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AHHOTANMA
Kypc nocBsamén 3HakoMCTBY ¢ OCHOBaMH MOJICIIMPOBAHUS U OCHOBaM pabOTHI C BHICOKOIPOU3BOAUTEIbHBIMH
BBIUMCIIUTEJIBHBIMU KilacTepaMu. PaccmarpuBaercss MOIEIMPOBAaHUEM METOIOM MOJIEKYJSIPHOM AMHAMUKWU,
metonoMm MonTte-Kapno u apyrumu. Ocoboe BHHMaHUE B Kypce YACNSETCSl MPAaKTUKE MOIEIUPOBAHUS U
MPaKTHKE MCIONB30BAHUS CYNEPKOMIIBIOTEPOB JUIS MOJICIUPOBAHUS (U3MUECKUX IPOLECCOB M 0a30BBIX
O01opU3NIECKIX MPOLIECCOB.

B pamkax mepBod wacTH Kypca pacCMaTpHUBAIOTCS OCHOBBI METOIOB MOJIEKYJISIPHOTO MOJEIIMPOBAHMS C
aKIICHTOM Ha METoJe MOJIEKYIIpHOH muHamuku M Monre-Kapno ¢ snemeHTamMm MHOromacimtabHOTO
MOJZIETTMPOBAHUS, & TAK)KE PAaCCMaTPUBAIOTCA TEXHOJIOTHMHU BBICOKOIPOU3BOAUTEIBHBIX BBIUMCIUTEIBHBIN IS
YCKOPEHUS PACUETOB.

Yacte Kypca O MOICIMPOBAaHMM OCHOBaHA Ha Oa30BBIX MOHATUSAX MEXaHWKH, TEPMOIMHAMHUKH U
cTaTucTHYeCcKoi pu3nku. PaccMarpuBaroTcs BCe 3Tanbl MOACTMPOBAHHS — OT IIOCTAHOBKH 33J[a4M /10 aHAJIN3a
pe3yapraroB. B paMkax Kypca CTyAEHTHI TIO3HAKOMATCS ¢ METOJaMU MOJEINUPOBAaHUS HEUTPAIBHBIX CUCTEM U
CHCTEM YacTuUll C 3apsilaMu, OTAEIbHbIX KJIACTEPOB aTOMOB U KPUCTAJUIOB, PABHOBECHBIX, PEJIAKCAL[IOHHBIX U
HEpaBHOBECHBIX MpoueccoB. Ilociae ocBoeHHs 3TOro Kypca BO3MOXKHO INPHUCTYNaTh K paboTe Haja HaydHOM
3a7a4el, U peuIeHusl KOTOPOU MCIOJb3YETC METO/ KIACCUYECKOU MOJIEKYJIIPHOM JUHAMUKH.

B pamkax BTOpOW HacTh Kypca O BBICOKOIPOM3BOAWTEIBHBIX BBIYHMCICHHUSX KPOME OCHOB paboOThI Ha
COBPEMEHHBIX CYNEPKOMIIBIOTEpaxX paccMaTpUBAIOTCS MPHHIUIBI PAacapauIeINBaHNs U CIIOCOOBI YCKOPEHHS
pacyéToB U MOMYIISPHBIC TEXHOJIOTHH pacliapaIeIMBaHUs U YCKOPEHHs BEIYUCIeHUI: TexHonorus MPI - s
pacmapaijieMBaHusT Ha CUCTeMax C pasfen€HHONM mnamsaThio, TexHonoruu 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

HU3YyUCHUC OCHOBHBLIX MCTOAOB MOJICIUPOBAHHA B (I)I/I3I/IK6 KOHACHCUPOBAHHOTO COCTOAHHA C AaKIICHTOM
Ha MCTOAC MOHeKyHHpHOﬁ JUHAMUKHU, a TaKXEC OCBOCHHC OCHOB TEXHOJIOTHH
BBICOKOIIPOU3BOAUTCIIbHBIX BBIYMCIICHUH.

33)13‘1]([ JAUCHUIIINHBI
¢ OCBOCHHC CTyACHTaAMHU 0a30BEIX 3HAHUI B 00IaCTH MOJICKYJIIPHOI'O MOACIIMPOBAHMA,
° HpI/IO6peTCHI/I6 TCOPCTUICCKUX 3HAHMI B 00IacTU KOMHBIOTepHOfI (I)I/I3I/IKI/I,

* U3y4YeHHE MPOCTEHIINX METOIOB PEIIECHHs YPaBHEHUH KOMIBIOTEPHONW (M3WUKK M IMOCTAHOBKU 3a7a4
YHCIEHHOTO MOAETMPOBaHUS (PU3HMUECKUX SIBICHU;

¢ O3HAKOMJICHHUE C MPECAMETOM, IIPUHIUIIAMU U METOAAMH BbICOKOIIPOU3BOANTCIIBHBIX BBIHHCHEHHﬁ;

* OpUOOpEeTeHHWE TMPaKTHYECKUX YMEHHH H  HaBBIKOB, HEOOXOMUMBIX JUII  pabOTBl  C
MHOTOIPOIIECCOPHBIMH BBIYMCIUTEIEHBIMI CUCTEMAMU;

° (bOpMI/IpOBaHI/Ie YMCHHfI W HAaBBIKOB JIsI TPUMCHCHHA MOJYUYCHHBIX 3HAHUH AJid pCHICHUSA
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 ®opmynupyet B pamKkax 0003HAYCHHON MPOOIEMBI,
Henb, 3aJadd, aKTyaJbHOCTh, 3HAYMMOCTH (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYIO U UHYIO B 3aBUCHMOCTH OT
TUMA TPOEKTa), OXKHIAEMbIe pPEe3yJbTaTbl W BO3MOKHBIC
cdepbl UX MPUMECHEHUS

VYK-2 CnocoGeH ynpaBiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

OIIK-1 Bnaneet cuctemoii pynnamentansabix |OIK-1.3 [TornMaeT MeXAUCIUTUIMHAPHBIC CBSA3U B O0OJIACTH
Hay4HBIX 3HAHUN B 00JIACTH MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
(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 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH 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 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHTEIHLHBIMHU
METOJaMH pElIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHUKE
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 CrocobeH TpUMEHSTh 3HaHWST B  0O0NacTH
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1auu, (POPMYITHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
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 CrpeMurcss K TIOIYYEHUIO HOBBIX 3HAHHM,

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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax HCCIe0BaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCCHOHATEHON
IEITEILHOCTH

[MK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHNN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

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

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOAUTH Hay4dHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MJIM B COCTaBE€ HAydHOI'O
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 oIleHUBaTh TOYHOCTh IOJyYEHHBIX
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 MOJAEIH OCHOBOIIOJATAIOUINX MPOLECCOB M SIBICHUH B MOJEKYIApHOH (hH3MKe U ee

IIPUIIOXKCHUAX

- Q)YHﬂaMGHTaHBHBIG MNOHATHUA, 3aKOHbLI, TCOPHUU KJ1aCCUYECKOH paBHOBeCHOﬁ u HepaBHOBeCHOﬁ

CTaTUCTHYECKON (PU3UKH;

- TOpSAOKU (PU3NYECKHUX BEJIMYHWH,
KOHJICHCUPOBAHHBIX CPE/;
- (Qusnyeckue OCHOBBHI
KOHJICHCUPOBaHHBIX (a3;

KIIaCCHUYCCKHX

XapakTepHbIE JJIsl KJIACCHYECKOW MOJEKYISIPHOH (QHU3UKU

MCTOO0B HCCIICAOBAHUA nu CBOICTB

CTPYKTYPBI

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

YMETB:



- TPOBECTU AaTOMUCTHYECKOE MOJCIMPOBAHUE BBHIOPAHHBIMHU BBIYMCIMTEIHHBIMH METOJAMHM, CHEJaTh
BBIBOZIBI U3 PE3Y/ILTAaTOB MOJEIMPOBAHUS;

- alcTparupoBaThCsi OT HECYIIECTBEHHOTO NP MOACITUPOBAHMU DPEANbHBIX (PU3MUECKUX 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;

- 2(¢dexTUBHO HCNOIB30BaTh HH(GOPMAIIMOHHBIE TEXHOJOTMHM M KOMIIBIOTEPHYIO TEXHHUKY JUIs
JOCTUKEHUSI HEOOXOIUMBIX TEOPETHYECKUX U MPUKIIAJHBIX PE3yIbTaToB.

- IPOBOJUTH ONTUMU3ALIUSA U paclapajlleIUBaHUE PacueTOB;

- abcTparupoBaTbCs OT HECYLIECTBEHHOTO IPY MOACITUPOBAHNUHN PEabHBIX (PU3NUECKUX CUTYaIH;

- 2(¢dexTUBHO HCNOIB30BaTh HMH(GOPMAIIMOHHBIE TEXHOJIOTMHM M KOMIIBIOTEPHYIO TEXHHUKY JUIs
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'PaMOTHOW 00pabOTKH Pe3yJbTaTOB KOMITBIOTEPHBIX IKCIIEPUMEHTOB U COIIOCTABJICHUS C
TEOPETUYECKUMU JTAaHHBIMH.

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

- HaBbIKAMH pabOTBl HA CYyNEpKOMIIBIOTEpE, BKJIIOYash paboTy C TEpMHMHAIOM, 3aIlycK
MOCJICIOBATENbHBIX U MAapaJUICIbHBIX POTPaMM C HCIIOIb30BAaHHEM CUCTEM OYepe/IeH;

- HaBBIKAMH paClapaJUICIMBaHUS NPOTPaMM JUIsS BBIYUCIHMTEIBHBIX CHCTEM C OOLIeH MaMmsThio, 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 MomenupoBaHHME U ) 4
CYIIEPKOMIIBIOTEPHOE MOJEJIMPOBAaHHUE
) ba3oBble MOHATHS OCHOBHBIX METOZOB ) 4
MOJEJINPOBAHHUS
3 OCHOBBI MOJICKYJISIPHOW JUHAMUKH — ) 5 4
qactsb 1
4 OCHOBBI MOJIEKYJISIPHOM JUHAMUKH — ) 1 4
4acTh 2
5 TepmocTtarsl 2 1 4
6 PaBHOBeCHBIE CBoﬁcuTBa 2 1 4
MOJIEKYJISIPHO- IMHAMUYECKUX MOJEIeH
7 HepasnoBecHblie CBOfICVTBa ) 1 4
MOJIEKYJIAPHO-AUHAMUYECKUX MOJEIeH
8 @da3oBbIE MEPEXOJIbI 2 1 4
9 OcHOBBI pabOTHI € CYNIEPKOMITBIOTEPAMHU 2 1 4
10 |KoMmunsanus u 3amycK Nporpamm 2 1 4
1 BBenenne B OCHOBBI ITPOrpaMMHUPOBAHUS ) 5 4
Ha cUCTeMax ¢ o0Ieil MamMsThIo
12 BBenenue B OCHOBBEI TIpOrpaMMUpOBAHNS ) 1 4
Ha CHCTEMax C pa3fe’aEHHON MaMsIThIO




BBenenue B OCHOBBI IIPOrpaMMUPOBAHUS
13 Ha cucTeMax c rpadu4ecKUMH 2 1 4
YCKOPUTENSIMH — 9acTh |
BBenenne B OCHOBBI ITPOrpaMMHUPOBAHUS
14 |ma  cumcremax ¢ TpadUUECKUMHU 2 1 4
YCKOPUTEISMHU — 9acTh 2
15 |Hcnonp3oBaHue NpOrpaMMHBIX 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. BenieHre B MOIEMPOBAHUE U CYTIEPKOMITBIOTEPHOE MOJIEIMPOBAaHUE

BBognas nekuus. DBoonns aTOMUCTHYECKUX TpeAcTaBieHuid oT Jlemokpura no cepenuns 1950-x
rofoB. MecTo aTOMHCTHYECKMX NpPEACTAaBICHUH B Hayke JABaJlaTh MEPBOTO BEKa. 3amblcell
aTOMHCTHUYECKOro MozenupoBaHus. Kiaccuueckuili MeTox MOJEKYIspHOW IUHAMUKH. [Ipumepsl.
KBantoBoe  mopenupoBanue.  Cynepkommbiorepbl.  CyNepKOMIIBIOTEPHOE  MOJICKYJSIPHOE
MOZIEIIMPOBaHMUE.

2. ba3zoBble MOHATHS OCHOBHBIX METOAOB MOACINPOBAHUA

BBenenue B MeTon MOJIEKYJISPHOM IMHAMUK{, ONMCAHUE OCHOBHBIX HAIPABIECHUN NPUMEHEHUS.
Beenenue B apyrue Metoasl MoznenupoBanue. Onucanne MHOroMacTaOHOTO OAX0/a.

3. OCHOBBI MOJIEKYJISIPHOW AMHAMUKHU — 4acTh |

Texunka MMJI. YuclieHHOE  HHTETPUPOBAHUE  YPAaBHEHMM  JBIXKEHMS. MeK4aCTUUHOE
B3aUMOJEICTBUE. [paHWYHBIE YCIOBHUS: NEPUOAWYECKHE YCIOBHA JUISI OOHOPOIAHBIX CHCTEM,
MOBEPXHOCTh, KJacTephl, OnoMoOJeKyasl M Jp. HawanbHble ycnoBuUS B CTAallMOHApHOM H
HECTAllMOHAPHBIX Ciydasx. BpiOop mara nwHTerpupoBaHusi (OrpaHUYEHUS! CBEPXY MO COXPAHEHUIO
MOJHOW SHEpruM, IO KPYTH3HE TMOTEHIMalda B3aMMOJCHUCTBHS, 4YacTOTHbIE OrPaHUYCHUS),
nepeMeHHbIN mar. OIyKTyaluy IOTHOW SYHEPTUH.

4. OCHOBBI MOJICKYJISIPHOM AMHAMUKHU — 9acTh 2

CrocoObl  ontummzanun MJI pacu€ra (oOpe3ka NOTEHIMANa, TPAH.YCJIOBUS, CIUCKA U Jp.).
HccnenoBanne paBHOBECHBIX CHCTEM, BBIXOA Ha PaBHOBECHE, KPUTEPHM paBHOBecHs. Pemakcarus.
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. PaBHOBeCcHBIE CBOMCTBA MOJIEKYJISIPHO-AMHAMUYECKUX MOJENEH



@DyHaaMeHTaIbHbIE COOTHOLICHHSA (IIE€PBbIC NPUHLUIBI), HCIOIb3yeMble TMPH AUATHOCTHUKE:
CTaTHCTHYECKasl CyMMa, KOH(HIYpPAaLMOHHBI WHTErpaji, CTPOTHe BBIPAXKEHUS Uil DHEPTHH,
JaBJICHUS, TEIIOEMKOCTH, TEH30pa YIPYTUX HanpsokeHud u np.; ¢opmynsl Kybo-I'puna wu
Outnmreiina-lenpdanna st koddduimento auddy3un, TEIIONPOBOJHOCTH, BSI3KOCTH H TIP.
3ameHa ycpenHeHus 1o (pa3oBOMY HMPOCTPAHCTBY YCPEAHEHUEM IO BpeMeHH. lIpocTpaHCTBEHHBIE U
BpPEMEHHbIC KOppensiluu dacTull. PaauanbHele (QYHKIMM paclpeleseHus, KOPPeNSLUOHHbIE
¢$yHKUMM, QIYKTYauH, UX CIIEKTPHI. TepMOAMHAMHYECKHE CBOMCTBA U KOPPEISILHOHHbBIE (DYyHKIIHH.
ABrokoppensuuonHble  (yHKIuH.  [IpoCcTpaHCTBEHHO-BpEeMEHHBIE  KOPpENsIMM  YacTull,
®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 MOJIEKYISPHO-TUHAMUYECKUX MOJEIIEH

OcobeHHocTH pacyéTa HEPaBHOBECHBIX MOENCi 1 HEPaBHOBECHBIX CBOWCTB. Juddysus, BI3KOCTD,
TEIUIONPOBOAHOCTb. IIpuMeps! 1 TOYHOCTB.

8. da3oBBIE MTEPEXOABI

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

9. OcHOBBI pabOTHI ¢ CyNEPKOMITBIOTEpPAMHU

3aueM HYXHBI cynepkoMibioTepbl? 3amauu, TpeOyromue OonbuX BbuucieHui. O030p peiltuHra
Top-500. Meton kiaccudeckoil MolnekynsipHoW auHamuku u MonTe-Kpano: ucropus, obmacth
MPUMEHEHHsI, PEUMYIIECTB, HEAOCTATKH, TMOJIOKEHUE CPEeIu APYTHUX BBIYMCIUTEIBHBIX METOZIOB.
[Tpumeps! akTyanbHBIX 3a7a4 (PU3MKKM KOHJCHCHPOBAHHOIO BEIIECTBA M HEUACAIBHOW IIa3MbI C
JeMOHCTpauuen pe3yasratoB MJ[ MoaenupoBaHus.

10. KoMnumsmys 1 3aimyck mporpamMm

OcHoBbI paboThl ¢ Linux 1 komaHaHoO# cTpokoit. Komnuisinmsa u 3anmyck nporpamm. [lpeacrasienne
0 pabore komMmuisTOpoB (st C/C++ - oObekTHBIE (aiiibl U OMOIMOTEKH, 3ar0JIOBOYHBIC (aiiiibl,
cuctema cOOpKH, 3aBUCUMOCTH). TEeKCTOBEIE peakTopsl (Vim, ...). O630p OCHOBHBIX BO3MOXKHOCTEH
gnuplot. Micrionbp3oBaHue CKpUTITOB.

11. BBeneHne B OCHOBBI IPOIPaMMUPOBAHUS HAa CHCTEMaX ¢ OOIIel MaMAThIO

BBenenne B mporpaMMupoBaHMe Ha cucTema ¢ obmiei mamsateio. [Torokn. OpenMP. TIpunHmmIIE!
pacnapaieTMBaHusl.

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

[locnenoBarenpHas W MapayjiesbHAas MOJEIM IporpaMMupoBaHus. Ilapagurmel mapamiensHOTO
POrPaMMMPOBAaHUS U COOTBETCTBYIOILME ITPOrpaMMHbIE cpenctsa. IIporpammuas peanuzauus MPI.
Tunossle cxeMmpl opraHuzanuy napamenbHeix MPI-nmporpaMMm m ux crpykrypa. Kommumsanus u
3amyck  MPI-nporpamm.  [Ipobiema momcka  ommbOok. OneHKa  NPOU3BOAUTEIHLHOCTH
MHOTONPOLIECCOPHBIX BEIYACIUTENBHBIX CUCTEM.

13. BBCI[CHI/IC B OCHOBBLI IIPOrpaMMHUpPOBAaHNA Ha CUCTEMAx C Fpa(l)I/I‘IGCKI/IMI/I YCKOPUTCIIAMU — YaCTb
1

ApxurexTypa rpapudeckue yckopureneid. OCHOBHbIC TEXHOJIOTUH Mapajuien3alun Ha Tpaduaeckux
yekopurensix: CUDA, OpenCL. Komnunsiuuu u 3amyck nporpamMm. Cunrakcuc. [Ipumepsi.

14. BBCI[CHI/IC B OCHOBBLI IIPOrpaMMHUpPOBAaHNA Ha CUCTEMAx C Fpa(l)I/I‘IGCKI/IMI/I YCKOPUTCIIAMU — YaCTb
2



OCHOBHBIE NTOJTyaBTOMaTH3UPOBAHHBIC TEXHOJIOTHH Mapajlieu3aluy Ha TpauIecKux yCKOpUTEIsX:
OpenMP, OpenACC. Kommusiuuu 1 3amyck nporpamm. Cunrakcuc. [Ipumepsr.

15. Ucnionp3oBaHUE MPOTPpaMMHBIX TAKETOB

[onymsipaeie nporpammusie nakeTsl: BLAS, FFTW, LAMMPS, ... Kommunsius, 3amyck, oIleHKa
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. IlprHIUIBI KOMIIBIOTEPHOTO MOJIEIUPOBAHUS MOJICKYJISIPHBIX CUCTEM: OT aJITOPUTMOB K
npunoxenusm [Tekcer] : [yueObnuk st By3oB] / [l. @penkensb, b. CMUT ; iep. ¢ aHmL. ¥ Hayd. pen. B. A.
Usanos, M. P. Crykan .— M. : Hayunsrit mup, 2013 .— 578 c.
2. CoBpeMeHHBIC SI3bIKH M TEXHOJIOTHH MapajlieIbHOTO MporpammupoBanus [ Tekcr] : yue0. mocodue
s By3oB / B. I1. I'epreunsb ; b-xa Huxeropoa.roc. ya-ta um. H. W. JloGaueBckoro .— M. : 3xa-Bo
Mock. yH-Ta, 2012 .— 408 c.
3. Texnonorun napamiensHoro nporpammupoBanns MPI u OpenMP [Teker] : yue6. mocobue s
By30B / A. C. AHTOHOB ; Mock. roc. yH-T uM. M. B. JlomonocoBa .— M. : U3a-Bo Mock. yH-Ta, 2012
— 344 c.

JlononHuTeNbHAS TUTEPATypa
1. UckyccTBo Monexymsproit qunamuku [Tekcr] / J. K. Panamopr; iep. ¢ anrn. A. H. /IpsikoHOBO#; 11071
Hay4. pea. P. I. Eppemonad - M.; MxxkesckHUL] "Perynsipaas u xaotudeckas auHamuka'",2012
2. TexHOJIOTHY TapaiieIbHOTO porpaMMupoBanust [ Tekcet] : yueb. mocodue aus By30B / C. A. JlynuH,
M. A. Ilockmkun .— M. : @opym : Uuda-M, 2008 .— 205 c.
3. I'0. Hopman, B.B. Creraiinos. Croxactuueckas TEOPHs METOAA KIIACCUYECKON MOJICKYJISIPHOM
nuHaMuKkH // Maremarudeckoe mofenuposanue. 2012 rox, Tom 24, Homep 6, cTp. 3-44

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

basbl nannbix no xxypHaiam Physical Review, J of Chemical Physics, JKOT®, TBT, YOH u ap.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nek1inoHHBIX 3aHATUSX UCIIONb3YIOTCS MYIBTUMEIUIHbBIE TEXHOJIOTUH, BKIIIOYasl JEMOHCTPALUIO
npe3eHTaunii. Ha npakTHuecKux 3aHsATHAX HCIIONb3YIOTCS KOMIIBIOTEPHI M BBIYUCIUTEIbHBIN KIacTep
(MHOTOMPOLIECCOPHAS U MHOTOY3JIOBasi CUCTEMA € TpapUIeCKUMHU YCKOPUTEISIMUA M CUCTEMOM
odepesieit) ¢ BOSMOXKHOCTBIO YIAIEHHOIO AOCTYIIA.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

CryneHT, M3y4arollud IOUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJETh OOIIMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.
B pesynbrare usydeHus OUCLMIUIMHBI CTYAEHT JIOJDKEH 3HaThb OCHOBHBIEC OIPEAEICHUS W IOHSATHS,
YMETb IPUMEHSTH [TOyYEHHbIE 3HAHUS AJISl PELICHUS Pa3IMUHbIX 3a/1a4.



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 y4eOHOro MaTepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— peUICHUC 3a1a4, npcajraraCMbiX CTyACHTAM Ha 3aHATUAX;
— INOATOTOBKY K BBIIIOJIHCHUIO 3a,[[aHPII7[ TeKyu[efI n HpOMe)KyTO‘lHOﬁ aTTCCTalum.

[Tokazarenem BrnajieHHUss MaTepUaIoM CIIY)XKHT YMEHHE 03 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMaMm
IUCIUTUIAHEL.

BaxxHO moOWTHCS TTOHMMAaHHUS W3y9aeMOTO MaTrepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpum
3aTPYJHCHUU W3y4YEHHs OTJACIbHBIX TEM, BOMPOCOB, CIEAYET OOpalarbcsi 3a KOHCYJIBTAIUSIMU
MPEIoIaBaTelio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEeMaTUKON 3aHSITHIA.

1) [ns 3anucu nekuuid ucmosb3oBarh TeTpaau Gopmara A4. Jlekuuio 3amuchiBaTh TOJIBKO HA MPaBOil
CTOpOHE pa3BopoTa. B TOT e neHp NpouYMuTaTh CBOW KOHCIEKT, AOIOJHUTh 110 NaMSITH IPOILyIIEHHbIE
MeCTa U 3alACaTh BO3HUKIIUE BOMPOCHL. [Tpy 3TOM ncronb3yeTcs U jieBas CTOPOHA pa3BOpOTa TETPaIH.
Ha cnenyromeil nekuuu MoxouTu K JEKTOpy CO CBOMMM BOIIPOCAMHU U BHECTH €T0 OTBETHI B KOHCIIEKT.
Haxonen, oOpamaiitech kK yueOHMKaM W MOHOTpadusM, B YACTHOCTH, YTOOBI PaCIIUPUTL MaTepual
JICKIUH, NOMOJIHANTE KOHCHEKT. JIONOJHEHHMs K KOHCIEKTY MOIYT BO3HUKAaTb B TEUYEHUE BCEIO
ceMecTpa BIUIOTh 10 3K3aMeEHa.

OOparure BHUMaHUE HA TO, YTO TAKOHM e CTHJIb KOHCIEKTHPOBAHUS 11eJIeCO00Pa3HO PacpOCTPaHUTh
W Ha JOKJaJbl, KOTOpble Bel Oymere ciymarh Ha KOH(EpEHIMsIX, U Ha CTaThbH, KOTOpble BbI Oymere
YUTATh.

2) ExenenenpHOe akTUBHOE OOIIEHUE C JIEKTOPOM HMMEET U IICUXOJIOTHYECKoe 3HaueHHe: Bbl yunTtech
00mIaThCsl, U31araTh CBOM MBICIIH, a JIEKTOp 3HaKoMuTcs ¢ Bamu: Bl nmpuobperaere penmyTanuio B ero
mia3zax. Haumnate Bompocsl Hamo ¢ mepBoil ke jekiuu. C 3Toi ke IeNIbl0 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
MOCTEYIOIKe Kypchl MPEAMETOB oOmuparoTcs Ha mnpeabinymme. Ocoboe BHUMaHHME YAETAThH
B3aMMOCBSI3AM Y4E€OHBIX MPEAMETOB [0 MEPE MX HAKOIUICHUS; PU 3TOM MOJIE3HO OCBEXAaTh 3HAHUS,
puoOpeTeHHbIE B NPEABIIyIIMX ceMecTpax. Hu B koeMm ciydae He paccMarpuBaTh MPEAMETH Kak
HE3aBUCUMBIC JIpyT OT Apyra. Takod MoaxoJ 3aKperuisieT IMOJy4YeHHble paHee 3HaHUS U objerdaer
OTINYHYI0 yueOy. B Hayke Takoll mOAXO[ TOXKEe UMEET MECTO, Oosee TOro, CTAHOBUTCSI MarMCTPAIbHBIM
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

Du3zTex-KIIacTep aKaJeMUIeCcKOi U HayuyHO! Kapbepsl (Boruncnurensuas husnka
KOH/ICHCUPOBAaHHOTO COCTOSIHUS M )KUBBIX CUCTEM)

Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH artectanuu: 1 (oceHHUH) - DK3aMeH

Pa3zpadoTunk: A.B. Tumodees, kana. Gpus.-mat. 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 ®opmynupyeT B pamkax 0003HAYCHHON MPOOIEMBI,
HeNnb, 3aJadd, aKTyaJbHOCTh, 3HAYMMOCTH (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0O U UHYIO B 3aBUCHMOCTH OT
TUMA TPOEKTa), OXKHIAEMbIe pPEe3yJbTaTbl W BO3MOKHBIC
cdepbl UX MPUMECHEHUS

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

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
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 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBbIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH 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 CnocoOeH WHCIIOIb30BaTh HCCIIENOBATEILCKUE
METO/bl TNPHU PEIICHUN HOBBIX 3a]ad, PUMEHSsS 3HAHWUS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
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 CrnocobeH mNpuMeHSTh 3HaHUS B  o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
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 Crpemutrcs K TOJY4YEHUIO 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

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHYecKue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

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

[MK-2.1 CnocoOeH TulaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
HCCIJICAOBAHUS CaMOCTOSITENIbHO 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 CnocoOeH oOneHMBaTH TOYHOCTh IOJYYEHHBIX
IKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaTOB

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YJIbTATC H3YUCHUA IUCHUILJIMHBI «BBGHCHI/IC B CYICPKOMIIBIOTCPHOC MOIACIUPOBAHUC (I)I/I3I/II'ICCKI/IX

MPOLIECCOBY» 00YYAIOMIMNCS JODKEH:




3HATb:

- TEOPETUUYECKUE OCHOBBI METOJ1a MOJIEKYJISIPHOM TUHaMUKU U Metoga Monte Kapio;

- TEOPETUYECKHE MOJAEIH OCHOBOIOJATAIOLINX MPOLECCOB U SIBICHUH B MOJEKYIApHOH (hH3MKe U ee
HIPUIIOKEHUSX;

- (yHOamMeHTaJbHBIC IOHATHS, 3aKOHBI, TEOPUH KIACCHYECKOW PABHOBECHONM W HEPaBHOBECHOM
CTaTUCTHYECKON (PU3UKH;

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

- (u3MYEeCKHE OCHOBBI KJIACCHUYECKHX METOAOB HCCICAOBAHUS CTPYKTYpbl M  CBOWCTB
KOHJICHCUPOBaHHBIX (a3;

- TEOPETHYECKNE OCHOBBI APAJUICIIbHBIX aJITOPUTMOB;

- OCHOBHbIE COBPEMEHHBIE TEXHOJIOTUH N1apaJlIeIbHOIO IPOrpaMMUPOBAHMUS;

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

yMeTh:

- MPOBECTU ATOMHCTHUYECKOE MOJIEIMPOBAHUE BHIOPAHHBIMH BBIYMCIMTEIBHBIMH METOAMH, CHENaTh
BBIBOJIbI U3 PE3YJBTaTOB MOJEINPOBAHHS;

- abcTparupoBaThCsi OT HECYIIECTBEHHOTO IPH MOJCTMPOBAHMM DPEAJbHBIX (U3MYECKHX 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¢¢eKTUBHO HCIOIB30BaTh HH(GOPMALMOHHBIE TEXHOJOTMM M KOMIIBIOTEPHYIO TEXHHUKY JJIs
TOCTHKEHUS! HEOOXOIMMBIX TEOPETUUIECKHUX U MPHUKIIAJHBIX PE3yIbTaTOB.

- MPOBOJAUTH ONTUMU3ALMA U paclapajiIeINBaHie pacueTOB;

- abCTparupoBaThCs OT HECYIIECTBEHHOTO MTPU MOJEINPOBAHNY PEATIbHBIX (U3HMUECKUX CUTYalUi;

- 3¢¢eKTUBHO HCIOIB30BaTh HH(GOPMALMOHHBIE TEXHOJOTMM M KOMIIBIOTEPHYIO TEXHHUKY JJIs
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'PaMOTHOW 00pabOTKM Pe3ysbTaToOB KOMIIBIOTEPHBIX IKCIIEPUMEHTOB U COIOCTABJICHUS C
TEOPETUYECKUMH JaHHBIMH.

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

- HaBblkaMu pabOTBl Ha CYNEPKOMIIBIOTEPE, BKJIIOYass pabdOTy C TEPMHHAJIOM, 3alyCK
[IOCJIEI0BATEIbHBIX U NTapaJlIeIbHbIX IPOIPAMM C UCIIOIb30BAHUEM CUCTEM OUEPEACH;

- HaBBIKAMH paclapajUIeIUBaHUsA MPOrpamMM JUIsl BBIYMCIMTEIBHBIX CHUCTEM C OOIIEH MHaMsaThilo, C
pa3nenéHHol MaMsAThIO U IS TpadUIeCKUX YCKOPUTEIICH.

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

[Tpumep KOHTPOJIBHOTO 3aJaHuUS:

- Hanucare 1 ontuMu3upoBars porpaMmy AJ1s MOAEIHMPOBAHUS U aHAJIU3a CBOMCTB:
1) cucTemMbl YacTHII, B3aUMOJEHCTBYIONIUX 10 NoTeHInany Jlennapna-Jxonca
2) cucTeMBI YaCTHII, B3aUMOJIEHCTBYIONIUX 110 NoTeHIany Kymona

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

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB

1. Bpewms auHaMuueckoil mamsTh. 3aMeHa ycpeqHeHUs M0 (a3oBOMY MPOCTPAHCTBY YCPEIHEHUEM I10
BpPEMEHH.

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

3. Buapl 1MarHoCTUKY IIPU MOJIEKYJIIPHO-AMHAMUYECKOM MOZEIUPOBAaHUN peakcauuu. [Ipumeps.

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

5. Pacxomumocts M/] Tpaektopuii. BozHuKHOBEHNE HEOOPATUMOCTH.



6. MeTozpl ONTUMH3AINN pacuéra I nanbHoeicTByomuX norenuanos (Ewald, PM, PPPM u np.).
CymmbI DBanba.

7. MeTonbl BEIYUCIICHHUS] CBOOOIHON DHEPTHH.

8. bnuskozeicTByOLINE U AATBHOACUCTBYIOLINE MOTeHHanbl. OOpe3ka moTeHnuaia.
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 pacipeaesieHusl.
14. TepmocTaTel B MOJIEKYJIIPHON TUHAMUKE.

15. Pa3zBuTHE CynIepKOMITBIOTEPOB M METOJIOB MOZEINPOBAHNS, IEPCIIEKTHUBBI.

16. AHanu3 MacIITaOMPOBAaHKS POTPaAMMBI Ha BEIYUCIUTEIILHOM KJlacTepe.

17. Ontumuzanust paboThl IPOrpaMMBbl Ha MPOLIECCOPE U TpaUueCcKOM yCKOpHUTEIIE.

[Ipumeps! KOHTPOIBHBIX 3aJaHUM

1. MccnenoBath paBHOBECHBIC XapaKTEPUCTUKH MOJIEKYJIIPHON CUCTEMBbI (TIOJy4eHHOU B 3ajaHuu 1) B
3aBUCHMOCTH OT 11ara dt nHTerpupoBaHust. BeIOpaTe onTHMaNbHBIN MIar U UCCIEIYeMOI MOIEIIH.

2. BBINOTHUTS MOACTUPOBAHUE HECKOJIBKUX CUCTEM Pa3HOTO pa3Mmepa (Co31aTh CUCTEMY, PUBECTH €€
K PpaBHOBECHIO, IPOMOJICIUPOBATh PABHOBECHYIO cucTeMy). OmnpenenuTs MUHMMAJIBHBIA pa3Mep
CUCTEMBI, JOITYCTUMBIN JJI1 MOJEIHPOBaHUS.

3. BBIOTHUTE MOJEIMPOBAHUE TMPOCTON KUAKOCTH METOJOM MOJICKYJISIPHOW TUHAMHUKH TPH pa3HBIX
temneparypax. [IpoaHanu3upoBaTh TPACKTOPUU IBHXKEHHS MOJICKYJ M IOCTPOUTH TEMIEpaTypHbIC
XapaKTEPUCTUKN BAKHEHIIMX BEJIWYHMH: IUIOTHOCTH BEIIECTBA, TEIUIOEMKOCTH, KOd(pQHIUCHTA
camoauddy3un, GyHKIHMNA paguanbHOTO pacIpeACICHHS U APYTHX.

4. IlpoBecTr CpaBHUTENBHBIN aHAIN3 CBOMCTB MPOCTHIX KUIAKOCTEU MPHU MCIOIB30BAHUHU PA3TMUHBIX
norennuanoB (Jleanapna-/[xonca, bykunarema, [lITokmaiiepa u np.)

5. Pazpaborarb Momenb M BBIIOJIHUTH OLEHKY IIOKa3aresned yckopeHus U 3((EeKTUBHOCTH
napajulebHbIX BBIUMCIIEHUH B paMKax 3aa4l MOJEIUPOBAHUS IIPOCTHIX KUAKOCTEH.

[TpumMepsl 3K3aMEHAITMOHHBIX OUIIETOB
buner 1.

1. Bonpoc 1o BbIOOpY, CBA3aHHBIM C MOAEIMPOBAHUEM CHCTEMBI YaCTHUIl U YCKOPEHHEM €€ paboThI Ha
CYTIEpKOMITBIOTEPE.

2. Bpems nuHamuueckod maMaTH. 3aMeHa ycpenHeHHs 1o (a3oBOMY MPOCTPAHCTBY YCPEAHEHUEM IO
BpPEMEHH.

3. Kakue BUIBI CHIJT MEKYACTUIHOTO B3aUMOJICHCTBUS BBI 3HaeTe? Hapucyiite TUNMHYHBIN BHJI TAPHOM
KOppeJSIMOHHONH (YyHKIIMM MOJEKYl B Bo3ayxe. Beigenure xapaktepble obmactu. OO0ocHyliTe
HapHCOBaHHOE.

4. HepaBHOBECHBIH METO]] BEIYHCIICHUS BI3KOCTH B MOJICKYJISIpHOW nuHamMmuke. [Ipobnema BeauCICHUS
BSI3KOCTH JUTSI HEHBIOTOHOBCKHX KUIKOCTEH.

buner 2.

1. Bonpoc 1o BbIOOpY, CBA3aHHBIM C MOAEIMPOBAHUEM CHUCTEMBI YaCTHUIl U YCKOPEHHEM €€ paboThI Ha
CYTIEpKOMITBIOTEPE.

2. Ilogxoxp! k pacueTy (a30BBIX PAaBHOBECUH IEPBOTO POJIA.

3. Hapucyiite TUNUYHBINA BUJ MApHOH KOPPEISIMMOHHON (DyHKIMM MOJEKYJ B KHIAKOCTH. Brpiienurte
xapakTepHbie oonacta. O00CHYHTE HApHUCOBAaHHOE.

4. Merton aHaJUTUYECKOM allpOKCHMAIMM XBOCTOB aBTOKOPPENSIIMOHHBIX (yHKIMA B MeTole
I'pura-Ky6o: MoTHBaIMs 1 pUMEPHl TPUMEHEHUS

buier 3.

1. Bonpoc 1o BbIOOpY, CBA3aHHBIH C MOACIMPOBAHHEM CHUCTEMBI YacTHUIl U YCKOPEHUEM €€ padoTHI Ha
CYIEPKOMITBIOTEPE.

2. I'paanunbie ycnoBud. VX BIusHNE HA CBOWCTBA CUCTEMBI.

3. Kak Oynmer MeHSThCS BHJ NAapHOW KOPPEISILUOHHOW (YyHKIHH C POCTOM TEMIIEpaTyphbl B CIIydasx
pasubix ga3z? ObocHyiire.



4. Nuddysus meyenbix aroMoB (tracer diffusion).

buner 4.

1. Bonpoc 1o BbIOOpY, CBA3aHHBIM C MOAETMPOBAHUEM CHUCTEMBI YaCTHUIl U YCKOPEHHEM €€ paboThl Ha
CYIEPKOMIIBIOTEPE.

2. Pacxogumocts M/ TpaekTopuii. Bo3HKHOBEHIE HEOOPATUMOCTH.

3. Hapucyiite xapakTepHbId BUJ aBTOKOPPEISIIUOHHONW (PYHKIIMH CKOpOCTEH MOJEKYN B BO3IyXE H
xunkoctu. O0ocuHyiTe HapucoBanHoe. [loBenenue B Hyie BpeMeHu? [ne cpeaHsst CKOPOCTh MOJIEKYI
OoJible: B BO3AyXe WK B cTakaHe Bozbl? [Touemy?

4. HailTu KOHIEHTpauUHIO CBOOOAHBIX 3JEKTPOHOB B AJIOMHHHH, CUMTAs, YTO Ha KaXKIBIH aToM
MPUXOANUTCS TPU CBOOOAHBIX 3JEKTpOHA. [loyeMy »IEKTPOHHYIO MOACHUCTEMY JUIsl METAJJIOB IpH
KOMHAaTHOM TeMmneparype OObIYHO Ha3bIBAIOT SIEKTPOHHBIM I'a30M?

burer 5.

1. Bonpoc 1o BbIOOpY, CBA3aHHBII C MOACIMPOBAHHEM CHUCTEMBI YacTHUIl U YCKOPEHUEM €€ pabdoThI Ha
CYIEPKOMITBIOTEPE.

2. MeTonbl onTHMH3ANNK pacuéra Juis JaibHoAecTBYomuX noreniuanos (Ewald, PM, PPPM u np.).
CymmbI DBanba.

3. HapucyiiTe THUNMYHBIA BHJ MapHOM KOPPEISUUMOHHOW (YHKLUMH MOJIEKY1 B pas3HbIX (Qaszax.
Beinenute xapakrepHble 001acTH.

4. Kakue OCHOBHbBIE aTOMHCTHYECKHUE MPOIIECCHI IPOUCXOMAT ¢ KOHCTPYKIIMOHHBIMU MaTepuaiaMu Ipu
oOiryueHun?

Kputepun onennBanus

Onenka ommuHo 10 OGamnoB - BBICTABIISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCLUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTh, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
INPUMEHATh X Ha NPAaKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka omMYHO 9 Oa/uioB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka omMyHO 8§ OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW MpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.

Ouenka xopo1o 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTHh IMOIy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

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

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

OueHka ynoBIETBOPUTEIbHO 4 Oania - BBICTABISETCS CTYIACHTY, MOKa3zaBIIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapylLeHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUM IIPOIPaMMHOIO Marepualla, HO IIPU 3TOM
OH OCBOMJI OCHOBHBIE pa3leibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OueHka ynoBIETBOPUTEIbHO 3 Oamia - BBICTABISETCS CTYIACHTY, IMOKa3zaBIIEMY (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWM, JOMycKaloulemMy OmHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0OBAaTENbHOCTH B M3JIOKEHHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYZIOM IIPUMEHSET [10JIyYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.

OueHka HEyIOBJIETBOPUTENHHO 2 Oajula - BHICTABIAETCS CTyACHTY, KOTOPBIA HE 3HAaeT OOJIbIIeH 4acTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIMUIIOB U HE YMEET UCIIOJIB30BaTh IOJyYSHHBIE 3HAHHS NIPH PEIICHUN
TUTIOBBIX 3a]a4.



OueHka HEYNOBIETBOPUTENbHO | 0ayl - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3a/1ad.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

OK3aMeH MpoBOAUTCS B ycTHOW ¢(opme mo Owineram. B kaxmom Owiere NpeACTaBICHO TpPH
TEOPETUYECKUX BONpPOCAa W ONHO mpakThdeckoe. [Ipu mpoBemeHMH O5K3aMeHa OOydaromeMycs
npenocrapisiercs 30 MUHYT Ha moAroToBky. Ompoc oOydaromerocs He JOJDKEH HPEBBINIATh OJHOTO
aCTPOHOMHYECKOTO Yaca.



