degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JOBY30BCKOI IOAT0TOBKE
A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

M0 TUCIHUILIMHE: Cucrema Wolfram Mathematica
M0 HANPABJIEHUIO: [Tpuknaaabie MaTeMaTrKa U GU3NKA
NpopuJIb NOArOTOBKHU: ®Pu3nKa U NeAaroruka

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa nHQOPMATUKH U BBIYUCIUTEIHLHON MaTeMaTHKU

Kypc: 2
KBaJIMpUKALS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 4 (BeceHHul) - nuddepeHunpoBaHHbIil 3a4eT

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
cemuHapsl: 0 yac.
nabopatopHsbie 3aHaTus: 60 yac.

Camocrostensnas padora: 120 gac.
Bcero gacos: 180, Bcero 3au. en.: 4

KonmnuecTBo KOHTpONBHBIX padoT, 3ananuil: 4

[Iporpammy coctaBui: A.C. Kazanries, accucteHT

[Iporpamma obcyxaeHa Ha 3aceqannu kKadenpsl THPOPMATHKH U BRIYUCIUTeNsHONU Maremaruku 06.02.2020



AHHOTANMA

B pamkax maHHOTO Kypca CTYJAEHTBI OCBOAT MporpamMmubiii maker Wolfram Mathematica u Hayuarcs
NPUMEHATh €r0 B TEOPETUYECKOW (hM3MKe, SKCIEPHUMEHTAJIBHBIX HAyKaxX, a TakkKe B JPYTUX CaMbIX pa3HBIX
obnactsx 3Hanus. Wolfram Language — yHUBepcanbHBIN S3bIK IporpaMMupoBaHusi. C ero moMoIb0 MOKHO
HE TOJILKO pellaTh YPaBHEHHUS U CTPOHUTH rpadMKH, HO Jake CO37aBaTh HEHPOHHBIE CETH W 00padarhiBaTh
n300paXKeHus, a TakKe MHOroe apyroe. Bc€ 9To okas3bIBaeTCsi HE TaKUM YXK CIIOKHBIM IIPU HAJIEXKaIIeM
YPOBHE BIIaJICHHS IPEIMETOM.

1. leau u 3apauun

eap AUCUMNIMHBI

dopmupoBanue 0a30BBIX 3HaHWW IO YCTpOMcTBY si3bika Wolfram Language u mnpuMEHEHHIO
Oasupyromeiics Ha HEM cuctemMbl Wolfram Mathematica B ecTeCTBEHHO-HAyYHBIX M HMHBIX
NPaKTUYECKHUX 3a/1a9ax.

3agauu AU CHUIIHHBI

— dopmupoBanne y oOydaromuxcsi 0a30BBIX 3HAHUW 1O CTPYKType W MpPHUHIUNAM pPabOThl s3bIKa
nporpammupoBanus Wolfram Language;

— dopMupOBaHUE HABLIKOB paboThI ¢ cucremoii Wolfram Mathematica;

- (bOpMI/IpOBaHI/Ie yMeHI/Iﬁ 1 HAaBBIKOB HNPUMCHATH IMOJMYYCHHBIC 3HAHUA JJISI PCHICHUA HMPAKTUYCCKUX
3aJga4.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

VYK-1.1 Ananusupyert 3aaady, BBIJIENsS 3TAIbl €€ pPelleHus,
NeMCTBUS IO PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAJIU3UPYET M BBHIOMpAET
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, saaan

KPUTUYECKUAN aHAIN3 U CHHTE3 HH(POPMAITIH,
MIPUMEHSITh CUCTEMHBIN MOAXO ISl peLIeHUs
OCTaBJIICHHBIX 3a7a4

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl pPEUICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KJICHHS U OLIEHKH

VYK-1.5 Ormpenensier ©u  ONEHUBAaET  MPAKTUYECKHE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CnocobeH aHanM3upoBaTh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TITH €€ PENICHHs

(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnacty GpU3MKO-MaTeMaTHUECKUX U (HITH)
€CTCCTBCHHBIX HAyK, U HCIIOJIb30BATh UX B

npodeCcCHOHAIBHOMN JIeATeIBHOCTH

OIIK-1.2 CnocobeH CcTpOuUTh MareMaTH4ecKhue MOJIeNH,
MPOU3BOIUTH KOJIMUECTBEHHBIE PACUETHI M OLICHKH

OIIK-1.3 CnocoOeH ompenensits TpaHULbl TPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIbTaTOB

OIIK-2.1 Crnocoben MIPUMEHSTh COBPEMEHHBIE
OIIK-2 Cnoco6eH KCIOoIb30BaTh COBPEMEHHBIC |BBIUMCIUTENLHYIO TEXHMKY M CEPBUCHI ceTH MHTepHer B
UH()OPMAIIMOHHBIC TEXHOJIOTUH obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

NPOTPpaMMHBIC CPEACTBA IIPH PCIICHUH 3a7a4 OIIK-2.2 3HaeTr W yMeeT MNPUMEHATb YUCICHHBIC
po(heCCHOHATEHON JIEATENBHOCTH, COOMIONAs | MaTeMaTMYecKue METOAbl M MPHMKIAIHOE NPOrPAMMHOE
TpeOoBaHUA MH(POPMALIMOHHON OE€30MACHOCTH  |obecneueHne  JUls  pelIeHMs  HayuHbIX  3a7ad B
npodeccuoHaIbHON 00nacTu

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |

OIIK-4 CriocoOeH oCyIIeCcTBIATE COOp U UHTEJUIEKTYaJbHOIO aHadu3a MHQOpPMALMU IPU pEIICHUU
00paboTKy HayYHO-TEXHUYECKOH U (MJIH) 3a/1a4 MPO(YECCUOHANBHON NEITENLHOCTH

TEXHOJIOTHYECKON nHpopMaruu 1jis pemenns  (OIMK-4.2 3HaeT 0CHOBHBIE HCTOUHUKH HAYyYHO-TEXHUYECKOM
(GyHIaMEHTANBHBIX ¥ IPUKJIAIHBIX 33129 u (W1M) TEXHOJOrM4Yeckod uHpopManmuu B oOIacTu

npoecCuoHaTbHON e TEIHHOCTH




OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TIPUKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIIEHO
OCBaMBaTh HOBBIE TEOPETHYECKHE, B TOM YHCIIE,
MaTeMaTHYECKUE METO/Ibl HCCIICAOBAHU, U
paboTars Ha COBPEMEHHOM dKCIIEpUMEHTAITLHON
HayYHO-HCCIIEI0BATEIBCKOM,
U3MEPUTEIbHO-aHATUTUYECKOH 1
TEXHOJIOTUYECKOH ammaparype

OIIK-5.1 CnocobeHn pemarb TMOCTaBICHHbIE 3aJa4dl B
obnactu TEOPETHUECKUX u SKCIIEPUMEHTAJILHBIX
UCCIIeJOBaHUN U pa3pabOTOK

OIIK-5.2 OOmagaer CIOCOOHOCTBIO K OCBOEHUIO HOBBIX
3HAHWW Ha OCHOBE W3YYCHUS JIUTEPATyphl, HAYYHBIX cTaTeit
U IPYTUX UCTOYHUKOB

OIIK-5.3 CnocobeH K TpodecCHOHAIBLHOW DKCILTyaTaIuu

COBPEMEHHOMI 9KCIEPUMEHTAIBHOMN
HAay4HO-UCCJIEI0BATEIbCKON
(M3MEpUTENBHO-aHATUTHYECKOH U TEXHOJIOTUYECKOM )

anmaparypsl

[IK-1 CnocoGeH m1aHupoBaTh U NPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI
MPEeOMETHOM 001acTH) U (MIIM) TEOPETUIECCKHUE
(aHaTMTHYECKHUE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.4 VYmeer cTpouTh MaTeMaTHUYECKHE MOJENH U
ONMCAaHUSI W HCCICAOBAaHMUS INPOLECCOB U SIBICHUA B
COOTBETCTBYIOIINX HayYHBIX 00JIaCTIX

[IK-1.8 Bnageer HaBblkamMu pPabOTBl C COBPEMEHHBIMH
SI3bIKaMU [IPOIPaMMHUPOBAHUS U IPOrPAMMHBIMU ITaKETaMU
JUTSl HAyYHBIX pacyeToB

[1IK-1.3 Bnazgeer KyiabsTypoil IOCTaHOBKM Hay4HOM 3a/a4d U
MOJEJINPOBAHUSI €CTECTBEHHOHAYUYHBIX OOBEKTOB U CUCTEM

[IK-1.6 3HaeT OCHOBHBIC MpaBWa TOBEACHUS U PaOOTHI B
COBpPEMEHHOI Hay4HO# abopaTopun

[IK-1.7 Croocoben omneHuBath TpeOyeMbie Ppecypchl
(MarepuanbHble ¥ BPEMEHHBIC) [UIA IUIAHUPOBAHUS H
HPOBE/ICHUS] HAyYHOTO SKCIIEPUMEHTA

[1K-2 CnocoGen aHanu3upoBaTh MOTyYCHHBIE B
X07Ie HayYHO-HCCIIEI0BATEIBCKON pabOThI
JAHHBIE U JIeTIaTh HayYHbIE BHIBOJIBI
(3aKTrOUeHMS)

[IK-2.1 Bnameer MerogaMu CTaTHCTHYECKOW OOpabOTKH U
aHaJIM3a HayYHbIX JaHHBIX

[IK-2.2 VYMmeer HaxOIUTh
OTIPECIIAIONINE H3y4yaeMoe SIBJICHHE,
YHCIICHHBIE OIICHKH I10 MOPS/IKY BETHYUHBI

KJIIOUEBblE  IIapaMeTpsbl,
U TPOU3BOIUTH

[MK-3 CriocobeH BbIOMpATh U IPUMEHSTh
noaxozsiiee 000pyaoBaHIE, UHCTPYMEHTHI U
METO/Ibl HCCIICIOBAHUM IS peIleHNs 3a/1a4 B
n30paHHON MPEeAMETHOM 00IMacTi

[IK-3.3 YmeeTr npon3BOANTE OLEHKY TOYHOCTH UYHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTENHHON
CIIO)KHOCTH  MCIIONB3yEMBIX  aJrOPUTMOB U  o0beMma
TpeOyeMBIX BHIYHUCIUTEIBHBIX PECYPCOB

[MK-3.2 3naer o0macTh W KPUTEPUHU TNPUMEHHUMOCTH
UCHOJNB3YEMBIX TEOPETUYECKMX TIOIXOJOB M  yMEHHE
OLICHMBATh TOYHOCTh HPUOTMKEHHBIX AHAIUTHYECKHX
METO/I0B BBIYMCIICHHMA

[TK-4 CriocoOeH KpUTHYECKH OLIECHUBATh
MPUMEHUMOCTb UCIIOJIb3YEMBIX METOIUK U
METOI0B

[IK-4.3 Cnocobern 000CHOBaTh MPUYUHHO-CIIEICTBEHHEIE
OTHOILLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOAENEN

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOEHHS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HATb.

- [IpunanMmE! yerpolicTa s3bika Wolfram Language;
- UCTIOJNIB3yeMbIe TPUEMBI B METO/IbI HAIIMCaHMsI IPOTrpaMM ¢ TIoMoIkko makera Wolfram Mathematica.

YMETB:

- BeiOupars onTuManbHbIe aITOPUTMBI TSI COBPEMEHHBIX IIPOrpamMM;

- pa3pabarbIBaTh MOJIHBIE 3aKOHYEHHBIE TporpaMmbl B cucteme Wolfram Mathematica;

- pazpabarbiBath mporpammsl B cuctreMe Wolfram Mathematica kak HHIUBUIYaJIEHO, TAK U B KOMaHJIE;
NPUMEHATH (PyHKIMOHAIBHBIN, TPAJUIMOHHBIN 1 IAOIOHHBIA TOIXObI U HAITMCAHUS TIPOTPaMM;

- HCIIOJIB30BAaTh 3HaHWUA II0

uHpOpMAaTHKE

Ui HOPUITIOKCHHA B Hay‘IHO-I/IHHOBaHPIOHHOﬁ,

KOHCTPYKTOPCKO- TEXHOJIOTHUYCCKON U HpOI/I3BO,I[CTB6HHO—TCXHOJ'IOFI/ILICCKOfI c@epax JACATCIbHOCTH.

BJIAJIETh:

- S3pikom mporpammupoBaHusi Wolfram Language

h MCTOAaMH CO3JaHUsA HOporpaMm C

HCIIOJIB30BaAHUEM IMOAKITIOYACMBIX ITAKCTOB,

- mporpammoit Wolfram Mathematica;

HaBBIKOM CaMOCTOSITEJIBHOTO HM3Y4EHHs JIOOBIX HOBBIX Uil ceOst oOmacTell NpUMEHEHMs S3bIKa
Wolfram Language Ha ocHOBE 3HaHMI O MIPUHIUIIAX €r0 yCTPOUCTBA.




4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKIIIOUAs
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 YerpotictBo Wolfram Language 10 20
) Pemienne  aneMeHTapHBIX  3amad B 12 24
Wolfram Mathematica
3 Pabota ¢ cMMBOJIBHBIMH BBIPAXKECHUSAMU 12 24
4 O06paboTka SKCTIEpUMEHTAIBHBIX JAaHHBIX 6 12
KommiekcHbIi  moaxo, B CLICHUU
5 AXOA p 20 40
CJIOJKHBIX 3a/au
Nroro yacos 60 120
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 180 yac., 4 3au.en.

4.2. CopaepxaHue AUCHUTLTAHBI (MOYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 4 (Becennuit)
1. YerpoiictBo Wolfram Language

UnTepdeiic Wolfram Mathematica. OcnoBomnonaratouiast poss Jokymenranun Wolfram B n3ydenun
Wolfram Language. [llupora BozmoxHocTeli Wolfram Mathematica. [lonsitue Bbipaxenusi. «Bcé
eCThb BBIpaKeHHE.» Buuel BbipakeHHid. [010Ba BBIpakeHHs KaK THIT BBIPAKEHHS B TPAJAUIIOHHOM
MOHUMAHUHU. APryMEHTBl CJIOKHOTO BbIpaxeHUs. CuMBoibl. CHCTEMHbIE M II0Jb30BATEIbCKHE
cuMBOJIbl. OCHOBHBIE CUCTEMHBIE CHUMBONBL. [lodHas W KparTkas 3amuch BbIpakeHHs. OOmmid
QJITOPUTM BBIYMCIICHUS BBIpaXEHUH. l3MeHeHHe mopsiika BbIYUCIEHUS. ATpUOYTHI CHMBOJIOB.
[Tonste madnona. CoOTBETCTBUE BBIpaKEHHS IIA0IOHY. TOYHBIE M YHHBEpCAIbHBIC IIAOIOHBI.
Crnenudukanuu yHHBEpCaIbHBIX 11abnoHoB. [llaGmonnble  koHCTpykumu.  Crenuduranuu
1abJIoOHHBIX KOHCTpYKIMW. [lonHblid M Kparkuit Bua mabinoHoB. lllaGnoHHBIE TpaBHia 3aMEHBI.
OObIyHbIE M OTJIIOKEHHBIEC MPaBMIIAa 3aMeHbl. TpaHcopManus BBIpa)KEHHS HA OCHOBE NPHMEHEHUS
MPaBUJI 3aMEHBI.

[TepemeHHbBIe U GYHKIMU KaK sICPHBIC IPABHIIA 3aMECHBL. BpIYrciIeHNe BRIPOKSHUH KaK TPUMEHEHHE
SJCpHBIX MPAaBWJI 3aMEHbI. 3aJlaHue MEepeMEHHbIX U (YHKIMH 4epe3 npucBanBaHue. OOBIYHBIE U
OTJIO)KEHHBIE MpucBanBanusl. [leperpy3ka GpyHKIMN KaK 3aaHUe HECKOJIBKUX PAa3IMYHBIX MIa0JIOHOB.
Kammposanue.

2. Pentenue anemenTapHbix 3a1a4 B Wolfram Mathematica

Jluct — BeIpaxenue c romoBoil List. Co3manme muctoB (Table, Range, Array, ConstantArray).
Mertonsl paboThl ¢ dIEMEHTaMU JHUCTa. [[pUMEHHMOCTh METOMIOB K JAPYTMM THIIAM BBIPAKCHHM.
Tpamummonnsie 1ukiasl (For, While). TlosnementHoe mnpumenenwe ¢yHknmii (pyHkmums Map).
3amena TonoBbl BbIpaxkenus (pyHkius  Apply). Atpubyr Listable. HeaddexruBHoCTb
TPAJAUIMOHHBIX IIMKJIOB 0€3 WCIIONb30BaHUs CHEIHAIBHBIX CpeACTB s3bika Tuna Compile.
Bo3MoXHOCTH YCKOpEHHS IPOTPaMM, UCTIONB3YIONIMX IMO3IEMEHTHOE TPUMEHEHUE (DyHKITHIA.




Pabora c ¢aiinoBoii cuctemoit. UMIopT 1 SKCHOPT BBIPAKEHHUH. YHUBEPCATBHOCTH (QyHKIMH Import
u Export.

Uucras ¢pyHKLIUS — BRIpakeHHe ¢ TojoBoi Function. ATpuOyTh! unctoit ¢pyHkunu. Beioop snemeHToB
BBIPaYKEHUSI C IOMOIIIBIO TA0JIOHOB WIIM YUCTHIX (PYHKIHA. ACCOIMAIINY KaK (QYHKITUH.

3ameHa Bcex MOIXOJSAIINX MOJABBIpakeHWH 1o mabmony. Jlokanuzanus cumBosioB. Oynkiun With,
Block, Module. Pazmuuust B npuHOumax pabOThl U BPEMEHHU BBINONHEHHA. Bpibop dyHKImMM
JIOKAJIM3allK B 3aBUCUMOCTH OT O0COOEGHHOCTeH 3amaun. JIokambHOE MepeonpeiesieHne CUCTEMHbIX
CHUMBOJIOB-TIApAMETPOB.

3. PaGoTra ¢ CHUMBOJIEHBEIMH BBIPAXKCHUSIMH

Pentenne MTMHEHHBIX W HETMHEHHBIX YpaBHEHHUI B CUMBOJIBHOM BHJIe. Pemenne auddepenmnmnaibHbx
U MHBIX (QYyHKOMOHANBHBIX ypaBHeHuil. [locTpoenue rpadukoB GyHKUUH, B T. 4. MapaMeTPHUECKUX.
VYropoiienue BblpakeHUH. [pyrma CHCTEMHBIX CHMBOJIOB Assumptions. Bwramcnenwe mnpenesnos,
CyMM M HHTETpaJioB, B T. 4. ¢ OeckoHeuHbIM mpefesnoM. Onepanuu HajJ CHMBOJBHBIMU
BBIPOKCHUSAMH: PACKPBITHE CKOOOK, CBOpAauMBaHUE, IPUBEICHNE K 00IIeMy 3HaMeHare:nto, pabora ¢
KOMIUIEKCHBIMH YHCIaMH.

Paznoxenne BelpakeHuil mo ¢opmyne Teinopa. AcHUMITOTHYECKHE BBIYMCICHUS Ha NpUMeEpe
BBIUMCIJIEHUS UHTErpajia ¢ MajbiM IIapaMETPOM.

4. O0paboTKa IKCIEPUMEHTAILHBIX JIAHHBIX

I/IMHOpT JAaHHBIX B CJIOKHBIX CIIydasdXx.

[MocTpoenue rpadukoB Mo HAOOPY TOYEK, B T. Y. KOMIUICKCHBIX. AMIMpOKCHMAIHS HaO0opa TOYEK.
Pabora ¢ morpemHocTsIMH.

baser nannbix (Pynknus Database). Co3nanue 0a3sl JaHHBIX, 3aPOCH! K HEH.
5. KoMIIeKCHBIN OJIX0/ B PEILICHUH CIIOXKHBIX 3a]1a4

Cea3p Wolfram Language ¢ BHEmIHMMH IporpaMMaMH M KOMIWJISATOPAMH JPYTHX S3BIKOB
nporpaMMHupoBaHus Ha mpuMepe Python m xomanmHoOW ctpoku Linux. 3amyck ckpuntoB Wolfram
Language 3 KOMaHIHOM CTPOKH.

«He m3o0peraiite Benmocumnen.» [loakmoueHre crenuann3upoBaHHbIX nakeTtoB Wolfram Language.
I'padpuyeckue oObekThl. WHTepakTuBHBIE BbluncieHus. @Dynkuuu Manipulate, Dynamic,
DynamicModule. WHTepakTHUBHBIE BBIYMCICHUS KaK Hayalo pEHICHHS CIOKHOM 3ajadd.
Busyanuzamus moay4eHHbIX Pe3yIbTaToB.

Pemenne nuddepeHnuanbHbIX ypaBHEHUH ¢ M3MEHSIOIMMHUCS B TpOLEcce pelleHus (yHKIUIMHU:
NDSolve 1 WhenEvent. ®yuknuu Wolfram Language kak «uépHbie simukmy. [louck tpaekropuun
JIBHKECHHSI CKAuyLIETo IIapUKa Ha HEPOBHOW IMOBEPXHOCTH. IIpuHIUIT «pa3neiisdii U BIacTBy .
ITouck Bcex Hynel (DYHKIIMHM Ha IPOMEXKYTKE C TIOMOILBI0 CHUMBOJIOB pelieHHs TuddepeHnanIbHbIX
YpaBHEHUH ¢ M3MEHSIOIUMHUCS (YHKIASIMH.

Mertonbl yckopeHusi paboThl mporpaMMel. [lapasiensHble BhIYUCIeHUs. VIConp30BaHNe pas3IHyus
Set/SetDelayed anst yckopenus kona.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHNS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

KommproTepHBIi KJ1ace ¢ 10CKOH, MPOEKTOPOM HIIN TEIIEBU30POM, IMTOAKIIOUEHHBIN K CETH.
6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. I'pokaem anroputmsl [ TekcT], MIDTFOCTpUPOBaHHOE TOCOOUE ISl IIPOTPAMMHUCTOB U
mooboneiTcTBytonux /A. bxaprasa, Grokking Algorithms. -CI16., ITurep, 2018
UBanoB, O. A. /luckperHas matemaThka u nporpammupoBanue B Wolfram Mathematica : yuebnoe
nocobue / O. A. MBanos, I. M. ®puamas. - CII6. : [Tutep, 2019. - (YuebHUK /U1 BY30B). - DIEKTPOH.
BepCHs I1ed. IyOIuKauu



JomnonHurensHas aureparypa

1. Anroputmel. PykoBozacTBo 1o paspabotke [Tekcr], [yue6. mocobue ans By30B] /C. CkueHa ; [1iep. ¢
anr. C. Tapanymenko], The Algorithm, esign Manual. -CII6., EXB-IletepOypr, 2018

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

1. https://reference.wolfram.com/language/ — onnaiin Bepcus JJokymenranuu Wolfram,
pEeKOMeHIyeTcst Ipu BpeMeHHoM oTcyTcTBrur Wolfram Mathematica.

2. https://mathematica.stackexchange.com/ — coobuiectBo paspadoruukoB Ha Wolfram Mathematica,
371ech Pa300paHO MHOKECTBO CIOKHBIX OIIMOOK U BOIPOCOB.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMBbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca o JMCUUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha 3aHATHAX HCHIONB3YIOTCS MYJIBTHMEANHHBIE TEXHOJIOTUH, BKIIFOYAsk IEMOHCTPAIIHIO JKpaHa, u
JUIICH3UPOBaHHbIN IpotykT Wolfram Mathematica.

B mporecce camMmocTosTeNn HON paboThl 00yJaroIUecs HCIONb3yI0T NpoaykT Wolfram Mathematica,
JMLEH3US K KOTOPOMY BBIIAETCS MM KaK MHHUMYM Ha IEPUO IPOXOXKACHHS Kypca.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

Oo6yuarommiicst kypcy Cucrema Wolfram Mathematica omkeH Kak OCBOUTBH CTPYKTYPY CaMOTO SI3bIKa
nporpammupoBanusi Wolfram Language, Tak ¥ HaydyuTbcs NPUMEHATH IOJYYCHHbIE 3HAHHUS Ha
MIPaKTHKE.

OcBoeHne Kypca HE CBOAMTCS TOJBKO K MOCEHICHUIO 3aHATHH. OCHOBOM yCHEIIHOTO NMPOXOXKICHUS
Kypca SIBISIETCSl CaMOCTOsATENbHAS paboTa 00yJaroerocs, KOTopast BKIIOUaeT B ceOsL:

- BBIIIOJIHEHUE JIOMAIIHUX 3aJIaHUH;

- IpopaloTKy (aiiyioB ¢ 3aHATHS;

- n3yuenue Jloxymenrauuu Wolfram;

- BBIIIOJIHEHUE PEANIbHBIX 33134 U3 PA3IMUHbIX cdep KU3HH ¢ ucnoib3oBanueM Wolfram Mathematica.
PykoBOACTBO M KOHTPOJNb 3a CaMOCTOSATENBHOM paboTON CTygeHTa ocymiecTBisieTcss B (opme
WHIMBUyaJbHBIX KOHCYJIBTALIUH.

ITokazaTteneM BiaJieHUs] MaTepUaJOM CIYXKHUT YMEHHUE pelarh 3agadd. g dbopMupoBaHus yMeHUs
MPUMEHSTh TEOPETUUECKHUE 3HAHUS Ha MPAKTHKE CTYIEHTY HEOOXOOUMO pellarh, KaKk MOXHO OoJbliIe
3amad. [Ipu pemennu 3a1a4y Kaxaoe qeiicTBHE HEOOXOAMMO apryMEHTHPOBaTh, CChUIAsICh HA U3BECTHBIC
TEOPETUUECKUE CBEICHMUS.

[Ipu monroroBke k 1a00OpaTOPHBIM 3aHATHAM HEOOXOAMMO IOBTOPSITH paHee M3YUEeHHBIE OCHOBHBIC
NMoHATHS. B Hauame 3aHATHs, KaKk NPaBWIO, MPOBOAUTCS KopoTkoe (5-10 MHHYT) TOBTOpEeHHE
Marepuaga mnpomeqmuux 3aHATHi. OOBIYHO NPUACPKUBAIOTCS CIEIYIOIEH CXEMBL: H3y4YCHHE
Marepuana 3aHsaTHs 1o (aiiinaM, BEUTOKEHHBIM MpernoiaBarenem, cpa3y nocie 3anarus (10-15 MunyT);
MOBTOPEHHE Marepuana HakaHyHe cienymomero 3adsatus (10-15 muHyT), mpopaborka ydeOHOTrO
Marepuaia 1o aiiam 3aHATHs, y4eOHOI IuTepaType, HOATOTOBKA JOMAIIHEr0 3aJaHus UM KypCOBBIX
npoektoB (1,5-2,5 waca B Henenio). BaxxHo moOWThCS NMOHUMaHMSA H3y4aeMOro Marepuaia, a He
MEXaHWYECKOTro ero 3anoMuHaHus. [Ipu 3aTpynHeHnM U3ydeHHs! OTACIbHBIX TEM, BOIPOCOB, CIEAYET
o0pamarscs 3a KOHCYJAbTAlUsIMH K MPETo1aBaTelIio.

BeimonHeHne IOMalIHMX 33JaHUM  sBIsieTcss oOs3arenpHBIM. JlomamiHue 3agaHusi MOTyT OBITh
YaCTUYHO WJIM NOJHOCTHIO 3aMEHEHBI TI0 PEILICHHUIO MPETNOAaBaTesisi Ha HECKOJIBKO KyPCOBBIX MPOEKTOB.
Crioco6 odopmIteHUS B OTIIPABKH paboT cooO0IaeTcs MpernoiaBareieM OTACIbHO.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: ®u3nKa U MeAaroruka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa MHOOPMATUKU U BBIYUCIUTEIHLHON MaTeMaTHKU
Kypc: 2

KBaJIH(UKALUS: OakanaBp
Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 4 (BeceHnui) - JlnddepeHunpoBaHHbIi 3a4eT

Pa3paborunk: A.C. Kazanries, accucTeHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
HNPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyert 3aaady, BBIJIEsS 3TAIbl €€ PelleHus,
JeMCTBUS IO PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAJIU3UPYET M BBHIOMpAET
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenensier ©u  ONEHUBAaET  MPAKTUYECKHE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
podeCcCHOHAILHOMN I TeIBbHOCTH

OIIK-1.1 CnocobeH aHanM3upoBaTh MOCTABJICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLeHUs

OIIK-1.2 CnocobeH CcTpOUTh MareMaTH4ecKhue MOJIeNH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH omnpenensTs TpaHULbl TPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-2 CriocobeH ucrnonb30BaTh COBPEMEHHBIE
UH(OPMAIIMOHHBIE TEXHOJIOTUH U

OIIK-2.1 Crnocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIFHYIO TEXHUKY W CEpBHCHI ceTh VIHTepHeT B
obnactu (cdepe) npodeccnoHaNbHON AEITETBHOCTH

NPOTPpaMMHBIC CPEACTBA IIPH PCIICHUH 3a1aq OIIK-2.2 3HaeT W yMeeT MNPUMEHATb YUCICHHBIC
po(heCCHOHATIEHON JNEATENBHOCTH, COOMIONAs | MaTeMaTHYecKue METOAbl M MPHUKIAIHOE NPOrPAMMHOE
TpeOoBaHUA MH(POPMALIMOHHON OE€30MACHOCTH  |obecneueHne  JUls  pelIeHHMs  HaydHbIX — 3a7ad B
npodeccuoHaIbHON 00nacTu
OIIK-4.1 Brnageer weTromaMu Hay4HOrO TIOMCKa |

OIIK-4 CriocoOeH ocymIecTBIATE COOp U
00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJHBIX 33129

MHTEJUICKTYaJbHOTO aHajdM3a WH(POpPMAIMUA TPU pEIICHHU
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-4.2 3naeT OCHOBHbIC UCTOUYHUKH HAYYHO-TEXHHUYECKON
u (WIM) TEXHOJIOTHMYeCKoH uWHpopManuu B o0nacTu
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TPUKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIIEHO
OCBaMBaTh HOBBIE TEOPETHYECKUE, B TOM YHCIIE,
MaTeMaTHYECKHE METO/Ibl HCCIICAOBAHU, U
paboTars Ha COBPEMEHHOM dKCIIEpUMEHTAITLHON
Hay4YHO-HCCIIEI0BATEIBCKOM,
U3MEPUTEIbHO-aHATUTUYECKOH 1
TEXHOJIOTUYECKOH ammaparype

OIIK-5.1 CnocobeHn pemarb TMOCTaBICHHbIE 3aJa4dl B
obnactu TEOPETHUECKUX u SKCIIEPUMEHTAJILHBIX
UCCIIeJOBaHUN U pa3pabOTOK

OIIK-5.2 OOmagaer CIOCOOHOCTBIO K OCBOEHUIO HOBBIX
3HAHWI Ha OCHOBE W3YYCHUS JIUTEPATyphl, HAYYHBIX CcTaTeit
U IPYTUX UCTOYHUKOB

OIIK-5.3 CnocobeH K TpodecCHOHAIBLHOW DKCILTyaTaIuu

COBPEMEHHOMI 9KCIEPUMEHTAIBHOMN
HAay4HO-UCCIIEI0BATEIbCKON
(M3MEpUTENbHO-aHATUTHYECKOH U TEXHOJIOTUYECKOM)

anmaparypsl

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI
MPEeIMETHOM 001acTH) U (MJIN) TEOPETUICCKHUE
(aHATMTHYECKIE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.4 VYmeer cTpouTh MaTeMaTHUYECKHE MOJENU U
ONMCAaHUSI W HCCICAOBAHMUS INPOLECCOB U SIBICHUA B
COOTBETCTBYIOIINX HayYHBIX 00JIACTIX

[IK-1.8 Bnageer HaBblkamMu pPabOTBl C COBPEMEHHBIMH
SI3bIKaMU [IPOI'PaMMHMPOBAHUS U IPOrPAMMHBIMU ITaKETaMU
JUISl HAyYHBIX pacyeToB

[1IK-1.3 Bnazgeer KyasTypoil IOCTaHOBKM Hay4HOM 3a/a4d U
MOJIEJINPOBAHUSI €CTECTBEHHOHAYYHBIX OOBEKTOB U CHCTEM

[IK-1.6 3HaeT OCHOBHBIC MpaBWa TOBEACHUS U PaOOTHI B
COBpPEMEHHOI Hay4YHO# abopaTopun

[IK-1.7 Croocoben omeHuBath TpedyeMbie Ppecypchl
(MarepuanbHbIe ¥ BPEMEHHBIC) [UId IUIAHUPOBAHUS H
HPOBE/ICHUS] HAyYHOTO SKCIIEPUMEHTA




[1K-2 CriocobeH aHanu3upoBaTh MOMTyUYCHHBIC B

XOJIE HAYYHO-MCCIICIOBATEILCKON paOOThI
JIAHHBIC U JIeJIaTh HAyYHbIC BHIBOJIBI
(3aKITrOUYCHMS )

[IK-2.1 Bnangeer merojaMH CTaTHCTUYECKOW OOpabOTKU U
aHaJIM3a Hay4YHbIX JTaHHBIX

IIK-2.2 VYMeeT HaxOmOUTh  KIIIOUEBBIC
OTIpECIAIONINE H3y4aeMoe SIBJICHHE,
YUCJICHHBIE OLICHKHU MO MOPSAIKY BEITUYUHBI

rapaMeTpebl,
U IIPOU3BOIUTH

[1K-3 CnocoGeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUH IS PELICHHS 3a]1a4 B
M30paHHON NpeMETHOM 00IaCTH

[IK-3.3 YmMmeer npou3BOAUTh OILEHKY TOYHOCTH UYHCICHHBIX
METOJIOB, HCHONB3yeMbIX Ha OBM, BBIYMCIUTENHHOU
CIIOKHOCTH  MCIIONB3yeMBbIX  ajJrOPUTMOB H  00beMa
TpeOyeMbIX BBIYUCIUTEIBHBIX PECYPCOB

[IK-3.2 3naer o6macTy W KPUTEPUHU NPUMEHUMOCTH
UCHOJNb3YEMBIX TEOPETUYECKUX IIOIXOJOB U  yMEHHUE
OLICHUBAaTh TOYHOCTh MNPHUOJMKECHHBIX aHAIUTHYECKHUX
METOJOB BBIYUCIICHUH

[MK-4 CriocoOeH KpUTHYECKH OLIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/IOB

[IK-4.3 CnocobeH 000CHOBaTh NPUYMHHO-CIIC/ICTBCHHBIC
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOJIeNIei

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydenus aucuuiuiniel «Cucrema Wolfram Mathematicay oOyyaromuiics: 1omKeH:

3HAThb:

- [Ipuanumne! ycrpoiicTsa sa3bika Wolfram Language;
- ACTIOJIb3yeMbIe TIPUEMBI U METOIbI HAITMCAHMSI TPOTpaMM ¢ ToMoIbio naketa Wolfram Mathematica.

yMeThb:

- BeiOuparb onTHManbHbIE aNTOPUTMBI JIJIsl COBPEMEHHBIX IIPOTPaMM;

- pa3pabarbIBaTh MOJIHbIE 3aKOHYEHHBIE TporpaMMbl B cucteme Wolfram Mathematica;

- pa3pabarbIBaTh mporpamMmMel B cucreme Wolfram Mathematica kak MHIUBHIyaIbHO, TAK M B KOMaH/IE;
HNPUMEHSTh (QYHKIIMOHAIBHBIA, TPAJUIIMOHHBIN U MAOIOHHBIN ITOIXO/BI VISl HAIIMCAHUS IPOTPaMM;

-  HCIIOJb30BaThb

3HaHUSI N0 HH(pOpPMAaTHKE

A1 OpUWIOKCHUA B Hay‘lHO—HHHOBaHI/IOHHOﬁ,

KOHCTPYKTOPCKO- TEXHOJIOTUYECKON M MPOU3BOJICTBEHHO-TEXHOJIOIHYECKON cepax IesTeIbHOCTH.

BJIAA€Th:

- S3pikoMm mporpammupoBanusi  Wolfram Language

n METoAaMH CO3JaHUA IporpaMm C

HCIOJB30BaHHUECM IMOAKIIOYACMBIX ITIAKCTOB,

- nporpammont Wolfram Mathematica;

HAaBBIKOM CaMOCTOSITEJIBHOTO HM3Y4EHHUsl JIOOBIX HOBBIX uia ce0st obnacTedl NpUMEHEHHS S3bIKa
Wolfram Language Ha ocHOBE 3HaHHI O IPUHITUIIAX €T0 YCTPONCTBA.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

IlepeueHbp TUIIOBBIX KOHTPOJIBHBIX 3aJaHUM JJI1 TEKYILEro KOHTPOJsS BKJIIOYAET, HalpuMmep,

CJICAYIOIIUC:

1.Peanu3oBarb HCKOTOPBIC ITpaBUJia pa6OTLI C rpaCCMaHOBBIMHU YHCJIaAMU.

2.Hanucare ¢pyHKUMIO ONIpeesIeHUs] HaJu4uusl y cuMBoJIa atpudyTa Listable.

3.AHHpOKCI/IMI/IpOBaTL Ha60p OKCIICPUMCHTAJIBHBIX TOYCK FaYCCHaHOfI W TMPOU3BOJIBHBIM HUX

KOJIMYCCTBOM.

4.Bo3BecTu Bce YETHBIE YHCTIA U3 CHHCKA B KBApaT.
5. Joonpenenutsh GyHKIMIO Sin[X]/X B TOUKE pa3pbiBa ¢ MOMOIIBIO MIEPErpy30K (GyHKIIHUH.
6.3a51aTh peKyppeHTHYIO (YHKIIUIO BEIYUCICHUs yncell PUOOHAYYN U CPaBHUTH €€ IPPEKTUBHOCTH CO

BCTPOEHHOHN (yHKIUEH.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IPOMEKYTOYHOM aTTecTaluu

o0yuyarommxcst

[Mpomexxyrounas arrecranus mo aucnuiuimHe «Cuctema Wolfram Mathematicay» ocyiectsiusiercs: B

¢dopme nuddepeHIMpoBaHHOT03a4ETa.




[TepeueHb KOHTPOIBHBIX BOIPOCOB:

1. O6mme npuHNUIBEL padotel Wolfram Mathematica.

1.1. OcHOBBI paboTHI ¢ JOKYMEHTAITUEH.

1.2. Slueiiku, UX TPYMIIBI U TAPAMETPHI.

2. OcHoBbl Wolfram Language.

2.1. Ilonarue, CTPyKTypa U TUIIbI BBIPAKEHUH.

2.2. O0mui anropyuT™ BEIYUCIICHHS BBIPAKCHUH.

2.3. I3meHeHue nopsiaKa BEIYUCICHHIMA.

2.4. ATpuOyTHI CHUMBOJIOB.

3. I11a6noHBI.

3.1. Tounble ¥ yHHBEpCaIbHBIC IIA0JIOHEI.

3.2. Crnenudukanyu madnonoB. KomOuHamy mabioHoB.

3.3. [lonHbIit 1 KpaTKuii BU MAOIOHOB.

3.4. [llabnoHHBIC TIPaBUIIa 3aMEHBI.

3.5. OTnoxeHHbIe U OOBIYHBIC PABHUIIA 3aMEHBI.

3.6. Bb100p 211eMEHTOB BBIPaXKCHHUS C TIOMOIIBIO TA0JIOHOB.

3.7. ®yHKUMY 3aMEHbI BRIPAXKEHUN U UX IPUMEHEHHE.

4. SlnepHbie paBuiIa 3aMEHBI.

4.1. Beruncienue BEIpaKeHUH KaK MOCIE0BATEIbHOE IPUMEHEHHE SIIEPHBIX MTPABUII 3aMEHBI.
4.2. 3amanue nepeMeHHBIX B QYHKIMN Kak sijepHbIe paBuia 3aMeHbl. [[pucBanBanue.
4.3. Ileperpy3ka GyHKIHMI Kak 3a1aHNe HECKOJIBKUX Pa3IMYHbIX MIA0IOHOB.

4.4. KamnpoBaHue.

5. JIuctel (MaccHBhI).

5.1. JIucTel KaKk BeIpaKEeHHUS.

5.2. Co3naHue JIMCTOB.

5.3. Metofipl paboTHI € 3JIEMEHTaMU JIUCTA.

5.4. IlopneMeHTHOE IPUMEHEHHE BBIPaKeHUS KaK (PYHKIUH K HJICMEHTaM JIUCTA.
5.5. 3aMeHa rojoBbI.

5.6. AtpubyT Listable.

5.7. Bo3MOXHOCTH YCKOPEHUsI Pa0OTHI C INCTAMH.

6. daiinosas cucrema.

6.1. OTHOCHTENBHBIE U a0COMIOTHBIE ITyTH. IMITOPT ¥ SKCHIOPT BBIPaKESHUH.

6.2. IMIopT JaHHBIX B CIOXKHBIX CIyYasX.

7. Yuctple QyHKIUH.

7.1. ®opma u arprOyThl YUCTHIX QPYHKITHIA.

7.2. BbI0Op 31IEMEHTOB BBIPAYKEHHS C TIOMOIIBIO YUCTHIX (DYHKIIUH.

8. Jlokanu3zanus CHMBOJIOB.

8.1. OyHKIIUY JIOKATU3AIUU U UX PA3IAYHSL.

8.2. BeiOop GyHKIINY JTOKATU3aIUH B 3aBHCUMOCTH OT 0COOCHHOCTEH 3aa4H.

9. Pemenne ypaBHeHHIA.

9.1. Pemrenue MMHEWHBIX ypaBHEHUN B CHMBOJIBHOM BUJIE.

9.2. OcoOEHHOCTH pellieHNsI HETMHEHHBIX YpaBHEHUH.

9.3. Pentenue muddepeHMabHBIX H MHBIX (PYHKITMOHAIBHBIX YPaBHEHUH.

9.4. Pemtenue muddepeHMalbHbIX YpaBHEHUH co crienuanbHbiMu yernousmu (WhenEvent).
10. CuMBONBbHBIE BBHIUNCICHHUS.

10.1. Yoporenue BolpakeHUH. 3ajaHle TapaMeTPOB YIPOIICHHUS.

10.2. BeruucneHue mpeaenoB, CyMM U HHTETPAJIOB, B T. 4. ¢ OECKOHEYHBIM TPEICIIOM.

10.3. Onepanuu HaJl CHMBOJIBHBIMHU BBIPQKEHUSIMH: PACKPBITHE CKOOOK, CBOpauMBaHKE, IPUBEJCHHE K
o0IeMy 3HaAMEHATEIIO.

11. IMocTpoenne rpaduxos.
11.1. ®yHKIHOHANBHBIX.
11.2. KoMIJI€KCHO3HAYHBIX.
11.3. Ilo Habopy TOYEK.
11.4. N3 Dataset.



11.5. C nobaBnennem rpadu4ecKix 3JIEMEHTOB.

12. Pabora ¢ morpemrHocTsIMu.

13. PaboTa ¢ KOMIJIEKCHBIMHU YHCIIaMU.

14. Pabora ¢ psitaMy ¥ aCUMITOTHYECKUMHU BBIYHUCIICHUSIMU.
15. Pabora c Dataset.

16. JInHaMHUYECKUE BEIYUCIICHUSL.

16.1. OObIYHOE UHTEPAKTUBHOE TIOCTPOEHHUE IPaUKOB.
16.2. HuskoypoBHEBbIE (DYHKIMH, UCIIONb3yEeMble B TUHAMHUUECKUX BBIYMCIICHUSIX.
16.3. luHamMuuecKue mporpaMMHBIE MOJTYJTH.

17. MeTonbl ycKOpeHUst padoThl IPOTPAMMBI.

18. TlapannenbHble BEIYUCICHUS.

[Tpumeps! SK3aMEHAIMOHHBIX OMJIETOB (3aJaHMH, TECTOB M Jp. MAaTE€pPUAJIOB, HCIOIb3YEMbIX IS
MPOBEICHUS 3a4eTa, IK3aMeHa):

1. BpiOparh TOIBHIpaKEHUS HY)KHOTO THIA W3 3aJaHHOTO BBIPAKEHHS C ITIOMOIIBIO IIA0JIOHOB H
(dyHKIUH.

. KoppekTHo 3a1ate QyHKIHMIO, UMEIOLIYIO YCTPAHIEMBIi Pa3phIB.

. IIpeoOpazoBark 3aJaHHOE BBIPaXKEHHE 110 3aaHHBIM IIPaBUIIAM.

. ATIMPOKCUMHUPOBATh JaHHbIC U3 (haiina 3a7aHHoi (QyHKIMEH U TOCTPOUTh IpaduKH.

. AIIIPOKCUMHUPOBATh ITPOU3BOJIBHBIN HA0OP TOUEK HA IIOCKOCTH AJUTUIICOM.

. Beraucnenue TpaekTopuy ABMKEHHS CKauyIIEro IIapiKa Ha HEPOBHOW ITOBEPXHOCTH.

. PermmTp 3a1a4y ¢ MHTErPUPOBAHUEM C MAJIBIM [TAPAMETPOM.
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. Hatmcats dynkuro naTerpupoBanus {(z) mo koHTypy z = z(t).
9. Haiitu TOUKH niepecedeHus 3aJJaHHbIX QUTyp.

10. TTocTpouTh WHTEpaKTUBHOE W300pakeHHE 3aJaHHOH (QUryphl, KOH(GOPMHOTO OTOOpPaKEHHOW C
3aJaHHBIMH MTapaMETPaMHU OTOOPaKESHUS.

11. Haiitu cymmy Bcex OTPE3KOB UMCIIOBOW OCH, Ha KOTOPBHIX (PYHKIHS YIOBIETBOPSET 3aJaHHBIM
YCIIOBUSIM.

12. TIpounTerpupoBaTh QPyHKIHIO METOJIOM IepeBaa.

13. ITpubnnKEHHO PEMINTh U HHTEPAKTUBHO OTOOPA3UTh 3a7ady N TeJl.

14. TTocTpouts hyHKIHIO, 33J]aHHYIO B (aiine *.py, HanMcaHHyo Ha si3bIke Python.
15. Pemnth 3a/1auy «XUIIHUKH — 5KEPTBBI».

16.  TlocTpowTh  WHTEpPaKTHBHBIA  TpPEyronbHUK Ha  Tulockoctd  JlobadeBckoro st
KOH()OPMHO-EBKIIMI0BON MOZAEIH B KpYTE.

Kputepun onennBanus
10 - BeicTaBnseTcst CTY[ICHTY, YCHEIIHO 3aIIUTHBIIEMY BCE HEOOXOIMMBIE MPOEKTHI, MOKa3aBIIEMY
BCECTOPOHHHUE, CHCTEMAaTH3MpPOBaHHBIC, IIyOOKHE 3HaHMSA Y4YeOHOW NPOrpaMMbl AMCLMUILUIMHBL,
CBOEBPEMEHHO U I'PAMOTHO BBIIIOJIHUBLIEMY BCE JOMAILIHUE 3a/1aHusl.
9 - BsoicTaBisieTCs CTYAEHTY, YCHEIIHO 3allUTHUBLIEMY IOAABIsIOmIEee OOJNBIIMHCTBO MPOEKTOB,
MOKa3aBIIeMy IIIyOOKHe 3HaHHMS Y4eOHOH MHpOrpaMMbl TUCHUIUIMHBI, CBOEBPEMEHHO M I'DaMOTHO
BBINIOJTHUBIIEMY BCE JJOMAITHUE 3a1aHHUS.
8 - BricTaBmsercs CTYOEHTY, YCIEIIHO 3allUTHBIIEMY IPOEKTHI, MOKA3aBIIEMY XOpPOIIME 3HAaHUSA
y4eOHO porpaMMbl JUCHUILINHBI, BBIIOJIHUBIIEMY AOMAIIHUE 33JaHUS.
7 - BpIcTaBisieTcsl CTYIEHTY, 3alllUTUBIIEMY IIPOEKTHI, €CJIU OH TBEPZO 3HAET MaTepua U 10 CyIIECTBY
U3JIaraeT ero, rpaMOTHO U CBOEBPEMEHHO BBITIOIHUI OOJIBIIYIO YACTh JOMAIIHUX 3aJaHHMH.
6 - BricTaBnseTcs CTYIEHTY, 3allUTUBIIEMY IPOEKTHI, €CIIN OH TBEPAO 3HAET MATEPHAI U IO CYLIECTBY
M3J1araeT ero, rpaMOTHO BBINOJHUI OOJBIIYIO YacTh JOMAIIHUX 3a1aHHH.
5 - BricTaBnseTcs CTYAEHTY, 3alllUTUBIIEMY IPOEKTHI, €CIIM OH TBEPAO 3HAET MATEPHAI U IO CYLIECTBY
u3j1araeT ero, yMmeeT NPHUMEHATh IOJIy4YEHHbIC 3HAHMS Ha TNPAKTUKE, BBIIOJHWI OONBUIYIO YacTb
JIOMalTHUX 33JIJaHUH, HO JOITyCKAeT B OTBETE WM B PEIICHNH 3a]]a4 HEKOTOPhIE HETOYHOCTH
4 - BpIcTaBnsieTCsl CTYACHTY, HE 3alIUTHBILEMY MPOEKTHI, €CIH OH NAET MpaBUIbHBIE (HOPMYIHPOBKH
0a30BBIX HOHATUH M MOKET IPUMEHATH IOyYSHHBIE 3HAHUS 110 00pa3ily B CTAHAAPTHON CUTYalHH.



3 - BeicraBisieTcsa CTyIEHTY, HE 3allUTHBILIEMY IPOEKTbI, €CIM OH JNAET HEIOCTATOYHO IIPABUJIbHBIE
(dbopmynupoBkn 0a30BBIX MOHATWH, HApYLIEHHS JIOTMYECKOM MOCIEeNOBATEIILHOCTH B HW3JIOKECHUHU
IPOrpaMMHOTO Marepuaya, HO NPH 3TOM MOXET IPUMEHATHh IOJY4YCHHBIC 3HAHUSA 1O 00pasly B
CTaHAAPTHOW CUTYalUH.

2 - BeicTaBnsieTcsl CTyAEHTY, KOTOPBIH HE 3HAaeT OONbLICH YacTH OCHOBHOTO COIEp)KaHHS Y4eOHOMN
IpOrpaMMbl TUCLUIUIMHBI, JOMyCKaeT rpyOble OmHUOKH B (HOPMYIHPOBKAX OCHOBHBIX ITOHATHH
JUCLHUIUTMHBI U HE YMEET MCIOb30BaTh MOIYUYECHHBIE 3HAHUS IPU PELICHUH THIIOBBIX MPAKTHYECKHX

3ajad.
1 - BeicraBnsieTcss CTYyOEHTY, KOTOpbIii HEe CHocoOeH cQOpMyIHMpOBaTH OCHOBHBIE IOHSTHUS
JUCLUIUIMHBL U HE YMEET MUCIIOJIb30BaTh IIOIY4YEHHBIE 3HAHUS IPU PELICHUU THUIIOBBIX IPAKTUUYECKUX
3a/1ad.

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(Wy1M) oNbITA AESITEILHOCTH

JudpdepeHurpoBaHHbIA 3a4eT MPOBOIUTCA MO MTOraM TEKyIIeH YCIEeBaeMOCTH W CHa4dM JOMAIIHUX
3a/laHui, IPENYCMOTPEHHBIX NMPOrpaMMON JUCIUIUIMHBL, IyTEM OPTaHHU3AlMK CIIENHAIbHOIO OIpoca,
MPOBOIMMOI0 B YCTHOW WJIM TMHMCBMEHHOW ¢opme. 3aliuTa OJHOIO WM HECKOJBKHUX HPOEKTOB B
3aBHCUMOCTH OT CJIOXHOCTH IIPOUCXOINUT UHANBUAYAIBHO B TEUEHUE CEMECTPA.



