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: KOMHBIOTepHBIfI MNPAaKTUKYM 11O TCPMOANHAMHUKE KOHACHCUPOBAHHOTO COCTOSIHUA
0 HANIPaBJICHUIO: HpI/IKHaI[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:
nexkuuu: 0 gac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.

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

[Iporpammy cocraBui: J.B. MunaxoB, kaHj. Qu3.-mMar. HayK

[Iporpamma obcyxieHa Ha 3acefanny Kadeapsl GU3NKH BBICOKOTEMITEPATYPHBIX mporieccoB 12.02.2024



AHHOTANMA

Kypc mocBsiieH TeopeTn4eckuM OCHOBaM M MPAKTHUYECKOMY MPUMEHEHHIO BBIYHCIUTEIBHBIX METOIOB I
peLICHUs] pa3IMYHBIX 3a1ad MOJACIHPOBAHMS CBOMCTB KOHIICHCHPOBAHHOTO COCTOSHUS. PaccmarpuBaroTcs
OCHOBHBIE TOHSTHS TEOPUHM KOHACHCHPOBAHHBIX CpEl, MOAXOAbl K PEHICHUIO 3aJadd ONHCAHUS CBOICTB
MHOTOYAaCTHYHBIX ~ KBAHTOBO-MEXaHWYECKHX  CHCTEM,  OIHODJICKTPOHHOE  NPUONMIKEHHE,  METO[
CaMOCOITIaCOBAaHHOTO Toiis, MeTof, Tomaca-depmu, Teopust (HyHKIMOHANA IUNIOTHOCTH. B mponecce o0yduenuns
OyIyT paccMOTpPEHBI 3a/ladyll pacueTa KPUBBIX XOJOMHOTO CXKaTHs, M30TEPM M YOApHBIX aauadar, OIEeHKU
TIOJIO’KEHHUSI KPUBBIX IIJIABJICHUS BEIIECTB.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- 3HAaKOMCTBO C 3ajgadaMu (1)I/I3I/IKI/I KOHACHCUPOBAHHOTO COCTOSAHHS, AKTUBHO HCCICAYEMbBIMH B
HacTodAlee BpEMA, HU3YUCHUC I/II[Cﬁ U MCTOAOB, JICXKAINIMX B OCHOBC TCOPCTHUYCCKOTO OIMMCaHUA
COOTBCTCTBYIOLINX HBHCHI/II‘/'I, IIpaKTUKa HUCIIOJIb30BAHHUA COBPEMCHHBIX BBIYHCIIUTCIBHBIX CPEACTB IJId
pacucTa TCPMOAUHAMHUYCCKUX CBOICTB MaTcpuaJioB.

33]13‘[1/[ JAUCHUIIINHBI

- TOJYYCHHE MPEJACTABICHUA O Kpyre 3aaad, peliaeMbiX B paMKax (U3UKHA KOHJICHCHPOBAHHOTO
COCTOSIHHS;

- U3y4EHHUE OCHOBHBIX METOJIOB pacueTa JIEKTPOHHON CTPYKTYpPbl U CBOWCTB aTOMOB;

- W3ydeHHMs MeToAa (YHKIMOHANA IUIOTHOCTM W €ro IPWIOKEHHH K 3amadaM  (U3UKU
KOHJICHCHPOBAHHOT'O COCTOSIHUS;

- MOACIIUPOBAHUC KPUCTAJUIMYCCKHUX CUCTEM MCTOAOM (I)YHKL[I/IOHaJ'Ia IIJTIOTHOCTH,
- MOACIIUPOBAHUC KUJAKOCTH MCTOL0OM KBaHTOBOM MOJICKYJISIDHOM JUHAMUKH,
- pacyeT pa3IndHbIX TCPMOANHAMUYCCKUX CBOICTB Ha OCHOBE NCPBOMMPHUHIUITHOTO MOACIINPOBAHUA.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronux KOMHGTGHL[I/Iﬁi

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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
uH(pOpMaNNIO 00 aKTyalbHBIX Pe3ylbTaTaX MCCIIEIOBAHUHN B
pamMKax TemaTHueckoi o0macTu cBoed mnpodeccroHaTbHON
[IK-1 CnocoGeH craBuTh, (hopMann3oBbIBaTh 1 |ACATCIBHOCTH

pemarh 3aj1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJIEA0BATh MaTeMaTHYECKUE MOJIEIH MaTeMaTH4ecKue MOAEIH ISl ONUCAHMA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH M MTPOIIECCOB, OLIEHNBATH KAY€CTBO pa3paboTaHHOMN
aHaJIM3UPOBATh HAy4YHbIE TPOOIEMBI, [TOy4YaTh |MOJEIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrocobeH mNpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIOIB3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeJOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU TTAKETaMU TPUKIIAQTHBIX
MporpaMm) B n30paHHON MIPEIMETHOM 00IacTH

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C KCIOJIb30BAHUEM HCCIICIOBATEIHCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOEHHS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI
3HAThb!



YMETB:

— obnacTu CyIIEeCTBOBAHMS HEWJCATBLHONW KJIACCUYECKOW W BBIPOXKIECHHOW II1a3Mbl, OOJIACTH
MPUMEHUMOCTH TpeACIbHBIX TPUOIMKEHU,

— METOZbI SKCIIEPUMEHTAIBHBIX U3MEPEHHH yIapHBIX aanabar;

— OCHOBHBIE NIOJIOKEHUS puOImKerns Xaptpu u Xaprpu-Doxka, obumii Buj nerepmunanta Ciartepa;
— (hopmynupoBku Teopem XodHOepra-Kona u Jleu-JIuba;

— ypaBHenue Kona-I1Isma, cMbIcT 0OMEHHO-KOPPEISILIMOHHOTO (PYHKIIMOHANA;

— OIpaHMYEHUS NICEBIONOTEHIMAIBHOTO MPUOIIKEHNS B paMKax MeTo/a (pyHKIMOHAA TIIOTHOCTH;

— cmocoObl yyera BKJIaJa HMOHHOM MOJCHCTEMBI B pacyeTax CBOWCTB KPHUCTAUIMYECKOW H
HEYTOPSAZI0UeHHON (a3bl BemecTB, OCHOBBI Mozenu JleOas, KBa3UrapMOHHUYECKOTO NPHOIMKEHHUS,
METO/1a MOJICKYJISIPHON TWHAMHKH.

— 3aIlyCKaTh pacdeT MHOTOIIOTOKOBOM 3a/1a4M Ha CYyNIEpKOMITBIOTEPE;

— MOJEJIMPOBATh PE3YJbIaT yAapHO-BOJIHOBOIO BO3JEMCTBUS Ha BELIECTBO 10 3aJaHHBIM HadaJbHbIM
napaMeTpaM C MCIOJIb30BaHuEeM 0a3bl JaHHBIX yAapHO-BOJIHOBBIX 3kcriepuMenToB OVIBT PAH;

— BBINOJIHATBH pacyeT XOJOAHON KpUBOM 3aJJaHHOTO XMMUYECKOIO 3JIEMEHTA Ha OCHOBE MOJEIM CMECH
UAcalbHBIX Ta30B JJIEKTPOHOB W HMOHOB, Mozaenn Tomaca-depmMu u ¢ momomipio koga VASP,
peanusyomero Meto/] (pyHKIHnOHaNa IIOTHOCTH;

— BBIOJIHATH pacueT TOYKM Ha yAapHOM aauabare ¢ IOMOLIBIO KO, PEANHU3YIOIIEr0 METOJ
(yHKIIMOHATA MJIOTHOCTH;

— BBINOJNHATh OLIGHKY IOJIOKEHUS KPHUBOW IUIABIEHUS C HCIOJNB30BaHHWEM KpuTepus JlmHnemana,
UCTIONB3YSl PEe3yNIbTaThl pacdeToB ()OHOHHBIX CBOWCTB KpHCTAIa WM MOJIEKYJISIPHO-IMHAMHYECKOTO
MOJZIETTUPOBAHUSI.

BJIAJIETh:

— HaBBIKOM ITOJTOTOBKM BXOJHBIX (DaiyIOB Il BBIUMCIHTENbHOTO KoMmIuiekca VASP, peanusyrorero
MeTo]] (pyHKIMOHAA TUIOTHOCTH;

— HaBBIKOM 00pabOTKM M BH3yallM3alliil BBIXOJHBIX JaHHBbIX VASP, Takke mOOBIX TaOIMYHBIX
TEKCTOBBIX JIaHHBIX ITOCPEACTBOM Mozyiei Python;

— HaBBIKOM BU3YaJIM3AIMH PE3YJIbTATOB MOJIEKYJISIPHO-IMHAMHYECKOTO MOJIEITHMPOBAHMS B IPOrpamMMe
VMD;

— HaBBIKOM PaboThI ¢ 06a301i JaHHBIX YIaPHO-BOJIHOBBIX YKCIIEPUMEHTOB.

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

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

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 UTto Takoe KOH/IEHCHPOBAHHOE COCTOSIHHE 2 5
) l'amunbTOHMaH  CUCTEMBI HMOHOB U ) 6
JIEKTPOHOB
3 MeTon caMOCOIIacOBaHHOTO ITOJIS 4 6
4 Mogens Tomaca-Pepmu 2 6
5 YiapHO-BOJIIHOBBIE SKCIIEPUMEHTHI 2 6
6 KBaHTOBO-MeXaHnm4YecKass MOJIEIb aTOMa 2 5
7 TeopeTnueckoe BBEIEHHE B METOJ 4 5
(dyHKIIMOHATA MJIOTHOCTH
] Merton (QyHKIMOHANA IUIOTHOCTH IS 4 5
KPHUCTAJIIOB
9 VyeTr HOHHOH ITOJICUCTEMBI 2 5




10 VYder JBWKEHUS HOHOB C TIOMOIIBIO ’ 5
MOJICKYJISIPHOW JTUHAMUKHU

1 MojenupoBaHHue KUKOTO COCTOSHHUS M 4 6
TTa3MBbI

Hroro wacos 30 60

[TonroToBka K 3K3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue IUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 1 (Ocennwii)
1. Uro Takoe KOHJEHCUPOBAHHOE COCTOSIHUE

Urto Takoe KOHJIEHCHPOBaHHOE cocTosiHue. [lapameTphl HenieanbHOCTH U BRIPOXKIAEHUS. CIIOKHOCTH
TEOPETHUECKOTO y4YeTa HEUICallbHOCTH W BBIpOXkAeHUS. OOIue CBEJCHUS O MOJEIUPOBAHUH
TEPMOJAMHAMUYECCKUX  CBOWCTB  KOHJIGHCHPOBAaHHOTO  cocTostHuA.  OO030p  COBpEMEHHBIX
TEOPETUYECKUX METONOB M BBIYMCIUTENbHBIX TOAXOAOB [UIsl pEIIeHHs Hay4HbIX 3ajad
MOJCIIUPOBAHUS  CBOMCTB  KOHJICHCUPOBAHHOTO  COCTOSIHHUA. BO3MOXKHOCTHM  MPOTpaMMHBIX
KOMIUJIEKCOB Y BBIYUCIHUTEIBHBIX  CPEACTB  (CYNEPKOMIIBIOTEPOB) 1O  MOJAEIHUPOBAHUIO
KOHJCHCUPOBAHHOT'O BEIIECTRA.

2. 'aMuIbTOHMAH CHCTEMBI HOHOB U QJICKTPOHOB

I'amunbTOHMAH CUCTEMBI MOHOB U JIEKTPOHOB. ['aMUIBTOHMAH OAHOPOIHOIO JIEKTPOHHOIO TIasa.
Onnosnexrponnoe npubmmwkenue. [Ipunumn [laynu. DHeprust OCHOBHOTO COCTOSIHHSI CBOOOIHOTO
3neKTpoHHOro rasza. [lonarue nosepxHoctu @epmu, 3HEprun epMu U XUMUYECKOTO ITOTEHUIHAJIA.
[110THOCTE COCTOSHME CBOOOAHOTO 3JIEKTPOHHOro raza. KommproTepHas OeMOHCTpanus Hepexoaa
pacnpenenenus  @Pepmu-/upaka B KiIacCcMUeCKoe —paclpenencHue bosblmana B ciiyvae
paspexkeHHoro hepMu-raza uin OONbIINX TEMIIEpaTypax.

3. MeToa caMOCOIIIacOBaHHOIO OIS

Merton camocortacoBanHoro nons. I[IpuOmmxenune Xaprpu. Bapuanumonusid npunoun. Mertonq
Xaprpu-®oka. Onpenenurens Cidtepa. OOMeHHOE B3anMopaeiHcTBre. KOMIBIOTEpHBIH MPaKTUKYM
no MonenupoBanuio u3otepmbl 300 K amomuHHMA Kak cMecH BBIPOXKICHHOTO (Qepmu-rasa
3NIEKTPOHOB U MJ€ATBHOTO OOJIBIIMAHOBCKOTO ra3a HOHOB.

4. Monens Tomaca-®epmu

Mopnens Tomaca-®epmu. KBantoBeie n oOMeHHbIe nonpaBku K moznenu Tomaca-@epmu. O6macTb
IIPUMEHUMOCTU MOZEIH 110 OTHOIIEHUIO K Pa3JInYHbIM INoIpaBKaM. KOMIbIOTEpHBII NPakTUKYM I10
MOZIEMPOBAHUIO X0JI01HOM KpuBo# U n3otepmsl 300 K o monenn Tomaca-depmu.

5. YaapHO-BOJIHOBBIE SKCIIEPUMEHTBI

VYrapHO-BOJTHOBBIE JKCIIEPUMEHTHI. YiapHas anuabara. MeTol TOPMOXKEHHsI W OTpakeHus. baza
JAHHBIX YAApHO-BOJHOBBIX SKCIIEpUMEHTOB. [IpakTrKa nmorcka HaydHOH MH(POPMAaLMH IO CBOMCTBAM
MarepHuanoB. MozenupoBaHue yIapHO-BOJIHOBBIX SKCIIEPUMEHTOB.

6. KBantoBo-Mexann4eckas MOJEIbL aTOMa

KBantoBo-mexannueckass Mozenb aromMa. KBaHTOBbIE 4YHCIIA, BOJHOBBIE (QYHKOUH. YUeT
penATUBUCTCKUX 3¢ (ekToB. KoMIBIOTEpHBIH NPAaKTUKyM MO pacyeTy BOTHOBBIX (DYHKIHH aTOMOB C
MOMOILBIO IPOTPaMMBI atomic.



7. TeopeTnueckoe BBeICHHE B METOJ] PyHKIMOHAIA TUIOTHOCTH

Teoperndeckoe BBeleHHE B MeTol (yHKIMOHaNa IUIOTHOCTH. TeopeMbl XodHOepra-Kona.
®opmynuposku JleBu-JIuba. YpaBHenus Kona-lllsma. OOMEHHO-KOPPENSIUOHHBIA (PyHKIIHOHAL.
JleMOHCTpansl pealu3allid CaMOCODIACOBAHHOIO IMKJIA Ul pelieHMs 3ajadd  IIOUCKa
pacnpeneneHns NEKTPOHHON IIJIOTHOCTH B pACUETHOM sTUEHKe.

8. MCTO,I[ (bYHKI_II/IOHaJIa IJIOTHOCTU IJId KPUCTAJIJIOB

Meton ¢QyHKOMOHaNa TJIOTHOCTHM JUIA KpUCTawioB. IIporpaMMbl aAjsi pacdeToB METOIOM
¢ynknnonana miuotHoctd VASP 1 Quantum Espresso. Tumbl KprcTamIn4ecKuX penieTok u (GopMbl
ux npeacrasieHus. [IpakTuka moarotoBku BxogHbIX GainoB mis VASP. Tepmoannammuueckue
CBOICTBa 3NEKTPOHOB. KOMIIBIOTEpHBIM MPAKTUKYM IO pacueTy XOJIOMHOM KpHUBOW M H30XOp
AIIOMUHUS METOJOM (PyHKIMOHAA IUIOTHOCTH. PacueT 371eKTpPOHHOM TEMI0OEMKOCTH.

9. YueT HOHHOU MOACUCTEMEI

Yyer woHHOW mopcucTteMbl. KBasurapmonmueckoe mpubmmkenue, moxenb J[lebas. Pacuers
TEPMOJIMHAMHYECKUX CBOMCTB B KBazurapMoHHUYECcKoM IpuOnmkeHun. GoHOHHBIN criekTp. OneHka
KpUBBIX IUIaBJIeHUS W3 Kputepus JIluHnemana. KoMmbIOTEpHBINH NPakTHKYM IO MOZICIMPOBAHUIO
(hOHOHHBIX CBOWMCTB KpHCTAaJlIa C HCIIOIb30BaHUEM nporpamMmmHoro moayiast PHONOPY mis VASP.

10. Yuer ABM>XEHUSA HOHOB C TTOMOIIBIO MOJIEKYISIPHON TUHAMUKHI

VYuer ABUKEHUS MOHOB C IIOMOIIBI0 MOJIEKYISIPHOW JUHAMHMKU. MeETO[ KBaHTOBOM MOJIEKYJISIPHOM
JUHAMUK{. YCIEXW B MEPBONPUHIUIIHOM MOJEIMPOBAHUM CBOMCTB HEYIMOPSAIOYEHHBIX CHCTEM H
YPaBHEHHUU COCTOSIHUSI MaTepHUasioB. Vcnoyb30BaHME METOJA KBAaHTOBOM MOJIEKYJSPHON ITWHAMHUKH
JUTSL OLIEHKH KPUTHUYECKHX TOYEK METAJIOB. KOMIBIOTEpHBIA MPAKTUKYM O pacueTy u3zorepmsl 300
K anromuHus METOI0M KBaHTOBOM MOJIEKY/ISIpPHOW AMHAMUKU.

11. MonenupoBaHue KUIKOTO COCTOSTHUS U TJIa3MbI

MoenpoBaHrue >KHJKOTO COCTOSHHUS M IDIa3Mbl. TeOpeTHYeCKHE M MPAKTUYECKUE AaCIICKTHI.
OOBEKTHI MOJICITUPOBAHUS.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00X0MMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

y4eOHast ayTUTOpHs, KOMITBIOTEPHI H MYIBTUMEUIHOE 000pyI0BaHue (ITPOEKTOP), JOCTYIT K CETH
HNurepHer.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
Jluteparypa Bolgaercs Ha kadenpe:

1. A. b. 3enpnoBuy, 0. I1. Paiizep. @usnka ygapHbIX BOJH U BBICOKOTEMIIEPATYPHBIX
TUApOIUHAMUYECKUX siBieHnid. M.: Hayka, 1966. 685 c.

2. A.T. Kynuxosckuii, H. B. IToropenos, A. FO. CeménoB. MaTtemaTnueckre BOIIPOCHl YUCIEHHOTO
peleHus runepoonnyeckux cucteM ypasHenuii. M.: ®UIMATIINT, 2012, 656 c.

3. M. L. Wilkins Computer Simulation of Dynamic Phenomena. Springer, 1999, 243 c.

JomnonHurensHas aureparypa



Jluteparypa Bolgaercs Ha kadenpe:

1. A. B. bymman, I. U. Kanens, A. JI. JIu, B. E. ®oproB. Tennodusuka n AuHaMUKa HHTEHCUBHBIX
HMMITYJIBCHBIX BO3/elicTBHit. YepHoronoBka, 1988, 200 c.

2. J. R. Asay, M. Shahinpoor. High-pressure Shock Compression of Solids. Springer, 1992, 393 c.
3. E. F. Toro. Riemann Solvers and Numerical Methods for Fluid Dynamics. Springer, 1999, 619 c.

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

1. Kypc nexnuit «@uzuka mnazme», http://www.inp.nsk.su/chairs/plasma/sk/fpl.ru.shtml

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00pa30BaTeJIbHOIO
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedeHunst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

1. TekcroBsiii pegakTop (Hampumep, Notepad++, VScode, Sublime Text).
2. Hurepnpertarop s3bika Python Bepcuu 3.x ¢ Oubanorexkamu numpy, scipy 1 matplotlib.
3. Ilporpammusiii komiuiekc VASP. [Iporpammustii kommieke Quantum Espresso.

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

CryaeHT, W3ydYalIuid AWCIMIUINHY, JODKEH C OJHOH CTOPOHBI, OBJIAJETh OOMIMM IMOHATHHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYYUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrare m3yueHus NUCHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIEC OIpeNeieHHs AUCIUILINHBI,
YMETh IPUMEHSATH TTOyYCHHBIC 3HAHUS JIJIS PEIICHUS pa3InIHbIX 3a/1ad.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HANPSHKEHHOW CaMOCTOSTEILHOM PaOOTHI CTY/ICHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeaaraéMpIx CTyJAeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCH IO TEMaM
JTVCIIATLIAHEL.

BaxxHo 10OWTHCS MMOHMMAaHUS W3ydaeMOro MaTepuala, a He MEXaHH4YeCKOTro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHUN W3yYCHUS OTJENBHBIX TEM, BOIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIbTAUAMHU K
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIN KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBHH C
TEMATUKON 3aHSATHI.



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

KBau(pukanus: MarucTp

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

Pa3zpatGoTunk: J.B. MunakoB, kauz. ¢us.-mMaT. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbABHrarh THIIOTE3bl, CTPOHUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCaHMA H3ydaeMbIX
SIBICHUH U MPOLIECCOB, OLIEHUBATh KAYECTBO pa3padoTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON

IMK-3 Cniocoben npodeccnonaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM M UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAHHBIMH TAKETAaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMeTHON 00JIacTH

Hay4yHOM 3amade M  MHTEPIPETUPOBATh  I10JIyYEHHbIE
pe3yabpTarhl

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCIOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

[K-3.2 Criocoben MIPOBOANTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC U3YUYCHHUA NUCHUTIIINHBI «KOMHBIOTGpHLIﬁ MNPAaKTUKYM IO TCPMOANHAMUKE KOHACHCUPOBAHHOI'O

COCTOSIHMSD» 00Y4aIOIIUNCS JOIKEH:

3HATb:

— obnacTh CyIIECTBOBAHWS HEWACANBLHOW KIACCHYECKOW W BBIPOXKICHHON IUIa3MBl,

oOactu

TMPUMEHUMOCTH MPEACTbHBIX MPHOIKCHHH;

— METOJIbI SKCIIEPUMEHTAJIBHBIX U3MEPEHHH yAapHBIX anuadar;

— OCHOBHBIE TIOJIOXKEHUS puOIIKeHnst Xaprpu u Xaprpu-Doka, oommii Bua gerepmuHanta CiTepa;
— (hopmynupoBku Teopem XodHOepra-Kona u Jleu-JIuba;

— ypaBuenue Kona-111sma, cMBICTT 0OMEHHO-KOPPEISAIIMOHHOTO (DYHKIIHOHATIA;

— OrpaHHYCHUS [ICEBIONOTECHIINAIBHOTO MPUOIMIKEHUS B PaMKax MeTo/ia (pyHKI[MOHAA ITIOTHOCTH;

CIIOCOOBI yucTta BKJIaJa HOHHOH NOoACUCTCMBI B pacucTax CBOICTB KpHCTaJ'IJ'IPI‘leCKOﬁ nu

HEYTOPSAZI0UeHHON (a3bl BemecTB, OCHOBBI Mozenu JleOas, KBa3UrapMOHHUYECKOTO NPHOIMKEHHUS,

METOAA MOHeKyanHOﬁ JNHaMHUKH.

yMeTh:

— 3aIlyCKaTh pacdeT MHOTOIIOTOKOBOM 3a/1a4M Ha CYyTIEpKOMITBIOTEPE;

— MOJEJIMPOBATh PE3YJbIaT yAapHO-BOJIHOBOIO BO3JEMCTBUS Ha BELIECTBO 10 33JaHHBIM HadaJbHbIM
napaMeTpaM C MCIOJIb30BaHEeM 0a3bl JaHHBIX yAapHO-BOJIHOBBIX 3kcriepuMenToB OVIBT PAH;

— BBINOJIHATH pacyeT XOJOAHON KpUBOM 3aJJaHHOTO XMMUYECKOIO 3JIEMEHTA Ha OCHOBE MOJEIHM CMECH
UAcalbHBIX Ta30B JJIEKTPOHOB M HMOHOB, Mozaenn Tomaca-depmMu u ¢ momomipio koga VASP,
peanusyomero Meto/] (pyHKIHnOHaNa IIOTHOCTH;

— BBINOJIHATH pacueT TOYKM Ha yAapHOM aauabare ¢ TOMOILIBIO KO, PEANHU3YIOMIEr0 METO.J

(yHKIIMOHANA MJIOTHOCTH;

— BBINOJHATH OLEHKY IIOJIOKCHUSI KPWUBOW IJIABICHUS C HUCIOJIb30BaHMEM Kkputepus Jlunnemana,
UCTIONB3YSl PEe3yNIbTaThl pacdeToB (POHOHHBIX CBOWCTB KpHCTAIa WM MOJIEKYJISIPHO-IMHAMHYECKOTO

MOACIIUPOBAHUA.

BJIaJeTh:




— HaBBIKOM TIOJITOTOBKM BXOAHBIX (DailjIOB AJISi BBIYMCIMTEIBHOTO KoMmIuiekca VASP, peanusyromiero
MeTo[] (pyHKIMOHAA IIIOTHOCTH;

— HaBBIKOM 00paOOTKM M BH3yalu3allMH BBIXOAHBIX NaHHBIX VASP, Tarke mr00bIX TaOIMYHBIX
TEKCTOBBIX JIAHHBIX MOCPEACTBOM Moayiei Python;

— HaBBIKOM BH3yaJM3alMU PE3YIbTaTOB MOJEKYISIPHO-IMHAMHUYECKOTO MOJEINPOBAHMS B MpOrpamMme
VMD;

— HaBBIKOM Pa0OTHI ¢ 623011 TaHHBIX yAAPHO-BOIHOBBIX 3KCIIEPUMEHTOB.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0

C HCJIBIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_II/IMI/IC$I yqe6H0ro Marcepurajia InpoOBOAUTCH YCTHBIfI OorpocC B
Ha4aJIC 3aHATHA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

Bonpocs! k auddepeHurpoBaHHOMY 3a4eTy:

. UTo Takoe KOHJEHCUPOBAHHOE COCTOSTHUE

. ['aMUIIBTOHMAH CUCTEMBI HOHOB U 3JIEKTPOHOB

. MeTton caMocoracoBaHHOTO OISt

. Mogenps Tomaca-®Pepmu

. YIapHO-BOJTHOBBIE SKCIIEPUMEHTHI

. KBanTOBO-MeEXaHMUECKast MOJEIb aTOMa

. TeopeTnueckoe BBeZicHHE B METOJ] PyHKIIMOHANA IUIOTHOCTH

0 NN N bW~

. MeTon pyHKIIMOHANA TIIOTHOCTH ISl KPUCTAIIIIOB

9. Y4eT nOHHOM MOJCHCTEMBI

10. YyeT ABUXKEHUS HOHOB C TOMOILIBIO MOJIEKYJISIPHOU JTUHAMUKHU
11. MogenupoBaHUE KUKOTO COCTOSIHUSI U MJIa3Mbl

Kputepun onennBanus

Onenka ommuyHo 10 OamoB - BBICTABJISIETCSL  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMS Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JJaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh X Ha NPAaKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka omaMuHO 9  OaloB -  BBICTABISIETCS  CTYHOCHTY, I[IOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommmuHO &  0GanoB - BBICTaBJsIe€TCS CTYIEHTY, II0Ka3aBLIEMY BCECTOPOHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHSTHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.

Ouenka xopomro 7 6ajoB - BBICTABISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MaTepual, IPaMOTHO U TI0
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTHh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka xopomo 6 6aJoB - BEICTABISIETCA CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuaj, IPaMOTHO U IO
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHTh II0JTy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIyCKaeT B OTBETE
WJIM B PEUIEHUH 331349 HEKOTOPBIE HETOYHOCTH.

Ouenka xopomio 5 6ajioB - BBICTaBISETCS CTYAEHTY, €CIIM OH B OCHOBHOM 3HAeT Marepuall, FpaMOTHO
U 10 CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJyYEHHbIE 3HAHMS Ha IPAKTHKE, HO JTOMYCKAeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.



OueHka ynoBIETBOPUTENbHO 4 Oajla - BBICTABISICTCSl CTYJACHTY, IOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHIbHBIE (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapYILICHUS JIOTUUECKOW MOCIIEeA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO IPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NaJlbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIE 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka y/IOBIETBOPUTENBHO 3 0aja - BBICTABISICTCS CTYIACHTY, IOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKA B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HApYILICHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaia, ciiabo
BJIaJICeT OCHOBHBIMU pa3JeliaMy yueOHOU MpOorpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00ydeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEy/IOBIETBOPUTEIBLHO 2 0ana - BBICTABISCTCS CTY/ICHTY, KOTOPBIA HE 3HAaeT OobIIei YacTu
OCHOBHOTO COJCp)KaHUsl y4eOHOH MporpaMMbl JUCIHMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33/1a4.

OrneHka HEYHOBICTBOPUTENBHO | 0an - BBICTABISIETCS CTYIACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYCCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu mpoBenennu yctHoro auddepeHupoBaHHOro 3aueTa odyyaromemycs npenocrasiusercs 30 MUHYT
Ha moxarotoBky. Ompoc oOyuatomierocss mo Oujery Ha yCTHOM Iud@epeHIUpOBAaHHOM 3a4yeTe He
JIOJKEH IMIPEBBIIIATH OJIHOTO aCTPOHOMHMUYECKOI0 yaca.



