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AHHOTANMA

JaHHas aucuMIUIMHA HauejdeHa Ha (opMHUpOBaHHE 0a30BOTO HaBbIKa HCIIONB30BAaHMUSA HEYIPABISIEMOIO
MMIIEPATHBHOTO KOMIIMJIMPYEMOTO S3bIKa MPOrpaMMHUPOBAHUS U1 YMCICHHOTO MOAEIUPOBaHUSA (PU3NIECKUX
npouneccoB. Kak HeoThemiieMble 4YacTH KOMIIETEHIIMM B OONACTH YHCICHHOTO MOZCIUPOBaHHA B Kypce
3aTparuBaroTCs TaKUe BOIPOCHI KaK OpraHU3alus UCXOTHOIO Koja, 00paboTKa U MpeaCcTaBlIeHUE Pe3ylIbTaToB
YHCJICHHOTO MOJCJIMPOBAaHMs, YMEHHUE JIeNaTh BBIBOJABI HA OCHOBE IOJYYEHHBIX PE3YyNbTaTOB U OTINYATh
3HAUMMbIE pe3yabTaTbl OT apre¢akToB. JIMCHUIUIMHA HOCUT MNPAKTUYECKUH XapakTep: NpeIaraiorcs
MaTeMaTH4ecKkue MojAeiIu (HU3MYECKUX CHUCTEM M HaOOp OTKPBITHIX BONPOCOB, OTBETHI HA KOTOPBIE MOXXHO
MOJIyYUTh IIyTEM YMCICHHOI'O MOJEIUpOBaHUs. B mepBoil mosoBuHE Kypca paccMaTpuBarOTCd MEXaHUUYECKUE
CHUCTEMBl C OJHOM M JBYMSI CTENEHSMH CBOOOABI, NMPOCTEHIINE METOIbl YHCICHHOIO HHTETPHUPOBAHUS
OOBIKHOBEHHBIX AN depeHINaNbHBIX YPaBHEHUH, PEICTABICHNE U aHAJIHU3 Pe3yJbTaToB C MCIIOJIb30BAaHHEM
oubnuorex Matplotlib 1 NumPy. Btopas monoBuHa Kypca MOCBsILEHA aHAIH3y MEXaHHUYECKHUX CHCTEM C
MHOTMMH TellaMH U CiIydailHbIM OiyxgaHusiM, mertoxy MonTte-Kapno m reneparopam ICeBIOCTyYalHBIX
quced, npocreiimemy Oypbe-aHaIn3y.

1. leau u 3apauu

eap AUCUMNIMHBI

dopmupoBaHue 6a30BBIX HABBIKOB HCIIOIB30BAHUS HEYIPABIIEMOT0 HMIIEPATUBHOTO KOMITMIAPYEMOTO
SI3bIKA IS YMCJIGHHOTO MOJEIMPOBaHMUS (U3NUECKUX IPOLECCOB, IMPEACTaBICHUS U 00padOTKU
pEe3yNbTaToOB MOJEIMPOBAHUS.

3agauu AUCHUILIHHBI

- (opMupOBaHHE HABBIKOB KOHCTPYHPOBAHUS KOAA Ha si3blke C++ A7l YHCIEHHOTO MOJEINPOBAHUS
(U3NYECKUX CUCTEM;

- TONyYCHUE CTYICHTAMH HABBIKOB IO MPEACTABICHHIO W 00pabOTKe IMOJTYYEeHHBIX PE3yJbTaToB Ha
s3pike Python;

- MpUOOpeTeHHne CTyJAeHTaMH 0a30BbIX 3HaHWH O uncieHHoM pemenun OJY, pabore ¢ umciamu ¢
IJIABAIOIIECH TOUKOM, TeHepaTOpax MCeBIOCTydYaHbIX uncen, Metoae Mounte-Kapno u @ypbe-ananuse;

- (I)OpMI/IPOBaHI/Ie YMeHI/II\/’I U HABBIKOB MNPUMCHATH IMOJYYCHHBLIC 3HAHUA I CAMOCTOATCIIBHOIO
peuicHus 3aaa4 YMCJICHHOI0 MOACINPOBAaHUs.

2. llepedyens popmMupyemMbIX KOMIETEeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-1.1 CriocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,

OIIK-1 CrocobeH npuMeHSTh HAMEYATD MyTH €€ PEIICHHs

(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnact (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B

npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.2 CpnocobeH CTpOUTb MareMaTH4ecKHue MOAEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompenensTs TpaHHIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3yJbTaTOB

OIIK-2.1 Crniocoben MPUMEHSTh COBPEMEHHEBIE
OIIK-2 Crioco6GeH KCIob30BaTh COBPEMEHHBIE |BBIYUCIMTEILHYI0O TEXHUKY M CEPBHUCHI ceTH MHTEpHET B
nH()OPMAIIMOHHBIC TEXHOJIIOTUU U obmactu (cdepe) mpodeccrHoHaTHHON AeATEIIEHOCTH

HPOTrpaMMHbIE CPEACTBA IIPU PELICHNUH 3a1a4 OIIK-2.2 3naer u yMeeT TPUMEHATh YHCIEHHBIC
po(eCCHOHAIBHOM JIEATENBHOCTH, COOMIONAsA  |MaTEMATHYECKME METOABI M IPHUKIAJHOE HPOrPAMMHOE
TpeOoBaHus MHYOPMAIIMOHHOM GE30MIACHOCTH  [o0ecrieyeHre Il PelIeHMs — Hay4HbIX — 3a1ad B
npodeccuoHaIbHON 0bnacTu

OIIK-4.1 Bnameer MerogamMM HAay4yHOTO TIOMCKAa H
MHTEJJIEKTYaJbHOTO aHajdu3a HMHGOPMAIMU IPU pEIIeHUU

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U .
3a7a4 npodeccuoHABHOMN eI TeTbHOCTH

00pabOTKy HayYHO-TEXHUYECKOHN U (HJIIH)
TEXHOJIOTMYECKOH MH(OPMAIINK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJHBIX 3329

OIlK-4.4 Bnaneer HaBbIKaMU pPabOTHl C KOMIBIOTEPOM H
KOMITBIOTEPHBIMH CETSAMH C IEITbIO MOTYYCHUs, XpPaHESHHS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOH)
uHpopMannun




OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
(yHIaMEHTANbHBIX U MIPUKIATHBIX
HCCIIeOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTUYECKUE METO/bl UCCIEI0BAHUMN, U
paborars Ha COBPEMEHHOM SKCIIEPUMEHTATBHON
Hay4HO-UCCIIEI0BaTEIbCKOM,
HU3MEPHUTENBHO-aHATUTUYECKOHN 1
TEXHOJIOTUYECKOH anmnaparype

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

OIIK-5.3 CnocobeH K TpodeCCHOHAILHOW DKCILTyaTaIuu

COBPEMEHHOMI 9KCIEPUMEHTAIBHOMN
HAay4HO-UCCJIEI0BATEIbCKON
(M3MEpUTENbHO-aHATUTHYECKOH U TEXHOJIOTUYECKOH)

anmaparypsl

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEeIMETHOM 001acTH) U (MIIN) TEOPETUIECCKHUE
(aHaTMTHYECKHUE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

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

I[IK-1.4 VYmeer cTpOoUTh MAaTEMaTUYECKUE MOACIH MJIA
OMHMCAHMSI W WCCIEAOBAaHUS TPOIECCOB U SBICHHA B
COOTBETCTBYIOIUX HAYYHBIX 001aCTIAX

[IK-1.8 Bnageer HaBblkKamMH pPabOTBI C COBPEMEHHBIMH
SI3BIKAMHU [IPOTPAMMHPOBAHUS M TPOTPAMMHBIMU TTaKETaMHU
ISl HAYYHBIX PacueToB

[1K-2 CnocoGen aHanu3upoBaTh MOTyYCHHBIE B
X0ZIe HayYHO-HCCIII0BATEIBCKON pabOThI
JAHHBIE U JI€TIaTh Hay4YHbIE BHIBOJIBI
(3aKTrOueHMS)

IIK-2.2 VYMeeT HaxOmOUTh  KIIIOUEBBIC
OTIpECAIONINE H3y4yaeMoe SIBJICHHE,
YUCJICHHBIE OLICHKHU MO MOPSAIKY BEITUYUHBI

rapaMeTpebl,
U IIPOU3BOIUTH

[MK-3 CriocobeH BbIOMpaTh U IPUMEHSTh
noaxozsiiee 000pyaoBaHNE, UHCTPYMEHTHI U
METO/Ibl HCCIICIOBAHUM IS peIlieHHs 3a/1a4 B
n30paHHON MPEAMETHOM 00IacTi

[IK-3.3 YmMmeer npou3BOAUTH OLEHKY TOYHOCTH UYHCICHHBIX
METOJIOB, HCHONB3yeMbIX Ha OBM, BBIYHCIHUTEIHHOU
CIIOKHOCTH  MCIIONB3yeMBbIX  ajJrOPUTMOB H  00beMa
TpeOyeMbIX BBIYUCIUTEIBHBIX PECYPCOB

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

[IK-4.3 Cmocobern 000CHOBaTh MPUYUHHO-CIIEICTBEHHEIE
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEN

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIMHBI 00Yy4alOIINeCs JOIKHbBI

- KJIACCHYECKHE aJTOPUTMBI JIJIs1 BBITOJIHEHN aKKYMYJIITUBHBIX ONEpalii C MIABAOLIEN TOUKOM;
- IpocTeimure MeToAsl yrciaeHHoro pemenns OJY nepBoro u BTOporo Nopsiakos;

HUCIOJIb3YyCMbIC B A3BIKC C++, A4 OpraHus3anuu  JICTKO

- 0a30BbIC MECTOAbI YTCHHUS, 3allMCH H HpeO6pa30BaHI/I$I JaHHBIX C HCIIOJIB30BAHUCM OUOIHOTEKH

- OCHOBHBIE BO3MOXXHOCTH Oubirorekn Matplotlib o rpaduueckomMy npeacTaBlIeHUIO JaHHBIX;
- IPUHIIMIIBI IOCTPOCHUS U OTPAaHUYCHUS IPUMEHHUMOCTH T€HEPaTOPOB IICEBI0CTyYaliHBIX YHCET;
- 0a30BbIC NPUHIMIIBI TIOCTPOCHHS U OLIEHKHA TOYHOCTH aJITOPUTMOB MOAEIMPOBAaHUS Ha 0a3ze Merona

- CaMOCTOATEJIBHO KOHCTPYHPOBATh KOJ Ha sA3blke C++ Ul YMCIEHHOTO MOJEIMPOBAaHUS HA OCHOBE

- OIICHMUBATh 3HAYUMOCTD IMOJTYYCHHBIX PC3YyJIbTATOB U HAXOAUTH apTC(baKTBI YHUCJICHHOMN MOACIIH,
- BBIABUI'aTb W HNPOBCPATH TMIIOTE3bl O MNOBEACHHWU CHUCTEMbl Ha OCHOBEC IIOJYUYCHHBIX PE3YyJIbTAaTOB

- ZIeTIaTh Ka4eCTBEHHBIE BHIBOABI ITPU MIEPEXO/IE K MPEAETbHBIM YCIOBHIM;
- 3QdexTuBHO HUCTONB30BaTh BO3MOKHOCTH OmbOiamorek NumPy u Matplotlib mis mocnenyromeit

3HaTh:
- 0a3z0oBble METOABI M TOAXOIBI,
COIIPOBOKAAEMOTO KOJIa;
NumPy;
Mounrte-Kapro.
YMETb:
MPEUIOKEHHBIX MaTeMaTHuYeCKUX MOZETIeH;
- IPOU3BOJAUTH OLEHKY TOUHOCTH BBIYMCIIEHUH C IJIABAOLIEH TOUKOM;
MOJEJINPOBAHMS;
00pabOTKU U MPENICTABICHUS PE3yIbTATOB.
BJIaJIETh:

- 6a30BBIMHU HaBBIKAMH 110 CO3/JAHUIO THOKOTO M JIETKO MOAAEPKUBAEMOT0 Kozia Ha si3bike C++;
- HaBBIKAMH T'PAMOTHOH OOpaOOTKH pe3yJbTaTOB M COIMOCTABJICHUS C AaHAJMUTUYCCKUMH PEIICHUS U

IKCIICPUMCEHTAJIbHBIMU JJaHHBIMH,

- HaBBIKOM CaMOCTOSITEIIbHON paboThl C HAyYHBIM MaT€pPHaIOM: CTaTbu, MOHOTpaduu, 0030pbI;
- KyJIbTYpO# rpaduuecKoro npeacTaBiIeHus pe3ylbTaToB YHCICHHOTO MOJCITUPOBAHUS.




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

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
3HaKOMCTBO C BBOJAOM M  BBIBOJOM
1 nanabix B ¢opmare ASCII na C++ u 1 5 2
Python
2 Pabora ¢ uncnamu ¢ miaBaromei TOUKoi 2 5 4
3 OnaoMepHOE IBIDKEHUE B 1 5 )
napaboIMYeCcKOM IMOTEHIIHANEe
4 Hcnons3zoBanne mabnonoB CH++ g B 5 4
MOBBILICHUSI THOKOCTH KOJa
5 OnnaoMepHOE IBIDKEHUE B 1 5 )
MEePUOANYECKOM MOTEHIIHANe
6 Ucnonb3oBanue Oubmuoreku Matplotlib ) 5 4
IS TIPEICTABIICHUS TAHHBIX
7 OnHOoMepHOE IBMKEHUE C TIOTEpSIMU B ) 5 4
MEePUOANYECKOM MTOTEHIIHANe
Hcnons3oBanne BO3MOYKHOCTEHN
8 oubmuoreknu NumPy 11 mnepBu4HOM 2 5 4
00paboTKU Pe3yabTaTOB BEIYUCIICHUH
OnnaoMepHOE JIBUKCHIE B
9 MIEPUOANIECKOM MOTEHLIAaJe c 2 5 4
BBIHYKJIAIOIIEH CHIION
10 3HaKOMCTBO § c reHeparopamu 5 15 10
MICEBAOCITyYalifHbIX YUCEI
[Ipumenenue METOJI0B ceMelcTBa
11 Mounre-Kapno st onucaHusi MOBEACHUS 5 15 10
CHCTEM MHOTHX TeJ
3HaKOMCTBO c HEKOTOPBIMHU
12 JIOTIOTHUTENEHBEIMH BO3MOKHOCTSIMHU 5 15 10
cpeAcTB u3 si3bika Python
Hroro yacos 30 90 60
IToaroTroBka k sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 180 gac., 4 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 3 (Ocennuii)
1. 3HaKOMCTBO C BBOZOM M BbIBOAOM JNaHHBIX B (popmare ASCII na C++ u Python

CraHgapTHeIe BO3MOXHOCTH ()OPMAaTHpPOBAaHHOTO BBO/A-BbIBOAa B s3bike C++: std:istream,
std::ostream, std::ifstream, std::ofstream, MaHHUITYJISITOpBI, TIEpETpy3Ka OINEPATOPOB BBOJA-BHIBOJA.
Bosmoxnoctu utenus u 3anucu ASCII nannsix B Python ¢ ucnons3oBanuem 6mubnmnorekun NumPy:
¢yHkIMK numpy.savetxt, numpy.loadtxt.




2. Pabora ¢ ynciiamMu ¢ riaBaroied TOYKOH

BuayTpennee mpencraBieHMe ~YHcen ~C  IUIaBaoled  Touko.  “MammHHOE  SICHIIOH.
HopmanuzoBanHble W JOE€HOpPMajM30BaHHBIC YHWCIA C IUIABAIOUICH TOYKOW. PaBHOCMIBbHBIE
npeobpazoanusi: TwoSum u TwoProduct. BriusiHue Ha TOYHOCTh aKKyMYJIHPYIOUIMX OIEpaIiuii.
ANTOPUTMBI YAyYIIEHUS TOYHOCTH aKKyMYIHMPYIOLIMX onepanuil: cymmupoBaHue Kexena, cxema
Topuepa. Fused-multiply-accumulate oneparusi.

3. OnHOMEpHOE JIBIKCHHE B TTApabOIMIeCKOM MOTEHITHAIIE

Pemienne ypaBHEHHUSI ABMKEHHS MPOCTEHIIMM OAHOIIATOBBIM MeTonoM Oiiepa. [IpencraBnenue
pemieHnss Ha (as3oBol miuockocTH. IIpoBepka TOYHOCTH COXpaHEHHsS HHTErPajioB ABWKECHUS U
CpaBHEHUS pelIeHuil MeTogoM Difiepa ¢ aHATUTUICCKUM.

4. Ucnionp3oBanue 1m1a010H0B C++ 11 MOBBIIIEHNS THOKOCTH KOoAa

[Ta6moubr C++ Kak crroco0 OMMCaHUs YUCICHHOM CXEMBI HE3aBUCHMBIM OT THIIA TaHHEIX CIIOCOOOM.
[Tabmon mys komruiekcHOTO umcna. OO0O0mMEHHBIE alropuUTMBl Ha Oa3e mmabnoHOB. Pasnenenue
YUCIIEHHOHN CXEMBI U JIeTajJeli MaTeEMaTHIECKON MOJIEIH C IIOMOILBIO 1a0I0HOB.

5. OgHOMEpHOE ABUKEHHE B IEPUOANUECKOM ITOTEHITHAIIE

CxeMbl BTOPOTO HOPSIAKA 17151 YMCIICHHOTO PELICHUs] YPaBHEHUI ABMKEHUS: HESIBHBIA MeToA XbIOHA
U SIBHBIM METOJ| “IIpeIUKTOp-KOppeKTop”’, MeTof, XohHa. Mcrnonbp3oBaHne METOAOB BTOPOTO MOPSIKA
JUI PELeHHs] YpaBHEHUH NBMKCHHUS B MEPUOAMUYECKOM NOTeHunuasne. KauecTBeHHAss 3aBHCHMOCTD
IBWKECHUS OT HAYaJIbHOTO YCJIOBUS: (UHUTHBIE ¥ WH(QUHUTHBIE TPAaeKTOpuu B (Ha30BOM
MpocTpaHcTBe, cemaparpuca. CpaBHeHHE MaibIX KOJeOaHWH B MEPUOJUYECKOM IOTEHIHANE C
KOJIeOaHUSIMHM B MapaboNn4YeckoM HOTEHIMale. 3aBUCUMOCTh IepHoja KoileOaHMi OT HavallbHBIX
YCIIOBHH.

6. Ucnonb3oBanune 6nbnmuoreku Matplotlib aiist npeacrasieHns JaHHBIX

Co3nanue 0JHOMEPHBIX TpapUKOB 3aBUCUMOCTEH OTHOW BEIMUYMHBI OT JIpyroil. Pydnas HacTpoiika
MpeeNIoB 3HAYCHHH 10 ocsiM: Axes.set_xlim, Axes.set_ylim. Ynpasnenue macmrabom oceil. Pyunas
Hactpoiika mpudToB. Ilognmucu k ocsim u k rpaduky: plot.title, Axes.set title. Mcnonp3zoBanue
NpOCTENIINX KIIFOYeBbIX KOHCTpyKIMi LaTex B nmoamucsx k ocsaM. BBIBOA HECKOJIIBKHMX KPHUBBIX Ha
onuH rpaduk u nereHaa. CrnBoeHHsie rpaduku -- subplots.

7. OI[HOMepHOG ABWIKCHUC C TOTCPAMU B IICPHUOJUICCKOM ITOTCHIIUAJIC

CpaBHeHI/IC (1)3.3OBI>IX TpaeKTOpI/Iﬁ OAHOMCPHOI'0 ABHXXCHUA C IOTCPSIMU U 0e3 noTeph  AJid
Ppa3JIMYHbIX Ha49aJIbHBIX yc.HOBPIﬁ.

8. Hcrnonw3oBanue Bo3MoxHOcTel OubOmmuorekn NumPy naist mepBuuHOW OOpabOTKH pe3ylbTaToB
BBIYUCIICHUI

Hcnonp3oBanre moamporpaMMel  numpy.polyfit s npuONMDKeHHS JaHHBIX OJIMHOMOM  C
HAaUMEHBIIEH CyMMOW KBaJpaToB OTKJIOHeHWH. Mcmonb3oBanuwe mopmyns numpy.linalg ans 3amaq
JUHEHHON anreOphl M TPOCTEHIIeH CTAaTUCTHKU: BBIYMCICHHWE CTAHAAPTHOTO OTKJIOHEHUS H
MaTeMaTHYeCKOr0 OXKUJIAHUS, PELIEHHE CHCTEM JIMHEHHBIX YPaBHEHHH, BHIYMCICHHE OIIPE/Ie/IuTeNei
1 COOCTBEHHBIX 3HAYCHUI.

9. OI[HOMepHOG JABUIKCHUC B IICPHUOJANYCCKOM IMOTCHIUAIIC C BLIHY)K,Z[aIOH_Ieﬁ CHIION

UccnenoBanne (a3oBbIX TPaeKTOpPUH CHUCTEMBl B Cilydae MEPUOJUYECKOW TapMOHUYECKON
BhIHY K atomei cuibl. [lonck pe3onancos. IloBenenne cuctemMsl py HATUYUK TOTEPh U O€3 MOTEPb.
UccnenoBanne (a3oBBIX TPAaeKTOpPUH CHUCTEMBI B Clydae NEPUOJMYECKOW HETapMOHUYECKON
BbIHYKJatomel cuibl. CpaBHEHUE IOBEJEHMS CHCTEMBbl C HEIApMOHUYECKOM M rapMOHMYECKUMU
BHEIIHUMU CHJIAMH.



Cemecrtp: 4 (Becennuit)
10. 3HaKOMCTBO C TeHepaTopaMu MCEBAOCTyUYalHbIX YHCEI

[MpuHIMTIBL PabOTHI TEHEPaTOPOB TMCEBAOCIYYalHBIX YHCIOBBIX TocnenoBarenpHocTer(I'TICY).
Oco6ennoctn wucnonb3oBanust [TICU B C++ (std::rand, randomization, engine/distribution
kommoHeHThl STL). MHcTpymenTtapuii python juist paboThl ¢ TaHHBIMU pacrpe/eneHuii. ['enepaTopsl
CIly4ailHBIX YHUCEN C TMPOU3BOJBHBIM 3aJaHHBIM pacnpeneneHueM. Onenka kadectBa [TICY.
Ucnonb3oBanne ['TICY nnst olieHKH BETWYUH OIMpeeIEHHBIX HHTETPAJIOB.

11. IIpumenenue metonoB cemeiicTBa MonTe-Kap:io g onucanus NoBeAeHUS! CUCTEM MHOTHX Tell

XaoTH4yecKkoe NBIKCHHE AMHAMUYECKHX CHCTeM. TodeuHble OTOOpa’keHHs HpPU MOAEIHPOBAHUHU
Ouosornuecknx M skosnorndeckux cucreM. Ilocrosiuapie Deiirendayma. J[BukeHHe ImapukKa MEXAY
HETIOJBIKHONH M ocLuuIMpyromeil crenkamu. Cilydan peryaspHOrO W XaOTHYECKOTO JIBMKEHHMS.
MopnenupoBanue GU3NIECKUX MPOLECCOB MeTogaMu cemeiictBa MoHTte-Kapio. 3agada o ciydailHbIX
ONMyXIaHUSIX W CBS3b MMapaMeTpoB Ipolecca mepeHoca B Hed ¢ koddduirieHToM auddy3nu u
TPaHCIIOPTHBIMU KO3 duIeHTaMu (TpOoIyCcCKaHUe/IOMIOMIEHHE) B cpene. Mofenb OIXHOMEPHOTO
U/ICATBHOTO Ta3a M OIpeIelieHne B HEH TepMOAMHAMUYECKHX IapameTpoB cucteMbl. Ciydait
MHOTOKOMITIOHEHTHOTO HJI€aJIbHOTO OZHOMEpHOro raza. Ciyyail Halnu4usi B CUCTEME BHELIHEH CHIIBI
Ha IpUMepe 3apsHUKeHHBIX YacTHI[ ra3a BO BHEIIHEM JJeKTpudyeckoM mone. HepaBHoBecHOe
pacnpenenenre 4acTull mo ckopocTsiM. CiocoObl pelieHus 3a1a4u JeTeKTUPOBAaHUs CTOJIKHOBEHUH B
MHOTOMEpPHOM cllyyae. BiusHue mnoreHnmana B3aMMOAEHCTBHS YaCTHIl HAa TEPMOJUMHAMHUYECKHE
napaMeTpbl cUCTeMbl. ArabaTHyecKue MpoueccH B Mojenu. [IByMepHBIii ra3.

12. 3HaKOMCTBO C HCKOTOPBIMHU JOTOJIHUTCIIbHBIMU BO3MOKHOCTAMU CPCACTB U3 A3bIKA Python

3HAKOMCTBO € TTOMYJIIPHBIME CPEICTBaMHU I pabOThI C HAYyYHBIMU JTaHHBIMU: sCipy(sympy, pandas),
multiprocessing, hS5py, numba. [Ipumepsl HpUMEHEHHs] 3TUX CPEICTB IS PEUICHHUS 3ajiada
00pabOTKM CUTHAJIOB, aHamW3a OHKCIEPUMEHTANBHBIX JAaHHBIX, MPEOO0pa30BaHUS BBIPAKEHUN
CUMBOJIBHOM  MaTeMaTHKH, OpraHM3alid  TaKeTHOTo  3alycka — 3ajad,  HCIOJIb30BaHUS
pacnpocTpaHEeHHBIX (JOPMATOB OMHAPHBIX KOHTEHHEPOB ISl XPAHCHUS U TIEpeIad JaHHBIX.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIeCTBICHHS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

KommbroTepHbIi Ki1ace U MOKIII0YaeMOe K KOMIIBIOTEPY MYJIBTUMEIUITHOE 000pyI0BaHHE IS
JEMOHCTPAIMH BU3YaJIbHBIX MaTepraoB (IIPOEKTOP WM MIMPOKO(OPMATHBIHN TEIEBU30D).

Joctyn k cetn IHTEpHET A1 TOCTyIa K aKTyaJIbHBIM BEPCUSM TOKYMEHTAIIU Y.

Heobxonumoe nporpammuoe obecniedenne: POSIX coBmecTrMast onepaliuoHHasi cHCTeMa ceMeicTBa
Linux, gnu compiler collection ¢ komnuisTopoMm c++, ynosiaeTBopsomuM cranaapry C++17 u Boiie,
gdb, gprof, okpyxxenue python3 Bepcuu 3.8 u BbIllIe, COBMECTHUMBIE Bepcur 0MOiroTek NumPy,
Matplotlib, Scipy, cpena pazpadorku Code Blocks Becpuu 20.0 u Brime, cpena paspabotku Spyder.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. C++ : 6azossiit kype [Teker] : [yue6. mocooue s By3oB] / L. Illwmar ; mep. ¢ anm. u pen. H. M.
Pyuko .— 3-e u3n. — M. : Bunbsmc, 2015, 2016 .— 624 c.

2. 3amauu o Kypcy "OcHoBbl BerunciaurenbHoil pusuku" [Teker] : yue6. mocobue mis By3os / H. H.
Enxun ; M-Bo oOpazoBanus u Hayku Poc. @eneparun, Mock. ¢u3.-TexH. uH-T (Toc. YH-T .— 2-€ HU31.,
ucnp. — M. : U3n-so MOTH, 2006 .— 144 c.

JomonanTtenyHas ureparypa
1. Beenenue B uncnennsie MeTossl [ Teker] / A. A. Camapckuii - M. Hayka, 1987

2. KomnsrorepHoe monenupoBanue B ¢pusuke [Texer] : B 2 u. Y. 1 : [yue6. mocobue mis By3oB] / X.
T'ynn, A. Tobounuk ; nep. ¢ anrn. A. H. [Tomronosa, B. A. ITanuenko .— M. : Mup, 1990 .— 349 c.



3. KomnbtorepHoe MoaenupoBanue B pusuke [Teker] : B 2 4. Y. 2 : [yue6. mocobue i By30B] / X.
I'ynn, A. Tobounuk ; nep. ¢ aur. A. H. [lonronosa, B. A. ITanuenko .— M. : Mup, 1990 .— 400 c.

4. N3ydaem Python, nporpammupoBaHue Urp, BU3yaau3amus JaHHbBIX, BeO-IPUIIOKeHU/ DpuKk MoTH3,
Python Crash Course,-Canxkr-IletepOypr, [Tutep, 2020

5. HoBble cnoxnble 3agaun Ha C++ [Tekct], 40 HOBBIX roJI0BOJIOMHBIX 3a/1a4 ¢ pemeHusmMu/[. Carrep,
Exceptional C++ Style, -M., OO0 "U. /1. Bunssamc", 2016

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIsA)

https://docs.python.org/3/ -nokymenTanus python
https://www.scipy.org/docs.html - scipy moxymeHTanms, cogep>xut numpy,matplotlib, pandas

https://www.phys.uconn.edu/~rozman/Courses/P2200 _15F/downloads/floating-point-guide-2015-10-1
5.pdf - kparkuit 0030p 0cOOCHHOCTEH, CBSI3aHHBIX C YUCIIAMH C IIJIABAIOIICH TOYKOM

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJOTHIi, HCIIOIb3yEeMbIX NPH OCYIIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Hemonctpanus npe3entanuii popmara .pdf Adobe Reader vnu Evince. JlemoHcTparust pparMeHTOB
MCXOITHOTO KOJIa CTaHAAPTHBIMH CPEACTBAMHU ONICPAIIMOHHON CHCTEMBI.

Hcnonp3oBanue gnu compiler collection koMmuisTopa st KOMIHIISIAN I€MOHCTPAIMOHHBIX
pOrpamMMm.

[Tpu HeoOXoAMMOCTH BeIeHUS IUCTAaHIIMOHHBIX 3aHSATHH Mpenonaraercs 3ajeiictBoBarh Google Meet
Ha nomeHe phystech.edu u Zoom.

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOXYJIs1)

CryneHT, M3y4arollMi IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAETh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT OOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YUEOHBIM TUTAHOM T10 AUCIHILTHHE;
— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaNPsDKEHHOW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTE€HHE PEKOMEHI0BAHHOW JIUTEPATYPBI;

— TpopaboTKy y4eOHOro Marepuasa, MOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYEHHBIX JUIS
CaMOCTOATEJILHOIO U3yUCHMUS];

— pellieHue 3a/1a4, IpeaIaracMblx CTyIEHTaM Ha 3aHATUSX;

— IIOATOTOBKY K BBIIIOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

[Tokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 10 TEMaM
JIMCITATUIAHEL.

BaxxHo 10OWTHCS TMOHMMaHMsI U3y4yaeMoro mMarepualna, a He MEXaHHYeCcKOro ero 3amoMmuHaHus. [lpu
3aTPYNHEHUH W3YYCHHUS OTICNBHBIX TEM, BOMPOCOB, CIEAYeT OO0pamarbcs 3a KOHCYIBTAIUSIMU
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHS 33a7ad B COOTBETCTBUH C
TEMaTHKON 3aHSITHIA.

HHTepaTypa AJI CaMOCTOATCIIbHOTO U3YUYCHUA:



1. Mapk Jlyti «M3y4qaem Pythony. 5-e 3. 2019.
2. l'anosun A. C++17 STL CrangaprHast 6ubnuoreka madnonos. — Cankr-IlerepOypr: [Turep, 2018



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
®usrex-KJIacTep akaIeMUYECKON U HAyYHON Kaphepbl
Kypc: 2

kBaTuuKkanus: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
3 (ocennuit) - JluddepeHupoBaHHbIi 3a4eT

4 (Becennwuii) - /luddepeHpoBaHHbIi 3a4eT
PaspaGorunkm:

M.M. llleBenés, kany. Gpuz.-mar. HayK, JOLIEHT
J.A. JIuCUIIbIH, aCCHCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CriocobeH npuMeHsTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CriocobeH aHamM3upoBaTh MOCTABICHHYIO 3ajady,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CpnocobeH CcTpOUTb MareMaTu4ecKhue MOAEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompenensTs TpaHHIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-2 CnocobeH ucronbp30BaTh COBPEMEHHbBIE
WH(POPMALIMOHHBIE TEXHOJIOTHH U

OIIK-2.1 Criocoben MPUMEHSATh COBPEMEHHEBIE
BBIYHMCIIMTENIBHYIO TEXHHUKY U CEpBHCHI ceTu VIHTepHeT B
obmactu (cdepe) mpodeccrHoHaTHHON AeATEIIEHOCTH

HPOTrpaMMHBIE CPEACTBA IIPU PELICHNUH 3a7a4 OIIK-2.2 3naer u yMeeT TPUMEHATh YHCIEHHBIC
po(eCCHOHAIBHOM IEATENBHOCTH, COOMIONAsA  |MaTEMATHYECKME METOABI M IPHUKIAJHOE NPOrPAMMHOE
TpeOOoBaHus MHYOPMAIIMOHHOM OE30MIACHOCTH  [o0ecrieyeHre Ul PelIeHMs — Hay4HbIX  3a1ad B
npodeccuoHaIbHON 0bnacTu
OIIK-4.1 Bnameer MerogamMM HAay4yHOTO TIOMCKA H

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOTKy HayYHO-TEXHUYECKOHN U (HJITH)
TEXHOJIOTHYECKOH MH(OPMAIIK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJHBIX 3329

MHTEJJICKTYaJbHOTO aHajdu3a HMHGOPMAIMU IpPU pEIIeHUU
3a1a4 npodeccuoHaNbHON AEATEIbHOCTH

OIlK-4.4 Bnageer HaBbIKaMU pabOTHl C KOMIIBIOTEPOM H
KOMITBIOTEPHBIMH CETSAMH C IEIIbIO MOTYYCHUs, XpPaHESHHS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOH)
uHpopMaun

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TPUKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETHYECKHE, B TOM YHCIIE,
MaTeMaTHYeCKHE METO/Ibl HCCIICAOBAHU, U
paboTars Ha COBPEMEHHOM dKCIIEPUMEHTAITLHON
HayYHO-HCCIICI0BATEIBCKOM,
U3MEPUTEIbHO-aHATUTUYECKOH 1
TEXHOJIOTUYECKOH ammaparype

OIIK-5.1 CmocobeH pemath TIOCTaBICHHBIC 3a7a4dl B
obnactu TEOPETUUECKUX u IKCTIEPUMEHTAIBHBIX
HCCIICIOBAHMI U pa3paboToK

OIIK-5.3 Cnocober k mpodeccCHOHATHHOW SKCILTyaTarluu

COBPEMEHHOMN 3KCIIEPUMEHTAIBHOMN
Hay4YHO-HCCIIEA0BATEIbCKON
(M3MEpUTENHHO-aHATUTHYECKOH M TEXHOJOTHYECKOH)

anmaparypsl

[MK-1 Crioco6eH m1aHupoBaTh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)
WCCIICIOBAHMSI

[IK-1.3 Bnageer KyasTypoil IOCTAaHOBKH Hay4YHOH 3ala4d U
MOZIEIIMPOBAHUS €CTECTBEHHOHAYYHBIX OOBEKTOB M CHCTEM

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

[IK-1.8 Bnageer HaBbikamMu pPabOTBl C COBPEMEHHBIMH
SI3bIKaMU [IPOIPaMMHMPOBAHUS U IPOrPAMMHBIMU ITaKETaMU
JUISl HAyYHBIX pacyeToB

[MK-2 CriocobeH aHanu3upoBaTh MOTyYCHHBIE B
XO0JIe HayYHO-HCCIIE0BATENLCKON paObOThI
JIAHHBIC U 1€J1aTh HAyYHBIC BHIBOJIBI
(3aKITrOUCHMS )

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

KJIIOUEBblE  I1apaMeTphbl,
U TPOU3BOIUTH

[1K-3 CnocoOeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEIOBAHUH IS PELLICHHS 3a]1a4 B
M30paHHON PeAMETHOM 00IacTH

[IK-3.3 YMmeeT npon3BOANTE OLEHKY TOYHOCTH UYHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTEIHHOU
CIIO)KHOCTH  MCIIONB3yEMBIX  aJrOPUTMOB U  o0beMma
TpeOyeMBIX BHIUHUCIUTEIBHBIX PECYPCOB

[MK-4 Crioco0OeH KpUTHYECKH OIIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/IOB

[IK-4.3 CnocobeHn 000CHOBaTh NPUYMHHO-CJIC/ICTBCHHBIC
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOesIei

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pe3yybTare HU3yUYCHUA JUCHUIIINHBI «OCHOBBI YHCIIEHHOTO MOACIINPOBAHUS (I)I/IBI/IIIGCKI/IX mponeccoB

(C++/Python)» oOyuaromuiicst TOKeH:

3HATb:




- KJIACCHYECKHE AJITOPUTMBI JJI51 BBIIOTHEHHSI aKKYMYJIATUBHBIX ONEPalliil C TUIaBAIOLICH TOUKOM;
- IpocTeimre MeToAsl yrciaeHHoro pemenns OJY nepBoro u BTOporo Nopsiakos;
- 0a3zoBble METOABI M TMOAXOABI, HCHONb3yeMmble B s3bike C++, 71 OpraHM3aluu  JIETKO
COIPOBOKAAEMOT0 KOZIA;
- 0a30Bble METOABI YTCHHMS, 3allMCH M NpeoOpa3oBaHUsl JaHHBIX C HCIIOIb30BaHHEM OHONHOTEKH
NumPy;
- OCHOBHBIE BO3MOXXHOCTH Oubirorekn Matplotlib o rpaduueckomy npeacTaBiIeHUIO JaHHBIX;
- IPUHIIMIIBI IOCTPOCHUS M OTPAaHUYECHUS IPUMEHHMMOCTH T€HEPaTOPOB IICEBI0CTyYaliHBIX YHCET;
- 0a30BbIC NPUHIMIIBI TIOCTPOCHHS U OLIEHKHA TOYHOCTH aJITOPUTMOB MOAEIMPOBAHUS Ha 0a3ze Merona
Mounre-Kapro.
yMeThb:
- CaMOCTOATENIFHO KOHCTPYHUPOBATh KOA Ha sA3blke C++ Ui YMCICHHOTO MOJAEIMPOBAaHMS HAa OCHOBE
MPEUIOKEHHBIX MaTeMaTHuYeCKUX MOZETIeH;
- IPOU3BOJAUTDH OLEHKY TOUHOCTH BBIYMCIIEHUH C IJIABAOLIEH TOUKOM;
- OLICHMBATh 3HAYUMOCTb ITOJYYEHHBIX PE3YJbTaTOB U HAXOIUTH apTe(PaKkThl YUCIECHHON MOJCIH;
- BBIABHIAaTh M IPOBEPSTH T'MIIOTE3bl O MOBEACHUHM CHCTEMBI Ha OCHOBE IIOJIyYCHHBIX DPE3yJIbTaToB
MOJEJINPOBAHMS;
- ZIeTIaTh Ka4eCTBEHHBIE BBIBOABI ITPU MIEPEXO/IE K MPEAETbHBIM YCIOBHSIM;
- 3QdexTuBHO UCHNONB30BaTh BO3MOKHOCTH OubOanoTrek NumPy u Matplotlib mis mocnenyromeit
00pabOTKU U MPENICTABICHUS PE3yIbTATOB.
BJIA/IeTh:
- 6a30BBIMHU HaBBIKAMH 110 CO3/JAHUIO THOKOTO M JIETKO MOAAEPKUBAEMOT0 Kozia Ha si3bike C++;
- HaBBIKAMH T'PaMOTHOH 0OpabOTKH pe3yiabTaTOB M COINOCTABICHHUSA C AHAIWTHYECKHUMHU PELICHHS U
9KCTIEPUMEHTAIbHBIMHU JAHHBIMU;
- HaBBIKOM CaMOCTOSITEIbHON paboThl C HAyYHBIM MaT€pPHaIOM: CTaTbu, MOHOTpaduu, 0030pbI;
- KyJIbTYpO# rpaduuecKoro npeacTaBiIeHus pe3yabTaToB YHCICHHOTO MOJCTUPOBAHUS.

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

CTyaeHTHI BBIONHSIOT KOHTPOJIbHBIE 33J]aHUs B BUE MMPOEKTOB MO 1-2 3aHATHS KaXKIbIi.
[IpumepHbIe Ha3BaHUS IPOEKTOB:

3 cemecTp

1. TIpoBecTH 4YHCIIEHHOE pEIIEHUE YpPAaBHEHHSA [BWKEHHUS MPOCTEUIINUM OJHOIIATOBBIM METOAOM
Otinepa. [IpencraButh penrenue Ha (a3oBoil miockocTu. [IpoBecTH MPOBEPKY TOUHOCTH COXPAHEHHS
HWHTErpajioB ABMKEHUS. CpaBHUTD MIOJYUYECHHOE PELICHUE C AHAIUTHIECKHM.

2. YucneHHO HCCIENOBaTh PE30HAHC B HEJIMHEHHOM MAsATHUKE C 3aTyXaHWEM IOA JEHCTBHEM
FapMOHHMYECKOU BBIHYXAAKOLIEN CUIIBL.

4 cemecTp

1. PeanuszoBaTh Mozeb Mpolecca OIHOMEPHBIX CIyYalHBIX OMYyXKIaHUI C JUCKPETHOM BETMYMHOU
mara {+/-1} B jauckpeTHOoM BpeMeHH. lIpoaHanmu3upoBaTh CBS3b yAaJNeHHS/ MOAYIS yAaleHWUs!/
CPEAHEro KBajpara yaajeHus Oy JaloLIiuX OT TOYKU CTapTa ¢ YHCIOM ILIaroB.

2. [Ipoananu3upoBaTh N3MEHEHHUE PacIpeieIeHUs] CKOPOCTEH YacTUL] OJHOMEPHOTO ra3a co BpeMEHEM
B 3aBUCUMOCTHU OT COOTHOILLIEHMS MacC KOMIIOHEHTOB Ia3a

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

3 cemecTp

1. CranmapTHple BO3MOXKHOCTH (POPMATUPOBAHHOTO BBOJA-BbIBOma B s3bike C++. Bo3MoxHOCTH
yrenus u 3anucu ASCII nannpix B Python ¢ ncnonp3oBanuem o6ubnuorexknt NumPy.

2. BHyTpeHHee TipeAcTaBlieHHME 4YHcel ¢ IUIaBalomed  Toukod. HopmanmzoBaHHble H
JICHOPMAaJIM30BAHHBIC YUCIIA C TUIABAIOLICH TOYKOM.



3. BnusHue Mopmenu 4Yucen C IJIABAIOLIEH TOYKOM Ha TOYHOCTh AKKYMYJIUPYIOLIUX OIepanuil.
AJNropuTMbl YIYYIIEHUS TOYHOCTH AKKyMYJIUpPYIOIIMX onepauuil: cymmuposanue Kexena, cxema
T'opnepa.

4. Pemenue ypaBHEHHUS ABIKEHHs MPOCTEHULIMM OAHOIIATOBBIM MeTomoM OJiniepa. IlpencraBienue
pemeHns Ha Gpa30Boi MI0cKoCTH. OIIEHKA TOYHOCTH PEIICHHS.

5. a6nonsl C++ Kak crmocod onucanus YUCICHHON CXeMbl HE3aBUCHUMBIM OT THIIA IAHHBIX CIIOCOOOM.
O06o0mEnnple anropuTMbl Ha 0Oaze 1rabmoHOB. Pa3zjereHue YHCICHHOW CXeMbl W JleTalei
MaTeMaTH4eCKON MOJEIH € TIOMOUIbIO MAbI0HOB.

6. CxeMbl BTOPOI'O MOPSIIKA I YUCICHHOI'O PELIEHUs] YPaBHEHUM IBUKEHUS: HESIBHBIA MeTol XbIOHA
U SIBHBII METOX “TIpeIUKTOP-KOppeKTop”, MeTon XoiHa. Mcmonb30BaHre METOOOB BTOPOTO HOPSAKA
JUIsl PEeLIEHNs] YPaBHEHUH JBY)KEHUS B IEPUOINYECKOM IIOTEHIHAIE.

7. KadecTBeHHass 3aBHCHMOCTh JBM)KEHHS OT HA4aJbHOTO YCJIOBUS: (PUHUTHBIE M WHOUHUTHBIC
TpaeKkTopuu B (pa30BOM MpocTpaHcTBe, cenaparpuca. CpaBHEHHE MajbIX KOJIEOAHUN B MEPUOIUIECKOM
MOTEHIMAaNle ¢ KoleOaHWsIMA B MapaboIMuecKoM TMOTeHIHane. 3aBUCUMOCTh Tieproja KoileOaHuil ot
HavanbHbIX ycnoBuil. CpaBHeHHE (a30BbIX TPACKTOPHI OZHOMEPHOIO IBMXKEHHUS C MOTEpsSMHU U 0Oe3
[OTEPb Ul PA3JIMYHbIX Ha4aJIbHBIX YCIIOBUH.

8. da30BBIE TPACKTOPHUM CHCTEMBI B CIy4yae MEPUOJUYECKON TapMOHMUYECKON BBIHYKIAIOUIEH CHITBI.
[Touck pe3onancos. [loBenenne cucTeMsl pu HATUYUH [TOTEPb U O€3 MOTEPb.

9. ®azoBbIe TPACKTOPUU CHCTEMBI B CIIy4ae MEPUOANYECKON HErapMOHMYECKON BBIHYKAAIOMICH CHIIBI.
CpaBHeHuE TIOBEAECHUS CUCTEMbI C HEFapMOHUYECKOM U TapMOHMYECKUMU BHEIIHUMH CUJIAMHU.

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.

1. CranmapTHble BO3MOXHOCTH (OPMATHPOBAHHOTO BBOJA-BbIBOJA B si3bike C++. BosmoxkHOCTH
yrenus 1 3anucu ASCII nansapix B Python ¢ ucnons3oBanuem 6ubianorexun NumPy.

2. CxeMbl BTOPOI'0 IOPsIKA [UIs YUCIIEHHOIO PELIEHUs YPaBHEHUH ABUKEHUsS: HEABHbIM MeTo XbloHa
U SIBHBII METOX “TIpeIUKTOP-KOppeKTop”, MeTon XoiHa. Mcmonb30BaHre METOOOB BTOPOTO HOPSAKA
JUIsl PEeLIEHNs] YPaBHEHUH JBM)KEHUS B IEPUOINYECKOM [IOTEHIHAIE.

buner 2.

1. BuyrpenHee mpencTaBieHHEe dYHMceNl ¢ IUIaBaiomieil  Toukod. HopmanuzoBaHHble U
JEHOPMAJIM30BAHHBIE YHCIA C MIaBaOLIEN TOUKOM.

2. KauyecTBeHHass 3aBUCHMOCTb JBIIKCHHS OT HA4YaJbHOTO YCJOBUS: (MHUTHbIC W HHOUHUTHBIC
TpaeKTOpuu B ()a30BOM MPOCTPAHCTBE, cenaparpuca. CpaBHEHHE MaJIbIX KOJICOAHUH B MEPHOIUICCKOM
MOTEHIMAale ¢ KoJeOaHUsIMH B Mapa0oIMueCcKOM TOTCHIIHAE.

Bbuner 3.

1. BaustHue Mojenu 4ucesl C MUIaBalOUIed TOYKOW HA TOYHOCTh AaKKyMYJIHUPYIOUIUX ONepanui.
ANTOPUTMBI YIyYIIEHUSI TOYHOCTH aKKyMyJIHPYIOLIMX oOlepanuii: cymmupoBanne Kexena, cxema
T'opnepa.

2. 3aBUCHUMOCTh TepHoAa KojeOaHWii OT HadalbHBIX yCIIOBUH. CpaBHEHHE (Ha30BBIX TPACKTOPHIA
OJTHOMEPHOTO JIBIDKEHHS € TIOTEPSMU 1 0e3 TOTEePh /ISl pa3IMYHbIX HaualbHBIX yYCIOBHH.

buner 4.

1. Pemenve ypaBHEHHS IBMKEHHS MPOCTEHIINM OJHOIIATOBBIM MeTozoM Oiinepa. Ilpencrasienue
peuieHus Ha (a30BON TIOCKOCTH.

2. ®a30BbIC TPACKTOPUN CHUCTEMBI B CIy4ae MEPUOAMYECKON FapMOHHYECKOW BBIHYXAAIOLIEH CHIIBL.
[Mowuck pezonancos. [loBeneHre cucTeMbl PH HATHYUY MTOTEPh U O€3 MOTEPb.

buier 5.

1. Hla6bnonsr C++. OO60OIIEHHBIE aNTOPUTMBI Ha 0a3e 1IabMoHOB. PasneneHue 4MCICHHON CXeMBl U
JeTaneil MaTeMaTu4eCKON MOJIEITH C TIOMOIIBIO MAa0I0OHOB.

2. ®a30Bble TPAEKTOPUH CUCTEMBI B Cydae NepUOANYECKON HETapMOHUYECKOH BBIHY)KIAIOIICH CHJIBI.
CpaBHeHue OBECHUS

CUCTCMEI C HerapMOHquCKOﬁ 1 rapMOHHUYCCKUMH BHCIITHUMU CHUJIaMU.



4 cemecTp

1. Ipunuunsl paboTBl T€HEPATOPOB IICEBAOCTYYalHBIX YHCIOBBIX mNocnenoBarenbHocTe(I TICY).
Ocobennoctu ucnons3zoBanus [TICH B C++. UncTpymeHtapuit python juis paboTbl ¢ JaHHBIMU
pacnpeneneHui.

2. I'eneparopsl city4allHBIX YMCEN C MPOM3BOJBHBIM 33JaHHBIM pacipenesieHueM. OneHKa KadecTBa
I'TICY. Ucnons3oBanue ['TICY st orieHKH BETMYUH OMPEAeIEHHBIX HHTETPAIOB.

3. Xaornyeckoe JBUKEHHUE TUHAMUYECKUX CHCTEM. TodeyHble OTOOpaskeHHsI TPU MOJCIMPOBAHUU
OMOJIOTHYECKHAX U DKOJIOTHYECKUX CUCTEM.

4. Junamuueckuir Xaoc. Ilocrosnueie ®eiirendayma. J[BrkeHHe MIapUKa MEXAY HEHNOABMXKHOW H
OCLUMJUIUPYIOLIEH CTEHKaMU.

5. Meron MONEKYJISpHOM IOUHAMHMKU Ui MOJEIMPOBAHUS CBOWCTB raza M JKUIKOCTU. Meronsl
cemelictBa MonTe-Kapno. MozpenupoBaHue nponeccoB nepeHoca.

6. MOI[CJ'IB OAHOMCPHOI'0 MACAJIBHOI'O Ira3a U OIPCACIICHUC B HEH TCPMOAMHAMUYCCKUX IMApaMCTPOB
CUCTCMBEI. CHy‘Iaﬁ MHOTOKOMITOHCHTHOT'O N1€aJIbHOTO OJHOMEPHOT'O Ira3a.

7. Ciiyyall HallM4usl B CUCTEME BHEILIHEH CHUJIbI Ha NPUMEPE 3apsDKEHHBIX YacTHIl Ta3a BO BHELIHEM
nekTpuyeckoM nose. HepaBHOMeEpHOE paciipeieIeHre YacTHI] 10 CKOPOCTSM.

8. BnusiHme mnoTeHLMana B3aMMOACHCTBHA 4YACTULl B ra3e Ha TEPMOJWHAMHUYECKUE IapaMeTphl
CUCTEeMBI. AinabaTuvecKue MpoIecchl B MOICIH.

9. Monenp naBymepHoro Taza. CrocoObl pelieHust 3aJa4d JCTEKTUPOBAHMsSI CTOJIKHOBEHUH B
MMPOCTPAHCTBAX pa3MepHOCTH OombIre 1.

10. Pacmmpennsle cpencTBa s3bika python asist paboThl ¢ TaHHBIMU BBIYMCIUTEIbHBIX SKCIIEPUMEHTOB.
[IpuMepsl KOHTPOJIBHBIX 3alaHUIH:

1. Peanu3oBaTh CyMMHpPOBaHHE MEPBBIX N 3JIEMEHTOB YHUCJIOBOW MOCIEAOBATEIbHOCTH HAWBHBIM
METOJIOM, C MOMOIIBI0 cxeMbl [opHepa u ¢ momomnisio MeToaa Kexana. IlpuMeHnuTs maHHbIE METONBI K
TeOMETPUUYECKOI TocienoBareIbHOCTH ¢ (hakTopoM 2 W %3 , U K DIIEMEHTaM TapMOHUYECKOW
nocieoBareIbHOCTH. OOBCHUTH HAOIIOACMBIE PE3YIIBTATHI.

2. IlpoBecTu 4MCICHHOE pELICHUE YPABHEHUS IBM)KEHHUS MPOCTEHIIMM OJHOLIATOBBIM METOIOM
Oiinepa. [IpencraBute peuienne Ha (pa30BOii IIIOCKOCTH.

3. [IponemoHCTpHpOBaTH MOJECTHPOBAHHE CIEHAPHEB IepexojJa K XaoCy Ha MpHMEpe TOYEYHOTO
OTOOpaXKCHUSI.

4. Peanu3oBaTh MOjeNb Mpollecca OJHOMEPHBIX CIYYalHBIX ONMYXJaHUH C JUCKPETHON BEITUYMHON
mara {+/-1} B JUCKpETHOM BpEMEHH.
5. MopenupoBanue meronom Monte-Kapio npoueccoB nepeHoca B rase.

burer 1.

1. T'eneparopbl mceBIOCITyYalHBIX YHCIOBBIX MocieaoBareiabHocTei. [IpuHnmner padoter ¢ I'TICY.
I'TICY B C++. Ouenka kagectsa I'TICY.

2. Mopnenb 0THOMEPHOTO UealbHOTro raza. TepMOJUHAMUYECKUX apaMETPOB CHCTEMBI.
buner 2.

1. T'eneparopsl cmydallHBIX YHCENl C MPOU3BOJBHBIM 33JaHHBIM pactpeneneHueM. OleHKa KadecTBa
I'TICY. Ucnons3oBanue ['TICY myist orieHKH BETUYHUH ONPEICIIEHHBIX HHTETPAJIOB.,

2. MHOTOKOMIIOHEHTHEIH HIeaNbHbIH ra3. HepaBHOMEpHOE pacnpeiesieHue YacTHUIl 110 CKOPOCTSIM.
buier 3.

1. Xaoruueckoe JABMKCHUC JUHAMHYCCKHUX CHUCTCM. ToueuHsle OTOGpa)KeHI/ISI npru MOACIUPOBAHUUN
OHOJIOTMYECKUX U IKOJOTHYECKUX CUCTEM.

2. BnusgHue mnoreHnuana B3aMMOIEHCTBUS YacTHI] B ra3e Ha TEpPMOAMHAMHMYECKHE IapameTpbl
CUCTeMBI. ArabaTHIeCcKue MPOIECChl B MOJICTIH.



buner 4.

1. Junamuueckuit Xaoc. [locrosauble Deiirenbayma. J[BrkeHne miapuka MeEXIy HETOABHKHOWH U
OCIWJIITUPYIOLIEN CTEHKaMH.

2. Mogenp naBymepHoro raza. CrocoObl pemieHHs 3aJadd JICTEKTUPOBAaHHS CTOJKHOBEHHH B
MPOCTPAHCTBAX pa3MEPHOCTH Oombine 1.

buier 5.

1. Meron MoONEKyIApHOW AWHAMUKH MAJi1 MOAEIUPOBAHHSA CBOWCTB raza M KHAKOCTH. MeTombl
cemelictBa MonTe-Kapno. MozpenupoBaHue nporeccoB nepeHoca.

2. PacmnpeHHHe CpeACTBaA A3bIKA pythOl’l JUIA pa6OTBI C IaHHBIMHU BBIYUCIIUTCIIbHBIX SKCIICPUMCHTOB.

Kputepun onennBanus
Onenka ommyHo 10 OGayioB -  BBICTABISETCS  CTYIEHTY, I[IOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATh UX Ha MPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka oOmIM4HO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPaKTHKE MPU PEILICHUH KOHKPETHBIX 3a]a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka oOmIMYHO 8§ Oa/IOB - BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AMCLUIUIMHBI M YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.

Ouenka xopo1o 7 6ajioB - BBICTABISAECTCS CTYACHTY, €CIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJyUYCHHBIC 3HAHHA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

OI_IeHKa XOopouro 6 0aIoB - BEICTABIISACTCS CTYACHTY, €CJIM OH TBCPAO 3HACT MATCPpUAJI, TPAMOTHO U I10
CylI€CTBY U3JIarac€t €ro, yMeCT IPUMCEHATD NOJTYUYCHHBIC 3HAHNA Ha IMPAKTUKE, HO JOITYCKAcT B OTBCTC
HJIW B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH.

Ouenka Xopo1o 5 6aioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, [paMOTHO
U IO CYLIECTBY M3JIAraeT €ro, yMeeT NPUMEHTh NOJIyYEHHbIE 3HaHHUS Ha IPAKTHKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.

OueHka ynOBIETBOPUTENbHO 4 Oajla - BBICTABIISETCS CTYIEHTY, NOKa3aBLIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHUs JOrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3ienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE sl AajbHeHmero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OueHka yIOBIETBOPUTENbHO 3 Oajula - BBICTABIISETCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
Pa3po3HEHHBI XapakTep 3HaHWW, AOMycKaroulemMy omHuOKH B (popMynupoBKax 0a30BbIX NOHSATH,
HapyLICHUs] JIOTHYECKOM IOCIEeI0BaTEeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3JesiaMu yueOHOM mporpaMMbl, HEOOXOAUMBIMHU LTS ajbHEUIIETO 00yUeHHS U
C TPYZIOM IIPUMEHSET [10JIyYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.



OueHka HEyIOBIECTBOPUTENHHO 2 Oajia - BBICTABISCTCS CTYIEHTY, KOTOPBII He 3HaeT OoiblIel yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX IPUHIMIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUTIOBBIX 3a]a4.

OreHKa HEYNOBIETBOPUTEIBHO | 0aym - BBICTABISICTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep )KaHusl y4eOHOW MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiine omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYECKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEeHU, HABHIKOB H
(W) onbITA AESATEJILHOCTH

HuddepenumupoBannbiii 3a4€T (3 cemecTp) U dK3aMeH (4 ceMecTp) MPOBOIATCS B YCTHOH (hopme 1o
Omneram. B kaxmom Owiere mNpeacTaBlIeHO JBa TEOpPETHYECKUX Bompoca. lIpu mposeneHuu
muddepeHIMpoBaHHOrO 3a4éTa M SK3aMeHa oOywaromemycs mnpexnoctasisercss 30 MUHYT Ha
noAroToBKy. Onpoc 00y4aronierocsi He I0/DKEH MPEBBIIIATh OTHOI0 aCTPOHOMHUYECKOIO Jaca.



