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AHHOTANMA

JaHHas OucuMIUIMHA HaneleHa Ha QopMupoBaHue 0a30BOrO HaBBIKA HCIOJIB30BAHUSI HEYNPaBISIEMOIO
HMIIEPATHBHOTO KOMITMJIUPYEMOTO SI3bIKa MPOrPaMMHUPOBAHUS Ul YUCICHHOTO MOJEIHPOBAHUS (U3NUECKUX
npoueccoB. Kak HeoThemsieMble 4acTH KOMIETEHIMH B OO0JACTH YMCIEHHOTO MOJEIMPOBAaHUS B Kypce
3aTparuBaroTCs TaKUe BOIPOCH! KaK OpraHU3alMs UCXOAHOTO Kojia, 00paboTKa U MpeaCcTaBIeHHE pe3ylIbTaToB
YHCJICHHOTO MOJEJIMPOBAHMs, YMEHHUE JIeaTh BBIBOJbl Ha OCHOBE IOJYYECHHBIX PE3yIbTaTOB M OTIMYATh
3HAUMMbIC pe3yabTaTbl OT apredakToB. JIMCUMIUIMHA HOCHT NPAKTHYECKHH XapakTep: Ipeaiararorcs
MaTeMaTH4eckue MojaeiIu (HU3MYECKUX CHUCTEM M HaOOp OTKPBITHIX BOMPOCOB, OTBETHl Ha KOTOPBIE MOXKHO
MOJIyYUTh IIyTEM YMCICHHOI'O MOJEIUpOBaHUs. B mepBoil mosoBuHE Kypca paccMaTpuBarOTCd MEXaHUUYECKUE
CHUCTEMBl C OJHOW M [BYMs CTENEHSMHU CBOOOZBI, MPOCTEHIINE METOAbl YHUCIEHHOTO HHTEIPUPOBAHMS
OOBIKHOBEHHBIX AN (epeHINANBHBIX yPaBHEHUH, NPEACTaBICHAE U aHAIU3 PE3YyNIbTaTOB C UCIOJIb30BAHUEM
oubnuorex Matplotlib 1 NumPy. Bropas monoBuHa Kypca MOCBAIICHAa aHAIM3y MEXaHHMYECKUX CHCTEM C
MHOTMMH TeJlaMH U CIIy4allHbIM OnyXgaHusiM, metogy Monte-Kapno m reseparopam ICeBIOCTYYalHBIX
quced, npocreiimemy Oypbe-aHaIn3y.

1. leau u 3apauu

eap AUCUMNIMHBI

dopmupoBaHue 6a30BBIX HABBIKOB HCIIOIb30BaHUS HEYNIPABISIEMOTO HMIIEPATHBHOTO KOMIIMIINPYEMOTO
SI3bIKA JUISI YMCJIEHHOTO MOJECIHUPOBAHUS (M3WYECKUX IPOLECCOB, MPEACTABICHUS W 00pabOTKH
pEe3yNbTaToOB MOJEIMPOBAHUS.

3agauu AUCHUILIHHBI

- (opMHpOBaHNE HABBIKOB KOHCTPYMPOBaHMS Kofa Ha sizblke C++ Ui YUCICHHOTO MOJECTHPOBAHUS
(U3NYECKUX CUCTEM;

- TOJyYeHUE CTYACHTaMH HaBBIKOB IO IPEICTABICHHIO M 0OpabOTKEe MONyYSHHBIX pPE3y/IbTaToB Ha
s3pike Python;

- MpUOOpeTeHHEe CTyIeHTaMH 0a30BBIX 3HaHWMW O uucieHHoM pemienun OJY, pabote ¢ yucnamu c
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 aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,

OIIK-1 CrocobeH npuMeHSTh HAMEYATD MyTH €€ PEIeHHS

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

npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.2 CnocobeH cTpOuUTh MareMaTHYecKHUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompenensTs TpaHUIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3yJbTaTOB

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
OIIK-2 Crioco6GeH MCIob30BaTh COBPEMEHHBIE |BBIYUCIMTEILHYHO TEXHUKY M CEpBHMCHI ceT MHTepHeT B
nH()OPMAIIMOHHBIC TEXHOJIIOTUU U obmactu (cdepe) mpodeccrHoHaTHHON AeATEIIEHOCTH

HPOTrpaMMHbIE CPEACTBA IIPU PELICHNUH 3a1a4 OIIK-2.2 3naer u yMeeT TPUMEHATH YHCIIEHHBIC
po(eCCUOHANBHOM IEATENBHOCTH, COOMIONAs  |MaTeMaTHYECKUE METOABl W TMPUKIAIHOE [POrPAMMHOE
TpeOoBaHus MHYOPMALIMOHHOM OE30IIaCHOCTH  [obecrieyeHre Uil pelIeHMs  Hay4HbIX — 3a4ad B
npodeccuoHaIbHON 0bnacTu

OIIK-4.1 Bnameer MerogamMM HAay4yHOTO TIOMCKAa H
MHTEJIEKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH

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

OIIK-5.3 CnocobeH k mpodeCCHOHANBHOW JKCIUTyaTaIuu

COBPEMEHHOMI 9KCIEPUMEHTAIBHOMN
HAay4HO-UCCJIEI0BATEIbCKON
(M3MEpUTENbHO-aHATUTHYECKOH M TEXHOJOTUYECKOH)

anmaparypsl

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

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

I[IK-1.4 VYmeer cTpOoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W MCCIEAOBaHHUA TIPOLECCOB M SABIEHUH B
COOTBETCTBYIOIUX HAYYHBIX 001aCTIAX

[IK-1.8 Brnameer HaBbIKamMu pabOTHI C COBPEMEHHBIMU
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 VYMeer HaxoOUTh  KIIOUEBBIC
OTIpECIAIONINE H3yYaeMoe SIBJICHHE,
YUCJICHHBIE OLICHKHU MO MOPSAIKY BEITUYUHBI

napamMmeTphl,
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 Ymeer npou3BOAUTH OLEHKY TOYHOCTH YHUCIECHHBIX
METOJIOB, HCHONB3yeMbIX Ha OBM, BBIYHCIHUTEIHHOU
CIIO)KHOCTH  HCIIONB3yeMbIX  alTOPUTMOB H  o0beMa
TpeOyeMbIX BBIYUCIUTEIBHBIX PECYPCOB

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

[IK-4.3 Cnocobern 000CHOBaTh NPUIHHHO-CIICIACTBECHHBIC
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;

HUCIIOJIb3YyCMBbIC B  SA3BIKC C++, AJid  OpraHu3anuu  JICTKO

- 0a30BbIE MCTOABI YTCHHA, 3allMCH H HpeOGpaBOBaHI/IH JaHHBIX C HCIIOJIB30BAHUCM OUOIHOTEKH

- OCHOBHBIE BO3MOXXHOCTH Oubirorekn Matplotlib o rpaduueckomMy npeacTaBlIeHUIO JaHHBIX;
- IPUHIIMIIBI IOCTPOCHUS U OTPAaHUYCHUS IPUMEHHUMOCTH T€HEPaTOPOB IICEBI0CTyYaliHBIX YHCET;
- 0a30BbIC NPUHIMIIBI IOCTPOCHHS U OLIEHKA TOYHOCTH ajJrOPUTMOB MOAETUPOBAaHUS Ha 0aze MeTona

- CaMOCTOATEIBHO KOHCTPYUPOBATh KOJ Ha s3blke C++ JUIsl YMCIEHHOTO MOAEIMPOBAHUS HA OCHOBE

- OIICHMUBATh 3HAYUMOCTD IMOJTYYCHHBIX PC3YyJIbTATOB U HAXOAUTH apTC(baKTBI YHUCJICHHOMN MOACIIH,
- BBIABUI'aTb W HNPOBEPATH THIIOTE3bl O IMOBEACHUU CHUCTEMBbI Ha OCHOBC IIOJTYYCHHBIX PE3YJIbTATOB

- ZIeTIaTh Ka4eCTBEHHBIE BHIBOABI ITPU MIEPEXO/IE K MPEAETbHBIM YCIOBHIM;
- 3(QQeKTHBHO HCHONB30BaTh BO3MOKHOCTH Oubmumorek NumPy m Matplotlib ans nocneayromeit

3HaTh:
- 0a3oBble METOABI W TOAXOJBI,
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'PAaMOTHOH 0OpaOOTKH pe3yNIbTaTOB M COIOCTABJICHUS C aHAIMTHYCCKHMHU DPEIICHHUS 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.
No Tema (pazmen) TUCITUTUTHHEL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
3HaKOMCTBO C BBOAOM 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 1mabmnonoB C++ mus B 5 4
MOBBILICHUSI THOKOCTH KOJa
5 OnnaoMepHOE IBIDKEHUE B 1 5 )
MEePUOANYECKOM MOTEHIIHANe
6 Ucnonb3oanue Oubmmoreku Matplotlib ) 5 4
IS TIPEICTABIICHUS TAHHBIX
7 OnHoMepHOE [BHMXEHHE C TOTEpSAMU B ) 5 4
MEePUOANYECKOM MTOTEHIIHANe
Hcnons3oBanne BO3MOYKHOCTEHN
8 oubnmuorekn NumPy nans nepBuvHOI 2 5 4
00paboTKU Pe3yabTaTOB BEIYUCIICHUH
OnnaoMepHOE JIBUKCHIE B
9 MIEPUOANIECKOM MOTEHIIMaJe c 2 5 4
BBIHYKJIAIOIIEH CHIION
10 3HaKOMCTBO § c reHeparopamu 5 15 10
MICEBAOCITyYalifHbIX YUCEI
[Ipumenenue METOJIOB ceMelcTBa
11 Mounrte-Kapno 1y1st onucaHusi MOBEACHU 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 ()OPMAaTHPOBAaHHOTO BBOAA-BbIBOAAa B si3bike C++:  std:istream,
std::ostream, std::ifstream, std::ofstream, mMaHHITyISTOpPBI, TIEperpy3Ka OrepaTropoB BBOJA-BBIBOJA.
Bosmoxnoctu urenust u 3anucu ASCII nanubix B Python ¢ ucnonszoBannem 6ubmuorekn NumPy:
¢yHkIMK numpy.savetxt, numpy.loadtxt.




2. Pabora ¢ ynciiamMu ¢ riaBaroied TOYKOH

BuayTpennee mpencraBieHMe ~4ucedl € IUIaBaoIIed  TOukoM.  “MainmHHOE  ATICHIIOH.
HopmanuzoBanHble W JI€HOPMajJM30BaHHBIE 4YHCIAa C IUIaBalowedl Toukoidl. PaBHOcHIbHBIE
npeobpazoanusi: TwoSum u TwoProduct. BriusiHue Ha TOYHOCTh aKKyMYJIHPYIOUIMX OIEpaIiuii.
ANTOPUTMBI YAyYIIEHUS TOYHOCTH aKKyMYJIHPYIOLUIMX orepauuii: cymmupoBaHue Kexena, cxema
Topuepa. Fused-multiply-accumulate oneparusi.

3. OnHOMEpHOE JIBIKCHHE B TTApabOIMIeCKOM MOTEHITHAIIE

Pemenne ypaBHEHHs ABIIKCHHUS MPOCTEWIIMM OJHOLIATOBBIM MeToioM Oinepa. [Ipencrasienue
pemieHnss Ha (a3oBoi miIockocTH. IIpoBepka TOYHOCTH COXpaHEHUS WHTETPAJIIOB JBIDKCHUS H
CPaBHEHUS PEIICHUH METOIOM Diiiepa ¢ aHaTUTUIECKUM.

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

[11a0noHbl C++ Kak croco0 OMMCcaHus YUCIIEHHON CXEMBI HE3aBUCUMBIM OT THIIA JaHHBIX CIIOCOOOM.
[Tabmon s xomIuiekcHoro uyuciia. OO0O0OIMEHHBIE anropuTMbl Ha 0a3e mrabmoHOB. Pasnenenwue
YHUCJIEHHOHN CXEMBI U JeTalleil MaTeMaTHYe€CKOM MOJIENIH ¢ IIOMOIILIO [Ia0JIOHOB.

5. OgHOMEpHOE ABUKEHHE B IEPUOANUECKOM ITOTEHITHAIIE

CxeMbl BTOpOTO MOPS/IKA YISl YHCICHHOTO PEUICHUs] YPaBHEHHI TBVKCHHS: HESBHBIN MeToa XbIOHA
U SIBHBIM METOJ| “TIpEAUKTOP-KOPpEKTOp”, MeTo XoiiHa. Vcrnonp30BaHe METOJJOB BTOPOTO MOPSAIKa
IUISl pellieHHUs ypaBHEHWH IBIDKCHUS B IEPHOJMYECKOM NOTeHIuMane. KauecTBeHHass 3aBUCHMOCTD
IBWKCHUS OT HA4aJbHOTO YCIOBUA: (UHUTHBIE M HMHQUHUTHBIE TPAaeKTOpUH B (Ha30BOM
npocTpancTBe, cemaparpuca. CpaBHEHHE MaibIX KOJCOAHUH B IEPUOJMYSCKOM MOTCHIHANE C
KoJieOaHUsIMH B MapaboIMYecKoM MOTEHIMaNe. 3aBUCUMOCTh MepHosia KojleOaHuil OT HadyalbHBIX
YCIIOBHH.

6. Ucnonb3oBanune 6nbnmuoreku Matplotlib aiist npeacrasieHns JaHHBIX

Co3nanne OJHOMEPHBIX TpaMKOB 3aBUCHUMOCTEH OIHOM BENIMYMHBI OT Apyrod. PyuHas HacTpoiika
MpeeNioB 3HaueHM 1Mo ocsaM: Axes.set xlim, Axes.set ylim. YrnpasneHue Macirabom oceid. Pydnas
Hactpoiika mpudToB. [logmucu k ocsim m k rpaduky: plot.title, Axes.set title. Mcnons3oBanue
NpOCTEHIIMX KIIFOUeBbIX KOHCTpYKUui LaTex B moamucsax K ocsiM. BeIBOJ HECKOJBKUX KPUBBIX Ha
onuH rpaduk u nereHaa. CrnBoeHHsie rpaduku -- subplots.

7. OI[HOMepHOG ABWIKCHUC C TOTCPAMU B IICPHUOJUICCKOM ITOTCHIIUAJIC

CpaBHeHI/IC (1)33OBBIX TpaeKTOpI/Iﬁ OAHOMCPHOI'0 ABWXCHUA C IOTCpSAMHU U 0e3 NoTephL  AJid
Ppa3JIMYHbIX Ha49aJIbHBIX yc.HOBPIﬁ.

8. Hcnonw3oBanne BO3MOXKHOCTeH Oubnmorekun NumPy ansi mepBUYHONW OOpabOTKH pE3ylnbTaToB
BBIYUCIICHUI

Hcnonp3oBanre moamporpaMMel  numpy.polyfit miast npuOMVKeHHsS HaHHBIX —IMTOJMHOMOM  C
HAaUMEHBIIIEH CyMMOW KBaJpaToB OTKJIOHeHWH. Mcmomb3oBanue Momyns numpy.linalg ams 3amaq
JMHEHHON anreOpsl W NPOCTEHINEH CTAaTHCTHKH: BBIYMCICHHE CTAaHIAPTHOTO OTKIOHEHHS W
MaTeMaTHYeCKOro OXKUJIAHUS, PELICHHE CHCTEM JIMHEHHBIX YPaBHCHU, BBIYNCICHUE ONpEaeIuTeIeH
1 COOCTBEHHBIX 3HAYCHUI.

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

UccnenoBanne ¢a3oBbIX TPAeKTOpPUH CHUCTEMBI B cCly4yae MEPHOAMYECKOH TapMOHHUYECKOU
BBIHY K atomei cuibl. [Tonck pesonancos. [loBeaenne cucTeMsl py HAIMYUH TTOTEPh U O€3 MOTEPb.
UccnenoBanne (a3oBBIX TPAeKTOpPUH CHCTEMBI B Cllydyae IEPHOAWYECKON HErapMOHHUYECKOH
BbIHYXJatomel cuibl. CpaBHEHUE IOBEJCHMS CUCTEMBbl C HErAPMOHUYECKOM M TapMOHMUYECKUMU
BHEIIHUMU CHJIAMH.



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

[MpuHIMTIBL pabOTHl TeHEPaTOPOB TICEBIOCTYUYalHBIX YHUCIOBBIX mocienoBarenbHocTed(I TICH).
Oco6ennoctn wucnonb3oBanust [TICHU B C++ (std:irand, randomization, engine/distribution
kommoneHTsl STL). MactpymenTapuii python anst paboThl ¢ JaHHBIME pacnpeaeneHuid. [ eHeparops
CIly4ailHBIX YHCENl C TPOW3BOJBHBIM 3aJaHHBIM pacnpeneneHneM. Omenka kadectBa [TICY.
Ucnonb3oBanne ['TICY nnst olieHKH BETWYUH OIMpeeIEHHBIX HHTETPAJIOB.

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

XaoTH4YecKoe IBIKCHHE IMHAMMYECKHX CHCTeM. TodeuHble OTOOpakeHHWs IPHU MOAEIMPOBAHUU
Ouonornuecknx M sKosnorndeckux cucteM. Ilocrosiaapie deiirendayma. JBrkeHre MIapuka MEKIY
HETIOJBIKHON M ocuwuMpyomeil creHkamu. Ciydau peryispHOTO M XaOTHYECKOTO IBIIKCHUS.
MopnenupoBanue GU3NIECKUX MPoLeccoB MeToaaMu cemeiictBa MonTe-Kapio. 3anaua o cioydaifHbIx
ONMyXJIaHUSIX W CBS3b IMapaMeTpoB Ipollecca TepeHoca B Hel ¢ koddduimentom muddy3nn u
TPaHCIIOPTHBIMU KO3 duieHnTaMu (IpoIyCcKaHUEe/IOTIOMIEHHE) B cpene. Monenb OZHOMEPHOIO
U/ICAbHOTO Ta3a M ONpefelieHHe B HEH TEepMOJMHAMHUYECKHX IapaMeTpoB cucteMmsl. Ciryyaii
MHOTOKOMIIOHEHTHOTO HJEaJIbHOTO OAHOMEpHOro rasza. Ciydail HaJuM4usl B CUCTEME BHEIIHEH CHJIbI
Ha TIpUMepe 3apsHKEHHBIX YacTHIl Ta3a BO BHEIIHEM OJJIeKTpHueckoMm 1oje. HepaBHoBecHoe
pacnpenenenre 4acTull mo ckopocTsiM. CiocoObl pelieHus 3a1a4u JeTeKTUPOBAaHUs CTOJIKHOBEHUH B
MHOTOMEpPHOM cilyyae. BiusHue moTeHIMajga B3aMMOJECWCTBHS YacTUI[ Ha TEPMOAMHAMUYECKHE
napaMeTpbl cUCTeMbl. ArabaTHyecKue MpoueccH B Mojenu. [IByMepHBIii ra3.

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

3HAKOMCTBO C IMOMYJISIPHBIMHU CPEACTBAMH JIJIsl paOOTHI C HAYYHBIMU TaHHBIMHU: SCipy(sympy, pandas),
multiprocessing, hS5py, numba. [Ipumepsl NpUMEHEHHs] 3THUX CPEICTB sl PEUICHHS 3ajada
00pabOTKM CHUTHAJIOB, aHallM3a »JKCICPUMEHTAIBHBIX JaHHBIX, MpeoOpa3oBaHUS BBIPAKCHHM
CUMBOJIBHOM  MaTeMaTHKH, OpraHW3alMyd [aKeTHOTO  3allycka  3a/lad,  HCIIONb30BaHUS
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, M3y4arollMid IJUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJEeTh OOILIMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare MU3y4YCHUSA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHA,
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 Marepuaja, IMOATOTOBKY OTBETOB Ha BONPOCHI, MPEIHA3HAYEHHBIX IJIs
CaMOCTOATEJILHOIO U3yUCHMUS];

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

— IIOATOTOBKY K BBIIIOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

[Tokazarenem BiajeHHs MarepHajoM CIYXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JIMCITATUIAHEL.

BaxHo 10OWTHCS MOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYNHCHUH W3Y4YEHHUS OTIEIbHBIX TEM, BOIPOCOB, CIEAyeT oOpamiarhCsi 3a KOHCYJIbTAIHSIMHU
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIN KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad 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)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
Du3Tex-KIIacTep aKaJAeMUIECKON U HayuYHO! Kapbephl
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 aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-2 CnocobeH ucronbp30BaTh COBPEMEHHbBIE
WH(POPMALIMOHHBIE TEXHOJIOTHH U

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTENIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHET B
obmactu (cdepe) mpodeccrHoHaTHHON AeATEIIEHOCTH

HPOTrpaMMHBIE CPEACTBA IIPU PELICHNUH 3a7a4 OIIK-2.2 3naer u yMeeT TPUMEHATH YHCIIEHHBIC
po(eCCUOHANBHOM JIEATENBHOCTH, COOMIONAs  |MaTeMaTHYeCKUE METOABl M TMPUKIAIHOE [POrPAMMHOE
TpeOoBaHus MHYOPMALIMOHHOW OE30MIaCHOCTH  [obecrieyeHre Uil pelIeHMs  Hay4HbIX  3a4ad 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

MHTEJUICKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoHaNbHON AEATEIbHOCTH

OIlK-4.4 Bnageer HaBbIKaMU pabOTHl C KOMIIBIOTEPOM H
KOMITBIOTEPHBIMH CETSMH C IEIbIO MMOTYYCHUS, XPaHCHHUS 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 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTAIBHBIX
UCCIIeJOBAaHUN U pa3paboToK

OIIK-5.3 CnocobeH k mpodeCCHOHANBHON 3KCILUTyaTalun

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

anmaparypsl

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

[IK-1.3 Brnageer KynpTypoil IOCTAaHOBKM HAyYHOW 3aJ1aud U
MOZIEIIMPOBAHUS €CTECTBEHHOHAYYHBIX OOBEKTOB M CHCTEM

[IK-1.4 VYmeer cTpouTh MaTeMaTHUYECKHE MOJENU IS
ONMCAaHUSI W HCCIEIOBAaHUS MPOLECCOB M SIBICHUH B
COOTBETCTBYIOIINX HayYHBIX 00JACTIX

[IK-1.8 Bnageer HaBbikamMu pabOTHI C COBPEMEHHBIMHU
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 )

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

KJIIOYEBbIE  IapaMeTpbl,
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 Ymeer npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTEIHHOU
CIIO)KHOCTH  MCIIONB3yEMBIX  aJTOPUTMOB M o0ObeMa
TpeOyeMBIX BHIUHUCIUTEIBHBIX PECYPCOB

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

[MIK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
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;
- ©0a3oBble METOABI M TIOAXOHBI, HCHOJBb3yeMble B s3blke C++, [UIsI OpraHu3aldH  JIETKO
COIPOBOKAAEMOT0 KOZIA;
- 0a30Bble METOABl UYTCHMA, 3allUCH W IPeoOpa3oBaHUsl JAHHBIX C HCIIOJIb30BaHHEM OMOIHMOTEKH
NumPy;
- OCHOBHBIE BO3MOXXHOCTH Oubirorekn Matplotlib o rpaduueckomy npeacTaBiIeHUIO JaHHBIX;
- IPUHIIMIIBI IOCTPOCHUS M OTPAaHUYECHUS IPUMEHHMMOCTH T€HEPaTOPOB IICEBI0CTyYaliHBIX YHCET;
- 0a30BbIC NPUHIMIIBI IOCTPOCHHS U OLIEHKW TOYHOCTH ajJrOPUTMOB MOAETMPOBAaHUS Ha 0aze MeTona
Mounre-Kapro.
yMeThb:
- CaMOCTOATEJIFHO KOHCTPYHPOBATh KOA Ha si3bike CH++ Ul YMCICHHOTO MOJETHPOBAHHS HA OCHOBE
MPEUIOKEHHBIX MaTeMaTHuYeCKUX MOZETIeH;
- IPOU3BOJAUTDH OLEHKY TOUHOCTH BBIYMCIIEHUH C IJIABAOLIEH TOUKOM;
- OLICHMBATh 3HAYUMOCTb ITOJYYEHHBIX PE3YJbTaTOB U HAXOIUTH apTe(PaKkThl YUCIECHHON MOJCIH;
- BBIABMIaTh M NIPOBEPSTH T'MIIOTE3bI O MOBEICHUH CHCTEMbl Ha OCHOBE MOJYYEHHBIX PE3yJIbTaToB
MOJEJINPOBAHMS;
- ZIeTIaTh Ka4eCTBEHHBIE BBIBOABI ITPU MIEPEXO/IE K MPEAETbHBIM YCIOBHSIM;
- 3(QQeKTHBHO HCHONB30BaTh BO3MOKHOCTH Oubmumorek NumPy um Matplotlib ans nocneayromeit
00pabOTKU U MPENICTABICHUS PE3yIbTATOB.
BJIA/IeTh:
- 6a30BBIMHU HaBBIKAMH 110 CO3/JAHUIO THOKOTO M JIETKO MOAAEPKUBAEMOT0 Kozia Ha si3bike C++;
- HaBBIKAMHM T'PaMOTHOH 00pabOTKM PE3yJabTaTOB U COMOCTABJICHHUS C AHAJUTUYCCKUMH PELICHUS 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 pELICHWE YpPaBHEHHS [BM)KEHUSA MPOCTEUININM OJHOIIArOBBIM METOIOM
Otinepa. [IpencraButh penrenue Ha (a3oBoil miockocTu. [IpoBecTH MPOBEPKY TOUHOCTH COXPAHEHHS
HWHTErpajioB ABMKEHUS. CpaBHUTD MIOJYUYECHHOE PELICHUE C AHAIUTHIECKHM.

2. UMcneHHO HCCIEeNoBaTh PE30HAHC B HEJIMHEWHOM MAsTHUKE C 3aTyXaHWeM IOA JEHCTBHEM
FapMOHHMYECKOU BBIHYXAAKOLIEN CUIIBL.

4 cemecTp

1. PeanuszoBaTh Mozenb Mpolecca OXHOMEPHBIX CIyYalHBIX ONMyXJaHUH C AUCKPETHON BEIMYMHOM
mara {+/-1} B auckpeTHOM BpemeHHU. [IpoaHanM3upoBaTh CBSI3b YHAAJICHUS/ MOIYNS yHajcHUs1/
CPEAHEro KBajpara yaajeHus Oy JaloLIiuX OT TOYKU CTapTa ¢ YHCIOM ILIaroB.

2. Ilpoananu3upoBaTh U3MEHEHHE PACIPEACICHUS CKOPOCTEH YacTHIl OAHOMEPHOIO 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 TmpeACTaBIEHWE 4YHCEN C IUlaBaromie Toukoil. HopmammusoBanHble U
JICHOPMAaJIM30BAHHBIC YUCIIA C TUIABAIOLICH TOYKOM.



3. BuusHue Mojenu uWcen ¢ IUIABAIOLICH TOYKOM Ha TOYHOCTh AKKyMYIMPYIOIIUX OTEpalui.
AJNropuTMbl YIy4lI€HUS TOYHOCTH aKKyMYJIUpPYIOIIMX omepauuil: cymmuponaHue Kexena, cxema
T'opnepa.

4. PemieHne ypaBHEHHUS! OBW)KEHHUS MPOCTEHIIMM OIJHOIIArOBBIM MeTofoM Oiinepa. Ilpencrasnenue
pemeHns Ha Gpa30Boi MI0cKoCTH. OIIEHKA TOYHOCTH PEIICHHS.

5. a6aouer C++ Kak cioco0 OMHUCaHUs YUCIEHHONW CXEeMbl HE3aBUCHUMBIM OT THIIA JAHHBIX CIIOCOOOM.
O06o0mEnnple anropuT™Mbl Ha 0Oaze 1abnoHOB. Pa3zjeneHue YHCICHHON CcXeMbl W JeTaneit
MaTeMaTH4eCKON MOJEIH € TIOMOUIbIO MAbI0HOB.

6. CxeMbl BTOPOI'0 IOPsIIKA Ul YUCIIEHHOIO PELIeHUs YpaBHEHUH ABUKEHMs: HEABHbIN MeTo] XbloHa
U SIBHBIA METOA ‘‘IPEAUKTOP-KOPPEeKTOp”, MeToA XoiHa. Mcrmonp30BaHHE METOJO0B BTOPOTO MOPSAKA
JUIsl PEeLIEHNs] YPaBHEHUH JBY)KEHUS B IEPUOINYECKOM IIOTEHIHAIE.

7. KadecTBeHHass 3aBUCHMOCTH JBHKEHHS OT HA4daJbHOTO YCJIOBUS: (MHUTHBIE M HMH(UHHUTHBIC
TpaeKkTopuu B (pa3oBOM MpPOCTpaHCTBE, cenaparpuca. CpaBHEHHE MaIbIX KoJeOaHUI B MEPUOJUYECKOM
MOTEHIMaNe ¢ KoJeOaHUsIMH B MapaboIMYecKoM IMOTEHIMane. 3aBUCUMOCTh Tiepruoa KojeOaHuil oT
HavyanbHBIX ycinoBuil. CpaBHeHHE (a30BBIX TPACKTOPHI OJHOMEPHOrO ABHKEHHS C MOTEpsIMH U 0Oe3
[OTEPb Ul PA3JIMYHbIX Ha4aJIbHBIX YCIIOBUH.

8. da30BBIE TPACKTOPHI CHUCTEMBI B CIydae MEPUOIUYECKON TapMOHHYECKON BBIHYKIAIOUIEH CHIIBI.
[Touck pe3onancos. [loBenenne cucTeMsl pu HATUYUH [TOTEPb U O€3 MOTEPb.

9. da3oBbIe TPACKTOPUH CHCTEMBI B Cydae NEPUOAMYECKON HErapMOHUYECKON BBIHY)KIAIOIICH CHJIBI.
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. CxeMBbl BTOPOI0O NOpPsiAKA JUIsl YUCIIEHHOTO PELLEHHs YPaBHEHUH JIBY)KEHUS: HESIBHBIN METOX XbIOHA
U SIBHBIA METOA ‘‘IPEAUKTOP-KOPPEeKTOp”, MeToA XoiHa. Mcrmonp30BaHHE METOJO0B BTOPOTO MOPSAKA
JUIsl PEeLIEHNs] YPaBHEHUH JBM)KEHUS B IEPUOINYECKOM [IOTEHIHAIE.

buner 2.

1. BHyTpeHHee TpeAcTaBiieHHE dYHCEeN C IUlaBaromied  Toukoil. HopmammuzoBanHble U
JEHOPMAJIM30BAHHBIE YHCIA C MIaBaOLIEN TOUKOM.

2. KayecTBeHHass 3aBUCHMOCTb JBHIKCHHUS OT HA4YaJIbHOTO YCJOBUS: (DMHUTHbIC W HHOUHHUTHBIC
TpaeKTopuu B (pa30BOM MPOCTpPaHCTBe, cenaparpuca. CpaBHEHHE MaIbIX KOJCOAHUI B IEPUOIUUCCKOM
MOTEHIMAale ¢ KoJeOaHUsIMH B Mapa0oIMueCcKOM TOTCHIIHAE.

Bbuner 3.

1. BnusitHue MoJenu YMceNl ¢ IUIABAIOLICH TOYKOM Ha TOYHOCTh AKKYMYIUPYIOIIHUX OIEpalui.
ANTOPUTMBI YIyYIIEHHWsS TOYHOCTH aKKyMYJIHMPYIOIIMX orepanuii: cymmupoBaHue KexeHa, 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. Pemienre ypaBHEHHUS OBIKEHHS MPOCTEHUIINM OJHOIIATOBHIM MeTonoMm OJiinepa. IIpeacrasienue
peuieHus Ha (a30BON TIOCKOCTH.

2. ®a30BbIC TPACKTOPUNA CHCTEMBI B CIy4yae MEPUOAUYECKOM TapMOHUYECKOW BBIHYXIAIOIIEH CHUJIBL.
[Mowuck pezonancos. [loBeneHre cucTeMbl PH HATHYUY MTOTEPh U O€3 MOTEPb.

buier 5.

1. Hlabmonsr C++. O60OMEHHBIE ANTOPUTMBI Ha Oa3e mabmoHOB. PazneneHne YucCIieHHOW CXeMBI U
JeTaneil MaTeMaTu4eCKON MOJIEITH C TIOMOIIBIO MAa0I0OHOB.

2. ®a3oBble TPAGKTOPUH CHUCTEMBI B Cllydae MEPUOIUYECKON HETAPMOHUYECKON BBIHYKIAIOLICH CHIIBI.
CpaBHeHue OBECHUS

CUCTCMEI C HerapMOHquCKOﬁ 1 rapMOHHUYCCKUMH BHCIITHUMU CHUJIaMU.



4 cemecTp

1. IlpuHuounsl paboOThl TEHEPATOPOB IMCEBAOCIYyYalHBIX YMCIOBBIX mocienoBarensHocTed(I TICY).
Ocobennoctu wucnonszoBanus [TICH B C++. Unctpymentapuii python mnst paboThl C JaHHBIMA
pacnpeneneHui.

2. l'eneparopsl Cily4allHBIX YMCEN C MPOM3BOJBHBIM 33JaHHBIM pacrpeneneHueM. OLeHKa KadecTBa
I'TICY. Ucnons3oBanue ['TICY st orieHKH BETMYUH OMPEAeIEHHBIX HHTETPAIOB.

3. XaoTnueckoe JIBWKCHUE NTWHAMHUYECKHAX CUCTEM. ToueuHbIe OTOOpa)KEHWsl MPHU MOJCINPOBAHUH
OMOJIOTHYECKHAX U DKOJIOTHYECKUX CUCTEM.

4. Junamuueckuir Xaoc. Ilocrosnubsie @eiirenbayma. J[BrKeHHE MIapuKa MEXAY HEMOABMKHOW H
OCLUMJUIUPYIOLIEH CTEHKaMU.

5. Meron MOJEKYJApHON IWHAMMKHA MJII MOJEJIUPOBAHUS CBOMCTB Trasa M KUAKOCTH. MeTonsl
cemelictBa MonTe-Kapno. MozpenupoBaHue nponeccoB nepeHoca.

6. MO)ICJ'IL OAHOMCPHOI'0 MACAJIBHOIO ra3a U OIIPCACIICHUC B Hel TCPMOAMHAMUYCCKUX MMapaMETPOB
CUCTCMBEI. Cnyqaﬁ MHOTOKOMITOHCHTHOT'O N1€aJIbHOTO OJHOMEPHOT'O Ira3a.

7. Ciydail HaJqu4yusl B CUCTEME BHEIIHEH CUJIbI Ha IIPUMEPE 3apsDKEHHBIX YacTHIl Ta3a BO BHELIHEM
nekTpuyeckoM nose. HepaBHOMeEpHOE paciipeieIeHre YacTHI] 10 CKOPOCTSM.

8. BausgHue mNoTeHIMana B3aMMOJICHCTBUSA YACTHLl B Ta3e Ha TEPMOJUHAMHUYECKHE IapaMeTphl
cucteMbl. AnnabaTndeckue MpoIecchl B MOZIEIH.

9. Monens naBymepHoro rasza. CrocoObl pelieHHs 3aqadil  JETEKTHUPOBAHUS CTONKHOBCHHUH B
MMPOCTPAHCTBAX pa3MepHOCTH OombIre 1.

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

1. PeanuzoBaTh CyMMHUpPOBaHHE NEPBBIX N HIEMEHTOB YHCIOBOM MOCIEIOBATEILHOCTH HAWBHBIM
METOJIOM, C MOMOIIBI0 cxeMbl [opHepa u ¢ momomnisio MeToaa Kexana. IlpuMeHnuTs maHHbIE METONBI K
TEOMETPHUYECKOI TMOCIeoBaTeIbHOCTH ¢ (akTopoM ‘2 m '3 , W K DIeMEHTaM TapMOHHYECKOM
nocieoBareIbHOCTH. OOBCHUTH HAOIIOACMBIE PE3YIIBTATHI.

2. IlpoBecTu 4YMCIEHHOE pEIICHUE YPaBHEHUS [BYDKEHUS IPOCTEHIIMM OJHOLIATOBBIM METOIOM
Oiinepa. [IpencraBute peuienne Ha (pa30BOii IIIOCKOCTH.

3. IIpomeMOHCTpHPOBATH MOJICIUPOBAHUE CIICHAPUEB MEpexola K Xaocy Ha MpUMEpEe TOYEYHOTO
OTOOpaXKCHUSI.

4. Peanu3oBaTh MOjENb IpoIlecca OMHOMEPHBIX CIYYalHBIX ONYXJTaHWUH C JUCKPETHON BEIMYHHOM
mara {+/-1} B JUCKpETHOM BpEMEHH.

5. MopenupoBanue meronom Monte-Kapio npoueccoB nepeHoca B rase.
buner 1.

1. T'eneparopbl mceBIOCIyYalHBIX YHMCIOBBIX mocinenoBarenbHocTed. [lpunnunsr padorsr ¢ ['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 MPOU3BOJIBHBIM 33JaHHBIM pacrpeaeneHueM. OIleHKa KauecTBa
I'TICY. Ucnons3oBanue ['TICY myist orieHKH BETUYHUH ONPEICIIEHHBIX HHTETPAJIOB.,

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

1. Xaoruueckoe JABMKCHUC JUMHAMHYCCKHUX CHCTCM. Toueunrle OTO6pa)K6HI/I$I npu MOACIUPOBAHHUUN
OHOJIOTMYECKUX U IKOJOTHYECKUX CUCTEM.

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



buner 4.

1. Junamuueckuit Xaoc. [locrosiable Deiirenbayma. J[BrmkeHne mapuka MeEXIy HEMOABHKHOW H
OCIWJIITUPYIOLIEN CTEHKaMH.

2. Mogens nBymepHoro rasa. CrocoObl pemieHus 3aJadd JCTeKTHPOBAHUS CTOJIKHOBCHHH B
MPOCTPAHCTBAX pa3MEPHOCTH Oombine 1.

buier 5.

1. Meron MONEKyIApHOW AMHAMUKH IS MOZENHMPOBAHUS CBOMCTB Ta3a W IKUAKOCTH. MeToabl
cemelictBa MonTe-Kapno. MozpenupoBaHue nporeccoB nepeHoca.

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

Kputepun onennBanus

Onenka ommyHO 10 OamioB - BBICTaBISCTCS  CTYACHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOMIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTh, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka oOmMYHO 9 Oa/uioB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOJHOE U PaBUIbLHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka omMyHO 8§ OamuoB -  BBICTABISETCA  CTYHACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.

Ouenka xopo1o 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHa, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

OI_IeHKa XOpouIo 6 0aJI0B - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CyHI€CTBY MU3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HaA IMPAKTUKE, HO OOITYCKACcT B OTBETEC
HJIW B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH.

OueHka XOpoIo 5 6ayuIoB - BHICTABIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
U IO CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJyYEHHbIE 3HAHMS Ha IMPAKTHKE, HO JTOMYCKAET B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.

OueHka ynoBIETBOPUTEIbHO 4 Oamia - BBICTABISETCS CTYIACHTY, MOKa3zaBIIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpPaBUJIbHBIE (DOPMYITMPOBKH 0Oa30BBIX MOHSITHMH,
HapylLIEHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUM IIPOIPaMMHOIO Marepuajla, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OueHka ynoOBIETBOPUTEIbHO 3 Oamia - BBICTABISETCS CTYIACHTY, MOKa3zaBIIEMY (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWM, JOMycKaloulemMy OmHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLICHUs] JIOTHYECKOM I0CIEeIOBAaTEIbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYZIOM IIPUMEHSET [10JIyYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.



OueHka HEyIOBJIETBOPUTENHHO 2 Oajula - BHICTABIAETCS CTyACHTY, KOTOPBI HE 3HAaeT OOJIbIIe 4acTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT TrpyOble OMMOKH B

(bopMyIHpPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYSHHBIE 3HAHUS NPH PEIICHUN
TUTIOBBIX 3a]a4.

OreHka HEYIOBIETBOPUTEIBHO | 0ayml - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne omuOKy B (GOPMYITUPOBKAX
0a30BBIX TOHATHH IUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npoueaypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

HuddepenumupoBannbiii 3a4€T (3 cemecTp) U dK3aMeH (4 ceMecTp) MPOBOIATCS B YCTHOH (hopme 1o
Omneram. B kaxkmoMm Ouiere mpeACTaBICHO [Ba TEOPETHYECKHX Bompoca. I[Ipu mnposeneHuu
muQQepeHIMPOBaHHOTO 3a4éTa M 3K3aMeHa oOyuatomemycs mnpepoctasisercs 30 MUHYT Ha
noAroToBKy. Onpoc 00y4aronierocsi He I0/DKEH MPEBBIIIATh OTHOI0 aCTPOHOMHUYECKOIO Jaca.



