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
10 HANPABJIEHUIO: [Tpuknaaabie MaTeMaTrKa U GU3NKA
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

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 paHHOTO Kypca CTYIEHTBI OCBOST mporpammHblidi maker Wolfram Mathematica m Haywarcs
NPUMEHATh €r0 B TEOPETHYECKOH (PH3MKE, IKCIICPUMEHTAIFHBIX HayKaX, a TaKKe B JIPYTUX CaMbIX pa3HBIX
obnactsx 3Hanus. Wolfram Language — yHUBepcanbHBIN S3bIK IporpaMMupoBaHusi. C ero moMoIb0 MOKHO
HE TOJILKO pelllaTh YPaBHEHUS W CTPOUTH rpaduKku, HO JaKe CO3[JaBaTh HEHPOHHBIE CETH M 00pabaThIBaTh
n300paXKeHus, a TakKe MHOroe apyroe. Bc€ 9To okas3pIBaeTcss HE TakUM yXK CIOXHBIM IIPH HaJIekKalleM
YPOBHE BIIaJICHHS IPEIMETOM.

1. leau u 3apauun

eap AUCUMNIMHBI

dopmupoBanue 0a30BBIX 3HaHWW IO YCTpOMcTBY si3bika Wolfram Language u mnpuMEHEHHIO
Oasupyromeiics Ha HEM cucrembl Wolfram Mathematica B €CTECTBEHHO-HayYHBIX M HHBIX
NPaKTUYECKHUX 3a/1a9ax.

3agauu AU CHUIIHHBI

— GopmupoBanue y oOydaromuxcs 0a30BBIX 3HAHWKA MO CTPYKTYpPE W TPUHIMIIAM PAaOOTHI 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 AnanusupyeT 3a1ady, BRI 3Tallbl €€ PelIeHus,
NeMCTBUS IO PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
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 Ormpenenser W  OLEHHWBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CniocobeH aHanmM3upoBarh MOCTABICHHYIO 3aady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

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

npodeCcCHOHAIBHOMN JIeATeIBHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJIMUECTBEHHBIE PACUETHI M OLICHKH

OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIbTaTOB

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
OIIK-2 Croco6eH HCII0Ib30BaTh COBPEMEHHBIC |BBIUMCIUTENLHYIO TEXHHKY M CepBHUCHl ceTu MHTepHer B
UH()OPMAIIMOHHBIC TEXHOJIOTUH obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

NPOTPpaMMHBIC CPEACTBA IIPH PCIICHUH 3a7a4 OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
po(heCCHOHATIEHON JEATENBHOCTH, COOMIONAs | MaTeMaTH4eCKUe METOAbl U TPUKIAJHOE MPOrPAMMHOE
TpeOoBaHUA MH(POPMALIMOHHON O€30MIaCHOCTH  |obecreueHne  Jjis  pELIEHHMs  HAydHbBIX  3a1ad B
npodeccuoHaIbHON 00nacTu

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |

OIIK-4 CriocoOeH oCyIIeCcTBIATE COOp U UHTEJUIEKTYaabHOIO aHalu3a MH(OpPMAlUM IIPU PELICHUU
00paboTKy HayYHO-TEXHUYECKOH U (MJIH) 3a/1a4 MPO(YECCUOHANBHON NEITENLHOCTH

TEXHOJIOTMYECKON nHpopManuu 1jis petenus  (OITK-4.2 3HaeT OCHOBHBIE HCTOYHUKH HAYYHO-TEXHUYECKON
(GyHIaMEHTANBHBIX ¥ IPUKJIAIHBIX 33129 U (MAM) TEXHOJNOTHMYeCKOM wuH(popManmuu B 001acTH

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 CnocobeH pemarh TOCTaBICHHbIC 3a/1a4d B
obnactu TEOPETHUECKUX u SKCTIIEPUMEHTAJILHBIX
UCCIIeJOBaHUN U pa3pabOTOK

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

OIIK-5.3 CnocobeH k mpodeCCHOHANBHOW JKCIUTyaTaIluu

COBPEMEHHOMI 9KCIEPUMEHTAIBHOMN
HAay4HO-UCCJIEI0BATEIbCKON
(M3MEpUTENbHO-aHATUTHYECKOH M 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 HCCIEIOBAaHUS MPOLECCOB M SIBICHUH B
COOTBETCTBYIOIINX HayYHBIX 00JIaCTIX

[IK-1.8 Brnageer HaBbikamMu pabOTHI C COBPEMEHHBIMHU
SI3bIKaMU [IPOIPaMMHUPOBAHUS U IPOrPAMMHBIMU ITaKETaMU
JUTSl HAyYHBIX pacyeToB

[1IK-1.3 Bnageer KyapTypoi MOCTAaHOBKH HAay4YHOM 3aJlaud U
MOJEJINPOBAHUSI €CTECTBEHHOHAYUYHBIX OOBEKTOB U CUCTEM

[IK-1.6 3HaeT ocHOBHBIC NpaBWiIa MOBEACHUA U PabOTHI 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

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

KJIIOYEBbIE  IapaMeTpbl,
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 YmMmeer npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTENHHON
CIIO)KHOCTH  MCIIONB3yEMBIX  aJTOPUTMOB M o0ObeMa
TpeOyeMBIX BHIYHUCIUTEIBHBIX PECYPCOB

[MK-3.2 3naer o0macTh W KPUTEPUHU TNPUMEHHUMOCTH
UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
OLICHMBATh TOYHOCTh HPUOMMKEHHBIX AHATUTHUYECKHUX
METO/I0B BBIYMCIICHHMA

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

[IK-4.3 Cnocobern 000CHOBaTh NPUIHHHO-CIICIACTBEHHBIC
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;

- pazpabartbiBarh mporpammbl B cucteme Wolfram Mathematica kak WHAMBHYaIbHO, TaK U B KOMAH/IE;
NPUMEHATH (PyHKIMOHAIBHBIN, TPAJUIMOHHBIN 1 IAOIOHHBIA TOIXObI U HAITMCAHUS TIPOTPaMM;

- HCIIOJIb30BAaTh 3HaHHUA 11O

WHPOpPMATHKE

U1 HIPUITIOXKCHHUA B Hay‘IHO-I/IHHOBaHPIOHHOﬁ,

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

BJIAJIETh:

- S3pikoMm mporpammupoBanusi Wolfram Language

u MCTOAaMH CO3[JaHuUd TMporpaMm ¢

HCIIOJIB30BaAHUEM IMOAKITIOYACMBIX ITAKCTOB,

- mporpammoit Wolfram Mathematica;

HaBBIKOM CaMOCTOSITEJIBHOTO HM3Y4EHHUs JIIOObIX HOBBIX Uil ceOs obnacTeil NMpHUMEHEHUs 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  3azad B 12 24
Wolfram Mathematica
3 Pabota ¢ cMMBOJIBHBIMH BBIPAXKECHUSAMU 12 24
4 O06paboTka SKCTIEpUMEHTAIBHBIX JAaHHBIX 6 12
KommekcHbI  moaxo B CLICHUU
5 X0 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

Unrepdeiic Wolfram Mathematica. OcroBononararomas pons Joxkymenrauun Wolfram B nzyuenun
Wolfram Language. [llupora Bo3mokHOcTelt Wolfram Mathematica. [lonsitie BbipakeHus. «Bcé
eCThb BBIpaKeHHE.» Buuel BbipakeHHid. [010Ba BBIpaKeHHUs KaK THIT BBHIPAKEHHS B TPAAUIIHOHHOM
MOHUMAHUHU. APryMEHTBl CIOKHOTO BbIpakeHHs. CumBosibl. CHCTEMHBIE U IOJb30BAaTEIILCKUE
cuMBOJIbl. OCHOBHBIE CHUCTEMHBIE CHMBOJBI. [loHast W Kparkas 3amuch BbIpakeHHs. OOmmid
QJITOPUTM BBIYUCIICHUS BBIpaKeHUil. V3MeHeHWe mopsaka BbUUCICHUSA. ATpUOYTHI CHMBOJIOB.
[Monstre mabdnona. CoOTBETCTBUE BBIpaXEHHs IIA0JIOHY. TOYHBIE M YHHBEpCAJbHBIC IIA0IOHBI.
Crnenudukanuy yHUBEpCAIbHBIX 1m1a0noHoB. [llabmonHble koHCTpykiuu. Crenupukanuu
mIabIoOHHBIX KOHCTpYKImid. [lomHblii m kparkuii Bun mabmoHoB. IllaGmoHHBIE TpaBHia 3aMEHBI.
OObIyHbIE M OTJIOKEHHBIE NpaBUiIa 3aMeHbl. TpaHcdopMalys BbIpaXKEHHS Ha OCHOBE NMPUMEHEHHS
MPaBUJI 3aMEHBI.

[TepemenHbIe U QYHKIMH KaK SACpPHBIC IPAaBUIIA 3aMEHBI. BrIunciieHre BRIpaKeHNH Kak MPUMEHEHUE
ACpHBIX MPaBWI 3aMEHbl. 3aJaHue MEepeMEeHHBIX M (yHKuumili uepe3 mpucBauBaHue. OObIYHBIC U
OTJIOKEHHBIE MpucBanBanus. [leperpyska GyHKIMM KaK 3aaHUe HECKOJIBKUAX PAa3JIMYHBIX MA0IOHOB.
Kammposanue.

2. Pentenue anemenTapHbix 3a1a4 B Wolfram Mathematica

Jluct — Bepaxkenue c¢ ronoBoit List. Cozganme smmctoB (Table, Range, Array, ConstantArray).
Mertonel paboOThl C dIIeMEHTaMH JIMCTA. [IpUMEHUMOCTh METOJIOB K JIPYT'MIM THIIAM BBIPKEHHIA.
Tpamummonnsie 1ukael (For, While). I[losnementHoe npumenenue ¢ynkiuii (dynkmus Map).
3amena TonoBbl BhIpaxkeHus (dynkuus  Apply). ArpuOyr Listable. HeaddexruBrocTh
TPAAUIMOHHBIX IIMKJIOB 0€3 WCIIONIB30BaHUS CHEIUANIBHBIX CpeacTB s3bika Tuma Compile.
Bo3MoXHOCTH YCKOpEHHS IPOTPaMM, UCTIONB3YIONIMX IMO3IEMEHTHOE TPUMEHEHUE (DyHKITHIA.




Pabora c ¢aiinosoii cuctemoii. UMIopTt u 9KCopT BeIpakeHU. YHUBEpcanbHOCTh QyHKIMiA Import
u Export.

Uucras ¢pyHKUUS — BhIpakeHue ¢ rosioBoil Function. AtpubyTel uncroit pynkiuu. Beibop s1memMeHToB
BBIPaYKEHUSI C IOMOIIIBIO TA0JIOHOB WIIM YUCTHIX (PYHKIHA. ACCOIMAIINY KaK (QYHKITUH.

3ameHa Bcex MOIXOJIINX MONBBIpakeHnH 1o mabmony. Jlokanuzanus cumBosioB. Oynkiun With,
Block, Module. Paznuuusi B npuHOunax paboOThl W BPEMEHU BBIMONHEHUs. BuiOop QyHKINH
JIOKAJIM3allMK B 3aBHCUMOCTH OT ocoOeHHOCTel 3amaun. JIokaipHOE mepeornpeneieHne CUCTEMHBIX
CHUMBOJIOB-TIApAMETPOB.

3. PaGoTra ¢ CHUMBOJIEHBEIMH BBIPAXKCHUSIMH

Pentenue MTMHEHHBIX W HETMHEWHBIX YpaBHEHHI B CHMBOJILHOM BHjIe. PemieHrie nuddepeHanbHbIx
U MHBIX (QYyHKOMOHANBHBIX ypaBHeHuil. [locTpoenue rpadukoB GyHKUUH, B T. 4. MapaMeTPHUECKUX.
VYnpoienue BblpakeHWH. [pymnma cHCTeMHBIX CHMBOJIOB Assumptions. Beraucienue mpenenos,
CyMM M HHTErpajioB, B T. 4. C OECKOHEUHbIM mpenenoM. Onepanud HaJ CHMBOJIBHBIMU
BBIPKCHUSAMH: PACKPBITHE CKOOOK, CBOpauMBaHUE, IPUBEIEHUE K O0LIeMy 3HaMEHaTeN0, paboTa ¢
KOMIUIEKCHBIMH YHCIaMH.

Pasznoxenue BelpakeHuil mo ¢opmyne Teinopa. AcHUMNTOTHYECKHE BBIUMCICHUS Ha NpPUMEpE
BBIUMCIJIEHUS UHTErpajia ¢ MajbiM IIapaMETPOM.

4. O0paboTKa IKCIEPUMEHTAILHBIX JIAHHBIX

VIMIIOpT JaHHBIX B CIIOKHBIX CIydasX.

[MocTpoenne rpadukoB Mo HAOOPY TOUYEK, B T. Y. KOMIUIEKCHBIX. ATMpPOKCUMAIM Habopa TOYEK.
PaGora ¢ nmorpemHocTsIMH.

basbl nannbix (pynkuusa Database). Coznanne 6a3bl JaHHBIX, 3alIPOCH K HEH.

5. KoMIIeKCHBIN OJIX0/ B PEILICHUH CIIOXKHBIX 3a]1a4

Cea3p Wolfram Language ¢ BHEIIHMMM TporpaMMaMH ¥ KOMIIWIATOPAMH JPYTHX S3BIKOB
nporpaMMHupoBaHus Ha mpuMepe Python m xomanmHoOW ctpoku Linux. 3amyck ckpuntoB Wolfram
Language 3 KOMaHIHOM CTPOKH.

«He m3o0peraiite Benocunen.» [lomkmoueHne crenuain3upoBaHHbIX naketoB Wolfram Language.
I'padpuyeckue oObekThl. HMHTepakTuBHBIE BbluMcieHus. @PyHkumum Manipulate, Dynamic,
DynamicModule. UWHTepakTUBHBIE BBIUMCICHUS KaK HayajlO pEIICHUS CIIOKHOW 3aJlauu.
Busyanuzamus moay4eHHbIX Pe3yIbTaToB.

Pemenne nuddepeHnuanbHbIX ypaBHEHUH C U3MEHSIOIMMUCS B MPOLECCe PeHIeHUs] QYHKIHSIMU:
NDSolve n1 WhenEvent. ®ynknun Wolfram Language kak «uépnble simmkm». [lonck Tpaekropuu
JIBHKECHHSI CKAuyLIETo IIapUKa Ha HEPOBHOW IMOBEPXHOCTH. IIpuHIUIT «pa3neiisdii U BIacTBy .
ITouck Bcex Hynel QyHKIMHM Ha MPOMEKYTKE C MOMOIIBIO CUMBOJIOB pemeHus auddepeHraabHbIX
YpaBHEHUH ¢ M3MEHSIOIUMHUCS (YHKIASIMH.

Mertonbl yckopeHusi paboTsl mporpammebl. IlapaiienbHbie BelYncieHus. Vcnonp30BaHue pa3indus
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)

Ob6yuatrommiicst kypcy Cucrema Wolfram Mathematica 1omkeH Kak OCBOHTh CTPYKTYPY Camoro si3bIKa
nporpammupoBanuss Wolfram Language, Tak W Hay4uThCS NPUMEHSTHh IMOJYyYECHHBbIC 3HAHUS Ha
MIPaKTHKE.

OcBoeHne Kypca He CBOIMTCS TOJBKO K IOCEHICHHIO 3aHATHH. OCHOBOH YCHENIHOTO IMPOXOXKACHHS
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 KOHTPOJIb 32 CaMOCTOATENBHOM paboTOM CTyIeHTa ocylecTBisercs B Qopme
WHIMBUyaJbHBIX KOHCYJIBTALIUH.

ITokazareneM BIQAECHUS MaTepUaIOM CIYXKHUT YMEHHE pemars 3aaadu. ns GopMHpOBaHHS yMEHHS
MPUMEHATh TEOPETUYECKHE 3HAHUS HA MPAKTUKE CTYACHTY HEOOXOAMMO pelIaTh, KaK MOXKHO OOJIbIIe
3amad. [pu pemenny 3a1a4u Kakaoe JeiicTBHE HEOOXOMMO apryMEHTHPOBATh, CChUIASICh HA U3BECTHBIE
TEOPETUUECKUE CBEICHMUS.

[Ipu monroroBke k 1a00paTOPHBIM 3aHATHAM HEOOXOAMMO HOBTOPSTH paHee M3YYECHHBIE OCHOBHEBIC
MOHATHS. B Hauane 3aHATHS, Kak MpPaBHUJIO, MPOBOAUTCS KOpoTkoe (5-10 MHHYT) MOBTOpEeHHE
Marepuaia Mpomeqmux 3aHATuil. OOBIYHO MPHUIACPKHUBAIOTCA CICAYIOLICH CXeMbl: H3y4YeHHUE
Marepuana 3aHsaTHs 1o (aiinaM, BEUIOKECHHBIM MpenoaaBarenem, cpaly mnocie 3auatust (10-15 MunyT);
MOBTOPEHHE MaTrepuana HakaHyHe crienyromero 3ansatus (10-15 muHyT), mpopaboTka y4yeOHOTO
Marepuaa 1o (Qainam 3aHATHs, yueOHOI JInTeparype, IMOAr0TOBKA JOMAIIHETO 3aaHus UM KypCOBBIX
npoektoB (1,5-2,5 yaca B Hememo). BaxxHO HOOMTHbCA MOHMMAaHUS W3y4yaeMOro Marepuasa, a He
MEXaHW4ECKOTro ero 3anoMuHaHus. [Ipu 3aTpynHeHMN U3ydeHUs! OTAENIBHBIX TE€M, BOIPOCOB, CIEIyeT
o0pamarscs 3a KOHCYJAbTAlUsIMH K MPETo1aBaTelIio.

BeimonHenne noMamHUX 3aaHUM  sBAsSeTcs oOs3arenbHbIM. JlomMamiHMe 3agaHus MOTYT OBITh
YaCTUYHO WJIM MOJHOCTHIO 3aMEHEHBI 110 PELICHHUIO NPENOoAaBaTelisi Ha HECKOJIIBKO KYPCOBBIX IPOEKTOB.
Crioco6 odopmIteHUS B OTIIPABKH paboT cooO0IaeTcs MpernoiaBareieM OTACIbHO.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa MHOOPMATUKU U BBIYUCIUTEIHLHON MaTeMaTHKU
Kypc: 2
kBaTuuKkanus: OaxanaBp

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 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
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 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
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 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLeHUs

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-2 CriocobeH ucrnonb30BaTh COBPEMEHHBIE
UH(OPMAIIMOHHBIE TEXHOJIOTUH U

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIEHYIO TEXHHKY M CEpBUCHI ceTH MHTepHET B
obnactu (cdepe) npodeccnoHaNbHON AEITETBHOCTH

NPOTPpaMMHBIC CPEACTBA IIPH PCIICHUH 3a1aq OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
po(heCCHOHATIEHON JEATENBHOCTH, COOMIONAs | MaTeMaTHYECKUe METOAbl U TPUKJIAJHOE MPOrPAMMHOE
TpeOoBaHUA MHPOPMALIMOHHON O€30MIaCHOCTH  |obecreueHne  Ajis  pELIEHHMs  HAydHbBIX  3a1ad 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 aHaln3a HH(OPMALMH IPH PEUICHUU
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-4.2 3HaeT OCHOBHBIE UCTOYHUKU HAyYHO-TEXHUYECKOU
u (W) TexHoJorHueckod wuHpopManmuu B OONIACTH
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 CnocobeH pemarh TOCTaBICHHbIC 3a/1a4d B
obnactu TEOPETHUECKUX u SKCTIIEPUMEHTAJILHBIX
UCCIIeJOBaHUN U pa3pabOTOK

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

OIIK-5.3 CnocobeH k mpodeCCHOHANBHOW JKCIUTyaTaIuu

COBPEMEHHOMI 9KCIEPUMEHTAIBHOMN
HAay4HO-UCCIIEI0BATEIbCKON
(M3MEpUTENbHO-aHATUTHYECKOH M TEXHOJIOTUYECKOH)

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 HCCIEIOBAaHUS MPOLECCOB M SIBICHUH B
COOTBETCTBYIOIINX HayYHBIX 00JIACTIX

[IK-1.8 Brnageer HaBbikamMu pabOTBI C COBPEMEHHBIMHU
SI3bIKaMU [IPOI'PaMMHMPOBAHUS U IPOrPAMMHBIMU ITaKETaMU
JUISl HAyYHBIX pacyeToB

[IK-1.3 Bnageer KyapTypoi MOCTAaHOBKH HAay4YHOM 3aJlaud U
MOJIEJINPOBAHUSI €CTECTBEHHOHAYYHBIX OOBEKTOB U CHCTEM

[IK-1.6 3HaeT ocHOBHBIC NpaBWiIa MOBEACHUA U PabOTHI 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  VYMeer HaxoOUTh  KIIOUEBLIC
OTIpECIAIONINE H3yYaeMoe SIBJICHHE,
YUCJICHHBIE OLICHKHU MO MOPSAIKY BEITUYUHBI

napamMmeTphl,
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 Ymeer npou3BOAUTH OLEHKY TOYHOCTH YHUCIECHHBIX
METOJIOB, HCHONB3yeMbIX Ha OBM, BBIYMCIUTENHHOU
CIIO)KHOCTH  HCIIONb3yeMbIX  alTOPUTMOB H  o0beMa
TpeOyeMbIX BBIYUCIUTEIBHBIX PECYPCOB

[IK-3.2 3naer o6macTy W KPUTEPUHU NPUMEHUMOCTH
UCIOJb3YEMBIX TEOPETUYECKUX IIOAXOIOB U  YMEHHE
OLICHUBATh TOYHOCTH MNPHUONMKECHHBIX aHAJIUTUYECKHX
METOJOB BBIYUCIICHUH

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

[MIK-4.3 CnocobeH o0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
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;

- pa3pabatbIBaTh porpamMmMel B cucteMe Wolfram Mathematica kak WHAWBUIYa IbHO, TaK U B KOMaH/IE;
HNPUMEHSTh (QYHKIIMOHAIBHBIA, TPAJUIIMOHHBIN U MAOIOHHBIN ITOIXO/BI VISl HAIIMCAHUS IPOTPaMM;

- HCIIOJBb30BaTb 3HAHHA IIO

uHpOpMATUKE IS

NPpUIIOXKCHUA B Hay‘lHO—HHHOBaHI/IOHHOﬁ,

KOHCTPYKTOPCKO- TEXHOJIOTUYECKON M MPOU3BOJICTBEHHO-TEXHOJIOIHYECKON cepax IesTeIbHOCTH.

BJIAA€Th:

- S3pikoM mporpammupoBanusi Wolfram Language

u METoAaMH CO3JaHUA MHporpaMm C

HCIOJB30BaHHUECM IMOAKIIOYACMBIX ITIAKCTOB,

- nporpammont Wolfram Mathematica;

HABBIKOM CaMOCTOSITEJIBHOIO HM3Y4YCHHs JIOOBIX HOBBIX IJIsi ceOsi oOnacTeil NMPUMEHEHHs s3bIKa
Wolfram Language Ha ocHOBE 3HaHHI O IPUHITUIIAX €T0 YCTPONCTBA.

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

IlepeueHp THUNOBBIX KOHTPOJNBHBIX 3aJaHUN Ul TEKYLIEro KOHTPOJS BKIIIOYAET,

CJICAYIOIIUC:

Harpumep,

1.Peanu3oBarb HCKOTOPBIC ITpaBUJia pa6OTLI C rpaCCMaHOBBIMHU YHCJIaAMU.

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

3.AHHpOKCI/IMI/IpOBaTL Ha6op IKCIICPUMCHTAJIBHBIX TOYCK rayccnaHoﬁ W TIPOU3BOJIBHBIM 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

IMpomexxytounas arrecranust nmo gucuuimiae «Cucrema Wolfram Mathematica» ocymiecTBisieTcsi 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 CHMBOJIBLHBIMU BBIPQKEHUSIMHU: PACKPBITHE CKOOOK, CBOpauMBaHUE, MPUBEIICHUE 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.

[Tpumepsl 5K3aMEHAIMOHHBIX OWJICTOB (3alaHMWi, TECTOB M JAp. MaTepHalOB, HCIOJIB3YyEeMBIX UL
MPOBEICHUS 3a4eTa, IK3aMeHa):

1. BeiOparh moOABBIpaKEHHS HY)KHOTO THIIA M3 3aJJaHHOTO BBIPAKCHUS C IOMOIIbIO MIAOIOHOB 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 HMHTEpaKTUBHOE H300pakeHHE 3aJlaHHOWH (GUTYphl, KOHGOPMHOTO OTOOpaXKEHHOU ¢
3aJaHHBIMH MTapaMETPaMHU OTOOPaKESHUS.

11. HaiitTu cymmy Bcex OTpPE3KOB UYHCIIOBOW OCH, Ha KOTOPBIX (DYHKIUS yHOBIETBOPSET 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 - BoIcTaBnseTcst CTYIEHTY, YCIEIIHO 3alllUTHBIIEMY BCE HEOOXOOMMBIE MPOEKTHI, MMOKa3aBIIEMY
BCECTOPOHHHUE, CHCTEMaTH3MpPOBaHHBIC, IIyOOKHE 3HAHMA Y4YeOHOM NpPOTrpaMMbl JUCLMILUIMHBI,
CBOEBPEMEHHO U I'PAMOTHO BBIIIOJIHUBLIEMY BCE JOMAILIHUE 3a/1aHusl.
9 - BsoicTaBisieTcs CTYACHTY, YCHEIIHO 3allUTHUBIIEMY IIOAABISIONIEEe OOJBIIMHCTBO MPOEKTOB,
MOKa3aBIIeMy IIIyOOKHe 3HaHHMS Y4eOHOH IpOrpaMMbl JUCHUIUIMHBI, CBOEBPEMEHHO U TI'PAaMOTHO
BBINIOJTHUBIIEMY BCE JJOMAITHUE 3a1aHHUS.
8 - BreicTaBngercd CTYOEHTY, YCHEIIHO 3allUTUBLIEMY IPOEKTHI, MOKA3aBUIEMY XOpOIIWE 3HAHUSI
y4eOHO porpaMMbl JUCHUILINHBI, BBIIOJIHUBIIEMY AOMAIIHUE 33JaHUS.
7 - BpIcTaBisieTcsl CTYAEHTY, 3alllUTUBIIEMY IIPOEKTHI, €CJIM OH TBEPJO 3HAET Marepuai U 1o CyIIEeCTBY
U3JIaraeT ero, rpaMOTHO U CBOEBPEMEHHO BBITIOIHUI OOJIBIIYIO YACTh JOMAIIHUX 3aJaHHMH.
6 - BricTaBnseTcs CTYAEHTY, 3allIUTUBIIEMY IPOEKTHI, €CJIN OH TBEPJO 3HAET MaTepHall U MO CYIIECTBY
M3J1araeT ero, rpaMOTHO BBINOJHUI OOJBIIYIO YacTh JOMAIIHUX 3a1aHHH.
5 - BricTaBnseTcs CTYAEHTY, 3allIUTUBIIEMY MPOEKTHI, €CIIN OH TBEPJO 3HAET MaTepHall U MO CYIIECTBY
u3j1araeT ero, yMmeeT NPHUMEHSTh IOJIy4YEHHbIC 3HAHUS Ha TNPAKTUKE, BBIIOJHWI OOJBIIYIO 4YacTb
JIOMalTHUX 33JIJaHUH, HO JOITyCKAeT B OTBETE WM B PEIICHNH 3a]]a4 HEKOTOPhIE HETOYHOCTH
4 - BrIcTaBnsieTcsl CTYACHTY, HE 3allUTHBILEMY MPOEKTHI, €CIM OH NAET MpaBUIIbHBIE (HOPMYIHPOBKH
0a30BBIX HOHATUH M MOKET IPUMEHATH IOyYSHHBIE 3HAHUS 110 00pa3ily B CTAHAAPTHON CUTYalHH.



3 - BeicraBisieTcs CTyACHTY, HE 3allUTHBILIEMY IIPOEKTHI, €CIM OH JNAET HEeIOCTATOYHO IIPABUJIbHBIC
¢dbopmynupoBkr 0a30BBIX MOHATHUH, HApPYLICHHUS JIOTHYECKOH MOCIEA0BATEIbHOCTH B H3JIOXKCHUN
IPOrpaMMHOTO Marepuana, HO NMPH 3TOM MOXKET MPUMEHATh IOJyYeHHbIE 3HaHMA MO o0pasly B
CTaHAAPTHOW CUTYalUH.

2 - BroicTaBnsieTcsi CTyICHTY, KOTOPBIA HE 3HAeT OOJbIEH YacTH OCHOBHOTO COAEP)KaHUS y4eOHOM
IpOrpaMMbl TUCHUIUIUHBI, JOMMyCKaeT rpyOble OmHUOKH B (HOPMYIHMPOBKAX OCHOBHBIX ITOHATHI
JUCUUIUITMHBI U HE yMEET HMCIIOJIb30BaTh MOJYYCHHbIE 3HAHUA NP PEIICHUM THUIIOBBIX MPAKTHUECKUX

3ajad.

1 - BeicraBnseTcst CTYOEHTY, KOTOpBIi He CIOCOOCH CGOpPMYIUpOBaTh OCHOBHBIC IOHSTHUSA
JUCLUIUIMHBI U HE yMEET MCII0JIb30BaTh MOJYUYEHHbIE 3HAHUS IIPU PEILIEHUM TUIIOBBIX NPAKTHUUECKUX
3a/1ad.

5. MeTonuueckne MaTepuasbl, onpeaeasionie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

JupdepeHnnpoBaHHbINA 3a4eT MPOBOIUTCSA IO MTOraM TEKyIIeH YCHEeBaeMOCTH M CIa4dM JOMAIIHHX
3a/laHni, IPEIyCMOTPEHHBIX NMPOrpaMMON TUCHUIUIMHEI, IIyTEM OpPraHM3alUH CHENHUAIBHOTO OIpoca,
MPOBOIMMOI0 B YCTHOW WJIM TMHCBbMEHHOW (opme. 3aliuTa OJHOTO WIM HECKOJbKHUX HPOEKTOB B
3aBHCUMOCTH OT CJIOXHOCTH IIPOUCXOINUT UHANBUAYAIBHO B TEUEHUE CEMECTPA.



