTanbHbIX HecaenoBannii (PODN) - odurmansHeii caitt http://www.rfbr.ru/rffi /ru

33 | Hayunas anexTpoHHas Onbianoreka. MoHorpadmy, H3qaHHbIe B H3MaTeNbcTBe Poccuiickolt AkageMun
EcrecTBO3HAHNS TOTHOTEKCTOBBII pecypc HAYIHBIX U yaeOHBIX m3naHui PAE https://www.monographies.ru/

7.3 IlepevyeHb MHGOPMAIMOHHBIX TEXHOJIOT Wi

7.3.1 IlporpammHoe obecnieyeHune

LMS Moodle

Adobe Reader

7.3.2 IIpodeccuonanbHbie 6a3bl JAHHBIX U HHPOPMALUOHHO-CIIPABOYHbIC CHCTEMbI

1. Web of Science (https://apps.webofknowledge.com) Web of Science : MynmsTHANCIHTUTHHAPHAS pedepaTuBHas 6a3a
nmaaHbIX / Kommaeus Thomson Reuters. — Pexxum nocryma: amst 3apeructpup. nons3oBateneit Yenl'V. — Teker :
3JIEKTPOHHBIH.

2. SpringerLink MexnyHnapoaHaas pedepaTuBHast 6a3a JaHHBIX HaydHbIX m3gaHuii (https://www.springer.com)

8. MATEPHAJIBHO-TEXHUMYECKOE OBECIIEYEHME JUCIMITJINHBI (MOJAY JIA)

JIns peanu3anuy TUCIUTUTAHBI UCTIONB3YIOTCS YUeOHBIE ayIUTOPUH IS IPOBEICHHS 3aHATHIH CEMUHAPCKOTO THIIA,
TPYIIOBBIX U UHIUBUAYAJIbHBIX KOHCYJIBTAIMH, TEKYIIETO KOHTPOJIS U IPOMEXKYTOUHOM aTTECTAlllH, @ TAKXKE TOMEIECHHS
JUTSL CAMOCTOSITENTLHON paOOTHI.

Y4eOHBIC ayTUTOPUH YKOMIUICKTOBAHBI CTICIIMAIN3NPOBAHHOM MEOETIbI0 M TEXHHUECKUMHE CPEICTBAMH O0YIEHHS: JOCKa,
HapThl, MyIbTUMEAUIHOE U ayAn0000pyI0BaHHE.

JUist ceMMHApCKUX 3aHATUI NCTIONB3YIOTCS AyAUTOPHUHU OCHAIICHHBIC OOBITHON JOCKOM, TapTaMH, IIePEHOCHBIM
MYJIBTUMEIUHHBIM U ayAH0000pyI0BaHUEM (B Cllydae HEOOXOAUMOCTH).

ITomemnieHus 11 cCaMOCTOSITENIFHOM PabOTh! 00YJAIONIIXCS OCHAIIEHB! KOMITBIOTEPHON TeXHHKOH ¢ IMOIKITI0OUeHUEM K
cerr "MHTepHeT" M 0OecriedYeHHEeM I0CTYIA B SJIEKTPOHHYIO HHPOPMAIIMOHHO-00pa30BaTe/IbHYIO Cpely YHUBEPCHTETA.

9. METOAMUECKHUE YKA3AHMNS /151 OBYUAIOIIMXCS IO OCBOEHHIO MCLIUILINHBI (MOIY.JI5)

ITpu M3y4eHny JaHHOW TMCLMIUIMHBI HCTIOJIB3YIOTCS CEMHHApCKUE (IIPAaKTUYECKUe) 3aHATHS U CaMOCTOsTENbHas padoTa
cTyneHTa. Ha mpakTHuecKuX 3aHATHAX M3J1araeTcsi OCHOBHOE COIEP KaHME TEM IPOTrPaMMBI, PACCMATPUBAIOTCS OCHOBHbIC
METOJIBI ¥ IOJXOIHI.

Jlis Haubonee 3¢ GeKTUBHOTO U3ydeHUs TUCHHUIUIMHBI 00yJaroneMycss peKOMEHIYeTCs:

* [IOCEIIATh 3aHATHL, KPATKO ¥ BAYMYHBO KOHCIEKTHPOBATH MaTepHall, C yKa3aHHEM AaThl IPOBECHHS 3aHATUS U TEMBI;
* CAaMOCTOSATENBHO ITPOpadaTHIBATE MaTepPHa KaK IOCIIEe KAKIOTO 3aHATHS, TaK U 110 3aBEPIICHAIO TEMBI, YTO ITO3BOJISIET
CBSI3aTh BOCIMHO IMTOJydCHHBIC CBEACHHS M COCTABUTH IIETBHYIO KAPTHHY.

B ciyaae npumeHeHus 1pu 00y4eHUN TUCIUTLIMHBI SJIEKTPOHHOTO 00y4eHHs, JUCTAaHIIMOHHBIX 00pa30BaTEIbHBIX
TEXHOJIOTHH OOIIeHHE 00YJarOIMXCsI ¥ TPEHOAaBATENS OCYIIECTBISIETCS B PEKUME PEATEHOTO BPeMEHH (OHIAHH-IEKITN
(BeOuHApBI), 4aThI, BUACO-KOH(MEPEHINH U JIP.) WIK OTI0KEHHOTO BpeMeHH ( CHCTeMa JUCTaHIIMOHHOTO 00y4eHHs Moodle,
(opyMBI, SNIEKTPOHHAS 110YTa U 1p.).

Borpiryro gacTs BpeMeHH 00yJaroniuecs CaMOCTOSATENEHO PaOb0TAIOT ¢ yaeOHO-METOANIECKIMH MaTepraiaMu. CTyIeHTHI
MMEIOT BO3MOXKHOCTh KOHCYJIBTHPOBATHCS C IIPENOAaBaTEIEM IT0 BCEM BOIIPOCAM, BOSHUKAOIIUM B XOJI€ CAMOCTOSATEITHHON
PabOThI HOCPEACTBOM JICKTPOHHOI NOYTHI, COLUAIBHBIX CETEH M T.I1.

Jocryn oOy4arorerocst K yueOHbIM PeCypcaM B PEKHUME OTJI0KEHHOTO BPEMEHH, CAMOCTOSITENILHONW paboThI
OCYIIECTBIIETCS Yepe3 ceTh IHTepHeT B yIOOHOM IS HEro MecTe, BpeMEHH U TeMITE.

IMTpu 0OydeHnu UL ¢ OTPAaHUYEHHBIMU BO3MOXKHOCTSMH 3[J0POBBSI HIEKTPOHHOE 00YUIEHHE, TUCTAHI[OHHbIE
00pa3oBaTeNbHBIC TEXHOIOTHH MPEyCMAaTPHBAIOT BO3MOXKHOCTH IIpHEMa-Tepeadyl MHPOPMAIMU B TOCTYITHBIX JUISl HUX
(dopmax.

Peanm3anust UCIMIUIMHEI ¢ TPUMEHCHHUEM 3IEKTPOHHOTO 00y4eHHMs, TUCTAHIIHOHHBIX 00pa30BaTEIbHBIX TEXHOIOTHH (fajee
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— 30, JOT) ocymecTBisiercs Ha ocHOBaHUHU «I10T0OKEeHNUS 0 peann3aui OCHOBHBIX U TOTIOJTHUTEIIBHBIX 00pa30BaTEIbHBIX
IporpamMM ¢ IpUMEHEHHEM IeKTPOHHOTO 00YUeHHUS U TUCTaHIIMOHHBIX 00pa30BaTeNbHBIX TEXHONOTHUII B henepanbHOM
rOCyJapCTBEHHOM OIO/XKETHOM 00pa30BaTeIbHOM YUPEXKACHNUH BbICIIEero o0pazoBanus «UenssOMHCKUI rocyiapCTBEHHBIH
yHHBepcHUTeTY, «I10705keHNs 0 TTopsAAKe 3aueTa 00YJAONIMHUCS TI0 OCHOBHBEIM IPO(ECCHOHAIBHBIM 00pa30BaTeIbHBIM
nporpamMmMam Beiciero oopasosanus B PI'bOY BO «Uenl'Y» pe3ynpTaToB OCBOCHHUS B OPTAaHU3AIMAK, OCYIIECTBIISIOMIIX
00pa3oBaTeNbHYIO AEATENBHOCTD, YIEOHBIX IPEAMETOB, KypCOB, AUCIUILTUH (MOIYNeH), MpaKTHUK, JOTOTHUTEIbHBIX
00pa30BaTeNLHBIX MPOTPAMM» ITOCPEICTBOM MEKTPOHHON MHDOpMAIIMOHHO-00pa3oBaTeinbHo# cpeapt PT'BOY BO
«Uenl'Y». B ucKImoquTeNbHBIX CiTydasx ((opc-Maxop H T.I1.) TP peasTn3aui 00pa3oBaTeIbHOM NeITeTbHOCTH C
npumerenueM D0, JIOT Moryr npuMeHsITh KOMIOHEHTHI, He BXOJSIIUE B IEpeUeHb EKTPOHHOH HH(POPMALIMOHHO-
00pa30oBaTebHON Cpesibl.

10. CHEIIMAJIBHBIE YCJIOBHUS OCBOEHUSA JUCIIMITJIMHBI OBYYAIOIIUMHUCH C
NHBAJINJIHOCTBIO 1 O'PAHUYEHHBIMU BO3SMOXHOCTSAMU 31OPOBbS

OcBOCHUE IUCHUIUIMHBI WHBAIMAAMH M JIMIAMH C OTPAaHMYCHHBIMA BO3MOXKHOCTSMH 3JIOPOBBSl OCYLICCTBISETCA C
UCIIOJIb30BAaHUEM CICLHAIBHBIX TEXHHYECKHX CPEICTB M HMH(MOPMAIMOHHBIX TEXHOJOTHH, MNPEIOCTaBIsIEMbIX PecypcHbIM
y4eOHO-METOANYECKUM LIEHTPOM MO OOYYEHHIO MHBAIMJIOB U JIMI C OIPaHMYCHHBIMH BO3MOXKHOCTSIMH 310poBbst Yenl'V 1o
3ampocy oOydaromierocss (MOOMJIbHBIC CIICHHATIbHBIC TEXHUYECKHE CPEACTBAa JUIS JIMI C HAPYIICHUSIMH 3pEHHS H C
HapYIICHUEM CIIyXa, aCCHCTUBHBIC HH()OPMAIOHHBIC TEXHOJIOTHH).

ITpu HEeoOXoAMMOCTH [UIsi OOYYAIOIMXCS € HAPYIISHUSIMH 3pEHHs Ha pabOduMX MecTax Uis MPOBEICHUS NPAKTHUECKHX HITH
JTa00paTOPHBIX 3aHATHIl yCTaHABIMBAaeTCs CIELMAIBLHOE IMpOrpaMMHOe obOecreyeHue (IporpaMma pedeBOl HaBHIalWH,
peUeBbIC CHHTE3aTOPBI, SKPAHHBIC JIYITBI).

B yueOHble aymuropuu obecrieunBaeTCs OCCHPENSITCTBEHHBIA JIOCTYN Jjis OOYYalomMXCsl € WHBAIUIHOCTBIO U C
OTpaHMYECHHBIMH BO3MOJYKHOCTSIMH 37I0pOBbsl. B Kaknoi aymuropuu, riae oOydaroTcsi MHBAJIHMABI M JIMLA C OrPaHUYCHHBIMU
BO3MOXXHOCTSIMH  3/I0POBBSI, IPEAYCMATPUBACTCS COOTBETCTBYIOLIEE KOJMYECTBO MECT Uil OOYYAIOIUXCS C y4eTOM
HapYIICHUH UX 310POBBSI.

st OCBOGHHMSI IMCUMIUIMHBI MHBAJIMAAM M JIMIAM C OIPaHUYCHHBIMH BO3MOXKHOCTSIMH 3[I0POBbSI IPEIOCTABISETCSI HOCTYI K
MEeYaTHBIM HCTOYHHMKAM, MMEIOIMMCS B HayyHoW OuOimoreke Yenl'Y, ¢ MOMOILIBIO ClENMaibHBIX TEXHHYECKUX CPEACTB;
JIOCTYI C TOMOIIBIO CIEIHANTBEHBIX TEXHHYSCKUX U HMPOTPAMMHBIX CPEICTB K JIEKTPOHHBIM HCTOYHUKAM, MPEICTABICHHBIM B
(hopMe AIEKTPOHHOTO JOKYMEeHTa B oHAe HaydHOH OnOroTekn Yenl'Y miu a1eKTpOHHO-ONOIUOTEYHBIX CHCTEMAX.
YueOHO-METOANUECKHE MaTepHaibl s OOY4alomMXCsl M3 YMCIa WHBAIWAOB U JIMI C OTPAaHUYCHHBIMH BO3MOXKHOCTSIMH
3[I0POBbsl IPENOCTABISIIOTCA B (hopMax, adaNTHPOBAHHBIX K OTIPAHHYCHUSIM HX 3[0POBbS M OCOOCHHOCTSM BOCIPHUSITHUS
HHPOPMAITUH.

sl MHBaNWIOB U JIMI[ C OTPAaHWYCHHBIMH BO3MOXKHOCTSIMH 3/I0POBbSI OCBOCHHE AMCLUIUIMHBI MOXET OBITh YAaCTHYHO WIIK
MOJIHOCTBIO OCYIIECTBICHO C HCIIOIb30BaHUEM JUCTAHIIMOHHBIX 00pa30BaTEeNbHBIX TEXHOJIOTH.

Ilpu npoBeseHHH MPOMEXKYTOYHON ATTECTAI[MM IO TUCHHUIUIMHE OOYJAIOIMMCS C HHBAIUAHOCTBIO U C OTPaHUYCHHBIMHU
BO3MOXXHOCTSIMH 3[I0POBbsI 00ECIEUMBACTCS 10 MX 3asBICHHIO MPEIOCTABICHHUE B IOCTYMHOH (OpMe B 3aBHCHMOCTH OT HX
WH/IMBUIYalbHbIX OCOOEHHOCTEH HHCTPYKIMH O MOPSIKE MPOBEICHHS MPOMEXKYTOYHON aTTECTAlMH, OLECHOYHBIX CPEICTB H
BO3MOKHOCTH OTBETOB Ha 3a/aHus (IHMCbMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIIBIOTEpE, MUCbMEHHO Mmpudrom bpaiins, ¢
HCITOJIb30BAaHHEM YCIIYT aCCHCTCHTA, YCTHO).

[Ipy mpoBeAeHHH TPOLEAYPHl OLECHUBAHUS PE3YIbTATOB OOY4EHHS MHBAJIMWAOB M JIMI[ C OIPAaHMYCHHBIMH BO3MOXKHOCTSIMH
37I0pOBbsSI TIPEAYCMATPUBAETCSl MCIOJIb30BaHUE mpenocTaBieHHbIX Yenl'Y nnum  COOCTBEHHBIX TEXHHUYECKHX CPEICTB,
HEOOXOAMMBIX MM B CBS3M C WX HHAWBUIYaJbHBIMH OCOOCHHOCTAMH. [Ipu HEOOXOIUMOCTH HWHBAJIHMIAM H JIUIAM C
OTPaHHYCHHBIMH BO3MOXKHOCTSIMH 37I0POBbSI IPEIOCTABIISETCS JOTOIHUTENPHOE BpeMsl AJIsl TIOJrOTOBKH OTBETAa Ha 3aJaHMs,
NpoLEe/ypa OLICHUBAHUS PE3YJILTATOB 00YUEeHHS 110 JUCHHUILINHE MOXKET HPOBOJIMTHCS B HECKOJIBKO ITAIOB.
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1. GOALS OF MASTERING THE COURSE

The purpose of the Special Functions course is to study the fundamental properties, analysis methods, and applications of the most
important special functions used in mathematical physics, differential equations, probability theory, and other fields of science and
technology. The course aims to provide students with a deep understanding of the role of special functions as a tool for solving complex
mathematical problems and modeling various processes and phenomena.

The goals of the course include:

+ Introduction to the basic definitions and properties of special functions: The study of gamma functions, beta functions,
hypergeometric functions, Bessel, Legendre, Mittag-Leffler functions, elliptic functions and integrals, as well as other classes of special
functions.

+ Mastering the methods of special function analysis: The study of asymptotic expansions, integral representations, recurrence
relations, derivatives and integrals, as well as other analysis methods applicable to various classes of special functions.

+ The study of the relationships between special functions: The study of the relationships and representations of some special functions
through others, as well as understanding the general principles of their classification.

+ Formation of skills in using special functions to solve mathematical and physical problems: Consideration of examples of solving
differential equations, integral equations, problems of mathematical physics, probability theory and other problems using special
functions.

» Exploring applications of special functions in various fields: Consideration of examples of modeling processes in physics (theory of]
vibrations, wave propagation, thermal conductivity), mechanics (problems of elasticity and plasticity theory), electrical engineering
(circuit theory), quantum mechanics, statistics and other fields using special functions.

+ Developing the ability to analyze and interpret solutions obtained using special functions: Studying the behavior of special functions
at various parameter values, their asymptotic properties and features, as well as interpreting the results obtained in terms of simulated
processes.

+ Creating a holistic picture of existing mathematical methods and concepts related to special functions: Formation of understanding
about the role of special functions as a powerful tool for mathematical analysis and modeling.

+ Developing the skills of independent study of modern scientific literature: Preparing students for independent research of new
special functions and their 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: |OC.V.01

2.1 Requirements for the student's pre-training:

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

To successfully master the discipline, knowledge of the disciplines "Mathematical Analysis", "Linear Algebra", "Differential

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.

Fractional Integro-Differential Calculus

Methods for Solving Fractional Differential Equations
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Partial differential equations of the first order

Degenerate Evolution Equations in Banach Spaces

Nonlinear Partial Differential Equations

Numerical Methods for Solving Fractional Differential Equations

3. COMPETENCIES OF THE STUDENT, FORMED AS A RESULT OF MASTERING THE
COURSE (MODULE)

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

Know:

the main theoretical provisions, properties and methods of analysis of special functions necessary for solving mathematical and applied
problems.

Be able to:

Collect, analyze, and critically evaluate information on the subject of special functions, including their theoretical foundations,
properties, and applications in various fields of science and technology.

Possess:

skills in applying special functions to construct, solve, and analyze mathematical models describing 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 provisions, properties and methods of analysis of special functions necessary for solving
mathematical and applied problems.

3.2|Be able to:

3.2.1|Collect, analyze, and critically evaluate information on the subject of special functions, including their theoretical
foundations, properties, and applications in various fields of science and technology.

3.3|Possess:

3.3.1}skills in applying special functions to construct, solve, and analyze mathematical models describing processes and
phenomena in various fields, as well as to establish new facts and patterns.

4. SCOPE OF THE COURSE (MODULE)

Total labor intensity 1 Credits

Curriculum hours : 36 Types of control in semesters:
including:

classroom training: 16 credits 2

independent work: 19,8

KOH contact work: 16,2

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. Special functions
1.1 An introduction to special functions. Overview of the main functions /Pr/ 2 1 L1.1L1.2
L2.11L22123

W1 W2 W3
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1.2 Gamma function: asymptotics, integral representations, relation with factorial 2 1

/Pr/

L1.1L1.2
[2.1122123
W1 W2 W3

1.3 Beta function: definition, properties, integral representations /Pr/ 2 1

L1.1L1.2
[2.1122123
W1 W2 W3

1.4 |Application of gamma and beta functions in fractional calculus problems /Pr/ 2 1

L1.1L1.2
[2.1122123
W1 W2 W3

1.5 Hypergeometric function: definition, properties, row representation /Pr/ 2 1

L1.1L1.2
[2.1122123
W1 W2 W3

1.6 A degenerate hypergeometric function. Confluent hypergeometric function /Pr/ 2 1

L1.1L1.2
[2.1122123
W1 W2 W3

1.7 The relationship of hypergeometric functions with other special functions / Pr/ 2 1

L1.1L1.2
[2.1122123
W1 W2 W3

1.8 Mittag-Leffler functions: definition, properties, integral representations/Pr/ 2 2

L1.1L1.2
[2.1122123
W1 W2 W3

1.9 Generalized Mittag-Leffler functions /Pr/ 2 1

L1.1L1.2
[2.1122123
W1 W2 W3

1.10  |The relationship of Mittag-Leffler functions with fractional derivatives and 2 1
integrals/Pr/

L1.1L1.2
[2.1122123
W1 W2 W3

1.11  |Application of Mittag-Leffler functions in fractional order models /Pr/ 2 1

L1.1L1.2
[2.1122123
W1 W2 W3

1.12  |Bessel functions: definition, properties, integral representations / Pt/ 2 1

L1.1L1.2
[2.1122123
W1 W2 W3

1.13  |Legendre functions: definition, properties, relation to orthogonal polynomials 2 1

/Pr/

L1.1L1.2
[2.1122123
W1 W2 W3

1.14  |The connection of special functions and the Laplace transform/Pr/ 2 1

L1.1L1.2
[2.1122123
W1 W2 W3

1.15 |Overview and application of special functions in various applications /Pr/ 2 1

L1.1L1.2
[2.1122123
W1 W2 W3

1.16 |Doing homework, preparing for exams. Preparation for the credit. /IndW/ 2 18,8

L1.1L1.2
[2.1122123

Section 2. Other contact work

2.1 Individual consultations, ongoing monitoring /OCW/ 2 0,2

L1.1L1.2
[2.1122123

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. Gamma function: various definitions and integral representations, their equivalence and applications.
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(In-depth analysis of various definitions and representations of the gamma function, their interrelation, application in fractional
calculus.)

2. The beta function and its relation to the gamma function. Applications in the theory of fractional calculus. (Detailed consideration of]
the properties of the beta function, its relation to the gamma function, and the use of fractional derivatives and integrals in calculations.)
3. Hypergeometric functions and their special cases: properties, asymptotics, applications. (An overview of various types of
hypergeometric functions, their properties and representations, and their application in solving differential equations.)

4. Degenerate hypergeometric functions: properties, representation, application in models with fractional derivatives. (Analysis of
degenerate hypergeometric functions, their connections with other special functions and their application in fractional differential
equations.)

5. Mittag-Leffler functions: various generalizations, properties and applications in the theory of fractional differential equations. (A
detailed study of generalizations of the Mittag-Leffler function, their properties and their role in solving fractional differential
equations.)

6. Special functions and Laplace transform: interrelation and application for solving fractional differential equations. (Analysis of the
use of the Laplace transform to solve problems related to special functions and fractional equations.)

7. The Frobenius method and its application to find solutions to differential equations expressed in terms of special functions. (The
study of the Frobenius method and its application to finding solutions using series expressed in terms of special functions.)

8. Integral representations of special functions and their application in the analysis of fractional operators. (Detailed analysis of integral
representations of special functions and their relation to integral transformations and fractional operators.)

9. Application of gamma and beta functions in the calculation of fractional integrals and derivatives, examples and analysis. (Consider
examples of using gamma and beta functions to calculate fractional derivatives and integrals.)

10. Solving fractional differential equations using Mittag-Leffler functions. (Analysis of the application of the Mittag-Leffler function
to solve various classes of fractional differential equations.)

11. Simulation of anomalous diffusion using fractional operators and special functions. (Investigation of anomalous diffusion models
using fractional derivatives and analysis of solutions using special functions.)

12. Fractional calculus and viscoelasticity: the use of special functions for modeling rheological properties of materials. (Application of]
fractional calculus and special functions for modeling viscoelastic behavior of materials.)

13. Application of special functions for solving fractional integral equations. (Study of methods for solving integral equations with
fractional operators and the use of special functions.)

14. Special functions in fractional control systems. (Consideration of the application of special functions for the analysis and synthesis
of fractional control systems.)

15. Special functions in fractional dynamics problems. (Analysis of the application of special functions in problems of modeling
mechanical systems with fractional derivatives.)

16. Generalized special functions: definition, properties, applications in fractional calculus. (Study of generalized special functions and
their role in the theory of fractional operators.)

17. Numerical methods for calculating special functions for fractional calculus problems.

18. The connection of special functions with the theory of orthogonal polynomials and their application in approximate methods of
solving fractional equations. (Study of the relationship of special functions with orthogonal polynomials and their application in
numerical methods for solving fractional equations.)

19. Special functions in multidimensional fractional calculus and their application in modeling multidimensional processes. (Analysis
of multidimensional fractional operators and the use of special functions to study them.)

20. Modern research and new directions in the field of application of special functions for fractional differential equations. (An
overview of recent scientific achievements and promising areas of research in the field of application of special functions for fractional
equations.)

6.3. Typical control questions and assignments for interim certification

Questions for the credit:

1. Overview of the main special functions (gamma, beta, hypergeometric, Bessel, Legendre, Mittag-Leffler functions).
2. Historical aspects and areas of application.

3. Introduction to the gamma function: definition, properties, analytical continuation.

4. Asymptotic decompositions of the gamma function (Stirling formula).
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5. Integral representations of the gamma function (Euler integral of the second kind).

6. The relation of the gamma function to the factorial and generalized factorial.

7. Definition of the beta function (Euler integral of the first kind).

8. Properties of the beta function: symmetry, relation to the gamma function.

9. Integral representations of the beta function.

10. Calculation of fractional derivatives and integrals of simple functions using the gamma function.
11. The relation of the beta function to generalized integrals.

12. Examples of the use of gamma and beta functions in solving integral equations.

13. Definition of the Mittag-Leffler function.

14. Properties of the Mittag-Leffler function.

15. Integral representations.

16. Generalizations of the Mittag-Leffler function: two-parameter, multiparametric.

17. Properties of generalized Mittag-Leftler functions.

18. Representation of solutions of fractional differential equations using Mittag-Leffler functions.
19. The use of Mittag-Leffler functions in models of anomalous diffusion, viscoelasticity and other processes.
20. Application of the Laplace transform to solving equations with special functions.

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

7.1. Recommended literature

7.1.1. Basic literature

Authors, compilers Title Publisher, year | Resource
L1.1 |Dunaev A. S., Special functions in Parts 2 Part 1: Handbook for universities Moscow : Yurait, ELS
Shlychkov V. L. (https://urait.ru/bcode/538968) 2024
L1.2 |Dunaev A. S., Special functions in Parts 2 Part 1: Handbook for universities Moscow : Yurait, ELS
Shlychkov V. L. (https://urait.ru/bcode/538968) 2024
7.1.2. Further reading
Authors, compilers Title Publisher, year | Resource
L2.1 |Arsenin V. Ya. Mathematical physics methods and special functions: a textbook for |Moscow : Nauka
university students Publ., 1984
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Authors, compilers Title Publisher, year | Resource
L2.2 |Zorich V. A. Mathematical analysis. Part 1: textbook Moscow : Nauka
Publ., 1981
L2.3 |Zorich V. A. Mathematical analysis. Part 2: [textbook for universities specializing |Moscow : Nauka
in Mathematics and Mechanics] Publ., 1984

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. METOAUYECKHUE YKA3AHUA JIVIA OBYYAIOIIUXCA 110 OCBOEHUIO IUCIUITJIMHBI (MOAY JIST)

Seminar (practical) classes and independent work of the student are used in the study of this course. At practical classes the main content
of the program topics is presented, the main methods and approaches are considered.

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

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

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

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

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

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

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

10. SPECIAL CONDITIONS FOR MASTERING THE COURSE OF STUDENTS WITH
DISABILITIES AND DISABILITIES

The mastering of the course by disabled persons and persons with disabilities is carried out with the use of special technical means and
holo-information technologies provided by the Resource Educational and Methodological Center for Education of Disabled Persons
and Persons with Disabilities of CSU at the request of the student.

1. Mobile special technical means for persons with visual impairments: portable computer with Braille input/output with speech
synthesizer “ElBraile-W14J G2”; laptops with NVDA screen access software; electronic magnifiers for remote viewing; portable video
magnifiers; tiflo player; digital dictaphones.

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

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

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

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

For persons with visual impairments:

- in printed form in enlarged font,

- in the form of an electronic document,

- in the form of an audio file,

- in printed form in Braille.

For persons with hearing impairments:

- in printed form,

- in the form of an electronic document.

For persons with mobility impairments:

- In printed form,

- in the form of an electronic document,

- in the form of an audio file.

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

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

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

When conducting the procedure for assessing the learning outcomes of disabled people and persons with disabilities in the course
provides the following additional requirements depending on the individual characteristics of students:
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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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01.04.01 MaremaTuKa, HAlIPABJIEHHOCTh «YPABHEHHA C APOOHBIMH NIPOU3BOAHBbIMIY, PII/I mo
aucuumiinHe «Cnenuaiabuble GyHKOun», 2026 r.H., ounas ¢popma o0yueHnmus.

01.04.01 Mathematics, Master's Program “Fractional Differential Equations”, working program
“Special Functions”, enrollment year 2026, mode of study: Full-time.

PaGouas nporpamMmma qucuMIJIMHBI (MO1YJ1s1) 000peHa U PeKOMEHI0BaHa:

ITpopekTop 1o yueOHOH paboTe yTBepxkaeHo 27.02.26 A.A. CanamaToB
Y4eHBIM COBETOM MaTeMaTHYecKoro (akyipreTa

[Tporoxon 3aceqanust Ne 8 ot 19.02.2026

[Ipencenarens YdeHoro coBera

MareMaTH4ecKoro (akynpTeTa COIJIaCOBAHO A. C. CxopblHUH
3aceganuem kadeapbl MATEMATHYECKOT0 aHAIU3A

ITporokon 3aceqanus Ne 7 ot 30.01.2026

3aBenyromui kapenpoi COIIaCOBaHO B.E. ®enopos

ABTOD (COCTaBUTEIIH) B.E. ®enopos

CTpykTypa pa6oueii mporpaMmbl co00TBeTCTBYeT mpukasy pekropa ®I'bOY BO «Ueal'¥» ot «13»
anpeas 2021 r. Ne 274-1



