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1. Ilacmopt poHIa OLIEHOYHBIX CPEACTB

Hanpasnenue noarorosku: 01.04.01 Marematuxa.

Hanpasnennocts: YpaBHEHHS € IPOOHBIMH ITPOU3BOIHBIMU.

JlucuuniuuHa: YpaBHEHUS B YACTHBIX IPOU3BOJHBIX MIEPBOTO MOPSAKA.

CemecTtpsl: 2.

®opMa MPOMEKYTOYHON aTTECTALUU: IK3aMEH.

bannbHO-pedTHHIOBas cHUCTEMA OLIEHKHM 3HAHWI CTyAEHTa N0 AMCLUIUIMHE BBICTPAUBAETCS HAa OCHOBE
0aJUIOBOM OLIEHKH Pa3IMYHBIX (POPM AEATETBHOCTH CTYACHTOB.
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2. IlepedeHb (popMHUPYEMBIX KOMIIETCHIHM I

N3ydenne TUCIUIIINHBI « Y PaBHEHHS B YaCTHBIX MMPOU3BOJIHBIX IMEPBOTO MOPSIKA» HAMPABICHO Ha
(dhopMUpOBaHHE KOMIIETEHIINH, MPUBEACHHBIX B TabmuIe 1.

Tabmuua 1. Pesyabprarel 00yueHHs! 10 JTUCHUIUIMHE.

Kox u HaumenoBanue
KOMIIETEHIINN COTJIACHO

Nupukatopel 10CTHXKEHUS
KOMIIETEHIINU COTJIAaCHO

IIepedens uIaHUpPyEMBIX PE3yIbTATOB

drocC OIIOII BO 00y4YeHHs MO JUCLUIUINHE
(OIIOII BO)
1 2 3

IIK-1 Crioco6en npoBoauTslIK-1.1.  JleMoHcTpupyet 3HATh:

HAYYHO- 3HaHHC OCHOBHBIX| ® OCHOBHBIE TEOPETUYECKUE IOJIOKEHUS

MCCIIEN0BATENBCKYIO PaOOTYTEOPETUIECKHX ¥ METOJBI B 00JIACTU YpPaBHEHHHA B YACTHBIX

B 00JaCTHIONIOKEHUH U METONOB B MPOU3BOIHBIX IIEPBOIO MOPSIKA.

i epeHIHaNTbHBIX obnactu IPOBOJIUMBIX| VMETh:

ypaBHeHI/Iﬁ HAayYHbIX HUCCIEIOBaHUM. ° co6p[paT], u AHAJIN3UPOBATH
[IK-1.2. JIeMOHCTPHPYCT pudopMamuoo MO TeMaTHKEe ypaBHEHHH B

yMeHUusi cOopa U aHaIu3a
MH(pOpPMALIUY IO TEMaTHKe

YaCTHBIX TIIPOU3BOAHLIX IICPBOTO IOpsAAKa,
BKJIIOYas UX MPUKIIAJIHBIC aCTICKTHI.

[IPOBOIUMBIX Brnaners:

MCCIICIOBAHU. ° HaBbIKaMH  IIpMMCHCHHS  METOLOB
[1K-1.3. VIMeeT| ypapHenmii B 4aCTHBIX MPOM3BOIHBIX IEPBOTO
PAKTHIECKHI OHBIT mopsinka Ui YCTAaHOBJIEHMST M aHaIHU3a
yCTaHOBJICHHA HOBRIX| mopenen, OIMCHIBAOLINX pa3auyYHbIC
(akxToB § Y mpomecchl U SIBIICHUSL.

3aKOHOMEPHOCTEN B

o0JsacTu HAYYHBIX

MCCIICIOBAHUM.
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3. CoaepxaHue OLEHOYHBIX CPEICTB M0 JUCHHUILINHE

3.1.Buabl 0O11eHOYHBIX CPeICTB

Tabnua 2. Bupl OIIEHOYHBIX CPEJICTB.

Kon,
HaAaUMEHOBAHUEC
KOMIIETCHIIUA
COIJIACHO
drocC

Ilepeuyennb Kontpoaupyemsbie | Cemectp | Homep HaumeHoBaHue
IJIAHUPYEMBbIX TeMbl/ 3aJaHus OLIEHOYHOI 0
pe3yabTaToB pa3aeJbl cpeacTBa
o0yueHus Mo
AUCIHHIJIMHE

IIK-1 Cnocoben
IPOBOJIUTH
Hay4YHO-
HCCIIEI0BATEINBC
Kylo paboty B
obnacTu
muddepeHmab
HBIX YPaBHEHUN

1.1 3HaTth: | — QOCHOBHBIC 2 1-5 3ajaHue OTKPBITOTO
OCHOBHBIE HOHATHSA U Tvna Y
TEOPETUYECKUE TEOPEMBI Pa3sBEPHYTHIM
TMOJIOKEHUS U OTBCTOM

METObI B
obiactu
ypaBHEHUH B
YaCTHBIX
MIPOU3BOIHBIX
MepPBOIo
MopsI/IKa.

1.2 Ymern: | — KpasuiuHeinsl | 2 6-10 3amaHue OTKPBITOTO
codupatb u ¢ ypaBHEHUS THIIA c
AHAJIU3UPOBATH — CoeunanapHble Pa3BCPHYTHIM
nH(MOPMALIHIO METOIBI 1 OTBETOM

110 TEMATUKEC 3aJa4Yn
ypaBHEHUH B
YaCTHBIX
MIPOU3BOIHBIX
MIEPBOTO
HopsIIIKa,
BKJIFOYast ux
NPUKJIaTHBIC
aCTICKTHI.

1.3 Baagers: | [Ipmioxenus nul2 11-15 3azaHue OTKPBITOTO
HaBbIKaMU 00001eHus THIA C
IIPUMEHEHHUS pa3BEpHYTHIM
METOJI0B OTBETOM
ypaBHEHUH B
YaCTHBIX
IIPOU3BOIHBIX
IIEPBOTO
nopsaka Ui
YCTaHOBJIEHUS U
aHaIm3a
MOJICICH,
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OIHCHIBAIOLINX
pa3iauuHbIe
IIPOLIECCHI u
SIBJICHUS.

Tunosele 3agaHus, KPUTEPUUM U II0OKA3ATEIM OLICHUBAaHUSA B PAMKaX TEKYLIETO KOHTPOJIA
NpeJCTaBICHBI B paboueil mporpamme AUCHUILTUHBI (MOyJs1). [1oHBIE KOMIUIEKTHI OLIEHOYHBIX CPE/ICTB
Y KOHTPOJIbHO-U3MEPHUTEIBHBIX MaTePHAJIOB XpaHATC Ha Kadepe.

3.2.Conep:kaHue OLCHOYHBIX CPECTB

Tembl TOKIa70B:

1. TI'eomerpuueckas HHTEpHIpeTalysl PELIEHWH ypaBHEHMH B YacTHBIX IPOMU3BOJIHBIX IEPBOIO
nopsiKa

2. CpaBHUTENBHBIN aHAJIU3 METOAA XapaKTEPUCTHK M METOJla UHTETPUPYIOIIET0 MHOKUTENS IS
peLIeHUs KBa3UIIMHEWHBIX YPaBHEHUN

3. CBs3b Mex 1y ypaBHEeHHsIMH ['aMuibToHa-SIKOOM M ypaBHEHUSIMH KJIACCHYECKOW MEXaHUKHU

4. TeopeMbl CyIIECTBOBAHUS U €IMHCTBEHHOCTH PEIIEHUN YpPaBHEHHUIl B YAaCTHBIX MPOM3BOAHBIX
[IEPBOTO MOpsIIKa

5. OcoOble pemeHns U UX poJib B TEOPUU YPAaBHEHUH MEPBOT0 MOPSIKa

6. IIpumeHeHne ypaBHEHUI IEPBOrO MOPSAKA U MOJAEIUPOBAHMSI IIPOLIECCOB MIEPEHOCA BEIIECTBA
U DHEPTUHU

7. MopenupoBaHue pacIpOCTPaHEHUS BOJIH C IOMOILBK) YPAaBHEHUM B YaCTHBIX IPOU3BOJHBIX
[IEPBOTO MOpsIIKa

8. IlpumeHeHHE METOAAa XapaKTEpPUCTUK B TUAPOAMHAMMKE MJI1 PEIICHUS YpPaBHEHMM Tra30BOI
TUHAMUKU

9. Ucnonb3oBanue ypaBHeHH ['aMuinbroHa-IkoOM B TEOPUM ONITUMAIIBHOTO YIIPABICHHS

10. YpaBHeHus nepBoro nopsijika B reOMETpUUECKOI ONTHKE

11. IIpumeHeHne ypaBHEHHIA IEPBOTO MOPsIKA B (UHAHCOBOM MaTeMaTUKe

12. MopaenupoBaHue JOPOXKHOIO ABM)KEHHS C IOMOILIBIO YPAaBHEHUN B YacCTHBIX INPOU3BOJHBIX
IIEPBOTO MOpsIIKa

13. IlpeoGpa3oBanue Jlexxanapa u ero NpUMEHEHNE B TEOPUH YPAaBHEHUM B YaCTHBIX MPOU3BOIAHBIX
[IEPBOTO MOpsIIKa

14. YUucneHHple METOIbl PEILIECHUS YpaBHEHHUI NEPBOro MOpsjaka (HampuMep, METOJl KOHEUHBIX
pa3HOCTEN, METOJ KOHEUHBIX 3JIEMEHTOB)

15. CoBpeMeHHBIE HCCIeI0BaHUS B O0JIACTH YPAaBHEHHI B YaCTHBIX IPOM3BOIHBIX IIEPBOTO MOPSIIKA

Bonpocsl k 3x3aMeny
Bomnpocs! 11 3x3ameHa:
Pa3nen 1: BBenenue 1 OCHOBHbIE IOHATHUS

1. [Jaiite ompeneneHue ypaBHEHMH B YaCTHBIX IPOM3BOJHBIX INepBoro mnopsaka. Ilpusenure
[IPUMEPBI TUHENHBIX, KBa3WJIMHEUHBIX U HEJIMHEWHBIX YPaBHEHUM.

2. Uro Takoe pelleHHE YpaBHEHUS B 4YacTHBIX IPOM3BOJAHBIX HiepBoro mnopsanka? Jlaiire
T€OMETPUUYECKYIO MHTEPIIPETALIUIO PELICHUS.

3. ChopmynupyiiTe ompenencHHE XapaKTEPUCTHUYECKUX KPUBBIX IS JIMHEHHOrO OJHOPOJHOTO
YPaBHEHUS [IEPBOTO MOPsJIKa.
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4. OnumuTe METOJ XapaKTePUCTHK Ul PELICHMs JIMHEHHBIX OJHOPOAHBIX YPaBHEHUH NEPBOIO
MOpsJIKA.

5. Kak npumeHsieTcst METOJl XapaKTEpUCTUK ISl PEIICHUS JIMHEHHBIX HEOIHOPOAHBIX YpaBHEHUN
IIEPBOTO MopsIKa?

Pa3nen 2: KBasunnHelinble ypaBHEHUS

6. OnuumTe METO XapaKTEPUCTUK ISl PEILEHUS] KBa3WJIMHEWHBIX YPaBHEHUH IepBOro nopsaka. B
4eM OTJINYME OT JIMHEHHBIX YpaBHEHUN?

7. Kak crpoutcs XapakTepucTHYecKas cHUCTeMa JUlsl KBa3WIMHENHHOro ypasHeHus? Uro Ttakoe
MHTETPaJIbl XapaKTEPUCTUUECKONW CUCTEMBI?

8. OOBsAcHHTE, KaK pEIIAloTCsl KBAa3WJIMHEWHBIC YpaBHEHHs B Cllyyae, KOTJIa OHHM pa3pelIMMbl
OTHOCHUTEJILHO OHON U3 IPOU3BOJHBIX.

9. IlpuBeautre mnpuMepbl (QU3MYECKUX 3ajad, KOTOpPHIE OINMUCHIBAIOTCS KBA3MIMHEWHBIMU
YPaBHEHUSIMHU NIEPBOTO MOPAIKA.

10. Yto Takoe ocoOble pelieHus KBa3WJIMHEHHBIX ypaBHeHHMI? KakoBa HX reomerpuueckas
UHTEpIIpeTanus?

11. Yto Takoe pa3phIBbl B PELIEHUSAX KBA3UIMHEUHBIX YpaBHEHUN?

Pasnen 3: CrnenuannpHble METOABI U 3a0aUN

12. Onummre METOJ HHTETPUPYIOLUIETO MHOXKHTENS U1 PEUIeHHMs] ypaBHEHUH B YaCTHBIX
IIPOM3BOJHBIX NepBoro nopsaka. Korga on npumensercs?

13. Pacckaxxute npo npeobpazoBanus Jlexxanapa u ux npumeHenue i pemenus YUIl nepsoro
MOpsJIKA.

14. Yto takoe ypaBHenue ['ammnbroHa-Axo6u? Kak oHO CB3aHO C ypaBHEHMSMHU KIIACCHUYECKOU
MEXAHUKH?

15. Kak pemaercst ypaBHeHue ['amuinbToHa-SK00H ¢ MOMOIIBIO MeTO/1a XapakTepucTuk? Uro Takoe
IIOJIHBIN MHTErpan?

16. Chopmynupyiite 3anauy Komm i ypaBHeHHSs B YaCTHBIX TPOU3BOIHBIX IIEPBOTO TOPSIIKA.

17. Kakue ycnoBus 00ecrieunBaioT CyIIeCTBOBAHUE U €IMHCTBEHHOCTh pereHus 3a1aun Komu?

Paznen 4: [Tpunoxxenus u 0000IICHAS

18. IlpuBeaure npuMepsl NPUMEHEHUS YPaBHEHUH B YaCTHBIX MPOM3BOAHBIX IIEPBOIO MOpsAKa B
TE€OMETPHUH U ONTHKE.

19. Kak ypaBHEHHs [IEPBOTrO MOPSIKA MOTYT MCIIOJIb30BAaThCS B 331a4axX yIpaBIeHUs?

20. CpaBHMTE pa3IMYHbIE METObI PELIECHHS YPAaBHEHUH B YACTHBIX IPOU3BOIHBIX IIEPBOTO MOPSIIKA.
Kakue y HUX nmpeumy1iecTsa U HEAOCTATKU?

21. Onummre, Kak CTPOUTCS MaTeMaTH4ecKas MOJENb AJI ONUCAHMs Ipolecca, KOTOPbIA MOXKET
OBITH MPEJICTABIICH YPAaBHEHNEM B YACTHBIX ITPOU3BOIHBIX MIEPBOTO MOPSAKA.
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4. Ilopsinoxk mpoBeleHHs] U KPUTEPHH OLCHMBAHUS NPOMEKYTOUYHOM aTTeCTALMHI

4.1.11opsinok npoBeeHUs: MPOMEKYTOUYHOM aTTeCTALMHA

Ha »skx3ameHe BbiaeTcs 2 BOIIpoOca U3 CIMCKa BOIPOCOB 10 TEMaM IIPAKTUYECKUX 3aHATUI.
[TpomomKUTETLHOCTD K3aMeHa — 90 MUHYT. 3a KaX10€ BBIMOJIHEHHOE 33/JaHue Ouiera CTyIEeHT MOXKET
noiy4yuTs oT 1 10 3 6ayutoB. Eciu 3a1anue BBIMOIHEHO PAaBUIIBHO, TO OHO olleHuBaeTcs 3 6amiamu. Ecnu

3aaHUC BBIIIOJIHCHO C OH_II/I6KaMI/I, TO OaJlJIBI CHUIKAIOTCS B 3aBHUCHMOCTH OT KOJIMYECTBa AONYHICHHBIX

omu6Ook. Ecnu nomymiena oxHa omuoOKa, TO 3JaHUE OIEHUBASTCS 2 OalljlaMu, JOMYIICHBI B OMMOKH — 1
6am1. Ecnu monymieno 6osee AByX OMIMOOK B 3alaHUH WM CTYACHT HE BBIITOJHIII KaKOe-T100 3aaHue U3
6unera, To 3a Hero oH noxyvaer 0 6amioB. MakcuManbHOE KOJTMYECTBO OAJIOB 3a 3K3aMeH — 6.

4.2.Kpurepun onleHUBAHHS NMPOMEKYTOYHOH ATTECTAIMM IO BUIAM OLCHOYHBIX CPeICTB

Bricokuii ypoBeHb

Cpennuii ypoBeHb

ba3oBbIi1 ypoBeHB

Hwuskuii ypoBeHb

MaTeMaTU4eCKHe
MOJIEIIH, YBS3bIBaTh
TEOPUIO C IIPAKTUKOM,
[I0OKa3bIBAECT YMEHUE
[IPUMEHSATH 3HAHUS.

yMeeT MPUMECHSITh
OCHOBHBIE MOJIOKEHUS U
(bopMyIIBI IS PEIICHUS
3ajad.

(bopMyITUPOBKY; C
TPYZOM YBSI3bIBACT
OCHOBHBIE TTOJIOKECHHUS
C IIPAKTUKOM.

OCBOCHHUS OCBOCHHSI POBEPSEMBIX OCBOCHHUS OCBOCHHS ITPOBEPSEMBIX
MIPOBEPSEMBIX KOMITETEHITU I MIPOBEPSEMBIX KOMITETEHITUI
KOMIIETCHIIUH KOMIIETCHIIU I

6 GatoB 5 6anos 4 Gama 0 — 3 6amna

OO6yuatomuiics Oo6yuatomuiicst rpamotHo | OOyuaromuiicst umeer | OOyJarOIUNACS HE 3HACT
MOCJIEIOBATENBHO, Y TIO CYIIIECTBY M3JIaraeT |3HaHUS TOJBKO OCHOBOTIOJIAraloIuX
IPaMOTHO ¥ JIOTUYECKU | MaTepHa; BIaaeeT OCHOBHOT'O MaTepHana, |BOIMPOCOB U3y4aeMOTo
CTPOIHO M3Naraer OCHOBHBIMU HO HE yMEeT JeNaTh Kypca Win

MaTepua; BIajeeT MaTeMaTUIeCKUMU BBIBOJIOB H 3HAYUTEIILHOU YacTh
OCHOBHBIMU METOZAMH; HE JIOMYCKAET |I0Ka3aTeNbCTB; MPOrPaMMHOTO
MaTeMaTUIeCKUMU CYIIECTBEHHBIX OIIMOOK, |IOMyCKaeT OMNOKH, Marepuana; JOMmyCcKaeT
METOJaMH U HO HCIIBITHIBAET MIPUBOIUT OIMOKHU, OOHAPYKUBAET
ANITOPUTMAMHU PEIICHUS |3aTPYIHEHUS B BHIBOJAAX |HEIOCTATOYHO HEYMEHUE MX

3aJla4; yMeeT CTPOUTh | M JOKAa3aTeNbCTBAX; MIPaBUIIbHBIC UCIIPABIISATE; HE MOXKET

yBSI3aTh TEOPHIO C
IIPaKTUKOM.

Onucanue 1okaszareiaeil U KpUTEPUEB OLICHUBAHUS KOMIIETEHIIMH JJIs JOKJIaAa:
B cemectpe 2 noknana. Ha noknag orBoautcs 15-20 MuHYT B KOHILIE naphl (Kaxayo napy 1 qokman).
Kax/plif CTyJeHT TOTOBHUT JIOKJIAJ] 110 OJHOM U3 MPEUIOKEHHBIX TeM. MaKCUMalbHOE KOJMYECTBO OalioB

3a goknanasl - 20.

Ouenka "3aureHo" BeicTaBisercs 3a 12-20 6amios, "He 3auTeHO0" - MeHee 12 0aoB.

ITosnHOTA NOKNIAMa OLIEHUBAETCS 1O CIEIYIOIIMM KPUTEPHSIM:
1. IlosnHOTA U3710’)KEHUS TEOPETUUECKOI0 MaTepraia

2. JlocTaTOuHOE KOJIMYECTBO PUMEPOB K TEOPETUUECKOMY MaTepualy

3. IIpuBeneHbI IpUMEPHI K ONPEACIECHUSIM U TEOPEMaM
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4. IlpuBeeHbl KOHTPIPUMEPBL, AEMOHCTPUPYIOIINE IPU KAKUX YCIOBUSIX HE IPUMEHUMBI TEOPEMBI.

4.3.Pe3y1bTaThl IPOMEKYTOYHOM ATTECTAMHA U YPOBHHU C()OPMHUPOBAHHOCTH KOMIIeTeHIM I

IIpn monaBeNEeHUMM HWTOrOB YUMTHIBAIOTCSA pe3yJibTaThl TeKylled arrecrauuu. IlomydeHHble 3a
TEKYyIIyI0 aTTeCTaluio Oaibl CyMMHPYIOTCS € OajlaMM, MOJYYEHHBIMH 3a KaXIbli 3Tanm mnpu
IIPOXOXKACHUH ITPOMEXKYTOUHOM aTTeCTaLUH:

Onenka "He ynoBrneTBopuTeabHO" BhICTaBIsIeTcs 32 13 u MeHee 0aos;

Onenka "Y noBneTBopuTenbHO" BeIcTaBisgercs 3a 14-17 6aos (yposens 1);

Onenka "Xopomo" BeicTaBisercs 3a 18-21 6amnos (ypoBeHs 2);

Onenka "O1anuHO" BBICTaBIIsICTCS 32 22-26 6ayioB (ypoBEeHb 3).

Oco0eHHOCTH TPOBEICHUH MPOLEAYPHI OLICHUBAHUS PE3yJIbTaTOB 00yUEHHsI MHBAIMIOB U JIULL C
OrpaHUYEHHBIMU BO3MO>KHOCTSMU 37I0POBbsi 0003HAYECHBI B paboueil mporpaMme TUCIUILTHHBI (MOIYJIS).

YpoBHU c(hOpMUPOBAHHOCTH KOMIIETEHIMI ONPEAEIsIeTCsl CIEAYIOIIUM 00pa3oM
1. Boicokuii ypoBeHb CHOPMHPOBAHHOCTH KOMITETCHIIUH COOTBETCTBYET OLICHKE OTJIMYHO:

- mpeamnojaraeT GOpMHpPOBAHUE KOMIIETEHIIMI Ha BHICOKOM YPOBHE, FTOTOBHOCTb K CAMOCTOSATEIbHOM
npoeCCUOHATBHON  IEATENbHOCTH: (OPMUPYIOTCSI HABBIKM YCTAaHABIMBATh CBS3H MEXKIY
Pa3NUYHBIMHM TOHATHSIMU U C JIPYTMMHU O0JacTIMU MaTeMaTHKH, HaBBIKU JTOKAa3bIBaTh TEOPEMBI,
HaBBIKM CUCTEMAaTH3allMM JAHHBIX, HEOOXOAMMBIX JJIsl TPHJIOKEHHS IOJYyYCHHBIX 3HAHUHA B
Pa3NUYHBIX 00IACTSX.

- CTYIEHT cnocoOeH JaTh TMOJHOE MPEICTaBIeHUEe 00 OCHOBHBIX MOHATHIX YPaBHEHUN B YaCTHBIX
MIPOM3BOJIHBIX, MCIIOIB30BaTh MaTEMAaTUYECKHH S3bIK, CIOCOOEH pelIaTh 33Ja4d U yNpaKHEHHS,
UCTIONB3Yysl OINpE/AEICHUs, TEOPEMbl U TEXHUYECKHE NPUEMBI, (OPMYIHPOBATH COOCTBEHHBIE
BBIBOJIBI.

2. CpenHuii ypoBEHb COOTBETCTBYET OLIEHKE XOPOILIO:

- mpeamonaraeT (GOpMUPOBAHHWE KOMIIETEHIIMH Ha 0OoJiee BBICOKOM YypOBHE: (QOpMUpPYETCS
KOMIUIEKCHOE 3HAHHME CBS3M MEXAY pa3IMYHBIMH TMOHATUAMU M C JPYTUMH OO0JacTAMHU
MaTEeMaTHKH, HAaBBIKH JJOKa3bIBaTh TEOPEMBI;

- CTYIEHT CHOCOOEH WCHOJb30BaTh MAaTEMaTHUECKUH S3BIK, CIIOCOOCH pelarh 3aJauyd |
yIpaKHEHHsI, UCTIONb3Ys ONPEICIICHUS, TEOPEMBI U TEXHUYECKUE TPUEMBI.

- CTYIEHT CIocoOeH JaBaTh pa3BEPHYTHIE OTBETHl HA TEOPETHUECKUE BOIMPOCHI TUCHUIUIMHBI Ha
YPOBHE HE HUXKE OLICHKU «YJOBIECTBOPUTEIHHOY.

3. ba3oBbIif ypOBEeHb COOTBETCTBYET OLIEHKE YIOBIETBOPUTEIBHO:

- mpexnoiaraet (JOpMHUPOBAHUE KOMIIETCHIIMI Ha HAYaJIbHOM YPOBHE: 3HAHUE OCHOBHBIX IMOHITHN
TEOpEeM YpaBHEHHMH B YaCTHBIX MPOM3BOJIHBIX, HEOOXOJMMBIX JUIS peIIeHUs 3a7ad B
npoeCCUOHATILHOMN 1eATEIIbHOCTH;

- CTYJIEHT crocoOeH pemaTh 0a3oBble 3a1a4n. KomnuecTBo mpaBUIbHBIX OTBETOB — HE MeHee 50%.

4. Hu3skuii ypoBeHb COOTBETCTBYET OLIEHKE HEYAOBIECTBOPUTEIHHO.
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1. Passport of the assessment fund

Master’s program: 01.04.01 Mathematics.

Direction: Fractional Differential Equations.

Course: First Order Partial Differential Equations.

Semesters: 2.

The form of the interim assessment: exam.

The point-rating system for assessing a student's knowledge in a course is based on a point assessment of

various forms of student activity.
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2. List of competencies to be formed

The study of the course “First Order Partial Differential Equations” is aimed at the formation of
competences given in Table 1.

Table 1. Learning outcomes of the course.

Code and name of
competencies according to

Indicators of competence
achievement according to

List of planned learning outcomes of the course

FSBE (BPEP HE) BPEP HE
1 2 3
PC-1 Able to carry outPC-1.1 Demonstrates Know:
research work in the field ofknowledge of the basic| e basic theoretical principles and methods in

differential equations

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.

the field of partial differential equations of the
first order.

Be able to:
o collect and analyze information on the
subject of first-order partial differential

equations, including their applied aspects.
Possess:

o skills in applying methods of partial
differential equations of the first order to
establish and analyze models describing various
processes and phenomena.
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3. Content of assessment tools for the course

3.1.Types of assessment tools

Table 2. Types of assessment tools.

Code and name
of competencies
according to
FSBE (BPEP
HE)

List of planned
learning
outcomes for
the discipline

Controlled
Topics/
Sections

Semeste
r

Task
number

Name of the
assessment tool

PC-1 Able to
carry out
research work in

the field of
differential
equations

1.1 Know:
basic theoretical
principles and
methods in the
field of partial
differential

equations of the
first order.

— Basic concepts
and theorems

1-5

Open-ended
question  with
detailed answer

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

— Quasi - linear
equations

— Special
methods and
tasks

6-10

Open-ended
question  with
detailed answer

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

of

and

Applications
generalizations

and

11-15

Open-ended
question  with
detailed answer

Standard tasks, criteria and assessment indicators within the framework of the ongoing control are
presented in the work program of the course (module). Complete sets of assessment tools and control and

measuring materials are stored at the department.
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3.2.Content of assessment tools

Topics of the reports:

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

2. Comparative analysis of the characteristics method and the integrating multiplier method for
solving quasi-linear equations

3. The relationship between the Hamilton-Jacobi equations and the equations of classical mechanics

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

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

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

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

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

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

10. First-order equations in geometric optics

11. Application of first-order equations in financial mathematics

12. Traffic modeling using first-order partial differential equations

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

14. Numerical methods for solving first-order equations (for example, the finite difference method,
the finite element method)

15. Modern research in the field of partial differential equations of the first order

Exam Questions:

Section 1: Introduction and Basic Concepts

1. Define partial differential equations of the first order. Give examples of linear, quasi-linear, and
nonlinear equations.

2. What is the solution of a partial differential equation of the first order? Give a geometric
interpretation of the solution.

3. Formulate a definition of characteristic curves for a linear homogeneous equation of the first order.

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

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

Section 2: Quasi-linear equations

6. Describe a method of characteristics for solving first-order quasi-linear equations. What is the
difference from linear equations?

7. How is a characteristic system constructed for a quasi-linear equation? What are the integrals of a
characteristic system?

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

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

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

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

Section 3: Special methods and tasks

12. Describe the integrating multiplier method for solving partial differential equations of the first
order. When is it applied?

13. Tell us about Legendre transformations and their application to solving first-order NPV.
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14. What is the Hamilton-Jacobi equation? How is it related to the equations of classical mechanics?

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

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

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

Section 4: Applications and generalizations

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

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

20. Compare different methods for solving partial differential equations of the first order. What are
their advantages and disadvantages?

21. Describe how a mathematical model is constructed to describe a process that can be represented
by a first-order partial differential equation.
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4. Procedure for conducting and criteria for evaluation of interim certification

4.1.Procedure for interim certification

On the exam, 2 questions are given from the list of questions on the topics of practical exercises.
The exam duration is 90 minutes. For each completed ticket assignment, a student can receive from 1 to 3
points. If the task is completed correctly, it is rated with 3 points. If the task is completed with errors, the
points decrease depending on the number of mistakes made. If one mistake is made, the building is rated
with 2 points, and two mistakes are made with 1 point. If more than two mistakes are made in the assignment
or the student has not completed any task from the ticket, then he receives 0 points for it. The maximum
number of points per exam is 6.

4.2.Assessment criteria for interim certification by types of assessment tools

High level of mastery Average level of Basic level Low level of mastery of
of the tested mastering the tested of mastering the the tested competencies
competencies competencies competencies being
tested
6 points 5 points 4 points 0 — 3 points

The student
consistently,
competently and
logically presents the
material; possesses
basic mathematical
methods and algorithms
for solving problems; is
able to build
mathematical models,
link theory and practice,
shows the ability to
apply knowledge.

The student presents the
material competently and
substantially; knows the
basic mathematical
methods; does not make
significant errors, but has
difficulties in conclusions
and proofs; is able to
apply the basic provisions
and formulas to solve
problems.

The student has
knowledge only of the
basic material, but is
not able to draw
conclusions and
evidence; makes
mistakes, provides
insufficiently correct
formulations; has
difficulty linking the
main provisions with
practice.

The student does not
know the fundamental
issues of the course or a
significant part of the
program material, makes
mistakes, reveals the
inability to correct them,
can not link theory and
practice.

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

for reports is 20.

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

The completeness of the report is assessed according to the following criteria:
1. Completeness of the presentation of the theoretical material
2. A sufficient number of examples for the theoretical material
3. Examples of definitions and theorems are given.

4. Counterexamples are given to demonstrate under what conditions the theorems are not applicable..
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4.3.Results of interim attestation and levels of competencies formed

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

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

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

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

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

The specifics of the procedure for assessing the learning outcomes of people with disabilities and
people with disabilities are outlined in the work program of the course (module).

The levels of competence formation are defined as follows

1. A high level of competence formation corresponds to an excellent assessment:

- involves the formation of competencies at a high level, readiness for independent professional
activity: skills are formed to establish connections between different concepts and with other areas of
mathematics, skills to prove theorems, skills to systematize data necessary for the application of acquired
knowledge in various fields.

- the student is able to give a complete understanding of the basic concepts of partial differential
equations, use mathematical language, is able to solve problems and exercises using definitions, theorems
and techniques, and formulate their own conclusions.

2. The average level corresponds to the assessment of good:

- involves the formation of competencies at a higher level: a comprehensive knowledge of the
relationship between various concepts and other areas of mathematics is formed, skills to prove theorems;

- the student is able to use mathematical language, is able to solve problems and exercises using
definitions, theorems and techniques.

- the student is able to give detailed answers to the theoretical questions of the course at a level not
lower than the grade "satisfactory".

3. The basic level corresponds to the grade satisfactory:

- involves the formation of competencies at the initial level: knowledge of the basic concepts and
theorems of partial differential equations necessary to solve problems in professional activity;

- the student is able to solve basic tasks. The number of correct answers is at least 50%.

4. A low level corresponds to an unsatisfactory assessment
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