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AHHOTANMA
JlaHHBIA Kypc MpeaHa3zHa4YeH JJisl TOTO, YTOOBI MO3HAKOMHTh CTYJICHTOB C METOANKAMH PEIICHUS HECIOXKHBIX
AKTyallbHBIX 33Jlad W3 Pa3lInYHBIX JIA00paTOPHil M OCHOBHBEIMH WHCTPYMEHTAMH, KOTOPBIMHU MOJB3YIOTCS
Hay4YHbIE€ TPOTPAMMHUCTHI.

B pamkax kypca OyzneT gaH 0030p HEKOTOPBIX TEXHOJIOTHH, IPUMEHIEMBIX IIPU PELICHUH HAYYHBIX 3aj]ad, 110
KaX/10i1 TeXHOJIOTUH OyIeT ckaThlii paccka3 B gopmate "teopus + nemoHctpauus”. OCHOBHAs CyTh Kypca —
IPOEKTHAsl JEATEIbHOCTh, pEIIeHHEe HEOONbIINX NPAKTHYECKH 3HAYMMBIX 3a7ad M3 HHCTUTYTCKHX
naboparopuit. [Ipennonaraercsa pabora B rpynmnax mo 2-5 4esoBeK, MOTpyKEHHE KOHKPETHO B BBIOPaHHYIO
3ajady, paboTa HaJl Hel BeCh CeMeCTp, MPEJICTABICHNE HTOIOBOTO PE3yibTara.

1. lean u 3apa4un

Henp AucoMnInHBI
HayuuTb CTyIeHTOB MCIIOIb30BaTh TUIIOBbIE KOMIIBIOTEPHBIE TEXHOJIOIMH PELIEHMs HAy4HbIX 3ajad,
Hay4uTh paboTaTh C KOMIUIEKCHOW 3aJaueil OT ATama MOCTAaHOBKU JI0 pealn3aliy Ha OOJHOM U3 SI3BIKOB
IMPOrpaMMHPOBAaHMS U TPEICTABICHUS pPe3ylbTara, HAyuduTh paboTaTh B TPyNIE C HCIOIb30BaHHEM
CHCTEMBI KOHTPOJISI BEPCHHA git.

3agaum AUCHUILUTHHBI
— dopMupoBaHHe HaABBIKOB pabOTHl ¢ KOMIUIEKCHOW 3aJlaueii OT dTama yTOYHeHHS TPeOOBaHWU U
OIIPEACTICHUS] CTPOTOil TOCTAaHOBKU A0 peajH3alliil Ha OJHOM W3 S3BIKOB MPOTPaMMHPOBAHHS H
MPE/ICTaBICHUS Pe3yibTara;
— ¢QopMupoBaHHEe HaBbIKA TPOCKTHPOBAHUS H Pa3pabdOTKH MPOTPaMMHOTO oOecliedeHus ¢
UCIIOJIb30BaHMEM CHCTEMbI KOHTPOJISI BEPCHUii, B TOM YHCIIe B pabodell rpymre;
— QopmupoBanue 0a30BBIX 3HAHUH O PACHPOCTPAHEHHBIX KOMITBIOTEPHBIX TEXHOJIOTHSIX pPEIICHHS
Hay4YHBIX 3a71a4 — BOIPOCH MAIIMHHON TOYHOCTH BBIYMCICHUH, OMOIMOTEKH padoThl C reoMeTpHeH,
cpencTBa HaydHOU Buzyanu3anuu, APl HekoTopsIx OMONMMOTEK 11t pacu€TOB C UCTIONB30BAHHEM CETOK
W 4YacTWIl, CcpeacTBa pa3paboTku rpaduueckoro uHTepdeiica, pa3inuyHble  TEXHOJIOTUH
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, BBIIEIASA 3TANbI €€ PEIICHHUS,
JIEHCTBUS IO PELIEHUIO 3a1a41

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3HPYET U BbIOUpaeT
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'pamortHoO, JIOTUYHO, apryMeHTHpPOBaHHO
(dhopmupyeT cOOCTBEHHBIE CY>KICHHS U OLIEHKU

VK-1.5 OnmnpenensieT ©  OLEHUBACT  NPAKTUYECKHUE
MOCJIECTBUS BOZMOKHBIX BApUAHTOB PELICHUS 3a1a4H

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,

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 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 MCob30BaTh COBPEMEHHBIE |BBIYUCIMTEILHYIO TEXHUKY M CEpBHMCHI ceTH HHrepHeT B
“H()OPMAIIMOHHBIC TEXHOJIIOTUU U obmactu (cdepe) mpodeccrHoHaTHHON AeATEIIEHOCTH




NPOTrpaMMHbIE CPEACTBA IIPU PELICHUH 3a1a4 OIIK-2.2 3naer u yMeeT TPUMEHATb YHCIIEHHBIC
po(eCCUOHANBHOM IEATENBHOCTH, COOMIONAs  |MaTeMaTUYECKUE METOABl W TMPUKIAIHOE [POrPAMMHOE
TpeOOoBaHus MHYOPMALIMOHHOM OE30IIaCHOCTH  [obecrieyeHre Uil pelIeHMs  Hay4HbIX — 3a4ad 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

MHTEJUJICKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoHaNbHON AEATEIbHOCTH

OIIK-4.2 3HaeT OCHOBHbIE HCTOUHUKH HAYYHO-TEXHUYECKOI
u (WwiM) TexXHOJOrmYeckod wuHpopMauud B OOJIACTH
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 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTAIBHBIX
UCCIIeJOBAaHUN U pa3paboToK

OIIK-5.2 OO0OmnazaerT CIIOCOOHOCTHIO K OCBOEHHIO HOBBIX
3HAHWUU HAa OCHOBE M3YUYCHHS JIMUTEPATYPHI, HAYYHBIX CTaTel
U IPyTUX UCTOYHUKOB

OIIK-5.3 Cnocober k mpodecCHOHATBHOM 3KCILTyaTalluu

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 Brageer KyapTypoi IOCTAaHOBKM HAyYHOW 3aJ1aud U
MOZIEIIMPOBAHUS €CTECTBEHHOHAYYHBIX OOBEKTOB M CHCTEM

[IK-1.6 3HaeT ocHOBHBIC TpaBWiIa TOBEJACHUS U pabOTHI B
COBpPEMEHHOI Hay4HO# abopaTopun

I[IK-1.4 VYmeer cTpoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W MCCIEAOBaHHUA TIPOLECCOB M SABIEHUN B
COOTBETCTBYIOIIUX HAYYHBIX 001aCTIAX

[IK-1.8 Brnameer HaBbIKamMu pabOTHI C COBPEMEHHBIMU
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  VYMeer HaxoOUTh  KIIOUEBLIC
OTIpECIIAIONINE H3y4yaeMoe SIBJICHHE,
YUCJICHHBIE OLICHKHU MO MOPSAIKY BEITUYUHBI

napamMmeTphl,
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 IIOAXOIOB W  YMEHHE
OLICHMBaTh TOYHOCTh HPUONMKEHHBIX AHATUTUYECKHUX
METO/I0B BBIYMCIICHHMA

[IK-3.3 YmMmeeT npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTEIHHOU
CIIO)KHOCTH  MCIIONB3yEMBIX  aJrOPUTMOB M o0beMa
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

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;
- 0azoBble TMPHUHIUIBI paclapayieInBaHus pacu€THOTO Kojaa ¢ wucrnonb3oBannem 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 COBMECTHOM pa3paboTKH ¢ 4 10
HCIOJIBb30BaHUEM git.
CpenctBa  Bu3yanuzauumu.  Hayunas
2 BHU3yaIH3aIus c HCIIOJIb30BaHUEM 4 10
vtk/paraview.
3 CpenctBa Bm3yanuzamuu. 2D u 3D 4 10

rpa¢uka cpencrsamu OpenGL.

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

CpenctBa  paboTel € TEOMETpPHUEH.
PacuétHpie cerkum cpencrBamu gmsh,
Ani3D, CGAL - noctpoeHnue, uMIopT B
CBOIO TTPOTPaMMYy.

TexHUKH MOIECTHPOBAHHUA (HUINUSCKUX
6 3amau. Hexoropeie Oubmmorekn u API 8 10
ISl CETOYHBIX METO/IOB.

TexHUKH MOIETHPOBAaHUA (UINUECKUX
7 3agay. Hexoropeie Oubnmorexkn u API 8 10
JUISL METOZIOB YaCTHII.

OcCOOCHHOCTH HAaNUCaHHUA PacuETHOIO
8 kofma. Bompocsl TpOM3BOAUTETHLHOCTH. 4 10
ManHHast TOYHOCTh BBIYMCIICHHN.

KpoccrnnarpopmenHsie OKOHHBIE
9 uHTepdeiicel ¢ ucmnonb3oBaHuem  Qt. 4 10
bazoBbliii 0030p TEXHOJIOTHH.

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




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

12 |GPU. CUDA. bazoBsiii 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.

LlenTpanu3oBaHHbIE M pacHpeesIEHHbIE CHCTEMbl KOHTPOJIs Bepcuil. O0Imas opranu3anus CUCTEMBI
KoHTpoist Bepcuil git. [lonstue kommuTa (commit), Betku (branch), pemosutopusi (repository).
BapuanTtsl opranusanuu paOoThl IIPH COBMECTHOM pa3paboTKe MPOEKTa ¢ MCHOIb30BaHUEM OOIIEro
penozutopusi. Ilonstue ¢opka (fork), kmonumpoBanust (clone), ciausHus (merge), 3ampoca Ha
n3menenwne (pull request). KonconbHblit nuaTepdeiic git. Hekotopkie rpaduieckie KIUSHTHI git.

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

Paznuunble moaxoabl K Buiyanuszanuu. [loHATHE 00 aCHMHXPOHHOCTHM pacuéra M BU3yalIN3alllH
BBIUMCIIUTENBHBIX JKclepuMeHToB. OOmas apxurekrypa Oubmmorexku VTK. PabGora co
CTPYKTYPUPOBAaHHBIMH M HECTPYKTYPHUPOBAaHHBIMH CETKaMH M3 pPacu€THbIX Moaynaeid 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 HWHTEPAKTHBHON MamMHHON Tpaduku. BzaumoneiicTBue
MpUKIAAHOTO pacuéTtHoro koga, mpoueccopa (CPU) u Bugeokapter (GPU). OOmas noruka
opraumzaimn OpenGL Kak THHNOBOrO HMHCTPyMEHTa Bu3yanu3anuu. I[Ipumepsl HCHONb30BaHUSA
OpenGL B cBoeii mporpamme. bubmorexku GLUT, GLFW. butnnorexka SFML.

4. CpenctBa paboTbl ¢ reoMmerpueid. [eomerpuueckue MoIenH - MOCTPOCHHE, UMIOPT B CBOIO
[IpOrpammy.

OOmue moaxoasl K XpaHEHHUIO JAaHHBIX O TEOMETPHU CIOKHBIX MOJENICH MM T€TepOreHHBIX Cpell.
['eomeTpuueckre MPUMUTHUBBL AJISl ONMUCAHHS IMOBEPXHOCTEH M 00bEMOB. HekoTopble penakTops
reomerpuueckux wmojeneiil. @opmar STL kak mpumep THIOBoro (opmara XpaHEHHs JaHHBIX
reomeTpun. COIOCTaBlICHUE MOAXOMOB K 33JaHUI0 W XPaHEHUIO T€OMETPHHM C TOAXONAaMHU HpHU
pacyére ¥ BU3yaIu3aluu.

5. CpenctBa pabotbl ¢ reomerpueir. Pacuérneie cerkm cpeactBamu gmsh, Ani3D, CGAL -
MOCTPOCHHE, UMIIOPT B CBOO IPOTPaAMMY.

Heo0XoquMocTh MOCTPOCHUSI PAacYETHBIX CETOK M3 BXOIHBIX I€OMETPHUYECKHX JaHHBIX. THIIOBBIC
TpeOOBaHHUA K PACUYETHBIM CETKaM CO CTOPOHBI BBIYMCIUTEIBHBIX MOIyneil. bubmmorexkn gmsh,
Ani3D, CGAL - obuiast apxuTeKTypa, HCIOIb30BaHUE U3 cBOel nmporpaMmbl Ha C++ win Python.

6. Texnuku MomenupoBaHusi puzmueckux 3amad. Hexotopeie Oubmmuorekm u APl mnst ceTowHBIX
METOJIOB.




OOmmit moaXon K MOJACTMPOBAHHUIO (PU3UUECKUX 33/1a4, B KOTOPHIX OOBEKTOM BBICTYIAET CILUIOIIHAS
cpena. dunocodust ceTodyHbIX MeToZ0B. Hekoropeie OMOMMOTEKW IS peamu3allil CETOYHBIX
metonoB - Deal.Il, Dolfin, FEniCS. IIpumeps! nucnonb3oBanusi OMOIHMOTEK B CBOEH MporpaMmme.

7. Texnuku monenupoBaHus ¢(u3mueckux 3amad. Hexoropweie Ounbmmorexku u APl ams meromos
YacTHII.

OOmuii moAxox K MOJCTUPOBAHUIO (U3MUECKUX 3aJad C MCIOJIb30BAHMEM METOJOB YaCTHII.
CxofcTBa M OTIMYUS METOIOB MOJICKYJSPHOW JWHAMUKMA M CIIQKEHHBIX dYacThll. HexoTtopsie
oubnuorekn s peanuzanuu meronoB yactull - PySPH, SPlisHSPlasH. [Tpumeps! ucnons3oBanus
O0uOIMoTEK B CBOCH IpOrpaMme.

8. OCOOCHHOCTU HaNUCAHUS paC‘léTHOFO Kozaa. BOHpOCBI MNPOU3BOAUTCIIBHOCTH. MamwuHHas
TOYHOCTH BBIYHUCIICHUIA.

Bomnpockl NpOM3BOAUTENBHOCTH BBIYMCIUTEIBHBIX IMPOrpaMM, OOYCIIOBJICHHBIE apXUTEKTypon
COBPEMEHHOTO 000pYIOBaHUS - 3PQEKTHl UCIONB30BAaHMUS KAILIEH Mporeccopa, oOMeHa AaHHBIMU C
OIEPATUBHON NaMsThIO, KOHBEEPU3ALMKY U BEKTOPU3ALMU Ollepanuii. Bonpocsl MallMHHONW TOYHOCTH
npu padoTte ¢ MalbIMU U OOJNBIIMMH BennunHaMu. HeoOxoauMocTh o0e3pa3sMepuBaHus JaHHBIX U
IIPUBENEHUS UX K OJHOMY HOPSAKY.

9. KpoccrnardpopMmeHHble OKOHHble WHTepdelickl ¢ wucnonb3oBanuem Qt. bazoBwlii  0030p
TEXHOJIOTUH.

bazoBeiii 0030p Texnomormu Qt. basoBoe mousitHe o cpeme paspabotkm Qt Creator. Jlormka
MOCTPOCHUSI OKOHHBIX HHTep(deicoB, OCHOBaHHAas Ha o00paboTke coObITHL. HeoOxomumMocTh
UCHOJNB30BaHUSI ~ OMONMMOTEK AN JOCTMXKEHHS  KpocCIIaTOPMEHHOCTH — NPUIIOKEHUS.
Heo6x0aMMOoCTh MCIIONIB30BaHUS MHOTOIOTOYHOCTH M ACHHXPOHHBIX OINepanuid Ipu pa3paboTke
uHTepQeica noip30BaTes.

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

[onsarue o pacnapamnenuBanur Ha CPU B 00mieit maMaTu - BOSMOXXHOCTH M OTpaHHYEHHSI TIOAXO0/a.
BbazoBeiii 0030p TexHonmoruu pacnapaienuBanus OpenMP. Hekoropwie mupexktuBel OpenMP.
Co6opxka nporpammbl Ha C++ ¢ ucnons3oBanuem OpenMP. McnonszoBanne OpenMP B nporpamme
Ha Python. Ilpumepsr ucnons3oBanmss OpenMP Ha pa3HBIX JIOTHYECKHX YPOBHSIX MPOTPAMMBIL,
MPUBOISALINE K 3aMETHOTO OTJINYHIO B 3PPEKTUBHOCTH.

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

[lonsarue o pacmapaienuBannu Ha CPU nmist cymepkommbroTepa ¢ pacrpelesiéHHOW MaMAThIO -
BO3MOKHOCTH M OTFPaHMYEHHUsS] TIOAXOAd, HEOOXOAMMOCTb HH(OPMAIIMOHHBIX OOMEHOB H
cuHXpoHu3anuu. ba3oBelil 0030p TexHonorun pacnapamienuanus MPI. Hexoropeie ¢pynkun MPI,
JOCTaTOYHBIE I 3amycka Oa3oBbIx mnpumepoB. COopka M 3amyck mporpamMmsel Ha C++ ¢
ucnons3oBanueM MPI. Ucnons3zosanne MPI B mporpamme Ha Python.

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

[lonsatue 00 wucnonbp3oBaHuu compoueccopoB s BeiuuciaeHnit. GPU  kak  componeccop.
HeobxonuMocTh WHGOPMAIIMOHHBIX OOMEHOB M CHHXPOHHU3AIIMHU C COIpPOIleccopoM. ba3oBblit 0030p
texnonorun CUDA. Hekoroprie dynkunu CUDA, nocrarounsie Ajisi 3amycka 0a30BBIX MPUMEPOB.
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/

11. https://www.open-mpi.org/

12. https://developer.nvidia.com/cuda-toolkit
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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, usydaronmii kypc « KoMnbroTepHble TEXHOIOIMY PELIEHUs] HayYHbIX 33au» JOJDKEH, C OJHOM
CTOPOHBI, OBIAaJETb OOLIUM IOHATUHHBIM aNmaparoM, a ¢ JIPYrod CTOPOHBI, JOIKEH HAy4HUThCS
IIPUMEHSATh TEOPETUUECKHUE 3HAHUS Ha IIPAKTUKE.

B pesynbrare u3yyeHHs OUCLMIUIMHBI CTYACHT IOJDKEH 3HAaTh OCOOCHHOCTH HAIMCaHHUSA PacdETHOTO
KoJla ¢ y4ETOM MAIIMHHOW TOYHOCTH BBIYMCICHWHA, OAHY M3 OMONHOTEK paboThl ¢ TeoMeTpHued u
MOCTPOCHHUS PACYETHBIX CETOK, TEXHOJOTHH HayYHON BU3yaju3aluu ¢ ucnojib3zoBanueM VTK, ogny u3
OubmmoTek A pacy€TOB C HCIIONB30BAHUEM CETOK WIIM YacTHIl, 0a30Bble MPUHIIMILI Pa3pa0dOTKU
rpaguueckoro uHTepdeiica, 0a30Bble NPUHLMIBI paclapajuleIMBaHUsl pacu€THOTO Koda C
ucnons3oBanneM OpenMP, MPI, CUDA.

YeneniHoe 0CBOCHUE Kypca TpeOyeT HanpsKEHHOM paboThI cTyleHTa. B mporpaMme Kypca NpUBEICHO
MHUHAMAJILHO HeoO0Xomumoe Bpems it paboThl cTymeHTa Hajg Temoi. CamocrosiTesbHas pabora
BKJIIO4AET B CeOsl:

- UYUTCHUC U KOHCIICKTHUPOBAHUC peKOMGHILOBaHHOﬁ JIATCPATYyPhI;



- npopaboTKy yueOHOro marepuana (Mo y4eOHOH W HAaydyHOH JHUTeparype), J0Ka3areiIbCTBO
OTHENBHBIX YTBEPKICHHI, CBOMCTB;

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

- TIOATOTOBKY K JJa0OpaTOpHBIM paboTam.

- peuieHue 3aJaHui

PyKOBOICTBO ¥ KOHTPOJIb 3a CaMOCTOSITENBHOW pPabOTO CTylneHTa OCyIecTBIseTcss B (opme
WHIMBUyaJIbHBIX KOHCYJIBTALIUH.

ITokazareneM BIafeHUs] MaTEPHAIIOM CIY)KUT YMEHHUE pelIaTh TEOPETUIECKHE U MPAKTUIECKUE 3a/1a4uu.
Jns popMupoBaHUsl YMEHUSI IPUMEHSATh TEOPETUUECKUE 3HAHUS HA MPAKTUKE CTYACHTY HEOOXOIHMO
pemath Kak MOJKHO OOJIbIIIe IPaKTUYECKHX 3a/a4. [Ipu pemieHny 3a1a4y kaxkaoe JeiictBue HeoOX0IuMo
apryMEHTHPOBaTh, CCHUIASICh HAa HM3BECTHBIE TCOPETHYECKHE CBEACHUs. [IporpamMMbl TOIKHBI JIETKO
YUTATHCS U UMETh MOJPOOHBIE KOMMEHTApUH.

BaxHO 10OWTHhCS MOHMMaHHS M3y4aeMOTO MaTepHaja, a He MEXaHHYECKOTO ero 3anoMHuHaHus. [Ipu
3aTPYHEHUU H3y4YCHHS OTICIBHBIX TEM, BOIPOCOB, CleIyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MPEINOIaBaTeIto, MPOBOISIIEMY JTa00paTOpHbIC paOOTHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

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

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

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

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

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

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

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

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

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLeHUs

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

OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-2 CriocobeH ucrnonb30BaTh COBPEMEHHBIE
UH(OPMAIIMOHHBIE TEXHOJIOTUH U

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

NPOTPpaMMHBIC CPEACTBA IIPH PCIICHUH 3a1aq OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
po(heCCHOHATIEHON JEATENBHOCTH, COOMIONAs | MaTeMaTHYECKUe METOAbl U TPUKJIAJHOE MPOrPAMMHOE
TpeOoBaHUA MHPOPMALIMOHHON O€30MIaCHOCTH  |obecreueHne  Ajis  pELIEHHMs  HAydHbBIX  3a1ad B
npodeccuoHaIbHON 00nacTu
OIIK-4.1 Brnageer weTromaMu Hay4HOrO TIOMCKa |

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

MHTEJUICKTYaJbHOTO aHaln3a HH(OPMALMH IPH PEUICHUU
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-4.2 3HaeT OCHOBHBIE UCTOYHUKU HAyYHO-TEXHUYECKOU
u (W) TexHoJorHueckod wuHpopManmuu B OONIACTH
npo¢ecCHOHANBHON eI TeNbHOCTH

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

OIIK-5.1 CnocobeH pemarh TOCTaBICHHbIC 3a/1a4d B
obnactu TEOPETHUECKUX u SKCTIIEPUMEHTAJILHBIX
UCCIIeJOBaHUN U pa3pabOTOK

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

OIIK-5.3 CnocobeH k mpodeCCHOHANBHOW JKCIUTyaTaIuu

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

anmaparypsl

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

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

[IK-1.6 3HaeT ocHOBHBIC NpaBWiIa MOBEACHUA U PabOTHI B
COBpPEMEHHOH Hay4HO# abopaTopun

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

[IK-1.8 Brnageer HaBbikamMu palbOTBI C COBPEMEHHBIMHU
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  VYMeer HaxoOUTh  KIIOUEBLIC
OTIpECIAIONINE H3yYaeMoe SIBJICHHE,
YUCJICHHBIE OLICHKHU MO MOPSAIKY BEITUYUHBI

napamMmeTphl,
U IIPOU3BOIUTH

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

IK-3.2 3naer o0macTy W KPUTEPUHU TNPUMEHHUMOCTH
UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
OLICHMBATh TOYHOCTh HPUONMKEHHBIX AHATUTHUYECKHUX
METO/I0B BBIYMCIICHHMA

[IK-3.3 YmMmeer npou3BOANTE OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIUMCIHUTENHHOU
CIIO)KHOCTH  MCIIONB3yEMBIX  aJTOPUTMOB M o0beMa
TpeOyeMBIX BHIUHCIUTEIBHBIX PECYPCOB

[MK-4 CriocoOeH KpUTHYECKH OLIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U

[MIK-4.3 CnocobeH o0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOJIeNIei

METOIOB

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHH

B pesynmsrare m3yueHHs TUCHUILUTUHBI «KOMIBIOTEpHBIC TEXHOJIOTHH pemeHus HaydHbIX 3anad (JIOW)»
00yJaromuiicst JOmKeH:

3HATh:
- 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 TMPHHIMIBI pacnapaiieIuBaHusl pacy€THOTO Koja C wucrnoib3oBanueM OpenMP, MPI,
CUDA.
yMeThb:
- 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.
BJa/IeTh:
- 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

Texkymuii KOHTPOJIb TPOBOAMUTCS NPU IMOMOIIM MPE3CHTAUMH M OTYETOB [0 MTOTaM pPEIICHUS
NPaKTHYECKUX 337ad. B TedeHwe cemecTtpa OT CTyaeHTa TpeOyercss MOIpoOHOE M pa3BEepHYTOE
pelIeHne Tpex 3a1ad.

[lepeuens 3anay:

1. BpuuciuTh KO3QQUIUEHTH! 3JUIMIICA MUHUMAIBHON IJIOMIAI1, BKIIOYAIOMIETO B ¢€0sI MHOXECTBO
BCEX TOYEK, 3aJaHHbIX KOOPJAMHATAMU B IBYXMEPHOM IIPOCTPAHCTBE.

2. H3BecTHO, YTO B HEKOM IBYXMEPHOH cpelie MoKa3areib IPeIOMIICHHUS 3aBUCUT OT KOOpAUHAT. 3Has
TOYKY BXO/Ia B 3Ty CPEAy M HYXKHYIO TOUKY BBIXOJa ONPEAEIUTh yroJ anb(a, Mo KOTOPBIM JIyd JI0JKEH
MoMajarh B 3Ty Cpely. YKa3zaHHe: CUUTaTh, YTO MOKA3aTelb MIPEIOMIICHHUS CPEAbl H3MEHSAETCS IIABHO.
3. Ha opOure mox ameWcTBMEM BHEIIHMX CHJI JBHXKETCS KOCMUYECKHH ammapar. B kauectBe cui
paccMarpuBaeTcs NIpuTsbkeHue 3eMiu U aasiaeHue CoiaHedHoro usinydeHus. OnpenenuTs, rie anmnapar
Oyzer uepe3 CyTKH. B rpaBUTallMOHHOM MOTEHIHMANIE YYUTHIBATH MEPBBIX 4 rapMOHUKH. CUUTATh, YTO
CHJIA 1aBJICHUS COJIHEYHOI'O U3JIyUEHMs [IPOIIOPLIMOHAJIbHA OCBELIAEMOI IIJI01Ia 1.




4. HyXHO Kako€ MHHUMAJIbHOE KOJMYECTBO TOIUIMBA MOTpeOyeTcs, YTOObI paccumTarh MEpesieT C
reocrarnoHapHoi opoutsl (36 000 kM Hax ypoBHeM Mopsi) Ha opOuty Jlynsl 100 kM HaJ ypoBHEM
noBepxHOCTH JIyHBI, 3Has, 4YTO Macca none3Hoil Harpysku 100 xr, tara nsurarens 1 MH, ynenbHsIi
umnyinsc 20 kM B cekyHay. CuuraTh, YTO CMja TSATM BCErlla HAIpPaBIEHA 10 CKOPOCTU allapara.
Cunrars, uyto Jlyna neraer Bokpyr 3emuu. [paButanuoHHble mHons 3emid W JIyHBI cuMTaTh
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. ®parMeHT MHOTONOJIOCHOH AOPOTH. YUHUTHIBATH BPEMs HA PasroH, TOPMOXKEHHE, MUHUMAJIbHYIO
JUCTAHIUIO, BO3MOXKHOCTh NEPECTPOEHHUs] M3 IOJIOCHI B TOJOCY, OrpaHMYeHHEe CKOpocTH. OneHka
MPOITYCKHOM CIIOCOOHOCTH B 3aBUCHMOCTH OT 3arpy3KH JIOPOTH. AHAJIHM3 TOTO, KaK Pa3HbIEe apaMeTphl
BJIMSIFOT HA MPOITYCKHYIO CIOCOOHOCTB.

c. llepekpecTok, peryiupyeMsblii, ¢ pa3HbIMU PEeXUMaMU CBETO()Opa, MHOTOIOIOCHBIMU JOPOTaMy U
pPa3HOM pa3METKOM.

. IlepekpecTok Heperyaupyemblid, MallIMHbl OPUEHTUPYIOTCS Ha IPUOPHUTETHI U 00J1aCTh BUIUMOCTH.
«KBapran» - HeGonbIIas ceTh U3 1OPOT U MEPEKPECTKOB.

«['opomy - GosnbIas ceTh U3 JOPOT U MEPEKPECTKOB.

«Hacrosmuit ropoy - nepepucoBaTh WIK BEITPY3UTh PEAJIbHYIO KapTy.

. MoseKkynsipHOE MOACIIUPOBAHHUE.

® oOw o A

OHOaTOMHBIN Ta3, TPEXMEPHBIA, B 3aMKHYTOM 00beMe. MoJenmupoBarh ¢ TOYHOCTHIO JIO aroMa.
AHanu3MpoBaTh 3aBUCUMOCTH IABJICHHUS OT TEMIIEPATypbl 1 00beMa.

. HanCB C OHHOﬁ CTOPOHBI, IMHAMUKA PACHPCACICHUA TCMIICPATYyPhbI.
. CMech HECKOJIbKUX Ira30B.

b
c
d. MHoroaToMHBI€ Ta3bl, Y4€T BPAIICHHUS] MOJICKYIIEL.
¢. XUMHUYECKUE PeaKinu.

7. AHanu3 reoJaHHBIX.

a.

OL[CHK& Iomaan CyIuu. MO,Z[CJ'IBHaH 3aJlada — KapTUHKa B bmp/png, pasMCUYCHHAasA CUHUM U
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 rpaBUTAallMOHHOTO MaHEBpa NPU MOMOIIM YUCJICHHOTO PEUICHUs 3ajladyd n Ted. Pemienue
oOpaTHOW 3amaun — ToAOOp HAYaNbHBIX MapaMETPOB C LENbI0 JOCTHKEHHUS OIpPEJeIEHHOW TOYKU
MPOCTPAHCTBA WJIK HA0Opa ONpeIeICHHON CKOPOCTH.

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

[IpomexxyTouHast aTTecTanusi MO JWUCHUILIAHE OCYIIECTBIsieTcs B ¢opMme TudQepeHITPOBAHHOTO
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 ¢ reomerpueil. l'eomerpuueckre Monenu - MOCTPOECHUE, MMIIOPT B CBOIO
porpamMmmy.

5. CpenctBa pabothl ¢ reomerpueii. Pacuérueie cetku cpeacrsamu gmsh, Ani3D, CGAL - noctpoenue,
HUMIIOPT B CBOIO IIPOrPaMMYy.

6. Texuukum monenupoBanusi (uznyeckux 3anady. Hexoropeie Oubmmorexku m APl anst ceTodyHbIX
METO/I0B.

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

8. OcobeHHOCTH HamUCcaHus PacuEéTHOTO Kojia. Bompockl Mpon3BoAUTEIHbHOCTH. MallinHHast TOYHOCTD
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. BpImonHUTH pacyéT pacHpoCTpaHEHHs BOJHBI B cpexe (MO 3aJaHHBIM  AHAIUTUYECKUM
COOTHOILIEHUSIM), pe3yibraT 3anucarh B opmare VTK u Bu3yanusuposars cpeacrsamu Paraview.

2. BemonauTth pacy€ér 3amaun N Ten, BHU3YalIM3HPOBATh PE3YyJNbTaT C HCIONb30BAaHUEM JIHO0OM
BBIOpaHHOM OUOIHOTEKH.

3. 3arpy3uth reOMETpPHUYECKyI0 Monenb u3 (¢aiia, 3a7aThb HA HEW CKAIAPHOE TOJEe MO 3aJaHHBIM
AaHAJIMTUYECKUM COOTHOIICHUsIM), pe3yabrar 3anucath B Qopmare VTK u BH3yanusupoBarh
cpeactBamu Paraview.

4. TlocTpouTh B 3aJaHHOM T€OMETPHUYECKOM MPUMHUTHBE (IIap, UWIMHIAP, IpHU3Ma) CETKy U3
TETPadIPOB, 334aTh HA HEH CKAJISIPHOE TOJIE MO 3aJaHHBIM aHAJIUTHYECKUM COOTHOLLICHHSIM), Pe3yIbTaT
3amucarb B ¢popmare VTK u Bu3yanusuposars cpeacrsamu Paraview.

5. Hamumwure Konu, IEMOHCTPHUPYIOUNIMHA JPQPEKT TMepernolHeHnss MAaHTUCChL. Hamummre Ko,
neMoHCTpupytomuid 3¢gdexr antunepenonHenus. Onpepenure MHUHUMAJIbHOE IO MOAYJIIO YHUCIO,
KOTOPBIM MOXKET OllepupoBarh Komnbiorep Juis THoB float n double. CpaBHHTE MPOU3BOAUTEIEHOCTD
paboThl conpoleccopa Ha HOPMAJIM30BAHHBIX U IEHOPMAJIN30BAHHBIX YNCIIAX.

6. Haiitu cpennee apugmeTnyecKkoe MacCUBa U3 BEIIECTBEHHBIX YHUCEI, CPABHUTH BpeMs pabOThl pU
ontumm3anusax 00, O1, O2 u O3.

7. OueHuTh, KaKk BIMSET HCIOJHEHHWE PA3IMYHBIX OINEpaluil C YUCIaMH C IUIaBarolled TOYKOM
(cnoxeHue, BBIMUTaHUE, YMHOXKEHHUE, JIEICHUE U T.11.) Ha BpeMsl paOboThl. YCKOPUTH MPOrpaMMy 3a CUET
KOHBellepa omepanmif. M3meputrs npousBoautensHocth B FLOPS, cpaBHUTH € TeopeTHdecKUMHU
MoKa3aressiMUA Ipo1ieccopa.

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

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

10. Peanm3oBarb 3amaHHbie omnepanuu Haja marpunamud Ha C++ um Ha Python. CpaBHUTH Bpems
BbInosHeHUe. OOCyaUTh CKOPOCTh PadOTHl IPU CaMOCTOSATEIIBHOM pealn3aliuil U IPU UCTOIb30BaHUH
pa3IMYHBIX OUOIHOTEK, OOBSICHUTD Pa3ITHYHSI.

Kpurepun onennBanus
10 - BeicTaBaseTcs CTYICHTY, YCIEIIHO 3allUTHUBIIEMY BCE HEOOXOIUMBIE TIPOEKTHl H
JOTIOJTHUTEIbHBIN MIPOEKT MTOBBIIIEHHOU CJIOXHOCTH, MTOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHBIE, TIIyOOKHE 3HaHUS Yy4eOHOH MporpamMMbl TUCHUIUIMHBI, a TAKXKe CIIOCOOHOCTD
CaMOCTOSTENBHO PA3BUBATh UCXOAHO MOCTABIICHHYIO 3aJa4y IPOEKTa.
9 - BeicTaBnsieTcs CTYAEHTY, YCIEIIHO 3alUTHUBLIEMY BCE HEOOXOAMMBIE IPOEKTHI, MOKa3aBIIEMY
BCECTOPOHHUE, CUCTEMAaTU3UPOBAaHHbIE, IITyOOKHE 3HAHUSA Y4eOHON MPOrpaMMbl JUCLUIUIMHEL, 8 TAKKe
CIIOCOOHOCTH CaMOCTOSITEIEHO PAa3BUBATh MCXOHO ITOCTABJIEHHYIO 3a/1a4y MPOEKTa.
8 - BrIcTaBnseTcs CTyIEHTY, YCHENIHO 3al[UTUBIIEMY BCE HEOOXOAMMBIE INPOEKTHI, MOKa3aBLIEMY
BCECTOPOHHUE, CUCTEMaTH3UPOBAaHHbIC, NyOOKHE 3HAHUS yUYEOHOM MPOrpaMMbl AUCHUTLINHBL.
7 - BpIcTaBnsieTcst CTYAEHTY, YCIEIIHO 3allUTHUBIIEMY BCE HEOOXOIMMBIEC MPOEKTHI, €CIU OH TBEPIO
3HaeT MaTepuall u, 110 CyLECTBY, U3JIaraeT ero.
6 - BricTaBnsieTcst CTyAEHTY, YCIICIIHO 3alIMTUBIIEMY BCE HEOOXOOUMBIC HPOEKTHI, €CJIM OH 3HAeT
MaTepHaill U, 110 CyILECTBY, U3JIaraeT €ro, HO AOIYCKaeT B OTBETE Ha 3a4éTe WM Ha 3allUTE [IPOEKTOB
CYILLIECTBEHHbIE HETOYHOCTH.
5 - BricTaBisieTcsl CTYACHTY, YCHEIIHO 3aIIUTHUBIIEMY XOTs Obl OJJMH MPOEKT, €CIIM OH 3HACT MaTepHall
u, 110 CYILECTBY, U3JIaraer ero.
4 - BpICTaBIsieTCsl CTYAEHTY, HE 3alUTHUBIIEMY HMPOEKTHI, €CJIM OH JAET MpPaBMWIbHBIE (POPMYINPOBKU
0a30BbIX OHATHI U MOXKET IPUMEHSIThH MOJYyUYCHHbIE 3HAHUS 110 00pa3ly B CTaHAAPTHON CUTYaIUH.
3 - BeIcTaBnseTcs CTyNEHTY, HE 3AIMTHUBILIEMY IMPOEKTHI, €CJIM OH JAET HEIOCTAaTOYHO NpaBUIIbHBIC
(dbopMyTHpOBKH 0a30BBIX TOHATHH, HApyIIECHHWS JIOTMYECKOW IOCIENOBATEIbHOCTH B H3JI0KEHUH
MPOrpaMMHOI0 Marepuaia, HO MPH 3TOM MOXKET NPUMEHSTH IOJy4YCHHBIE 3HAHHs MO o0pas3ly B
CTaHJApPTHOU CUTyaLUU.
2 - BricTaBnsieTcsi CTy[ACHTY, KOTOPBIH HE 3HAET OOJbIIEH YacTH OCHOBHOTO COJCPIKaHUS y4eOHOM
IporpamMmbl JUCHUIUIMHBI, JIOMyCKaeT IpyOble omuOKH B (OPMYIUPOBKAX OCHOBHBIX MOHSTHMA
JUCLUIUIMHBI U HE YMEET MCII0JIb30BaTh MOJYUYEHHbIE 3HAHUS IIPU PEILIEHUM TUIIOBBIX NPAKTHUUECKUX
3a/1ad.



1 - BeicraBnseTcss CTYOEHTY, KOTOpbIi He CIOCOOCH C(OpPMYIUpOBaTh OCHOBHBIC IOHSTHUSA
JUCLUIUIMHBI U HE YMEET MCII0JIb30BaTh MOJYUYEHHbIE 3HAHUS IIPU PEILIEHUM TUIIOBBIX NPAKTUUECKUX
3a/ad.

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

JuddepeHnpoBaHHBIA 3a4eT MPOBOMUTCS MO OWJieTaM, BKJIIOYAIOIIMM KOHTPOJBHBIE BONPOCHI H
IIpaKTU4yecKue 3a1auu. [Ipy BbICTaBIEHMY UTONOBOM OLIEHKH YUUTBIBAIOTCS PE3Yy/IbTaThl PEIICHUs 3a/1a4
TEKYLIETO KOHTPOJISL.



