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AHHOTANMA
Kypc nocBsamén 3HakoMCTBy ¢ OCHOBaMHU MOJICIIMPOBAHHS M1 OCHOBaM PaOOTHI C BEICOKOIIPON3BOJUTEIHLHBIMHU
BBIUMCIIUTEJIBHBIMU KilacTepaMu. PaccmarpuBaeTcsi MOJEIMPOBAaHHMEM METOJOM MOJIEKYISIPHOW ITHMHAMUKH,
MetonoM Monte-Kapno u apyrumu. Ocoboe BHHMaHHE B Kypce YAEISETCS NpPaKTHKE MOACTUPOBAHHUA
MPaKTHKE MCHOIB30BAHUS CYNEPKOMIIBIOTEPOB JUIS MOJCIUPOBAHUS (U3MUECKUX IPOIECCOB M 0a30BBIX
O01opU3NIECKIX MPOLIECCOB.

B pamkax mepBoil 4acTH Kypca paccMaTpUBaIOTCS OCHOBBI METOJOB MOJIEKYJISPHOIO MOJAETUPOBAHUA C
aKIICHTOM Ha METOAE MOJICKYJISApHOW nauHaMuku u MonTte-Kapino ¢ snemMeHTaMM MHOrOMaciiTabHOTro
MOJZIEIMPOBAHUS, a TAKKE PACCMATPUBAIOTCS TEXHOJIOTMH BBICOKOIIPOU3BOAUTENBHBIX BBIYUCIUTEIBHBIA IS
YCKOPEHUS PACUETOB.

Yacte Kypca O MOJCTMPOBAHMM OCHOBaHA Ha 0a30BBIX TMOHATHAX MEXAaHUKH, TEPMOAWHAMHUKH U
CTaTHCTHUYECKOH (pu3nku. PaccmarpuBaloTcs BCe Tarbl MOAEIMPOBAHUS — OT MOCTAHOBKHM 33/1a4U JI0 aHAJIM3a
pe3yaprartoB. B paMKax Kypca CTYIEHTBI O3HAKOMATCA C METOAAMH MOJEINPOBAHMS HEUTPAIBHBIX CHCTEM H
CHCTEM YacTUll C 3apsiiaMy, OTAEIbHbBIX KJIACTEPOB aTOMOB M KPUCTAJJIOB, PABHOBECHBIX, PEIAKCALIMOHHBIX U
HEpaBHOBECHBIX MpoueccoB. Ilocne ocBoeHHs 3TOro Kypca BO3MOXKHO NMPHUCTYNaTh K paboTe HaJ HAy4HOM
3a7a4el, U peuIeHusl KOTOPOU MCIOJb3YETC METO/ KIACCUYECKOU MOJIEKYJIIPHOM JUHAMUKH.

B pamkax BTOpOH YacTH Kypca O BBICOKOIPOM3BOIHMTENBHBIX BBIYMCICHUSX KpPOME OCHOB pPabOTHI Ha
COBPEMEHHBIX CYNEpKOMITBIOTEpaX PacCMaTpUBAIOTCS NMPHUHIMIIBI pacTiapauIeIMBaHNs U CHOCOOBI YCKOPEHUS
pacyéToB U MOMYIISPHBIC TEXHOJIOTHH pacliapaIeIMBaHUs U YCKOPEHHs BEIYUCIeHUI: TexHonorus MPI - s
pacmapaijieiBaHus Ha CHUCTeMax C pas3ieléHHOM mnamsaTeio, TexHonormu Posix Threads, OpenMP,
aBTOMAaTUYECKOE pachapajuieMBaHue sl cucteM ¢ obmieid mamsteio, TexHonorun CUDA, OpenACC,
OpenMP — a1ist yckopeHust pacdéToB Ha TpadUueCcKUX YCKOPUTEIISX.

1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

- U3YUCHUC OCHOBHBIX MCTOJA0B MOACIINPOBAHU B (I)I/I3I/IKC KOHACHCUPOBAHHOTO COCTOAHHA C aKIICHTOM
Ha METOAC MOHeKy.TIﬂpHOﬁ JUHaAMUKU, a TaKXEC OCBOCHHC OCHOB TEXHOJIOTUI
BBICOKOIIPOU3BOAUTCIIbHBIX BBIYMCIICHUH.

33)13‘1]([ JAUCHUIIINHBI
- OCBOCHHC CTyACHTaMU 0a30BEIX 3HAHUI B 00JIaCTH MOJICKYJIAPHOIO MOACIIUPOBAHUA,
- HpI/I06p€TCHI/IC TCOPCTUICCKUX 3HAaHUI B 00NacTH KOMHBIOTepHOﬁ (1)I/IBI/IKI/I;

- U3y4YeHHE MPOCTEUIINX METOJOB PELICHHUS yPaBHEHUN KOMIBIOTEPHON (PU3UKH U MOCTAHOBKH 3a1a4
YHCIEHHOTO MOAETMPOBaHUS (PU3HMUECKUX SIBICHU;

- O3BHAKOMJICHHUE C MPCAMETOM, IIPUHIUIIAMU U METOAAMHU BbICOKOIIPOU3BOANTEIIbHBIX BBI‘-II/ICJ'ICHI/II\/'I;

- OpHOOpeTeHHME TMPaKTHYECKUX yMEHWH W HaBBIKOB, HEOOXOMUMBIX sl paboThl ¢
MHOTOIPOIIECCOPHBIMH BBIYMCIUTEIEHBIMI CUCTEMAMU;

- (I)OpMI/IpOBaHI/IG YMeHI/Iﬁ W HAaBBIKOB JId TPHUMCHCHUSA IIOJTYYCHHBIX 3HAHUH AJi1 pCIICHUSA
pecprOéMKI/IX BBIYHCIIUTCIIBHBIX 3a/1a4 Ha MHOTOIIPOLECCOPHBIX BHIYUCIUTEIIbHBIX CUCTEMAX.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-2.1 ®opmynupyer B pamkax 0003HaYCHHOU MPOOIEMBI,
Henb, 3aJadd, aKTyaJbHOCTh, 3HAYUMOCTh (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0 U MHYIO B 3aBUCUMOCTU OT
TUIA TPOEKTa), OXHIAEMBbIC pE3yIbTaThl M BO3MOXKHBIC
cdepbl UX MPUMECHEHUS

VYK-2 CnocoGeH ynpaBiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

OIIK-1 Bnaneer cucremoit pynnamenransabix | OIMK-1.3 [TornMaeT MexXAUCIUILTHHAPHBIC CBSI3U B 00JacTH
Hay4HBIX 3HAHUN B 00JIACTH MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPHUMEHSTh NpHU
(bU3MKO-MaTeMaTHUECKUX HAYK peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH




OIIK-2 Nmeer nipeacraBieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIacCTH CBOCH
poheCcCUOHATBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HAyYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIa4u

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, NPUMEHss 3HAHHS B
pa3IMYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHAIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPAKTHKE
CPaHULbl MPUMEHUMOCTH MOIyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJbTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocoOeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJYYEHHBIX
pe3yabTaToB

OIIK-5 CniocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJICKTHBOM B chepe cBocit
podeCcCHOHAILHOM NI TEIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.3 CrpeMutrcsi K TMOJYyYEHHUIO HOBBIX 3HAHHUH,
poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen craBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

IIK-1.1 CrocobeH HaxXomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAHHIN B
pamMKax TeMaTHUeCKOW 00yacTH cBoell mpodeccroHambHON
IEITEILHOCTH

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJILHBIE METOJIbl MCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajade W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
pE3yIbTaThl

[IK-2 CnnocobeH caMOCTOSTEILHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U MTPOBO/IUTH
HAyYHbIC UCCIICJIOBAHMS U MX alpoOaIiyio

[IK-2.1 CnocoGeH I1ulaHUPOBaTh M MPOBOAWTH HAYYHBIC
UCCJICZI0BAHUSI CAMOCTOSTENIbHO MJIM B COCTaBE€ HAay4yHOIO
KOJIJIEKTHBA

[MK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKUM H UCTIBITATEIIbHBIM
o0opynoBaHueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3UPOBAHHBIMH TAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAJILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)

B pe3ynbrare ocBOeHUS TUCIUIUTHHBI 00y4YaronInecs JOKHBI

3HATb.

- TEOPETUUYECKUE OCHOBBI METOJ1a MOJIEKYJISIPHOM TUHaMUKU U Metoga Monte Kapio;
- TEOPETUYECKHE MOJEIH OCHOBOIOJIATAIOMINX MPOLIECCOB U SIBJICHUN B MOJICKYJSIPHOW (HU3UKE U ee

IIPUIIOXKCHUAX

- (I)YH,[[aMeHTaJILHLIe NOHATUA, 3aKOHBbI, TCOPUHU KJIaCCHYECKOU paBHOBCCHOﬁ u HepaBHOBeCHOﬁ

CTaTUCTHYECKON (PU3UKH;

- TOpSAOKU (PU3NYECKHUX BEJIMYHWH,
KOHJICHCUPOBAHHBIX CPE/;
- (usumyeckue OCHOBBI
KOHJICHCUPOBaHHBIX (a3;

KIaCCHUYCCKHX

XapakTepHbIE JJIsl KJIACCHYECKOW MOJEKYISIPHOH (QHU3UKU

MECTOA0OB HUCCIICIOBAaHUA n CBOICTB

CTPYKTYPBI

- TEOPETUYECKHE OCHOBBI MAPAIIJIENBHBIX aJITOPUTMOB;
- OCHOBHbIE COBPEMEHHBIE TEXHOJIOTUH N1apaJlIeIbHOIO IPOrpaMMUPOBaHMUS;
- OCHOBBI TexHonorui pacnapamnenuBanust MPI, OpenMP, CUDA u np.

YMETB:




- TPOBECTH aTOMUCTHYECKOE MOJCIMPOBAaHHE BHIOPAHHBIMHM BBIYMCIUTEIBHBIMA METOAAMH, CICNIATh
BBIBOZIBI U3 PE3Y/ILTAaTOB MOJEIMPOBAHUS;

- abcTparupoBaTbCsi OT HECYLISCTBEHHOTO IPH MOJIEIMPOBAHUM PEANbHBIX (U3NYECKUX Cpel U
IIPOLIECCOB B HUX;

- TIOJIb30BATHCSI CBOMMH 3HAHUSIMU JJIs1 pEIICHUS (PyHAaMEHTAIbHBIX U MPUKIAJAHbIX 33134,

- IPOU3BOIUTH YUCIIEHHBIE OLEHKU T10 IOPSIIKY BEIUYHHBL;

- JIeJIaTh Ka4eCTBEHHBIE BBIBOJIBI ITPH MEPEXOJIE K MPEEIbHBIM YCIOBHIM B M3y4aeMbIX MpodIeMax;

- JIeJ1aTh [IpaBUJIbHBIE BBIBOJIBI U3 CONOCTABIIEHUS PE3Y/IbTaTOB TEOPUU U IKCIIEPUMEHTA;

- OCBaMBaTh HOBBIC MTPEIMETHBIE 00IACTH U TEOPETUUECKUE MTOIXObI;

- 3((heKTUBHO HCIOIb30BaTh WH(POPMAIMOHHBIE TEXHOJOTUM M KOMIIBIOTEPHYIO TEXHUKY IS
JOCTUKEHUSI HEOOXOIUMBIX TEOPETHYECKUX U MPUKIIAJHBIX PE3yIbTaToB.

- IPOBOJUTH ONTUMU3ALIUSA U paclapajlleIUBaHUE PacueTOB;

- abcTparupoBaTbCs OT HECYLIECTBEHHOTO IPY MOACITUPOBAHNUHN PEabHBIX (PU3NUECKUX CUTYaIH;

- 3((heKTUBHO HCIOIb30BaTh WH(POPMAIMOHHBIE TEXHOJOTUM M KOMIIBIOTEPHYIO TEXHUKY IS
JOCTUKEHUSI HEOOXOIUMBIX TEOPETHYECKUX U MPUKIIAJHBIX Pe3yIbTaToB.

BJIAJIETh:

- HaBbIKAMH OCBOEHUS 00IBIIOT0 00beMa HHPOPMAITNY;

- HaBBIKAMH CaMOCTOSITEIEHOU paboTHI B laboparopun U MHTEpHETE;

- KYJIBTYPOI IOCTAaHOBKU M MOJCIMPOBAaHUs (HU3HYESCKUX 3a/1a4;

- HaBBIKAMH T'PaMOTHOU 00pabOTKM pe3ylnbTaTOB KOMITBIOTEPHBIX KCIICPUMEHTOB M COIOCTABICHUS C
TEOPETUYECKUMU JTAaHHBIMH.

- HaBBIKAMH KOMITWJISIUH TTPOTPaMM () (GEKTUBHON /ISl CKOPOCTH BBITIOJTHEHHUS

- HaBbIKaMH pa0OThl HAa CYNEPKOMIbBIOTEpE, BKJIIOYas pabdoOTy ¢ TEPMHHAIOM, 3aIyCK
MOCJICIOBATENbHBIX U MAapaJUICIbHBIX POTPaMM C HCIIOIb30BAaHHEM CUCTEM OYepe/IeH;

- HaBBIKAMH paclapaJUICIIMBaHUs NPOrPaMM JUIs BBIYMCIUTEIBHBIX CHCTEM C OOLIeH MaMsThio, C
pa3nesn€HHOM MaMsThIO U IS Tpa)uueCcKuX yCKOPHTEIICH.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIHHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 BBenenne B MopenupoBaHuWE U ) 4
CYIIEPKOMIIBIOTEPHOE MOJEIINPOBAHHUE.
) ba3oBble MOHATHS OCHOBHBIX METO/OB ) 4
MOJEIINPOBAHHUS.
3 OCHOBBI MOJICKYJSIPHOM TUHAMHUKH — ) 5 4
yactsb 1.
4 OCHOBBI MOJIEKYJSIPHOM JOUHAMHUKH — ) 1 4
4acTh 2.
5 Tepmocrarsl. 2 1 4
6 PaBHOBeCHBIE CBoﬁcuTBa 2 1 4
MOJIEKYJIIPHO-IMHAMUYECKUX MOJENIEH.
7 HepasnoBecHblie CBOfICVTBa ) 1 4
MOJIEKYJIPHO-AUHAMHYECKUX MOJIEIICH.
8 @da3oBbIC EPEXOBbI. 2 1 4
9 OcHOBBI pabOTHI € CYNIEPKOMITBIOTEPAMHU. 2 1 4
10 |KoMmumusnus U 3aycK Mporpamm. 2 1 4
1 BBenenne B OCHOBBI ITPOrpaMMHUPOBAHUS ) 5 4
Ha CHUCTeMax C 00IIeil MamMsThIO.
12 BBenenue B OCHOBBEI TIpOrpaMMUpOBAHNS ) 1 4
Ha CHCTEMax C pa3ie’aeHHOHN MaMsThIO.




BBenenue B OCHOBBI IIPOrpaMMUPOBAHUS
13 Ha CUCTEMaX c rpaduuecKUMH 2 1 4
YCKOPUTENSIMH — 4acTh 1.
BBenenne B OCHOBBI ITPOrpaMMHUPOBAHUS
14 |ma  cumcremax ¢ TpapUUECKUMHU 2 1 4
YCKOPUTEJSMHU — 9acTh 2.
15 |Hcnonmp3oBaHuE MPOTPAMMHBIX TAKETOB. 2 1 4
Uroro wacos 30 15 60
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.
4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 1 (Ocennwii)

1. BenieHue B MOIE€IMPOBAHUE U CYIIEPKOMIIBIOTEPHOE MOJIEIUPOBAHUE.

BBognas nekuus. DBomonKa aTOMUCTHYECKUX MpeAcTaBieHuit ot Jlemokpura g0 cepeaunsl 1950-x
ronoB. MecTo arOMHCTHYECKHMX IPEACTABICHUNA B HayKe [BaJALATh IEPBOIO BEKa. 3ambICel
aTOMHCTHUYECKOro MozenupoBaHus. Kiaccuueckuil MeTon MOJEKyIspHOW OUHAMHKH. [IpuMepsl.
KsantoBoe = mopenupoBanue.  Cynepkommbiorepbl.  CyNepKOMIIBIOTEPHOE  MOJICKYJSIPHOE
MOZIEIIMPOBaHMUE.

2. ba3zoBble MOHATHS OCHOBHBIX METOAOB MOACIMPOBAHUAA.

BBenenue B MeToJ MOJICKY/ISIDHOW IMHAMHMKH, ONKMCAHUE OCHOBHBIX HAIIPAaBIEHUH NPUMEHEHUS.
Beenenue B apyrue Metoasl MoznenupoBanue. Onucanne MHOroMacTaOHOTO OAX0/a.

3. OCHOBBI MOJICKYJIAPHON AUHAMHUKH — 4acTh 1.

Texunka MMJI. UwucileHHO€ HMHTErpUpPOBaHHE YPABHEHHWW  JBIKEHUA. MexXdacTUUHOE
B3aUMOJEICTBUE. [ paHUYHBIE YCIOBHS: NEPUOIUYECKHE YCIOBUSA I ONHOPONHBIX CHCTEM,
MOBEPXHOCTh, KJAacTephl, OmOMONeKynbl M Ap. HauanpHble yCIOBHS B CTAlMOHAPHOM H
HECTAllMOHAPHBIX CilydasX. BpiOop mara MHTErpupoBaHHs (OTPaHUYCHHS CBEPXY MO COXPAHEHUIO
MOJHOW SHEepPruu, MO KpyTU3HE MOTEHIMaJa B3aUMOJCHCTBHUS, YAaCTOTHBIE OrPaHUYEHUS),
nepeMeHHbIN mar. OIyKTyaluy IOTHOW SYHEPTUH.

4. OCHOBBI MOJICKYJISIPHOW AMHAMUKU — 9acTh 2.

Croco6bl  ontummzarun MJ[ pacuéra (oOpe3ka MOTEHIMANa, TPaH.yCIOBUS, CIIMCKH W JIp.).
HccrnenoBanne paBHOBECHBIX CHCTEM, BBIXOJ Ha paBHOBECHE, KpUTEpUU paBHOBecus. Pemaxcanus.
Vnpasnsemass MOJIEKYJIsIpHasi TUHaMUKa. KOMIIBbIOTEpHBII SKCTIEPUMEHT: MOJIENb M TUarHOCTHKA.

5. TepmocTarsl.

TepmocTaTbl B MOJIEKYJISIPHOH TUHAMMKE: BUJIBL, IIFOCHI, MUHYChl. MOzi€Ib OAHOMEPHOIO MasiTHUKA:
pacmupeneneHue B (a30BOM NPOCTPAHCTBE MJIsi MHUKPOKAHOHHYECKOTO M JJIsi KaHOHHUYECKOTO
ancamOis.  JlokazaTenbCTBO cXeMbl TepmocTara Hosze. Momudwukanys ypaBHEHHH JBHKEHHUS,
npennoxenHas I'ysepoM. Llenn Hoze-Xysepa.

6. PaBHOBecHBIE CBOMCTBA MOJICKYJIAPHO-AMHAMUYECKUX MOCIEH.



@OyHAaMEHTaIbHbIE COOTHOLICHHS (NIE€pBblE NPUHLMIBI), HCHOJb3yeMble IMPH JIUATHOCTHKE:
CTaTHCTHYECKasl CyMMa, KOH(HIYpPAaLMOHHBI WHTErpaj, CTPOrHe BBIPAXKEHUS Ui DHEPTHH,
JaBJICHUS, TEIUIOEMKOCTH, TEH30pa YHpPYrux HampspkeHuil u mp.; dopmynsl KyGo-Ipuna u
Outnmreiina-lenpdanna st koddduimento auddy3un, TEIIONPOBOJHOCTH, BSI3KOCTH H TIP.
3ameHa ycpeaHeHus o (a3oBOMYy MPOCTPAHCTBY ycpenHEeHHEM 1o BpeMeHH. [IpocTpaHcTBeHHbBIE U
BpPEMEHHbIE KOppensinuu vacTul. PanuanpHble (YHKIUM pacnpeneneHus, KOppesHOHHbIC
¢yHKUMHM, QIyKTYyauu, UX CIEKTPhl. TepMoInHaMUUYECKUEe CBOMCTBA M KOPPEALNOHHbIE (YHKLINH.
ABroxoppensuuoHHble  (yHKIUH.  [IpOCTpaHCTBEHHO-BpEMEHHbIE  KOPpENSIMM  YacTHIl,
®ypbe-00pas3sl. JuHamMuueckuid CTpyKTypHbId daxTtop. [lpumepsl miis omHopomHbix (a3 u
IBYX(a3HBIX CUCTEM, JIOKAJIU3aLUs TOYKH (Ha30BOro mnepexosa, IOBEpXHOCTHOE HATSKEHHUE, (Da30BbIe
Mepexopl BTOPOTO poAa, KiIacTepbl © MAaKPOMOJIEKYJIbl, HAHOCTPYKTYPbl 1 HAHOMAaTEpPHAJIbL.

7. HepaBHOBECHBIE CBOMCTBA MOJEKYISIPHO-TUHAMUYECKUX MOJICIICH.

OcobenHocTH pacuéTa HEpaBHOBECHBIX MOJEJECH W HEpaBHOBECHBIX CBOMCTB. Huddy3us, BI3KOCTS,
TEIUIONPOBOAHOCTb. IIpuMeps! 1 TOYHOCTB.

8. da3oBbIE IEPEXO/IBI.

dazoBrie niepexopl. HeoqHopoaHbie cructeMbl. BriOop umca gacTull onpenessier Habop SBICHHUN
CBOMCTB, KOTOPBIE MOXHO HCCIIEIOBATh C TOMOLIbI0 MM/,

9. OcHOBBI pabOTHI € CYNIEPKOMITBIOTEPAMHU.

3adeM HYXHBI CynepkoMibioTepsl? 3amaud, TpeOyromue Oonbmnx BeuucieHui. O030p pelTuHra
Top-500. Meton kiaccH4eckoil MoneKymspHOW auHamMuKd u Monrte-Kpano: wuctopus, o0macTb
MPUMEHEHHsI, PEUMYIIECTB, HEAOCTATKH, IMOJIOKECHUE CPEeOu APYTHMX BBIYUCIMTEIBHBIX METOAOB.
[Tpumeps! akTyanbHBIX 337a4 (PU3MKKM KOHICHCHPOBAHHOTO BEILIECTBA W HEHJICAIBHON IUIa3MBbI C
JeMOHCTpauuen pe3yasratoB MJ[ MoaenupoBaHus.

10. KoMnusiyst 1 3aimyck MporpaMm.

OcHoBbl paboTsl ¢ Linux 1 komangHoi crpokoid. Komnuisanus u 3amyck nporpamm. [Ipencrasnenue
0 pabore xoMmuiaTopoB (st C/C++ - oObekTHbIe (ailibl 1 OUOIHOTEKH, 3ar0JIOBOYHBIC (aiiIbI,
cucreMa cOOpKH, 3aBUCUMOCTH). TeKCTOBBIE pelakTopsl (vim, ...). O630p OCHOBHBIX BO3MOKHOCTEH
gnuplot. Micriosib30BaHue CKPUIITOB.

11. BBeneHue B OCHOBBI IPOIPaMMUPOBAHUS HAa CHCTEMaXx ¢ 0OIIeH MaMAThIO.

BBenenne B mporpaMMupoBaHue Ha cuctema ¢ oOmiel mamsathio. [lotokn. OpenMP. [puHIMIBL
pacnapaieTMBaHusl.

12. BBGI[GHI/IG B OCHOBELI ITPOrpaMMHUpPOBaHNd Ha CUCTEMAX C pas;[enéHHoﬁ IaMATBIO.

IlocnenoBarenpHas W mNapajUlesibHas MOJENH IpOrpaMMHUpoBaHHd. llapagurMel mapamiensHOro
POrpaMMUPOBAaHUS U COOTBETCTBYIOIME ITpOrpaMMHbIe cpeacta. IIporpammuas peanuzauuss MPI.
Tunossle cxempl opraHuszanuu napamwienbHbix MPI-mporpamMm m ux crpykrypa. Komnwsimus u
3amyck ~ MPI-nporpamm.  Ilpobnema moucka ommbOok. OreHKa  MPOU3BOTUTEIHLHOCTH
MHOTONPOLIECCOPHBIX BEIYACIUTENBHBIX CUCTEM.

13. BBGI[GHI/IG B OCHOBEI IIPOrpaMMHUPOBAaHNA HA CUCTEMAX C Fpa(i)I/I‘ICCKI/IMI/I YCKOPUTCIIAMUA — 4aCTb
1.

Apxurektypa rpapudeckue yckopureneid. OCHOBHbIC TEXHOIOTUH MapajlieTu3alnuy Ha TpaduuecKux
yekopurensix: CUDA, OpenCL. Komnunsiuuu u 3amyck nporpamMm. Cunrakcuc. [Ipumepsi.

14. BBGI[GHI/IG B OCHOBEI IIPOrpaMMHUPOBAaHNA HA CUCTEMAxX C Fpa(i)I/I‘ICCKI/IMI/I YCKOPUTCIIAMUA — 4aCTb
2.



OCHOBHBIE 1TOJTyaBTOMaTU3UPOBAHHBIC TEXHOJIOIMHU Mapajieu3aluy Ha rpauuecKuX yCKOPUTEISX:
OpenMP, OpenACC. Kommusiuuu 1 3amyck nporpamm. Cunrakcuc. [Ipumepsr.

15. Ucnonp3oBaHuE MPOrpaMMHBIX TAKETOB.

[omynspueie mporpammusie maketsl: BLAS, FFTW, LAMMPS, .Komnunsous, 3amyck, OLCHKa
3G HEKTUBHOCTH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYlIeCTBJIECHHS 00pa30BaTEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

KommsroTepsl, MynbTUMeanitHOE 000pya0BaHUE (IIPOEKTOP), IKPaH, JOCTYII K BHIYUCIUTEIHHOMY
KJ1acTepy, 10CKa, MeJI WIIK MapKepsbl.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI

OcHoBHas nuTeparypa
1. CoBpeMeHHBIE S3bIKH U TEXHOJIOTUH HapajiesIbHOro nporpaMmupoBanus [ Teker] : yueb. mocobue
st By3oB / B. I1. I'eprens ; b-xa Huxeropoa.roc. ya-ta um. H. 1. JlobaueBckoro .— M. : M31-Bo
Mock. yH-Ta, 2012 .— 408 c.
2. IlpuHIMIIBI KOMIIBIOTEPHOTO MOJIEINPOBAHUS MOJICKYJISIPHBIX CUCTEM: OT QJITOPUTMOB K
npwitokeHusiM [Teker] : [yaeOnuk st By30B] / []. @penkens, b. CMut ; mep. ¢ anm. u Hayd. pen. B. A.
Wsanos, M. P. Ctykan .— M. : Hayunsrit mup, 2013 .— 578 c.
3. Texnonorun napamiensHoro nporpammupoBanus MPI u OpenMP [Tekcr] : yue6. mocobue s
By30B / A. C. AHTOHOB ; Mock. roc. yH-T uM. M. B. JlomonocoBa .— M. : U3a-Bo Mock. yH-Ta, 2012
— 344 c.

JomnonHurenbsHas auTeparypa
1. UckyccTBo Monexymsproit qunamuku [Tekcr] / [. K. Panamopr; ep. ¢ anrn. A. H. /[psikoHOBO#; 1107
Hay4. pea. P. I. E¢pemonad - M.; MxxkesckHUL] "Perynsipaas u xaotudeckas auHamuka",2012
2. I'D. Hopwman, B.B. Creraitnos. CtoxacTudeckasi TEOpUS METO/IA KIIACCUYECKONW MOJIEKYIPHON
nuHamMuky // Maremarudeckoe monenupoBanue. 2012 rox, Tom 24, Homep 6, ctp. 3-44
3. TexHonmoruu napaiensHoOro nporpammupoBanus [Tekct] : yue6. mocobue st By3os / C. A. JlynuH,
M. A. Ilockmkun .— M. : @opym : Uuda-M, 2008 .— 205 c.

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

bazbl nannbix o xxypHanam Physical Review, J of Chemical Physics, dKOT®, TBT, Y®H u np.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBJICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedeHunst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Ha nexnmoHHBIX 3aHATHAX UCIOB3YIOTCS MYJIBTUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALIHIO
npeseHTanui. Ha npakTuueckux 3aHATHAX UCIIOIb3YHOTCS KOMIIBIOTEPH] U BBIYMCIUTEIbHBIN KI1acTep
(MHOTOMIpOLIECCOPHAs U MHOTOY3JI0Basi CcTeMa ¢ rpa)MueCKUMH yCKOPUTEISIMU B CUCTEMOM
ouepesieii) ¢ BO3MOXKHOCTBIO YIAIEHHOTO JTOCTYIIA.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CryneHT, M3y4arollui TUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIMM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.
B pesynbrare u3yuyeHUs] JUCUUILIMHBI CTYAEHT JIOJDKEH 3HATh OCHOBHBIC ONPENEICHUS U TOHATHS,
YMETh IPUMEHATD MOyYEeHHbIE 3HAHUS IJIS PELICHUS Pa3InYHBIX 3a7a4.



VYenenrHoe ocBoeHUE Kypca Tpelyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy Yy4eOHOro Marepwana, MOATOTOBKY OTBETOB Ha BOIMPOCHI, MPEIHA3HAUYCHHBIX JUISI
CaMOCTOSITEILHOTO U3yUCHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYICHTaM Ha 3aHATHUSX;

— MOJATOTOBKY K BBIMOJIHEHUIO 33JJaHUI TEKYLIEH U TPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BiIaJicHUs MaTepUaIoOM CITY>)KAT YMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOIPOCHI 110 TeMaM
JUCIUTLIAHEL

BaxxHO m0OOWTHCS MOHMMaHUS M3y4aeMOro Marepuana, a He MEXaHHYEeCKOTro ero 3amoMuHaHus. [lpu
3aTPYJHCHUH WM3YYCHHUS OTACIBHBIX TEM, BOIIPOCOB, CIEAyeT oOpaliarbcs 3a KOHCYIbTAUAMH K
MPEIoIaBaTelio.

Bo3MoxxeH npoMeXyTOYHBIM KOHTPOJIb 3HAHUN CTYJEHTOB B BHUJE PEIICHUS 33a/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSTHI.

1) [ns 3anucu nekuuid ucmosb3oBarh TeTpaau Gopmara A4. Jlekuuio 3amuchiBaTh TOJIBKO HA MPaBOil
CTOpOHE pa3BopoTa. B TOT ke eHb pounuTaTh CBON KOHCIIEKT, IOMOJIHUTH 10 IaMsITU MPOIyIIEHHbIE
MeCTa U 3alliCcaTh BO3HUKIINE BOIPOCHL. [Ipn 3TOM Hcnonb3yeTcs U jgeBasi CTOpOHa pa3BoOpOTa TETPAH.
Ha cnenyromeil nekuuu nMofoMTu K JIEKTOPY CO CBOMMM BOIIPOCAMU U BHECTU €TO OTBETHI B KOHCIIEKT.
Haxonen, oOpamaiitech kK yueOHMKaM W MOHOTpadusM, B YACTHOCTH, YTOOBI PaCIIUPUTL MaTepual
JICKIUH, JOMOJHANTE KOHCHEKT. JIONOJHEHHs K KOHCIEKTY MOIYT BO3HHMKAarb B TEUYEHUE BCETO
ceMecTpa BIUIOTh 10 3K3aMeEHa.

OOparure BHUMaHUE HA TO, YTO TAKOHM e CTHJIb KOHCIEKTHPOBAHUS 11eJIeCO00Pa3HO PacpOCTPaHUTh
W Ha JIOKJaJbl, KOTOpble Bbl Oynere ciymarh Ha KOH(EpEeHIHIX, ¥ Ha CTaThH, KOTOpble Bel Oynere
YUTATh.

2) ExenenenpHOe akKTUBHOE OOIIEHHE C JEKTOPOM MMEET U ICUXOIOTHYECKoe 3HaueHHe: Bbl yunTtech
00MIaThCsl, U3/IaraTb CBOM MBICIH, a JIEKTOP 3HakoMuTcs ¢ Bamu: Brl nproOperaere penyTranuio B ero
ma3zax. HaumHats Bompockl Ha/lO ¢ MepBoi ke Jekuuu. C 3TOH ke IEeNbI0 CaIUuThCsl PEKOMEHAYIO B
NepBbIe psAAbl: MEHbIIE OyaeTe OTBJIEKAThCS BO BpeMs JieKuuHu, a Bame «pBerue» OyneT 3ameueHO
nexropoM. OnbIT O0IIEHNS U pemyTanus MoMoryT Bam jerde ciaBaTh 9K3aMEHBI.

3) HacrosTenbHO peKOMEHYIO BBICTPauBaTh YCBOCHHBIEC 3HAHUS B BU/I€ MHOTOATaKHOTO 3[JaHUs, KOTJa
HOoCJeyIoIKe Kypchl NpPEeIMEeTOB omuparorcs Ha npensigymue. Oco0oe BHHMaHHE YIENATh
B3aMMOCBSI3AM Y4€OHBIX MPEIMETOB [0 MEpe WX HAKOIUICHHS; MPHU ITOM IIOJIE3HO OCBEKATh 3HAHMSA,
npuoOpeTeHHbIE B MPEeNbIIYIIUX ceMecTpax. Hu B koeM cilyyae He paccMaTpuBaTh MPEIMEThl Kak
HE3aBUCUMBIEC JOPYr OT Japyra. Takoil MOAXOn 3aKpeIuisieT MOJyuYeHHbIC paHee 3HaHUS W olnerdaer
OoTINuHYyI0 yueOy. B Hayke Takoii oxxo/ Toxe UMeeT MecTo, OoJiee TOro, CTAaHOBUTCS MarucTpaabHbIM
U TIOTy4ny Ha3BaHue multiscale approach. SIBnsieTcst 6a30BbIM MOIX00M Hallei MPOrPaMMBI.



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 BHIYUCIUTEIHHON (PU3UKU KOHAESHCUPOBAHHOTO COCTOSIHUS U )KUBBIX CHCTEM
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaszpatGoTunk: A.B. Tumodees, kana. ¢pus.-mMaT. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-2 CnocoGeH ynpaBiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.1 ®opmynupyer B pamkax 0003HaYCHHOU MPOOIEMBI,
Henb, 3aJadd, aKTyaJbHOCTh, 3HAYUMOCTh (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0 U MHYIO B 3aBUCUMOCTU OT
TUIA TPOEKTa), OXHIAEMBbIC pE3yIbTaThl M BO3MOXKHBIC
cdepbl UX MPUMECHEHUS

OIIK-1 Bnaneet cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpHU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalbHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHOM IesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHUEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBbIKAMHU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 Cnoco6en BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIILHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METObl NP PEIICHUN HOBBIX 3a]ad, NPUMEHSs 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binazeer aHaIUTUYECKUMU U BBIYUCIUTEILHBIMUA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara i MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (puKaImy, MpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cpepe cBoeit
poeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAITLHEIE U KYJIETYPHBIC PA3THINS

OIIK-5.3 Crpemurcs K TMOJYyYEHHUIO HOBBIX 3HAHUIA,

HpO(l)eCCI/IOHaJ'IBHOMy " JIMYHOCTHOMY POCTY

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE IPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IMK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINKIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM
JEATEIEHOCTH

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue | (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
pe3yabTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUIo

[IK-2.1 Cnoco0eH IUIaHUPOBAaTh M TPOBOAWUTH HAYYHBIC
HCCJICAOBAHUS CAaMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTUBA

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIEJOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHOU MTPEIMETHOM 00TIacTH

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
IKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaTOB

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YJbTATC UIYUYCHHUA AUCHHUILIUHBI «BBC,[[GHI/IC B CYIICPKOMIIBIOTCPHOC MOIACIUPOBAHUC (1)I/ISI/ILIGCKI/IX

MPOLIECCOBY» 00YYAIOMIMNCS JODKEH:




3HATb:

- TEOPETUUYECKUE OCHOBBI METOJ1a MOJIEKYJISIPHOM TUHaMUKU U Metoga Monte Kapio;

- TEOPETUYECKHE MOJEIH OCHOBOIOJIATAOMINX MPOLECCOB U SIBJICHUN B MOJICKYJSIPHOM (HU3UKE U ee
HIPUIIOKEHUSX;

- (yHOaMeHTaJbHbIE TOHATHUS, 3aKOHBI, TEOPHM KJIACCHUYECKOM DPAaBHOBECHOW M HEPaBHOBECHOM
CTaTUCTHYECKON (PU3UKH;

- TMOpAAKM (U3MYECKUX BEJMYWH, XapakTepHbIC IS KJIACCHUYECKOM MOJEKYISAPHOH (QHU3UKU
KOHJICHCUPOBaHHBIX CPEL;

- (¢u3nMvecKMe OCHOBBI KIACCHUECKHX METOIOB HCCIEIOBaHMUA CTPYKTYpbl W  CBOICTB
KOHJICHCUPOBaHHBIX (a3;

- TEOPETHYECKNE OCHOBBI APAJUICIIbHBIX aJITOPUTMOB;

- OCHOBHbIE COBPEMEHHBIE TEXHOJIOTUH N1apaJlIeIbHOIO IPOrpaMMUPOBAHMUS;

- OCHOBBHI TexHonorui pacnapamnenuBanust MPI, OpenMP, CUDA u np.

yMeTh:

- MPOBECTU ATOMHCTHYECKOE MOJEIMPOBAaHHE BHIOPAHHBIMU BBIYMCIUTEIBHBIMH METOJAMH, CIEaTh
BBIBOJIbI U3 PE3YJBTaTOB MOJEINPOBAHHS;

- abcTparupoBaThCsi OT HECYIIECTBEHHOTO IPU MOJAEIMPOBAHUU pEATbHBIX (U3MUECKUX Cpel |
MIPOLIECCOB B HUX;

- TIOJIb30BATHCSI CBOMMHU 3HAHHMSIMU JUISL pelIeHus (pyHIaMeHTaIbHbBIX M NPUKIAJHbIX 3a/1a4;

- IPOU3BOJUTH YHCIIEHHBIE OLICHKH 110 MOPSAKY BEJINYUHBL;

- JIeTIaTh Ka4e€CTBEHHBIE BHIBOABI ITPU MIEPEXO/IE K MPEAETbHBIM YCIOBHSIM B H3y4aeMbIX IpodiIeMax;

- leJaTh MpaBUWIBHBIE BEIBOABI U3 COMOCTABIECHUS PE3YJIBTATOB TEOPUH U IKCIIEPUMEHTA;

- OCBanBaTh HOBBIE NIPEMETHBIC 00IACTH ¥ TEOPETUUECKUE MTOIXO/IBI;

- 3(QQEeKTUBHO HCHOJb30BaTh WH(POPMALMOHHBIE TEXHOJIOIMH M KOMIBIOTEPHYIO TEXHHMKY JUIS
TOCTHKEHUS! HEOOXOIMMBIX TEOPETUUIECKHUX U MPHUKIIAJHBIX PE3yIbTaTOB.

- MPOBOJAUTH ONTUMU3ALMA U paclapajiIeINBaHie pacueTOB;

- abCTparupoBaThCs OT HECYIIECTBEHHOTO MTPU MOJEINPOBAHNY PEATIbHBIX (U3HMUECKUX CUTYalUi;

- 3(QQEeKTUBHO HCHOJb30BaTh WH(POPMALMOHHBIE TEXHOJIOIMH M KOMIBIOTEPHYIO TEXHHMKY JUIS
TOCTHKEHUS! HEOOXOIMMBIX TEOPETUIECKHUX U MPHUKIIAJHBIX PE3yIbTaTOB.

BJA€Th:

- HaBbIKAMH OCBOEHUS 00JpIIOT0 00BbeMa HHPOPMALINY;

- HaBBIKAMM CaMOCTOSITEIbHON paboThl B 1aboparopun u MHTepHeTe;

- KYJBTYpO# MOCTAaHOBKU M MOJIEITUPOBAHUS (PU3NUECKUX 3a/1a4;

- HaBBIKAMH I'PaMOTHON 0O0pabOTKM pe3ylbTaTOB KOMIBIOTEPHBIX 3KCIEPUMEHTOB M COIOCTABIECHUS C
TEOPETUYECKUMH JaHHBIMH.

- HaBBIKAMM KOMITWJIILIUH ITPOTpaMM 3((EKTUBHON TIs1 CKOPOCTH BBITIOTHEHHUS;

- HaBblkaMu pa0OTBl Ha CyHEpKOMIbIOTEpEe, BKIOYas padoTy C TEpMHHAJIOM, 3aIlyCK
[IOCJIEI0BATEIbHBIX U NTapaJlIeIbHbIX IPOIPAMM C UCIIOIb30BAHUEM CUCTEM OUEPEACH;

- HaBBIKAMH paclapajuleJMBaHUs NPOTPaMM Ul BBIYMCIHTEIBHBIX CHCTEM C OOLIe MmamsThio, ¢
pa3nenéHHol MaMsAThIO U IS TpadUIeCKUX YCKOPUTEIICH.

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

[Tpumep KOHTPOJIBHOTO 3aJaHuUS:

Hanucars u onTuMu3upoBarh IporpamMmy JJsl MOIEIMPOBAHUS U aHAJIN3a CBOUCTB!
1) cucTembl YacTHIl, B3aUMOACHCTBYIONINX IO MoTeHuany Jlennapaa-J»oHca
2) cucTeMBbl YacTHII, B3aUMOJIEHCTBYIONIUX I10 oTeHInany Kymona

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

Hepequb KOHTPOJIbHBIX BOIIPOCOB!

1. Bpewms auHamMuuYecKoi maMsaTu. 3aMeHa ycpenHEeHHs 10 (a30BOMY MPOCTPAHCTBY YCPEIHEHUEM IO
BpPEMEHH.

2. Tloxxone! K pacueTy (a3oBBIX PABHOBECHI ITEPBOTO POA.

3. Buapl 1MarHoCTUKU IIPU MOJIEKYJIIPHO-AMHAMUYECKOM MOZEIUPOBaHUU peakcauuu. [Ipumeps.

4. I'pannunsie ycnoBus. X BnusiHuEe Ha CBOWCTBA CUCTEMBI.



5. Pacxomumocts M/] Tpaektopuii. BozHuKHOBEHNE HEOOPATUMOCTH.

6. MeToapl onTUMH3ANNN pacuéTa s JanbHoAeicTByomuX norennuanos (Ewald, PM, PPPM u ap.).
CymmbI DBanba.

7. MeTonpl BEIYUCIICHHS] CBOOOIHON DHEPTHH.

8. bnuskozeicTByOINE U AATBHOACUCTBYIOUINE MOTeHHanbl. OOpe3ka moTeHnraia.
9. O0GocHOBaHME MOJCIMPOBAHMS YePe3 OCHOBBI CTATHCTUYECKON MEXaHUKH.

10. Metonbl pacuéra TpaHCIIOPTHBIX CBOMCTB.

11. Metozas! pacuéTa TEpMOAUHAMHYECKUX BETUUHH.

12. KoppensuuoHHble (GyHKIUH.

13. MeTonbl OLICHKH CTPYKTYPHBIX CBOMCTB CUCTeMBL. PagnanbHas GyHKUMA pacipenesieHusl.
14. TepmocTaTel B MOJIEKYJIIPHON TUHAMUKE.

15. Pa3zBuTHe CynepKOMITBIOTEPOB M METOJIOB MOZEINPOBAHNS, NEPCIIEKTHUBBI.

16. AHanu3 MacIITaOMPOBaHKS POTPaAMMBbI Ha BEIYUCIUTEIILHOM KJlacTepe.

17. Ontumuzanust paboThl IPOrpaMMBbl Ha MPOLIECCOPE U TpaUueCcKOM yCKOpHUTEIIE.

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIIECTOB:

burer 1.

1. Bompoc 1o BBIOODY, CBSI3aHHBIA ¢ MOACIHMPOBAHUEM CHUCTEMBI YacTUI] U YCKOPEHHEM e€ paboThl Ha
CYIIEpPKOMIIBIOTEDPE.

2. Bpems nuHaMuuecKkoil mamsTu. 3aMeHa ycpeaHeHHs 1o (a30BOMY HPOCTPAHCTBY YCPETHEHUEM IO
BpEMEHU.

3. Kakue BuIbI CHIT MEXKYACTUYHOTO B3aUMOJEHCTBUS BBl 3HaeTe? Hapucyiite TUHIMMYHBIN BUJ TapHOM
KOpPPESIIMOHHOM (PyHKIOMHM MOJEKyl B Bo3ayxe. Brimenure xapakrepnbie oOnactu. OOocHYy#Te
HapHUCOBAHHOE.

4. HepaBHOBECHBIN METOJI BBIYHMCIICHUS BA3KOCTH B MOJICKYJISIPHON AuHamMuKke. [Ipobiiema BeIYUCIEHYSI
BA3KOCTH JUIsl HCHBIOTOHOBCKHUX KUIKOCTEH.

buier 2.

1. Bonnpoc 1o BbIOOpY, CBSI3aHHBIN ¢ MOJCITUPOBAHIUEM CHCTEMBI YaCTHUI] U YCKOPEHUEM e€ paboThl Ha
CYIEPKOMITBIOTEPE.

2. [Moaxoxp! k pacueTy (a30BBIX PAaBHOBECHH MIEPBOTO POJIA.

3. Hapucyiite THIWYHBIN BUJ NApHOW KOPPEISIMOHHOW (YHKIIMU MOJEKYT B KUJIKOCTH. Bwimenute
xapakTepHble obnacTi. O60CHYHTE HAPHUCOBAaHHOE.

4. Meron aHaJUTUYECKON anIpOKCHMAalMU XBOCTOB AaBTOKOPPEISIUUOHHBIX (yHKIHMA B MeTone
I'puna-Ky6o: MOTHBaIMs U IPUMEPBI IPUMEHEHHS

Kpurepun onennBanus

Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEeOHOHM MpOorpaMMbl AMCHUIUIMHBI, MPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka OTIMYHO § ©OauioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/ad4, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHSTH II0JyUYCHHbIC 3HaHMsS HA IPAKTUKE, HO HEJOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIEC PE3YIJIBTATHI.

Ouenka xopoo 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYILLECTBY M3JaraeT ero, yMeeT MPUMEHATh MTOJyYeHHbIE 3HAHNS Ha MPAaKTHKE, HO JOIYCKAeT B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.



OteHka XOpoIo 5 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, paMOTHO
U 110 CYIIECTBY M3JIaraeT ero, yMeeT NPUMEHSTh IOJydeHHbIe 3HAHUS HA MPAKTHKE, HO JOIyCKaeT B
OTBETE WJIHM B PEIICHUH 3334 JOCTATOYHO OOJIBIIOE KOIMYECTBO HETOYHOCTEH.

OreHka yIOBIETBOPUTEIBHO 4 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIN,
Pa3pO3HEHHBIH XapaKkTep 3HaHWIl, HEIOCTaTOYHO MNpaBHJIbHBIC (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKOU MMOCIIENOBATEIBbHOCTH B U3JIOKCHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH IpOrpaMMbl, HEOOXOAUMBIE JUIsl JajbHEHIIEero o0y4eHus, 1
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHKka yIOBIETBOPUTEIBHO 3 Oajula - BBICTABIISICTCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX MOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciado
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHOH mporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYHOBICTBOPUTEIHHO 2 Oajia - BBICTABISETCS CTYICHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTh
OCHOBHOTO COZIEP)KaHUsl Y4eOHOW NpOrpaMMbl JHUCHMIUIMHBL, JONYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOTYYCHHbBIC 3HAHUS TP PEIICHHN
THIIOBBIX 33]1a4.

OueHka HEyIOBIETBOPUTENBHO | Oaia - BBICTABISCTCS CTYICHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
coziepKaHusi yd4eOHOW MPOrpaMMBbl TUCHUILTUHEL, JTOMyCKaeT TrpyOeiiniie ommoku B (GOpPMYIHPOBKAX
0a30BBIX TOHATHH IUCHHUIUIMHBI U BOOOIE HE MMEET HAaBBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

5. MeTonuueckne MaTepuaIbl, ONpPeIeIsONINe MPoueIyPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

DK3aMeH POBOAMTCS B YCTHOU (hopMe o OuiieTam.

B kxaxxom OuiieTe npecTaBIeHo TPU TEOPETHYESCKUX BOIPOCA M OTHO IPAKTHYECKOE.
I[Tpu npoBeieHnH SK3amMeHa oOyyaroemMycs mpenocrasisiercst 30 MUHYT Ha ITOJTOTOBKY.
Ormpoc o0yuaromerocst He JOJDKEH IPEBBILIATh OHOTO ACTPOHOMUYECKOTO Yaca.



