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)

10 TUCHHILJIMHE: KoMmInbroTepHbIE TEXHOIOIUU PELIEHUs] HAyYHBIX 3a/1a4
110 HANPABJICHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
NpopuJIb NOArOTOBKHU: ®Pu3nKa U NeAaroruka

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

Kypc: 2
KBaJIMpUKALS: GakanaBp

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

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

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

KonmnuecTBo KOHTpONBHBIX padoT, 3ananuil: 4

[Iporpammy coctaBui: K.A. Bexnemsiena, kaua. (pu3.-Mat. HayK, JOIECHT

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



AHHOTANMA
JlaHHBIA Kypc TpeHa3Ha4YeH sl TOT0, YTOOBI ITO3HAKOMUTH CTYJICHTOB C METOJMKAMH PEIICHUS HECIOKHBIX
aKTyallbHBIX 33Jlad W3 Pa3UYHBIX JTA00paTopwii U OCHOBHBIMH WHCTPYMEHTAMH, KOTOPBIMH ITOJIb3YIOTCS
Hay4YHbIE€ TPOTPAMMHUCTHI.

B pamkax kypca OyzneT gaH 0030p HEKOTOPBIX TEXHOJIOTHH, IPUMEHIEMBIX IIPU PELICHUH HAYYHBIX 3aj]ad, 110
KaX/10i TeXHOJOrMH OyAeT CxkaTbhlil pacckas3 B ¢popmare "Teopus + nemoncrpauusa”. OCHOBHas CyTh Kypca —
MPOEKTHAsl JEATENIbHOCTh, pEIICHHE HEOONbIINX MPAKTUYECKH 3HAYUMBIX 3alad W3 HMHCTUTYTCKUX
naboparopuit. [Ipennonaraerca padora B rpynmnax mo 2-5 4eJoOBeK, MOTPYKEHHE KOHKPETHO B BBIOpaHHYIO
3ajady, paboTa HaJl Hel BeCh CeMeCTp, MPEJICTABICHNE HTOIOBOTO PE3yibTara.

1. lean u 3apa4un

Henp AucoMnInHBI
HayuuTbe CTyIeHTOB MCIIOIb30BAaTh TUIIOBbIE KOMIIBIOTEPHBIE TEXHOJIOIMU PELIEHHs HaydHBIX 3a71ad,
HAy4uTh padOTaTh C KOMILICKCHOH 3a7a4eld OT 3Tamna MOCTAaHOBKH JI0 pealn3aluy Ha OJHOM U3 S3BIKOB
IPOrpaMMHPOBAaHMS U TPEICTABICHUS pe3yNbTaTa, Hay4yUTh paboTaTh B IPyMIE C HUCIOJIb30BAHUEM
CHCTEMBI KOHTPOJISI BEPCHHA git.

33]13‘[1/[ JAUCHUIIINHBI

— dopmupoBaHHE HABBIKOB PabOTHI ¢ KOMIUIEKCHOW 3ajadell OT JTana yTOYHEHHsS TpeOOBaHWN H
OIIPECTICHUSI CTPOTOil TIOCTAHOBKU JO pPEalH3allil Ha OIHOM M3 S3BIKOB NPOTPAMMHPOBAHHS U
MPE/ICTaBICHUS Pe3yibTara;

— (QopmupoBaHre HaBbIKA TNPOCKTUPOBAHUS W pa3pabOTKH TPOTPAMMHOTO OOECTICYCHUS C
UCIIOJIb30BaHMEM CHCTEMbI KOHTPOJISI BEPCHUii, B TOM YHCIIe B pabodell rpymre;

— QopmupoBanre 0a30BBIX 3HAHUI O PACIPOCTPAHEHHBIX KOMITBIOTEPHBIX TEXHOJOTHSAX PEIICHHUS
HayYHBIX 3371a4 — BOIPOCHI MAIIMHHOI TOYHOCTH BBIYMCICHUH, OMOIMOTEKH PabOTHI ¢ TeOMEeTpHUe,
cpencTBa HaydHOU Bu3yanu3aiuu, APl HekoTopbIX OHMOIMOTEK Al pacy€TOB C MCIOIB30BAaHUEM CETOK
W dYacTul, cpeinctBa paszpaborku rpaduyeckoro uHTepdeiica, pa3lUYHbIC  TEXHOJIOTHUH
pacrnapaieTMBaHus pacdi€THOTO KOAa.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-1.1 Ananusupyet 3aaady, BeIIENISSA 3TAbl €€ PELICHNUS,
JIEHCTBUS IO PELIEHUIO 3a1a41

VYK-1.2 HaxomuT, KpUTHYECKH aHAIU3UPYET M BBHIOMpAeT
nHpOpMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! IOCTaBICHHON

YK-1 CriocobOeH oCyIIecTBISTh ITOUCK, -

KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(popManny,
NPUMEHATh CUCTEMHBIN MOAXO ISl pELICHUS
IIOCTABJICHHBIX 3a7a4

VYK-1.3 PaccmarpuBaeT pas3iHyHBIE BapUaHTHl PELICHUS
3a[1auy, OLICHUBAET UX NIPEUMYILECTBA U HEOCTaTKU

YK-1.4 I'pamotHO, JIOTUYHO, apryMEeHTHPOBAHHO
(dhopmupyeT cOOCTBEHHBIE CY>KICHHS U OLIEHKU

YK-1.5 Ompenenser ©  ONEHUBACT  NPAKTUYECKHE
MOCIIE/ICTBUSI BO3MOXKHBIX BAPUAHTOB PEIICHUS 3a/1a41

OIIK-1.1 CriocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,

OIIK-1 Cnocoben npuMeHsTh HAMEATh TIyTH €€ PENICHHs

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

npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.2 CpnocobeH CTpOUTb MareMaTU4ecKHue MOAEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompenensTs TpaHHIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3yJbTaTOB

OIIK-2.1 Crnocoben MPUMEHSTh COBPEMEHHEBIE
OIIK-2 Crioco6GeH KCIob30BaTh COBPEMEHHBIE |BBIYUCIMTEILHYIO TEXHUKY M CEPBHUCHI ceTH MHTEpHET B
“H()OPMAIIMOHHBIC TEXHOJIIOTUU U obmactu (cdepe) mpodeccrHoHaTHHON AeATEIIEHOCTH




NPOTrpaMMHbIE CPEACTBA IIPU PELICHUH 3a1a4 OIIK-2.2 3naer u yMeeT TPUMEHATh YHCIEHHBIC
po(eCCHOHANBHOM IEATENBHOCTH, COOMIONAsA  |MaTEMATHYECKME METOABI M IPHUKIAJHOE HPOrPAMMHOE
TpeOoBaHus MHYOPMAIIMOHHOM OE30MIACHOCTH  [o0ecrieyeHre Il PelIeHMs — Hay4HbIX  3a1ad B
npodeccuoHaIbHON 0bnacTu
OIIK-4.1 Bnameer MerogaMM HAay4yHOTO IIOMCKA H

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOoTKy HayYHO-TEXHUYECKOHN U (HJIIH)
TEXHOJIOTMYECKOH MH(OPMAIIUK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPUKIIAJHBIX 3349

MHTEJJIEKTYaJbHOTO aHajdM3a HMHGOPMAIMK TIpPU pEIIeHUU
3a1a4 npodeccuoHaNbHON AEATEIbHOCTH

OIIK-4.2 3HaeT 0CHOBHBIE HCTOYHUKH HAYYHO-TEXHUYECKOM
u (W) TexHoJornyeckod wuHpopMauum B objacTu
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
(yHIaMEHTANbHBIX U MIPUKIATHBIX
HCCIIeOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTHYEeCKUE METO/bl UCCIEI0BAaHUMN, U
paborars Ha COBPEMEHHOM SKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTENbCKOM,
WU3MEPUTENBHO-aHATUTUYECKOH 1
TEXHOJIOTUYECKOH anmnaparype

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

OIIK-5.2 OOnamaerT CIOCOOHOCTBIO K OCBOEHHIO HOBBIX
3HAHWUU HAa OCHOBE M3YUYCHHS JIMUTEPATYPHI, HAYYHBIX CTaTel
U IPyTUX UCTOYHUKOB

OIIK-5.3 Cnocober k mpodeccCHOHATHHOW SKCILTyaTarluu

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

anmaparypsl

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

[IK-1.3 Bnageer kyasTypoil IOCTAaHOBKH Hay4YHOM 3ala4dl U
MOZIEIIMPOBAHUS €CTECTBEHHOHAYYHBIX OOBEKTOB M CHCTEM

[IK-1.6 3HaeT OCHOBHBIC MpaBWia TOBEACHUSI M PabOTHI B
COBpPEMEHHOI Hay4HO# abopaTopun

I[IK-1.4 VYmeer cTpoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W WCCIEAOBAaHUS TPOIECCOB U SBICHHHA B
COOTBETCTBYIOIIUX HAYYHBIX 001aCTIAX

[IK-1.8 Brnameer HaBblkKamMH pPabOTBI C COBPEMEHHBIMH
SI3BIKAMH [IPOIPAMMHPOBAHUS M TPOTPAMMHBIMU TTaKETaMHU
ISl HAYYHBIX PacueToB

I[IK-1.7 Cnocoben orneHuBarh TpeOyeMble  pecypchl
(MatepuasbHble ¥ BPEMEHHBIC) Ui IUIAHUPOBAHUS H
MPOBE/ICHUS HAYYHOTO SKCIIEPUMEHTA

[MK-2 CriocobeH aHanu3upoBaTh MOTyUYCHHBIE B
XO0JIe HayYHO-HCCIIEe0BATENLCKON paOOThI
JAHHBIC U J€J1aTh HAyYHBIC BHIBOJIBI
(3aKITrOuCHMS )

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

IIK-2.2  VYMeeT HaxOOUTh  KIIIOUEBBIC
OTIpEICIIAIONINE H3y4yaeMoe SIBJICHHE,
YUCJICHHBIE OLICHKHU MO MOPSAIKY BEITUYUHBI

rapaMeTpebl,
U IIPOU3BOIUTH

[1K-3 CnocoGeH BbIOMpATh U IPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEIOBAHUH IS PELICHHS 3a]1a4 B
M30paHHON IPeAMETHOM 00IacTH

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

[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 CnocobeH 000CHOBaTh NPUYMHHO-CJIC/ICTBCHHBIC
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOesIei

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI

3HAThb:




- OcoOeHHOCTH HATUCaHUA PACYETHOTO KOAA € YIETOM MAIIMHHONW TOYHOCTH BBIYUCIICHU;
- OJIHY U3 OMOIHOTEK PabOTHI C TeOMETPHEN M OCTPOCHUS PACUETHBIX CETOK;
- TEXHOJIOTUH HAYyYHO! BU3yalu3aluu ¢ ucnonb3oBanueMm VTK;
- OJIHY M3 OMOIHOTEK U1 pacYETOB C UCHOIB30BAHUEM CETOK MJIH YaCTHIL;
- 0a30BbIE MPUHLIMIIBI Pa3padOTKU TpaduuecKkoro HHTepdeiica;
- 0a30BbIe TPUHIUIBI pacHapajjieliBaHusi pacdéTHOro Kojxa ¢ ucmonb3oBanuem OpenMP, MPI,
CUDA.
YMETh!
- Oro6paxarh GU3NIECKYIO 3a7ady Ha KOMIIBIOTEPHBIE TEXHOJIOTHH €€ PEIICHUS;
- OTIPENENATh AOMYCTUMOE IPUONMKEHHE 331a4 ¢ yYETOM MMEIOIINXCS BXOIHBIX JAHHBIX;
- BBIIOJIHATH IPOEKTHPOBAHUE U Pa3padOTKy MPOrpaMMHOIO 0OecIieueH s UIsl TOCTaBICHHOM 3a/1a4u;
- UCTIONIB30BaTh CHCTEMY KOHTPOJISL BEpCHH git 17151 COBMECTHOM pa3paboTKy;
- IPEJICTABIISATH BHIIOJHEHHYIO paboTy B popMaTe JOKIAaA.
BJIaJICTh:
- HaBblkamu ucnionbs3oBaHus git;
- HaBbIKAMH MCTIOJIb30BaHUS git CPEICTB BU3yaIU3alNH;
- HaBBIKAMM HAITMCAHUS KPOCCIUIAT(GOPMEHHBIX OKOHHBIX HHTEp(EeHcoB ¢ ucnonb3oBanuem Qt.

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

4.1. Paznenbl nuctMIiInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunaper | JlaGopat. paGoOTHI
pabora
1 CpenctBa COBMECTHOH pa3paboTKu ¢ 4 10
HCIOJIBb30BaHUEM git.
CpenctBa  Bu3yanuzauuu.  Hayunas
2 BHU3yaIH3aIus c HCIIOJIb30BaHUEM 4 10
vtk/paraview.
3 CpenctBa Bm3yanmzamuu. 2D u 3D 4 10

rpa¢uka cpencrsamu OpenGL.

CpenctBa  pabOTBI €  TEOMETPHEH.
4 l'eomeTpuueckue Moaenu - MOCTPOCHHUE, 4 10
HUMIIOPT B CBOIO IIPOrPaMMYy.

CpenctBa  paboTel € TeOMETpPHUEH.
PacuérHpie ceTkum cpenctBamu  gmsh,
Ani3D, CGAL - nocrpoeHue, UMIOPT B
CBOIO TTPOTPaMMYy.

TexHUKH MOAETHPOBAHHS (PUIHUSCKUX
6 3agad. Hexoropeie Oubnmorexkn u API 8 10
ISl CETOYHBIX METO/IOB.

TexHUKH MOAETUPOBAaHUA (U3HUECKUX
7 3agay. Hexoropeie Oubnmorexun u API 8 10
JUISL METOZIOB YaCTHII.

OcoOCHHOCTH HamUCaHHUA PacYETHOTO
8 koma. Bompocsl npon3BOAUTENHHOCTH. 4 10
ManHHast TOYHOCTh BBIYMCIICHHN.

KpoccrnnarpopmenHsie OKOHHBIE
9 uHTepdeiicel ¢  ucnons3oBanueM  Qt. 4 10
bazoBbliii 0030p TEXHOJIOTHH.

Texnomorun pacnapajuleIMBaHusl  Ha
10 |CPU. OpenMP. bazoBeiii  0030p 4 10
TEXHOJIOTHH.




1 TexHomoruu  pacnapajuleiMBaHus — Ha 4 10
CPU. MPI. ba3oBsrit 0030p TEXHOJIOTHH.
TexHomornu  pacnapayuleIMBaHUsS — Ha

12 |GPU. CUDA. BbazoBbrit 0030p 4 10
TEXHOIOTHU.

Htoro yacos 60 120

[TonroToBka K 3K3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 180 yac., 4 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 4 (Becennuit)
1. CpencTBa COBMECTHOM pa3pabOTKU C HCIIOIb30BAHUEM git.

LlenTpanu30BaHHbIE M pacHpeesIEHHbIE CHCTEMbl KOHTPOJIs Bepcuil. O0Imas opranu3amnus CUCTEMBI
KoHTpoist Bepcuil git. [lonstue kommuTa (commit), Betku (branch), pemosutopusi (repository).
Bapuantsl opranusannu paboThl P COBMECTHON pa3pabOTKe MPOEKTa C UCIOIb30BAaHHEM OOIIETO
penozutopusi. llonsitue ¢opka (fork), kinonupoBanms (clone), crnusHMs (merge), 3ampoca Ha
n3menenwne (pull request). KonconbHblit nuaTepdeiic git. Hekotopkie rpaduieckie KIUSHTHI git.

2. CpencrBa Busyanu3auun. Hay4unas Busyanusanus ¢ ncnosis3oBanueM vtk/paraview.

Paznuunble monxoxel K Busyasnmsanuu. IloHsTne 00 acMHXPOHHOCTH pacdyéra M BU3yalH3allH
BBIUMCIIUTENBHBIX JKclepuMeHToB. OOmas apxurekrypa Oubmmorexku VTK. PabGora co
CTPYKTYPHUPOBAaHHBIMH M HECTPYKTYPUPOBAHHBIMH CETKaMH M3 pacuéTHeIX Moxyned Ha C++ u
Python. 3anuce auHamMuueckoro mporecca Kak MOCIeI0BaTeNbHOCTH KaJIpoB. [IpocmoTp, aHanu3 u
nmocrobpaboTKa pacyETHBIX NaHHBIX B Paraview.

3. Cpenctra Buzyanuzaiuu. 2D u 3D rpaduka cpencramu OpenGL.

BricOkOypOBHEBBIIT  0030p CpEICTB HMHTEPAKTUBHOW MAaITMHHON Tpaduku. Bzaumopeiictue
mpuKIagHOro pacuértHoro kona, mpoueccopa (CPU) u Bugeokaprtel (GPU). OOmas noruka
opraumzaumu OpenGL Kkak THUHOBOrO HHCTpyMEHTa Bu3yasim3anuu. Ilpumepsl HCHONB30BaHUS
OpenGL B cBoeii mporpamme. bubmorexku GLUT, GLFW. butnnorexka SFML.

4. CpenctBa pa0OoThl C reoMerpued. leomerpuueckue MoJeNW - MOCTPOECHUE, MMIIOPT B CBOIO
[IpOrpammy.

OOmue noaxoasl K XpaHEHUIO JAHHBIX O T€OMETPUH CIIOKHBIX MOJENEH WM T'eTepOreHHBIX Cpell.
['eomeTpuueckre TPUMUTHUBBL AJISl ONMUCAHMUA MOBEPXHOCTEW M 00BEMOB. Hekoropeie penaxTopbl
reomerpuueckux wmozeneil. @opmar STL kak mpumep THUIOBOTO Qopmara XpaHEHHs JIaHHBIX
reomeTpun. COIOCTaBlICHUE MOAXOMOB K 33JaHUI0 W XPaHEHUIO T€OMETPHHM C TOAXONAaMHU HpHU
pacyére ¥ BU3yaIu3aluu.

5. CpencrBa pabotel ¢ reomerpueld. Pacu€rnple ceTku cpeactBamu gmsh, Ani3D, CGAL -
MOCTPOCHHE, UMIIOPT B CBOO IPOTPaAMMY.

Heo0XoquMocCTh MOCTPOCHUSI PacUETHBIX CETOK M3 BXOAHBIX I'€OMETPHYECKUX JaHHBIX. THIOBBIC
TpeOOBaHHUA K PAaCUETHBIM CETKaM CO CTOPOHBI BBIYHCIMTENBHBIX Mopayied. bubmuorekm gmsh,
Ani3D, CGAL - obuiast apxuTeKTypa, HCIOIb30BaHUE U3 cBOel nmporpaMmbl Ha C++ win Python.

6. Texnuku MonenupoBaHus (usmyeckux 3anad. Hekoropwie O6ubmuorexkn u APl juis cetouHbIx
METOJIOB.




OOmmit moaXon K MOACTHPOBAHHUIO (PH3MUSCKUX 3a/1a4, B KOTOPBIX OOBEKTOM BBICTYIIAET CILIOUIHAS
cpena. dunocodust ceTOUHBIX METOAOB. HekoTopple OMONMOTEKHM MM peaNnu3alidd CETOYHBIX
metonoB - Deal.Il, Dolfin, FEniCS. IIpumeps! nucnonb3oBanusi OMOIHMOTEK B CBOEH MporpaMmme.

7. Texuuku mopenupoBanust ¢uznuecknx 3anad. Hexoropele Oubmmoreku m APl mis mertomos
YaCTHIL.

OOmuit mozaxonq K MOJETMPOBAHHMIO (PU3MYECKMX 337ad C HCIOJIB30BAHHMEM METOJOB YaCTHII.
CxofcTBa M OTIMYUS METOIOB MOJICKYJSPHOH IMHAMUKA M CIJIQ)KEHHBIX dacTull. Hexoropwie
oubnmorekn as peanusanuu MetonoB yactull - PySPH, SPlisHSPlasH. Ilpumeps ucrons3oBanus
O0uOIMoTEK B CBOCH IpOrpaMme.

8. OCOOCHHOCTH HAIMCAHMS paC‘{éTHOFO Koaa. BOHpOCLI MMPOU3BOAUTCIILHOCTHU. MamwuHHas
TOYHOCTH BBIYHUCIICHUIA.

Bomnpockl NpOM3BOAUTENBHOCTH BBIYMCIUTEIBHBIX IMPOrpaMM, OOYCIIOBJICHHBIE apXUTEKTypon
COBPEMEHHOTO 000pyaoBaHUs - 3PQEKThl UCIOIB30BaHMsI K3IIEH mpoieccopa, oOMeHa TaHHBIMHU C
OIIEPATUBHON MaMAThI0, KOHBEEPHU3ALUH U BEKTOPHU3ALMK onlepauuii. Bormpocel MaliMHHON TOYHOCTH
npu padoTte ¢ MalbIMU U OOJNBIIMMH BennunHaMu. HeoOxoauMocTh o0e3pa3sMepuBaHus JaHHBIX U
IIPUBENEHUS UX K OJHOMY HOPSAKY.

9. KpoccrnardpopMmenHble OKOHHble HHTepdeiickl ¢ wucnonb3oBanuem Qt. bazoBwlii  0030p
TEXHOJIOTUH.

bazoBeiii 0030p Texnomorun Qt. bazoBoe monsitue o cpene paszpaborku Qt Creator. Jlormka
MOCTPOCHUSI OKOHHBIX WHTep(eicoB, OCHOBaHHas Ha 00paboTke coObITH. HeoOxomumocTh
UCIOJNB30BaHUSI ~ OMONMOTEK 1Sl  JOCTIDKEHHS — KPOCCIUIAaT(OPMEHHOCTH  NPHIIOKCHHS.
Heo6xoaMMoCTh HMCIOIb30BaHUS MHOTONOTOYHOCTH M aCHHXPOHHBIX ONEpaluil mpu pazpaboTke
uHTepQeica noip30BaTes.

10. Texnonoruu pacnapasuienusanusi Ha CPU. OpenMP. bazoBsiii 0030p TexHOMOTHU.

[lonsrue o pacnapamnenuBanuu Ha CPU B o01miel mamMsaTH - BO3MOXXHOCTH M OTPaHUYEHUS IOAXO0/A.
BazoBeiii 0030p TexHojormm pacnapamenuBanus OpenMP. Hexotopeie aupextuBbel OpenMP.
Co6opxka nporpammbl Ha C++ ¢ ucnons3zoBanueM OpenMP. McnonszoBanne OpenMP B mporpamme
Ha Python. Ilpumepst ucnonszoBanus OpenMP Ha pa3HBIX JIOTHYECKHMX YPOBHSAX MPOTPaMMBI,
MPUBOISALINE K 3aMETHOTO OTJINYHIO B 3PPEKTUBHOCTH.

11. Texnonoruu pacnapaenuBanus Ha CPU. MPI. ba3oBblit 0630p TeXHOIOTHH.

[lonarue o pacmapamnenuBannd Ha CPU s cynmepkoMIiipioTepa ¢ pacupeAeNEHHON MaMSThIO -
BO3MOKHOCTH M OTFPaHMYEHHUsS] TIOAXOAd, HEOOXOAMMOCTb HH(OPMAIIMOHHBIX OOMEHOB H
cuHxXpoHu3anuu. ba3oelil 0630p TexHonoruu pacnapamienuBanus MPI. Hexoropsie ¢dynkunu MPI,
JOCTaTOYHbIE s 3amycka 0a30BbIX mpuMepoB. COopka u 3amyck mnporpamMmel Ha CH++ ¢
ucnons3oBanueM MPI. Ucnons3zosanne MPI B mporpamme Ha Python.

12. Texnonoruu pacnapasuienuanusi Ha GPU. CUDA. ba3oBsliii 0030p TEXHOJIOTHH.

[lonsatue 00 wucnonbp3oBaHuMU compoueccopoB st BeruuciaeHuil. GPU  kak  componeccop.
HeobxonuMocTh WHGOPMAIIMOHHBIX OOMEHOB M CHHXPOHHU3AIIUH ¢ collporieccopoM. ba3oBelii 0630p
texnonorun CUDA. Hekoroprie ¢pynkunu CUDA, mocrarounsie Ajisi 3amycka 0a30BBIX MPHUMEPOB.
Coopka u 3amyck nporpammbl Ha C++ ¢ ucnons3oBanumeM CUDA. Hcnonb3oBanne CUDA B
nporpamme Ha Python.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

KommbroTepHsIii Ki1ace ¢ J0CKO, MPOEKTOPOM HIIH TEIEBU30POM, MOIKIIOYSHHBIN K ceTu MHTepHeT.



6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPbI

OcHoBHas 1uTeparypa

1. IlporpammupoBanue Ha Python 3 : [Tonpo6noe pykoBoactso [Tekcr] = Programming in Python 3 :
[yueb. mocobue mist By30B] / M. Cammepdui; niep. ¢ anri. A. Kucenesa .— CI16 : CumBon-ITnroc,
2015 .— 608 c.

2. S3bik mporpammupoBanusi C++ miis npodeccuonanos / b. Crpaycrpyn .— 2-e usn., ucnp. —
Mockga : UIHTYUT, 2016 .— DnexTpoH. Bepcus Ted. MyOInKaIuH .

JomnonHurensHas aureparypa

1. UncneHnHble METO/IBI, AITOPUTMBI M IIporpaMmbl. BBenenue B pacnapamienuBanue [Tekct] : yueb.
nocobue 1is By30oB / B. E. Kapnios, A. U. Jlo6anoB .— M. : ®usmarkuura, 2014 .— 192 c.

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

. https://github.com

. https://vtk.org/

. https://www.opengl.org/

. https://www.cgal.org/

. http://gmsh.info/

. https://fenicsproject.org/

. https://pysph.readthedocs.io/

. http://moodle.phystech.edu/enrol/index.php?id=281
9. https://www.qt.io/

10. https://www.openmp.org/
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11. https://www.open-mpi.org/
12. https://developer.nvidia.com/cuda-toolkit

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX IPH OCYLeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHunst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha naGopaTopHBIX 3aHATHSX JUIS AEMOHCTPALMN TEXHOJIOTUN HCIONb3YIOTCS MyJIbTUMEIUIHBIC
TEXHOJIOTUH, BKIIIOUast AEMOHCTPALMIO NIPE3EHTALNN 1 ITOKa3 padoThl NpuiIokeHUH. s koMmangHOH
paboThI HaJ| MPOEKTaMU 00yUarOIIMMCS BO BpeMsl 3aHATHI HE0OX0aAnUM JocTyll B IHTEpHET, B
4acTHOCTH K caiiTy https://github.com CrynenTs MoryT ucnonb30Barh cpeapbl pazpadorku CLion u
PyCharm. [Tpu ux 0TCYyTCTBUU HCIIONB3YIOTCS KOMIMIIATOP g++ U HHTEpIpeTaTtop python B KoMaHaHOMN
CTpOKE.

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

Crynent, uzydarouuii Kypce «KoMmnbroTepHble TEXHOJIOTUH PELIECHUS] HAYYHBIX 3a/1au» JOJDKEH, C OJHOMN
CTOPOHBI, OBIAJETh OOLIMM IOHATUIHBIM alIaparoM, a C JAPYrod CTOPOHBI, JOKEH HAyYHUThCS
IIPUMEHSATh TEOPETUUECKHUE 3HAHUS Ha IIPAKTUKE.

B pesynbrare u3ydeHuss AMCLUUIUIMHBI CTYACHT JOJDKEH 3HATh OCOOEHHOCTH HAINMCAHHUS PacdETHOTO
KoJla ¢ Y4éTOM MAIIMHHON TOYHOCTH BBIYMCIICHUH, OMHY M3 OMOMHOTEK paboThl ¢ TeoMeTpHued u
MOCTPOCHHUS PACUETHBIX CETOK, TEXHOJIOIMH HAy4YHOUM BU3yasn3aluu ¢ ucnons3oBanueM VTK, oqny u3
OubmmoTek A pacyéTOB C HMCIIONB30BAHMEM CETOK WIIM YacTHIl, 0a30BbIe MPUHIMIILI Pa3pabOTKH
rpagpuueckoro uHTEepdeiica, 0a30Bble NPUHLUUIBI pacHapayieIMBaHUsl pacuy€THOrO Koja ¢
ucnons3oBanneM OpenMP, MPI, CUDA.

YeneniHoe 0CBOCHUE Kypca TpeOyeT HanpsKEHHOM paboThI cTyleHTa. B mporpaMme Kypca NpUBEICHO
MHUHHUMAJIbHO HEOOXOIMMOe BpeMs Ui paboThl CcTylAeHTa Hajx Temol. CamocrosTenbHas pabora
BKJIIO4AET B CeOsl:

- UYUTCHUC U KOHCIICKTHUPOBAHUC peKOMGHILOBaHHOﬁ JIATCPATYyPhI;



- npopaboTKy yueOHOro wmarepuaina (Mo y4eOHOH M HAy4yHOW JUTEparype), J0Ka3aTelIbCTBO
OTHENBHBIX YTBEPKICHHI, CBOMCTB;

- peleHwue 3a/1a4, NpeAaraeMbIX CTYJICHTaM Ha JJabOpaTopHbIX padoTax;

- TIOATOTOBKY K JJa0OpaTOpHBIM paboTam.

- peuieHue 3aJaHui

PyKOBOICTBO ¥ KOHTPOJIb 3a CaMOCTOSTENBbHOW pPabOTOil CTyneHTa OCyIecTBIsercss B (opme
WHIMBUyaJIbHBIX KOHCYJIBTALIUH.

ITokazaTeneM BiaeHUs MATEPUAIOM CIIY>KUT YMEHHE PEeIIaTh TEOPETHUECKUE U MPAKTUIECKHE 3a/1a4u.
Jlns popMupoBaHUsl YMEHUS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA MPAKTHKE CTYACHTY HEOOXOAMMO
pemaTh Kak MOJKHO OOJIbIle TIpaKTUYeCcKHX 3a1ad. [Ipu pemienun 3a1a4 Kaxaoe 1eiicTBIe He0OX0JUMO
apryMEHTHPOBATh, CCHUIASICh HAa M3BECTHBIC TEOPETHYECCKHE CBeleHHs. [IporpaMMBbl TOIDKHBI JIETKO
YUTATHCS U UMETh MOJPOOHBIE KOMMEHTApUH.

BaxHO 10OUTHCS MOHMMAHUS W3y4aeMOro Marepuana, a He MEXaHHYECKOro ero 3armoMuHaHus. [Ipu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAYyeT OOpamiarbesi 3a KOHCYIbTAlUAMH K
MPEINOIaBaTeIto, MPOBOISIIEMY JTa00paTOpHbIC paOOTHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

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

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

PaszpatGoTunk: K.A. beknemsliesa, kang. pus.-mar. HayK, JOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

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

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

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

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

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

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

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

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

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

OIIK-1.3 CnocoOeH omnpenensTs TpaHULbl TPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-2 CriocobeH ucrnonb30BaTh COBPEMEHHBIE
UH(OPMAIIMOHHBIE TEXHOJIOTUH U

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

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

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

MHTEJUICKTYaJbHOTO aHajdM3a WH(POpPMAIMUA TPU pEIICHHU
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

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

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

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

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

OIIK-5.3 CnocobeH K TpodecCHOHAIBLHOW DKCILTyaTaIuu

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

anmaparypsl

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

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

[IK-1.6 3HaeT OCHOBHBIC MpaBWIa TOBEACHUS M PaOOTHI B
COBpPEMEHHOH Hay4HO# abopaTopun

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

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

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




[1K-2 CriocobeH aHanu3upoBaTh MOMTyUYCHHBIC B

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

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

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

rapaMeTpebl,
U IIPOU3BOIUTH

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

IK-3.2 3naer o0macTy W KPUTEPUHU TNPUMEHHUMOCTH
UCHOJNB3YEMBIX TEOPETUYECKUX TIOIXOJOB M  yMEHHUE
OLICHMBaTh TOYHOCTh HPUOTMKEHHBIX AHAIUTHYECKHX
METO/I0B BBIYMCIICHHMA

[IK-3.3 YMmeeTr npon3BOANTE OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIUMCIHUTENHHOU
CIIO)KHOCTH  MCIIONb3yEMBIX  aJrOPUTMOB U  o0beMma
TpeOyeMBIX BHIUHCIUTEIBHBIX PECYPCOB

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

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

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare u3ydenus aucuuimiMHbl «KoMIblOTEpHbIE TEXHOJOTMH pelleHus HaydHbix 3agad (JIOK)»

00yJaromuiicst JOmKeH:

3HATb:

- OcoOeHHOCTH HATUCaHUS PACYETHOTO KOAA € YIETOM MAIIMHHONW TOYHOCTH BBIYUCIICHU;

- OIIHYy W3 OMOIMOTEK PabOTHI C TEOMETPUEH U MOCTPOCHUS PACUETHBIX CETOK;

- TEXHOJIOTUH HAYyYHO! BU3yalu3aluu ¢ ucnonb3oBanueMm VTK;

- OJIHY M3 OMOIMOTEK U1 pacyETOB C MCHOIB30BAHUEM CETOK MJIM YaCTHIL;

- 6a30BbIE MPUHLIMIIBI Pa3padOTKU Tpaduueckoro HHTepdeiica;

- 0a30Bble TMPUHIUIBI pacHapajjieliBaHusl pacdéTHOro kKojxa ¢ ucmonb3oBanuem OpenMP, MPI,

CUDA.
yMeTh:

- OTo6paxarh GU3NIECKYIO 3a7ady Ha KOMIIBIOTEPHBIE TEXHOJIOTHH €€ PEIICHUS;

- OTIPENENATh AOMYCTUMOE IPUONMKEHHE 3a1a4 ¢ yYETOM MMEIOIINXCS BXOIHBIX JAHHBIX;

- BBIIIOJIHATH POEKTHPOBAHUE U Pa3padOTKy MPOrpaMMHOTO 0OecIieueH s UIsl TOCTaBICHHOM 3a/1a4u;
- UCTIONIB30BaTh CUCTEMY KOHTPOJISL BEpCHH git 7151 COBMECTHOM pa3paboTKy;

- IPEJICTABIISATH BHIITIOJHEHHYIO paboTy B popMaTe JOKIaaa.

BJIaJeTh:
- HaBblkamu ucnionbs3oBaHus git;

- HaBbIKAMH MCTIOJIb30BaHUS git CPEICTB BU3yaIU3alNH;
- HaBBIKAMM HAITMCAHUS KPOCCIUIAT(GOPMEHHBIX OKOHHBIX HHTEp(eHcoB ¢ ucnonb3oBanuem Qt.

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

Texymuii KOHTPOJb TIPOBOIMTCS IPH TOMOINM IPE3CHTAllMd M OTYETOB IO WTOTaM pPELICHUs
NpaKkTHYECKUX 337ad. B TeueHme cemectpa oT crymeHTa Tpebyercss moapoOHOE M pa3BepHYTOE

peHICHUC TPCX 3aaa4.
Hepequb 3aaay:

1. BpuuciuTh KO3QQHUUUEHTH! 3JUIMIICA MUHUMAIBHON IJIOMIA1, BKJIIOYAIOMIETO B ¢e0s MHOXECTBO
BCEX TOYEK, 3aJaHHbIX KOOPJAMHATAMU B IBYXMEPHOM IIPOCTPAHCTBE.

2. H3BecTHO, YTO B HEKOW JBYXMEPHOHN Cpee MOKa3aTelb MPEeIOMIICHNS 3aBUCUT OT KOOPAWHAT. 3Hast
TOYKY BXOJIa B 3Ty Cpelly U Hy>KHYIO TOUKY BBIXO/Ia OIPEIEINUTh YToi ajib(da, o KOTOPBIM JIyd JIOJKEH
[IOTa/1aTh B 3Ty Cpefy. YKa3aHHE: CUMTATh, YTO MOKA3aTeb IPEIOMIIEHHS CPEABI U3MEHAETCS TIABHO.

3. Ha opbure mox neicTBHMEM BHEIIHUX CHJI JBMXKETCS KOCMHUYECKHMH ammapar. B kauectBe cui
paccMarpuBaeTcs NpuTshKeHUe 3eMid U aBieHue CosHeuHoro uiiyueHust. OnpenenuTs, Iae annapar
Oyzer uepe3 CyTKH. B rpaBUTallMOHHOM HOTEHIMAJE YUYUTHIBATh NEPBbIX 4 rapMOHUKH. CUUTATh, YTO
CHJIA 1aBJICHUS COJIHEYHOI'O U3JIyUEHMs [IPOIIOPLIMOHAJIbHA OCBELIAEMOI IIJI01Ia 1.




4. HyXHO Kako€ MHHUMAJIbHOE KOJMYECTBO TOIUIMBA MOTpeOyeTcs, YTOObI paccumTarh MEpesieT C
reocrarnroHapHoii opoutsl (36 000 kM Hajg ypoBHeM Mopsi) Ha opouty Jlynel 100 kM Hajg ypoBHEM
noBepxHOCTH JIyHBI, 3Has1, 4T0 Macca none3Hoi Harpy3ku 100 kr, tara nsurarens 1 mMH, ynenbHbIi
umnyinsc 20 kM B cekyHay. CuuraTh, YTO CMja TSATM BCErlla HAIpPaBIEHA 10 CKOPOCTU allapara.
Cunrarb, uyto Jlyna neraer Bokpyr 3emun. [paButanuoHHble nons 3emiad U JIyHBl cuuTaTh
LEHTPaIbHBIMHU (T.€. CO3/1aBa€MbIMH TOUEYHBIMU MaCCaMH).

5. MognenupoBaHue TPAaHCIIOPTHOI'O IIOTOKA ¢ TOYHOCTBIO 10 OTJAEIBbHON MallUHBI.

a. Ouepenp Ha cBeTO(OpE C YIETOM BPEMEHH Ha Pa3roH M OCTAHOBKY, JOPOTa OHOIOIOCHAS.

b. ®parmMeHT MHOTOIOJIOCHOM JOPOTH. YUHUTHIBAaTh BpeMsl Ha PasrOH, TOPMOKCHHE, MHHUMAIbHYIO
JUCTAHIUIO, BO3MOXKHOCTh NEPECTPOEHHs] M3 IOJOCHl B TMOJNOCY, OrpaHMYeHue ckopoctd. OleHka
MPOITYCKHOM CITOCOOHOCTH B 3aBUCHMMOCTH OT 3arpy3KH JOPOTH. AHAJIN3 TOTO, KaK pa3Hble MapaMeTphl
BJIMSIFOT HA MPOITYCKHYIO CIOCOOHOCTB.

c. llepexpecTok, peryaupyeMsblid, ¢ pasHBIMH PEXHUMaMH CBETO(Opa, MHOTOIOJIIOCHBIMHU JIOPOTaMU U
pPa3HOM pa3METKOM.

d. IlepexpecTok HeperynupyeMblii, MAIIMHBI OPUEHTUPYIOTCS HA IPUOPUTETHI U 001aCTh BUAMMOCTH.

o

«KBapran» - HeGonbIIas ceTh U3 1OPOT U MEPEKPECTKOB.
«['opomy - GosnbIas ceTh U3 JOPOT U MEPEKPECTKOB.

f.
g. «Hacrosmuii ropomy - nepeprucoBarh WK BBITPY3UTh PEAIbHYIO KapTy.
6. MonekynspHoe MOAETUPOBaHNE.

a

OHOaTOMHBIN Ta3, TPEXMEPHBIN, B 3aMKHYTOM o0beMe. MonenupoBaTh ¢ TOYHOCTBIO IO aroMa.
AHanu3MpoBaTh 3aBUCUMOCTH IABJICHHUS OT TEMIIEPATypbl 1 00beMa.

b. Harpes ¢ omHO#1 CTOpOHBI, JMHAMUKA PaCIIPEICICHIS TEMITEPaTyPhI.
c. CMech HECKOJIBKHX T'a30B.

d. MHoroaToMHBI€ Ta3bl, Y4€T BPAIICHHUS] MOJICKYIIEL.

e. XUMHYECKHUE PEaKIINH.

7. AHanu3 reoJaHHBIX.

a. OL[CHKa mIomaan CyIiu. MO,I[GJ'IBH&SI 3a/lada — KapTHHKa B bmp/png, pasMCuCHHasd CHHUM H
3CJICHBIM.

b. Onenka momamy cymu o gparMenTam GoTo oOKeaHa C T'YIJI/SHIIEKC KapT.
8. MonenupoBanue MEIUIIMHCKOTO YABTPa3ByKa IIPU MOMOIIN peHTpeicuHra.
9. MognenupoBaHue HarpeBa, OXJIAXKIEHUs, TaSHUS U HAMOPa)KUBaHUsI JIb/1a B ApDKTUYECKUX YCIOBUSX.

10. PacyeT rpaBUTAllMOHHOIO MaHEBpa P MOMOIIM YUCIECHHOTO PEUICHUS 3aJa4ud n Tesl. PermeHue
o0paTHOW 3ajaud — TMOAOOp HAyYalbHBIX MAPaMETPOB C IEbI0O JIOCTHKCHUS OIPEACIICHHOW TOYKU
MPOCTPAHCTBA WJIK HA0Opa ONpeIeICHHON CKOPOCTH.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB M TeM JISI IPOBEAEHHUA IIPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

[IpomexxyTouHast aTTecraiusi MO JUCIMILIMHE oOcyllecTBisiercs B ¢opme auddepeHmnpoBaHHOTO
3au€ta. OH IPOBOAUTCS B YCTHOHU (hopMme.

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB:

1. CpencrTBa COBMECTHOM pa3pabOTKU C UCIIOIb30BAHUEM git.

2. Cpenctsa Busyanusauuu. Hayunas Buzyanuzanus ¢ ucrnonb3oBaHueM vik/paraview.

3. Cpenctra Busyanuzanun. 2D u 3D rpaduxka cpencrsamu OpenGL.

4. CpenctBa paboTel ¢ reoMmerpuei. l'eomerpuueckne MoAeNd - IMOCTPOCHHE, UMIIOPT B CBOIO
porpamMmmy.

5. CpenctBa pabotsl ¢ reomerpueii. Pacuérheie cetku cpenctBamu gmsh, Ani3D, CGAL - moctpoenue,
HUMIIOPT B CBOIO IIPOrPaMMYy.

6. Texuuku MmonenupoBaHus ¢uszndeckux 3aaad. Hekoropwie Ombnamorekn u APl nmist ceTounsix
METO/I0B.

7. Texuuku MmoenupoBanus puzndeckux 3anad. Hekoropsie 6ubnmorexu u APl anst MmetonoB yactuil.

8. OcobeHHOCTH HamUCcaHus PacuéTHOTO Koja. Bompockl mpon3BoauTeIbHOCTH. MalimHHast TOYHOCTb
BBEIYUCICHUH.

9. Kpoccrmunardopmennsie OKOHHBIE HHTEp(dench ¢ ucmons3oBanreM Qt. ba3oBblil 0030p TEXHOJIOTHH.
10. Texnonoruu pacnapasuienusanusi Ha CPU. OpenMP. bazoBsiii 0030p TexHOMOTHY.



11. Texnonoruu pacnapaenuBanus Ha CPU. MPI. ba3oBblit 0630p TeXHOIOTHH.
12. Texnonoruu pacnapasuienuanusi Ha GPU. CUDA. ba3oBsiii 0030p TEXHOJIOTHH.

[Mpumepsl 3a1a4 U GepeHITMPOBAHHOTO 3a4eTa!

1. BblnoaHuTh pacyé€T pacHpOCTPaHEHHUs BOJHbI B cpele (M0 33JaHHBIM AHAJUTHUYECKUM
COOTHOILIEHUSIM), pe3yibraT 3anucarh B opmare VTK u Bu3yanusuposars cpeacrsamu Paraview.

2. BpmonHuTh pacu€r 3amaud N Tel, BHU3YyalU3UPOBaTh PE3yJbTaT C HCIOJIb30BaHUEM JHO0OI
BBIOpaHHOM OUOIHOTEKH.

3. 3arpy3uTh T€OMETpPHYECKYI0 MojAelb u3 (aiija, 3a7aTh Ha HEHW CKAIAPHOE IOJIe 1O 3aJaHHBIM
aHAJIMTHYECKUM COOTHOIICHUSIM), pe3yibrar 3anucath B Qopmare VTK u Bu3yanusupoBarb
cpeactBamu Paraview.

4. TloctpouTh B 3aJaHHOM TEOMETPHYECKOM IPUMHUTHBE (WIap, LWIMHAP, IMpHU3MA) CETKY U3
TETPadIPOB, 334aTh HA HEH CKAJISIPHOE TOJIE MO 3aJaHHBIM aHAJIUTHYECKUM COOTHOLLICHHSIM), Pe3yIbTaT
3amucarb B ¢popmare VTK u Bu3yanusuposars cpeacrsamu Paraview.

5. Hamummmre xom, aeMoHcTpupytommi 3ddekr mnepenonHeHuss MaHTHcchl. Hamwmmure xom,
neMoHcTpupytomuid 3¢dekr antunepenonHenus. Omnpenenure MHUHUMAIBHOE MO MOIYIIO YHCIO,
KOTOPBIM MOXKET OllepupoBarh Komnbiorep Juis THoB float n double. CpaBHHTE MPOU3BOAUTEIEHOCTD
paboThl conpoleccopa Ha HOPMAJIM30BAHHBIX U IEHOPMAJIN30BAHHBIX YNCIIAX.

6. Haiitu cpennee apudmeTnieckoe MacCHBa U3 BEILIECTBEHHBIX YHCEN, CPABHUTH BpeMs paboThl MpH
ontumm3anusax 00, O1, O2 u O3.

7. OueHuTh, Kak BIHSIET HCIIONHEHWE PAa3JIMYHBIX OIEepalyii ¢ YucliaM{ C IUIaBalomed TOYKOM
(cnoxeHue, BBIYUTaHUE, YMHOKEHHUE, ICJICHUE U T.7.) HA BpeMs pabOoThl. YCKOPUThH NPOrpaMMy 3a CueT
KoHBelepa omepaumii. M3meputs npousBonutenbHocTh B FLOPS, cpaBHMTh C TeopeTHuecKUMHU
MoKa3aressiMUA Ipo1ieccopa.

8. BBIOTHUTH KOPPEKTHOE CIIMSHUE BETOK pa3paboOTKH B paMKax OAHOTO Zit-pero3uTOpHsL.

9. IloctpouTts rpaduk 3agaHHON GYHKLIMU B OKOHHOM HHTEpdeiice ¢ ucrnoap3oBanueM Qt.

10. PeanuzoBarh 3amaHHble omeparuu Hajg Marpuriamu Ha C++ um Ha Python. CpaBHUTH Bpewms
BbInosHeHUe. OOCyAUTh CKOPOCTh pabOoThI MPH CaMOCTOSITEIBLHON peannu3alny U MPHU UCTIONb30BaHUH
pa3IMYHBIX OUOIHOTEK, OOBSICHUTD Pa3ITHYHSI.

Kpurepun onennBanus
10 - BeicTaBaseTcs CTYICHTY, YCIEIIHO 3allUTHUBIIEMY BCE HEOOXOIUMBIE TIPOEKTHl H
JOTIOJTHUTEIbHBIN MIPOEKT MTOBBIIIEHHOM CJIOXHOCTH, MOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHBIE, TITyOOKHe 3HaHUS Yy4eOHOI mporpamMMbl JUCLUIUIMHBI, & TaKKe CIIOCOOHOCTH
CaMOCTOSTENBHO PA3BUBATh UCXOAHO MOCTABIICHHYIO 3aJa4y IPOEKTa.
9 - BeIcTaBnseTrcs CTyIEHTY, YCHELIHO 3alIUTUBIIEMY BCE€ HEOOXOAMMBIE IPOEKTHI, MOKa3aBIIEMY
BCECTOPOHHUE, CUCTEMAaTU3UPOBAaHHbIE, IITyOOKHE 3HAHUA Y4eOHON MPOrpaMMbl AUCLUIUIMHEL, & TaKKe
CIIOCOOHOCTH CaMOCTOSITEIEHO PAa3BUBATh MCXOHO ITOCTABJIEHHYIO 3a/1a4y MPOEKTa.
8 - BhbIcTaBusieTcsl CTYIEHTY, YCIEIIHO 3alllUTHBIIEMY BCE HEOOXOIMMBIE IPOEKTHI, MOKa3aBIIEMY
BCECTOPOHHUE, CUCTEMaTH3UPOBAaHHbIC, NyOOKHE 3HAHUS yUYEOHOM MPOrpaMMbl AUCHUTLINHBL.
7 - BeicTaBisieTcs CTYACHTY, YCIELIHO 3allMTHBILIEMY BCE HEOOXOAMMBIC MPOEKTHI, €CJIM OH TBEPIO
3HaeT MaTepuall u, 110 CyLECTBY, U3JIaraeT ero.
6 - BrpicTaBnsiercst CTyAEHTY, YCIEIIHO 3allMTHBIIEMY BCE HEOOXOAMMBIE NMPOEKTHI, €CIM OH 3HAEeT
MarepHaill U, 110 CYILIECTBY, U3J1araeT ero, HO JOIyCKaeT B OTBETE Ha 3a4€Te WU Ha 3allluTe IPOCKTOB
CYILLIECTBEHHbIE HETOYHOCTH.
5 - BeicTaBnsieTcs CTyACHTY, YCIEUIHO 3alIUTUBLIEMY XOTsl Obl OMUH MPOEKT, €CIIM OH 3HAET Marepual
u, 110 CYILECTBY, U3JIaraer ero.
4 - BpICTaBIs€TCS CTYACHTY, HE 3alIUTUBIIEMY HMPOEKTHI, €CIIM OH JaET MpaBWIbHBIE (POPMYINPOBKU
0a30BbIX OHATHI U MOXKET IPUMEHSIThH MOJYyUYCHHbIE 3HAHUS 110 00pa3ly B CTaHAAPTHON CUTYaIUH.
3 - BeIcTaBiseTcs CTyAEHTY, HE 3aIlMTHBIIEMY IPOEKTHI, €CIN OH JaéT HEJOCTaTOYHO IPABUIIBHBIE
(bopMynHpOBKH 0a30BBIX TMOHATUH, HapyIIEHHUS JIOTMYECKOHW IOCIEIOBAaTEIbHOCTH B H3JIOKECHUN
MPOrpaMMHOIO MaTepuana, HO MPH 3TOM MOXET NPUMEHATh MOJY4YCHHbIE 3HAaHMS IO 00pasly B
CTaHJApPTHOU CUTyaLUU.
2 - BeicTaBnsieTcsl CTyAEHTY, KOTOPBIH He 3HAaeT OONbIIEH YacTH OCHOBHOTO COJEpXKaHHS Y4eOHOH
MporpamMmbl JUCUUILIMHBI, JIOMYyCKaeT TIpyOble OMMOKH B (OPMYIUPOBKAX OCHOBHBIX TOHITHN
JUCLUIUIMHBL U HE YMEET MUCIIOJIb30BaTh IIOIY4YEHHBIE 3HAHUS IPU PELICHUU THUIIOBBIX IPAKTUUYECKUX
3a/1ad.



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

5. MeToquueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(Wy1M) oNbITA AESITEILHOCTH

HuddepeHIMpOBaHHBIA 3a4eT MPOBOJUTCS MO OWJeTaM, BKIIOYAIOIIMM KOHTPOJIBbHBIE BONPOCH U
[paKTU4yecKue 3a1auu. [Ipy BbICTaBIEHUHY HTOTOBON OLIEHKU YUUTHIBAIOTCSI PE3YJIbTaThl PELLICHUs 3a]1a4
TEKYLIETO KOHTPOJISL.



