degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
A.C. barypun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: ATtomMmucTHYecKue MCTOAbI MOACIUPOBAHUS TJIA3MbI
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: AJIbTCpHAaTUBHAA SHCPTCTUKA, HAYYHOC

HpOrpaMMHpPOBaHKE U (PYHKIIMOHAIbHBIE MaTEePUAIIbI
®usrex-mrkoia nekrpoHuku, otonnku u Monexymnspraoit duzuku
kadeapa QU3NKU BHICOKOTEMIIEPATYPHBIX TIPOIIECCOB

Kypc: 1
KBaJIMpUKALS: MarucTp

Cemectp, hopMbl IpOMEXKYTOUHOH arTecTaunu: 1 (ocennuil) - JuddepenuupoBannslii 3a4eT

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: I.C. lembsiHOB

[Iporpamma obcyxieHa Ha 3aceannu Kadenpbl PU3NKK BBICOKOTEMITEpaTypHbIX TporieccoB 10.01.2025



Kypc "Atomucruueckue MeTonbl

MOJEIIUPOBAHUS IJIa3Mbl"

AHHOTANMA

apeayCcCMarpuBacT HU3YUCHUC OCHOBHBIX

IIPUHIOUIIOB CTaTUCTUYECKOMN (I)I/ISI/IKI/I, METOAOB aTOMUCTHUYCCKOIO MOACIIMPOBAHHA U HUX IMNPHUMCHCHUA K
aHAJIN3y IIJIa3MCHHBIX CHCTCM. OCHOBHOE BHUMAaHHE YACJICHO PpaCcCMOTPCHUIO TCOPCTHUYCCKHUX OCHOB,
YHUCJICHHBIX MCETOAOB U MNPAKTHYCCKHUX 3aJad MOIACIHUPOBAHUA KIACCUYCCKUX CHHBHOBS&HMOHCFICTBYIOH.IHX
CHUCTEM MECTOAAMHU MOHTe—KapJ'IO nu MOJ'IGKy.]'ISIpHOﬁ JWUHAMUKH.

1. leau u 3apauu

Meap AUCUMNIMHBI

- H3yYEHHUE KJIIOYEBbIX INPUHLUIIOB U METOAOB aTOMHCTUYECKOIO MOEIUPOBAHMS MJs aHAJIN3a
IJIa3MEHHBIX CHCTEM, BKIIOUas KiaccHuueckne metoasl MoHTte-Kapino n MonekynsipHON NTUHaMHKH, a
TaK)K€ OCHOBBI [IPUMEHEHUS UHTEIPAJIOB 110 TPAEKTOPHSIM.

3agauu AUCHUILIHHBI

-ocBoeHue MetonoB MonTe-Kapino u MosiekyasipHOW AMHAMUKU JUIsl pacdeTa TepMOAMHAMHUYECKHX

CBOIICTB;

-U3y4YCHHUC NTOAXOJ0B K MOACIMPOBAHUIO IJIa3Mbl, BKJIIOYasA Z[aHBHO):[CI\/’ICTBYIOH_[I/IC B3aHMOI[€I>iCTBH5[ nu

MeToJ DBajibla;

-IOHUMaHNE MHTETPajoB IO TPACKTOPHSIM U METOAOB MOJCIUPOBAHUS KBAHTOBBIX 3((EKTOB B

IIJ1a3MCHHBIX CUCTCMaXx.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYalluil HA OCHOBE
CHCTEMHOTO TI0JIX0/1a, BEIpa0aThIBATh
CTpaTeruro AeUCTBUI

YK-1.1 Ananuzupyet npoOieMHYI0 CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CHUTyallud Ha  OCHOBE
JOCTYIHBIX HCTOYHUKOB MH(POPMAIUN

YK-1.3 Pa3pabarsiBaeT CTpaTEeruIo JOCTHKEHUS

[IOCTABJICHHON IeIM Kak I10CJIEA0BaTeIbHOCTh I11aroB,
NpeaBUAS PE3YNbTaT KaKIOro M3 HHUX U OLEHUBAas HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIAHUPYEMOM
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3YyJIbTaThI

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAHHN B
pamMKax TeMaTHYeCKOW 00yacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

I[IK-1.2 CnocobeH  BbyIBHTaTb  THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOAETH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KA4eCTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIn)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3yJIbTATOB 00yUeHHUs! N0 JUCHMILINHE (MOLYJII0)

B pe3ynbrare ocBOeHUS TUCIUIUTHHBI 00y4YaronInecs JOKHBI

3HATb.




-OCHOBHBIC TPHUHIIMIIEI KIACCHYECKOW W KBAaHTOBOW CTATUCTHUYECKOW (U3UKK, B TOM 4HCIE B
(hopmasi3aMe HHTErpaoB 10 TPACKTOPHSIM;

-TEOpEeTHYECKUE OCHOBBI MeTO10B MoHTe-Kapino u MoJieKynsapHOi AUHAMUKY;

-0c00EHHOCTH MOJAEIUPOBAHUS TIA3MBI C 1aJIbHOACHCTBYIOIIMMHY B3aUMOJCHCTBUSIMHU.

YMETb:
-IIPOBOJIUTH PACUEThl TEPMOANHAMUYECKHUX BEJIUUYMH Ha OCHOBE MUKPOCKOITMYECKHX TapaMeTPOB;
-IpUMeHATh MeToabl MoHTte-Kapino u MonexkynsipHONH IMHAMUKHU JUIS MOJEIHPOBAHUS C KOPOTKO- M
JaJIbHOJCHCTBYIOIUMH MTOTEHIMAaMHU;
-aHAJIN3UPOBATh CTPYKTYPHBIE XapaKTEPUCTHKH CHCTEMbl, TaKWe Kak IapHas KOppeNAHOHHAs
(GYHKUUS ¥ CTPYKTYPHBIN (QakTop.

BIIAJIETh:
-METO/IaMH aHaJIN3a TUIA3MEHHBIX CHCTEM C MCIIOIh30BAHUEM COBPEMEHHBIX IPOTPAMMHBIX CPEIICTB;
-TeXHUKaMH 00pabOTKH M MHTEPITPETAIINH JaHHBIX MOACITUPOBAHHUS, & TAKKE OICHKH CTATUCTHYECKUX
OIINOOK;

-MHCTPYMEHTaMH  YHUCIIEHHOTO  MOJICJIMPOBAaHUSl  KJIIACCHYECKMX M  KBaHTOBBIX  OJHO- |
JIBYXKOMITOHEHTHBIX KYJIOHOBCKUX CHCTEM.

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

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| OCHOBBI KJIacCUYECKOH CTaTUCTUUYECKON ) 4
¢$uznkn
Krnaccuueckue MeToapl aTOMHCTHYECKOTO
) MonenupoBanusi. Meron Mounte-Kapro u ) 4
MOJICKYIISIPHON JTUHAMHKH IS
COMIUIMPOBAHUS KOH(UTYpanit
3 ITaprast  xoppensuuoHHas  (yHKIUS, ) 4
CTPYKTYPHBIi (hakTop
4 Mopaenbs MATKUX U TBEpABIX chep 2 4
5 Bonpocsr YCTONYNUBOCTH u ) 4
TEPMOJIMHAMUYECKOTI'0 NIpeJieia I1a3Mbl
6 Cymma Crelitepa, IICeBIOTOTEHITATBI 2 4
7 HanpHonencTByrOILME IIOTEHUUAJIbI, ) 4
MeTon DBajibaa
Cornamenue 0 MUHUMaJIEHOM
8 n300pakeHNH. YCPETHECHHBIH 10 yIiiaMm 2 4
MOTEHIMaa DBanbaa
9 OnHOKOMIIOHEHTHAs I11a3Ma, OTEHIMAI, ) 4
SHEPrus
[Ipenen Jlebas- X roKKest JUIST
10  |TepMonMHAMUKH OJTHOKOMIIOHEHTHO 2 4
T1a3MBbl




MonenupoBanue OJIHOKOMIIOHEHTHOM

1 IUIa3Mbl C YCPEOHEHHBIM II0 YIVIaM ) 4
[OTEHIAJIOM Opainbaa METO/I0M
MomnTe-Kapno
MopnenupoBanue OJHOKOMIIOHEHTHOM

|p |MIa3MBl € MOTEHIKAJIOM OBanbia ) 4
METOIOM MOJIEKYJSIPHOM JAMHAMHUKU C
nomorsio mporpaMmmsel LAMMPS
Peanuszauusa ycpenHeHHOro Mo ymiam

13 HoTEeHIMalIa OBanbpaa B MaKeTe 2 4
LAMMPS

14 WnTerpansl  1mo  TpaekTopusM B ) 4
TepMOJIMHAMUKE. boJIbIIMaHHOHBI
Craructuueckas cyMMa B cllydae

15 craructukn ®epmu u boze. [Ipobnema 2 4
3HaKOB

Hroro yacos 30 60

Iloaroroska k sKk3aMeHy 0 gac.

Oobmas TpynoEMKOCTb 90 yac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 1 (Ocennuii)

1. OCHOBBI KJIACCHUECKON CTATUCTHYECKON (PU3UKU

BBenenne B aromucTHUecKoe MoAenudpoBaHHe I1a3mbl. OOmmue MHOHATHS W 0030p METOMOB,
UCIOJIb3YEMBIX B MOJEIUPOBAHUU IUIA3MEHHBIX CUCTEM. MeXaHW4eCKMH W TepMOAMHAMHYECKUN
nogxoa. Pomp craructuyeckod (u3MkM B aHanu3e 1iasMbl. [IpuMepsl axkTyanbHBIX 3ajady:
HCCIIeJOBAaHUE CBOICTB MaTepHaoB B 3KCTPEMAIbHBIX YCIOBHSX, aCTpO(U3NIECKHEe IPUMEHEHUS.

2. Kiaccuyeckue MeTompl aroMHucTAYecKoro MojenupoBaHus. Mertogq Monrte-Kapno u
MOJIEKYJIAPHON AUHAMHUKY JIJIs1 COMIUIMPOBAHUS KOHPUTYparuii

MUKpOKaHOHUYECKUI U KaHOHWYECKHH aHcamOiu. OnpeneneHne U pazindue MEeKAYy aHCaMOIsIMU.
[lonsiTue crarcymMMsl, €€ poiib B BBIUUCIIEHUM TEPMOAMHAMUYECKUX BEIMUUH. BrlpaxkeHue sHepruu,
JaBJICHUS] U DHTPOIMHU uepe3 crarcymmy. OOCyXIeHHE TeopeMbl BHpHala M €€ NPUMEHEHHUs B
aTOMUCTHYECKOM MOZAEIUPOBAHNU. YCIIOBUS CYILECTBOBAHUS TEPMOANHAMHUYECKOTO IIpesea.

3. IapHas xoppensiuoHHast GYHKIUS, CTPYKTYPHBIN QakTop

Monexkynspaas auHamuka. OCHOBHBIE Haed MoJjeKyasipHoW nuHamuku (MJ]). YnucneHHble METOABI
WHTETPUPOBaHUS YpaBHEHUH nBxKeHUs (anroputM Bepne, meton Pynre-Kyrra). Beibop BpemenHoro
mara. AHamuM3 TpPAaeKTOpWil: pacy€T TeMmmeparyp, HaBlIeHWd U HHepruil. TepmocTarbl i
MOZEINPOBAHUS IPH MTOCTOSHHON TeMIIeparype.

4. Mopenb MATKUX U TBEPABIX cdep

Mertonst Monte-Kapno B mopenupoannu. OcHoBbl Metona Monte-Kapno (MK): cnyuwaiinoe
COMILUTMpOBaHuEe KoHQurypanuii. PopmupoBanue ueneii MapkoBa W aiaroputM MeTponoiuca.
OO0cy>KaeHnEe CHITBHBIX U CIIA0BIX CTOPOH METO/IA.

5. Bonpocsl yCTOWYHMBOCTH U TEPMOJAUHAMUYECKOTO pEIesa I1a3Mbl




Dproxuueckas THIIOTE3a U CTATUCTHYECKOE YCPEAHEHHE. YCPeTHEHUE IO BPEMEHHU U 110 aHCaMOIIio,
X (usnyeckoe 3HaYeHHWe. METOoAbl aHanIHM3a CXOAMMOCTH. TeXHHMKa OJOYHOTO CPEHETro: BBIOOP
ONITHMAJIEHOTO pa3Mepa OJ0KOB, MUHIMHU3AIHSI CTATUCTUIECKON OIIMOKH.

6. Cymma Creiirepa, IIceBIOTOTEHITUATBI

[lapnas xoppensunoHHash GyHKUUS U CTPYKTYpHBIA ¢aktop. OnpeneneHue paauanbHOW (YHKIUH
pacupenenenus (POP), ee xapaktepHblii BUJ B 3aBUCHUMOCTH OT (a3bl BemecTBa. CBsizb POP ¢
MOTEHIMANBFHOW 3Heprueil m naBneHueM. OnpeneneHHe CTPYKTYpHOTO (akTopa uepe3 MapHYIo
KOppensuoHHyto pyHkuuto. [Ipumenenue ans aHaim3a KpUCTAJUIMYECKUX U aMOP(HBIX CTPYKTYP.

7. JanbHOAEWCTBYIOIIME TOTEHIIUAIBI, METO DBajIbaa

Monenu B3ammMojeiicTBus dactul. OTIMYHME TOTEHIMAIOB MSTKMX M TBEPABIX cdep. [lapamerp
HEUICaJbHOCTH M BBIPOXKACHUS, UX (usuueckuil cmpici. OOCyXIeHHE TEPMOIUHAMUYECKOTO
mpenena A KOPOTKOIEHCTBYIOIUX NoTeHuuanoB. AnroputM MonTe-Kapio 1uist MonenupoBaHus
CHCTEMBI MATKHUX cep.

8. CornamieHye 0 MUHUMAILHOM I/I306pa)I(eHI/II/I. ycpel[HeHHLIﬁ o yrjiaM MoTeHIual 3Bam,;[a

[Ipobnembl yCTOMYMBOCTH W TEPMOAMHAMHUYECKOTO MpeAena A IBYXKOMIIOHEHTHOW IIJIa3MBbl.
[ceBnonoTeHmuansl 1 UX poib B MofenupoBanun. OcobeHHOCTH pacuéra cymmbl Cieiirepa.

9. OgHOKOMITOHEHTHAS TU1a3Ma, TOTeHIINAJ, SHEPT U

[JanpHonencTByrOIME B3aUMOJCUCTBUS. TpynHocTn MOJICIINPOBAHUSA CHUCTEM c
JAIbHONCHCTBYIOIUMHE  cujlaMHd  (KYJIOHOBCKOE — B3aMMOJCHCTBHE).  YCIIOBHAas — CXOOUMOCTh
NOCTOSIHHBIX Manenynra. Merog cymmupoBaHust OBanbia. CorviamieHue 0 MHHUMAaJIbHOM
nzobpaxkenuu. [lpumepsl NpUMeHEHUs B IUIa3MEHHBIX CHCTEMaX. YCpPEeIHEHHBI IO yriiam
[OTEHIMal DBajbJa.

10. TIpenen ebas- XroKkens it TEPMOAMHAMUKN OJHOKOMIIOHEHTHOM IJ1a3Mbl

Mopaens OAHOKOMIIOHEHTHOH IIa3Mbl U ee mpuiioxkeHus. CBOICTBa OJHOKOMIIOHEHTHOW ILIa3MBbl.
Ipenen [lebas-Xrokkens. Peamuzanust MonenupoBaHust MetogoM Monte-Kapno. Pannanbhblie
(YHKUIMM pacupeneseHus B 3aBUCUMOCTH OT IapamMeTpa HenaealbHOCTH

11. MonenupoBaHre OAHOKOMIIOHEHTHOM IJIa3MBI C YCPETHEHHBIM O YIVIaM ITOTCHLMAIOM DBajbla
MeronoM Monte-Kapio

Hcnonp3oBaHue MporpaMMHBIX CpPEACTB JUIsl MOJEKYJIIpHOM OUHAMUKU. BBeneHue B mporpamMmy
LAMMPS: ocHOBHbIE BO3MOXXHOCTH, yCTaHOBKa M HacTpolka. llpumep 3amanusi mapameTpos
CUCTEMBl JJIsI MOJEIUPOBaHMUS OAHOKOMIIOHEHTHOM IUIa3Mbl. AHAJIM3 BbIXOAHBIX [JaHHBIX,
nocrpoeHue rpadukoB sHepruu, nasieHusi, POP ¢ momompio mporpammer VMD u OVITO.
Peanu3zanus cheprnuecKku-cuMMETPUYHOTO OTEHINATIA.

12. MonenupoBaHie OHOKOMIIOHEHTHOM IJ1a3Mbl € ITOTEHLHAJIOM DBajlbla METOZOM MOJIEKYIIIpPHOI
JUHAMUKH C TIOMOLIBIO Tporpammbel LAMMPS

Marpuna mioTHocTd. [IpencTaBieHne cTaTuCTUIeCKO CyMMBI B BHJIC HHTETPAJIOB 110 TPACKTOPHSIM.
Yder KOHEYHOTO pa3Mepa YacTHIl B MOJCIUPOBaHHMU. WacalbHbBIH M B3aUMOJACHCTBYIONIMHA ra3
OOJILLIMAHOHOB.

13. Peanuzarus ycpeIHEHHOTO T10 yIIaM NoTeHIuana JBanbaa B nakete LAMMPS

Marpuna naoTHOCTH Hepa3nuyuMbIx yactuil. Craructuka @epmu u boze. Craructudeckas cymma u
sHeprus uaeainsHoro ®epmu raza. Monenuposanue Monte-Kapio uaeansnoro @epmu rasza.



14. NaTerpaisl 110 TpaeKTOpUsM B TEPMOAXHAMUKE. boslblIMaHHOHBI

IIpencraBneHne CTaTUCTUYECKOH CyMMbI (EPMHOHOB B BHJE HMHTETPAJOB II0 TPACKTOPHSM.
[Ipobnema 3HAKOB.

15. Crartuctuyeckas cymma B citydae cratuctuku @epmu u bose. [Ipobnema 3nakoB

BiaumopneiictBytommii  @epmu  raz. OOMeHHO-KOppensuuoHHbI  (yHKIMOHAN. CoBpeMeHHbIE
mpoOJaeMbl U MEPCHEKTUBBl KBAHTOBOI'O MHOIOYACTHYHOTO MOJEIMPOBAaHUS B3aHMMOIACHCTBYIOIIMX
BBIPOKACHHBIX CUCTEM.

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

VYueGHast aymuTOpHs, OCHAIICHHAS! MYJIBTUMEANA IPOEKTOPOM, MEJIOBOW MIIM MapKEPHOH JOCKOH.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
Jluteparypa Bolgaercs Ha 6a30BoH Kadenpe:
1. Panamopr /I.K., dbsixonoBa A.H. (mep. ¢ anrn.), Eppemon P.I'. (Hayu. pen.). UckycctBo
MoJIeKyJIsIpHOH quHamukn — M., Wxkesck: MH-T komnerotep. ncenen., 2012. — 630 c.
2. I'ynn, X., To6ounuk, 5. KommelorepHoe MmonenupoBanue B pusuke (B 2-x 4.). [lep. ¢ anmi. A.H.
[Tontonosa, B.A. ITanuenko. — M.: Mup, 1990. 4.1 -349 c.; 4.2 -399 c.
3. ®eitaman, P. CratucTuueckas MexaHuka: Kypc Jekiuii; nep. ¢ aurm. H. M. [lnakungr, 1O. I. Pynoro;
moxt pex. J. H. 3ybapea M.: Mup, 1975 — 407 c.

JlononHuTeNbHAS TUTEpATypa
Jluteparypa Brlgaercs Ha 6a30BoH Kadenpe:
1. JTanpnay, JI. JI. Teopetnueckas ¢uszuka. B 10 7. T. 5. Y. 1. Craructuueckas ¢pusuka: yued. mocoodue
s By3oB / JI. JI. Jlannay, E. M. JIudmmn ; mox pex. JI. I1. [lutaeBckoro 6-e uza., crepeoru. M. :
®usmatiut, 2013 — 620 c.
2. ®penkens, /1. [IpyHIMITEI KOMITBIOTEPHOTO MOACTHPOBAHHS MOJIEKYJISIPHBIX CUCTEM: OT aJTOPUTMOB
K MpHJIOKEHUsIM: [yueOHUK 11st By30B] / JI. dpenkens, b. CMuT; nep. ¢ anmi. u Hayd. pea. B. A.
Usanos, M. P. Crykan M. : Hayunsrii mup, 2013 — 578 c.
3. R.J. Sadus, Molecular Simulation of Fluids (Theory, Algorithms and Object-Orientation), Elsevier,
New York, 1999.

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

He ucnonesyrores

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

He nmpexycMmoTpeHsl.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)



CryneHT, M3y4arollui JTUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBNAJETh OOIIMM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrate u3yueHus TUCHUIUIMHBI CTYACHT OJKEH 3HAaTh OCHOBHBIEC OMpPENETICHUS AMCIUIIUHBL,
YMETh MPUMEHITh MOJYYCHHBIE 3HAHUA YMETh MPUMEHSITh NOJYUYCHHBIC 3HAHUA [JIS1 PEILICHUS
Pa3TUYHBIX 3a/1a4.

YceneniHoe ocBoeHHe Kypca Tpedyer:

— MOCEMICHHUS BCEX 3aHATHIA, IPETYCMOTPEHHBIX Y4eOHBIM TNIAHOM TI0 JIUCITUTINHE;

— BEJICHUS KOHCIICKTa 3aHATHH;

— BBIMOJIHEHUE 33/IaHUH TPAKTUYECKHMX CEMUHAPOB M CAMOCTOSTEILHYIO OO0pabOTKy MOIYYEHHBIX
pPE3YIbTATOB;

— aKTUBHOM CaMOCTOSITEITLHOW paOOTHI CTY/ICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHUE PEKOMEHIOBAHHOMU JTUTEPATYPHIL;

— mpopaboTKy yd4eOHOTO Marepualia, IMOATOTOBKY OTBETOB Ha BOMPOCH], MpEAHA3HAUYECHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— IIOATOTOBKY K BBIINIOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

[Mokazarenem BiajeHUsS MaTEpUAIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 10 TEMaM
JHUCUUILIINHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3y4yaeMOro mMarepuala, a He MEXaHHYeCKOro ero 3amoMmuHaHus. [lpu
3aTPYINHEHWN W3yYCHUsS OTICIBHBIX TEM, BOIPOCOB, CIEIyeT OOpamiarhCs 3a KOHCYJIbTAIMSAMH K
MIpenoAaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 33a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadenpa QU3NKU BHICOKOTEMIIEPATYPHBIX MPOIIECCOB

Kypc: 1

KBaJIMpUKALUS: MarucTp

Cemectp, hopMbl IpOMEXKYyTOUHOH arTecTauuu: 1 (ocennuil) - JuddepennupoBannslii 3a4eT

Pa3zpatGoTunk: I'C. leMbsiHOB



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA

MOCTABICHHON IIEIM KaK ITOCJIEIOBAaTeILHOCTE IIIaros,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHHE HA  BHEIIHEE  OKPYXEHUE  IUIAHUPYEMOU
JESATENbHOCTH W Ha B3aMMOOTHOLIEHHUS YYaCTHUKOB 3TOM
JIeATCIbHOCTH

[MK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMANKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM Ul ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
JKCIIEPUMEHTAJILHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HAayyHON 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
pE3yIbTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA JUCLHHUIIINHBI «ATOMHCTHYECKHE MCTOAbI MOICIIMPOBAHUA I1JIa3MbD» 06}"{3}0]]_[1/1171051

JOJIKCH:

3HATb:

-OCHOBHBIC TPHUHIIMITEI KIACCHYECKOW W KBAaHTOBOW CTATUCTHUYECKOW (U3UKK, B TOM 4YHCIE B
(hopmasi3Me HHTErpaioB 10 TPACKTOPHSIM;

-T€OpEeTHYECKUE OCHOBBI MeTO10B MoHTe-Kapino u MoJieKynsspHOi AMHAMUKY;

-0c00EHHOCTH MOJAEIUPOBAHUS TIA3MBI C 1aJIbHOACHCTBYIOIIMMHY B3aUMOJCHCTBUSIMHU.

yMeThb:

-IPOBOJUTH PacueThl TEPMOJUHAMUYECKUX BEIMYMH HA OCHOBE MUKPOCKOIIMYECKUX MTapaMeETPOB;
-npuMeHsATh MeTonbl MoHnTe-Kapino u MonexkyaspHON ITUHAMMKM Ul MOJEIUPOBAHUSA C KOPOTKO- U

):[aJ'IBHOILeI\/'ICTBYIOH_II/IMI/I INOTCHIMAaJIaMH,

-aHaJIM3UPOBATh CTPYKTYpPHbIE XapaKTEPUCTUKU CUCTEMBI,

(GYHKUUS ¥ CTPYKTYPHBIN (PakTop.

BJIaJeTh:

Takue Kak IapHass KOppesHOHHAs

-MCTOAaMHU aHAJIN3a INIa3MCHHBIX CUCTEM C HMCIIOJIb30BAHUCM COBPCMCHHBIX IMTPOTrPaMMHBIX CPCACTB,
-TCXHUKaMHU 06pa6OTKI/I 1 UHTCPHOPETAllNU JAaHHBIX MOACIUPOBAHUA, a TAKKEC OLICHKU CTATUCTUYCCKUX

OIINOOK;

-UHCTPYMCHTAMHU YHUCJIICHHOI'O

MOACIMPOBAHUA

KIIACCUYCCKHX " KBaHTOBBIX OIHO- n

ABYXKOMITIOHCHTHBIX KYJIOHOBCKUX CUCTCM.

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




B nHavane xaxmoro 3aHATHS TPOBOAUTCA KPATKUN OMPOC MO TEME MPEABIIYIIEro 3aHATHSI.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BONPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

Bonpocs! k auddepeHunpoBaHHOMY 3a4eTy:

1. Ompenenenue u pa3nine MUKPOKAHOHMYECKOTO U KAHOHMYECKOro aHcamOiei. Poib crarcymmbl B
BBIYMCIIEHUU TEPMOIMHAMUUYECKUX BEJIMYUH.

2. Teopema Bupuana u €€ DNPUMEHEHHE B MOJACIHMPOBAHHWH. YCIOBUSA CYILLECTBOBaHUS
TEPMOIMHAMHUYECKOTO MpeJiena.

3. OcHoBHble npuHIMIIE MeToaa MonTe-Kapno. Anroputm Merponosnuca.

4. Dproguueckas rUNOTe3a. YCPEAHEHUE 110 BPEMEHH U 110 aHCaMOIII0, METO/IbI aHAJIN3a CXOAUMOCTH.
5. Texuuka OnouHoro cpennero. BpiOop onTumanbHOrOo pasMepa ONOKOB W  MHUHUMH3ALHA
CTaTHCTHYECKOM OIINOKH.

6. PagmanvHas Qynkius pacnpenencHust (POP): ¢uszuueckuii cMmbici, METOAbl pacuéra M CBS3b C
TEPMOIMHAMUYECKUMHU BETUINHAMH.

7.  CrpykrypHBIH (hakTop: oOIpeleneHue, CBOMCTBA M TNPUMEHEHHE /JIs aHalln3a CTPYKTYPHBIX
XapaKTEPUCTUK BELECTBA.

8. OTiaMuMs MOTEHIMANIOB MATKUX M TBEPABIX chep. [lapamerp HennaeanbHOCTH U €ro (U3MUECKHUM
CMBICIL.

9. IlpobneMbl yCTOHYMBOCTH JIBYXKOMIIOHEHTHOH mia3mbl. llceBaonoTeHnuansl U UX NPUMEHEHHUE B
MOJEJINPOBaHUH.

10. Meroga DBanpaa. CornamieHrue 0 MUHUMAILHOM H300pakeHnu. Pacuér ycpenHEHHOTO 1o yriiam
noTeHuana DBajiba.

11. Ipenen Jlebas- XtoKKeNs Isl OTHOKOMITOHEHTHOM TUTa3MBbl.

12. OcHOBHBIE CBOWCTBa OIHOKOMIIOHEHTHOW IuTa3Mbl. PanuanbHble (YHKUHMM pacupeieiicHHUs B
3aBHCHUMOCTH OT IIapaMeTpa HEUJECAIbHOCTH.

13. Ucnonb3oBanue mnporpammel LAMMPS mns monenupoBaHus OJHOKOMIIOHEHTHOM ILTa3MBL.
[TocTanoBka 3aa4n U aHAJIU3 BHIXOJHBIX JAaHHBIX.

14. Marpuna mjIOTHOCTH M €€ CBS3b C TEePMOAMHAMHYECKMMHU Hapamerpamu. [IpencrasneHue
CTaTUCTUUYECKON CyMMBbI B BUJI€ MHTEIPAJIOB 110 TPAEKTOPHSM.

15. WpeanbHblii 1 B3auMOJEHCTBYIOMIMK ra3 OOJBIMAHOHOB. YYeT KOHEYHOIO pa3Mepa YacTHIl B
MOJEJINPOBAHHH.

16. Pazmuuust mexay craructukamu Pepmu u boze. Craructuyeckas cymMma M SHEPTHUsl UIEaIbHOTO
®epMmu rasa.

17. IIpoGnema 3HAaKOB B IPEICTABICHUN CTATUCTUYECKOW CyMMbI (P€pPMHUOHOB B BHJIE MHTEIPasioB IO
TpaekropusiM. [lepeB3BemmnBanue 1151 06x0a MPOOIEMBbI 3HAKOB.

18. IlpuHnmnbel MopenupoBaHusi B3aumozeicTByoomero ®depmu raza. OOMEHHO-KOPPESALMOHHBIN
(dyHKIIMOHAT.

19. CoBpemeHHble HpPOOJIEMBI KBAaHTOBOI'O MHOIOYaCTHYHOrO MopenupoBaHus. Ilpumenenue
BBIPOXKACHHBIM CUCTEMaM.

20. IlepcneKTHBBI TPUMEHEHHS] METOJOB aTOMUCTHYECKOTO MOAEIMPOBAHNUS I aHAIM3a TNIa3MEHHBIX
CHUCTEM.

Kpurepun onennBanus

Onenka ommmuao 10 OammoB — BBICTABISIETCS  CTYACHTY, IIOKa3aBIIeMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEeOHOHM MpOrpaMMbl AMCHUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
MPUHATHIX PELICHUH.

Ouenka ommyHO 9 OamnmoB — BBICTABISAETCS  CTYIACHTY, IIOKa3aBIIEMy BCECTOPOHHME,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPHUHATHIX PELICHUH.

Onenka oOTIMYHO § Oa/uIOB —  BBICTABISIETCS  CTYIEHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad4, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
pELIEeHUH, ¢ HEKOTOPbIMU HEIOUETAMH.



Onenka xopoo 7 6aJijIoB — BBICTABISACTCS CTYACHTY, €CJIM OH TBEPAO 3HACT MaTepuall, FpaMOTHO U MO
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHSTH II0JyUYCHHbIC 3HaHMsS HA IPAKTUKE, HO HEJOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.

Ouenka xopomo 6 6aJIoB — BBICTABIISETCS CTYACHTY, €CIIM OH TBEPAO 3HAET MaTepual, IPaMOTHO H T10
CYILECTBY M3JaraeT ero, yMeeT MPUMEHATh MTOJyYeHHbIE 3HAaHNS Ha MPAKTHKE, HO JOIYCKAEeT B OTBETE
WM B PELIEHUH 3a]jad HEKOTOPble HETOYHOCTH.

Onenka Xopouo 5 6aJijIoB — BBICTABIIAETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAET MaTepuall, IpaMOTHO
U IO CYLIECTBY W3JIaraeT €ro, yMeeT IPUMEHSThH [10JyYCHHbIC 3HaHUs Ha IIPAKTHKE, HO JOIyCKAaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.

OreHka YIOBJIETBOPHTENHEHO 4 Oaiia — BBICTABISECTCS CTYACHTY, MOKa3aBIIEeMYy (QparMeHTapHBIN,
Pa3pO3HEHHBIH XapaKTep 3HAHWM HEIOCTaTOYHO MpaBHIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSTUH
HapyUICHUS JOTUYECKON MOCIIENOBATEIbHOCTH B U3JIOKEHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl Y4eOHON HPOrpaMMbl, HEOOXOAUMBIE JUIsl JajbHEHIIero o0y4eHus, u
MOKET MMPUMEHSTH TOJTyYSHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka YIOBJIETBOPHTENHEHO 3 Oajia — BBICTABISETCS CTYACHTY, MOKa3aBIIEMYy (QparMeHTapHBIN,
pPa3po3HEHHBIH XapakTep 3HAHWY JOMYCKAIoNIeMy OMHMOKA B (HOPMYITHPOBKAaX 0a30BBIX MOHSLTHH
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B M3JIOKEHUH IPOTPaMMHOIO Marepuania, ciabo
BJIaJICET OCHOBHBIMH pa3zielaMH yueOHOH porpaMMbl, HEOOXOAUMBIMH IS IAJIbHEHIEro 00y4YeHUs 1
C TPYAOM MIPUMEHSET MMOTYYCHHBIC 3HAHUS JJaKe B CTAHAAPTHON CHUTYAIIHH.

OneHka HEyAOBIETBOPUTENLHO 2 Oaiia — BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HaeT OOJbIIEH YacTu
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT rpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
TUIIOBBIX 3a]ay.

OueHka HEyJIOBJIETBOPHUTENbHO | Gamn — BBICTaBISETCS CTYIACHTY, KOTOPBIi HE 3HA€T OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeilmue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHSTUI JUCUUIUIMHBI U BOOOIIE HE MMEET HAaBBIKOB PEIICHMS TUIOBBIX MPAKTHYECKUX
3a/ad.

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

Onenka (qudQepeHIMpPOBaHHBIA 3a4eT) BHICTABISICTCS 32 BBINOJHEHHE M CIady BCEX JIOMAITHHX
3aJlaHuil 10 yKa3aHHBIM BOIIpOCcaM (CpeaHee apuMeTHIECKOe).



