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

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: TeOpeTI/I‘{eCKI/IG OCHOBBI aTOMHOM AUHAMHUKU U MOACIINPOBAHUA MUKPOCTPYKTYPbIL
MHOTOKOMITOHCHTHBIX KOHACHCUPOBAHHBIX CPE/]

110 HANPABJICHUIO: [IpuknagHbie MaTeMaTHKa U (pU3MKa

Npo(puIb NOATOTOBKH: CynepKoMIbIOTEpHOE MOAEIMPOBAHUE SAEPHBIX IIPOLIECCOB U TEXHOJIOTUI
Ou3TEX-1IKOIA TPUPOAOTIONOOHBIX, TNIA3MEHHBIX U SIICPHBIX TexHoJorwid uM. U.B.
KypuaroBa
kageapa MOIEIMPOBAHUS SIIEPHBIX MPOLIECCOB U TEXHOJIOTHIH

Kypc: 4

KBAJM(PUKAIMA: OaxanaBp

Cemectpbl, HOpMbI IPOMEIKYTOUHON aTTECTAIMH:
7 (oceHHuit) - Dx3aMeH

8 (BeceHHHUI) - DK3aMeH

AynutopHbIx yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 60 yac.
cemuHapsbl: 0 yac.
naboparopHsie 3ansaTus: 0 Jac.

CamocrositensHas pabora: 60 gac.
[ToaroroBka k sk3ameny: 60 yac.

Bcero gacos: 180, Bcero 3au. en.: 4

[Iporpammy cocraBuin: E.N. YkcycoB, KaH[I. TEXH. HAyK

[Iporpamma obcyxieHa Ha 3acefjanny Kadeapbl MOACTUPOBAHUS SAEPHBIX MPOIeccoB U TexHonorui 18.05.2020



AHHOTANMA

Crynentsl, wusydawomue Kypc «Teopermdeckne OCHOBBI arOMHOW  JWHAMUKH  MOJICIHPOBAHUS
MHUKPOCTPYKTYPhl MHOTOKOMITOHEHTHBIX KOHJICHCHPOBAHHBIX CPE/», TOJDKHBI OBIAJAETh OOIIUM MOHSITUHHBIM
anmaparoM M HayyuTbCd HNPUMEHATh TCOPETHUECKHUE 3HAHUS Ha NpakTUKe. B pesynbsrare u3ydyeHUs
JTUCIUTUTHHBI CTYJEHT JIOJKEH UMETh OCHOBHBIE MPEJCTABICHHUS O (PU3NYECKHUX IMPOIECccaX MPOXOISIINX B
CHUCTeMaX KOHJCHCHUPOBAHHBIX cpell. Bramere ammaparom — ¢eliHMaHOBCKMX amarpamm. llokazarenmem
BIIAJICHUSI MaTepUajiOM CIY)KUT YMEHHE PEellaTh 3a/1a4d U OPHEHTUPOBATHCA B KPYre BOIIPOCOB, CBSI3aHHBIX C
npoOiieMaMy aHain3a (U3WKK KOHJSHCHUPOBAHHBIX cCpel s siaepHbix. s QopmupoBaHus ymeHuUs
MPUMEHSTh TEOPETHUECKUE 3HAHUS HA TPAKTUKE CTYJIEHTY HEOOXOAMMO MPUMEHSThH IPOTPaMMHBIE CHCTEMBI,
pa3paboTaHHBIE HA OCHOBE METOJIOB MOJICKYJISIPHON THMHAMUKH.

1. leau u 3apauu

eap AUCUMNIMHBI
- U3JIOKCHHUE AHAIMTUYECKUX W YHCIEHHBIX METOJOB HMCCIICOBAHHUS MHUKPOCTPYKTYPHI M aTOMHOI
JMHAMUKH KOHJICHCUPOBAaHHBIX CPEJ;

- n3joeHne Metona Gpynkunu ['puna;

- oOydeHHe HAaBbIKAM KOMIIBIOTEPHOTO MOJEIMPOBAHUS METOJAMH MOJIEKYIAPHOM AMHAMHMKH |
CTaTHCTUYECKON FEOMETPHH;

- n3noxeHue GpopmanuzmMa GeHHMaHOBCKUX JUATPAMM.

33)13‘11/[ JAUCHUIIINHBI
- (I)OpMI/IpOBaHI/Ie 0a30BBIX 3HAHUI B 00JIACTH ATOMHOI AVHAMHWKU KOHACHCUPOBAHHLBIX CPEA;

- o0yueHHe CTYICHTOB OCHOBHBIM METOJaM M IOAXOAaM, HCIIONb3yeMbIM B aTOMHOW JWHAMHKE
KOH/IGHCHUPOBAHHBIX Cpel], N3ydeHUe 0a30BbIX MIPUHIMIIOB METO0B MOJIEKYIIPHON TUHAMUKH;

- q)OpMI/IpOBaHI/Ie noaxoa0B, OCHOBAaHHBIX Ha MAaTreMaru4eCKOM MOIACIMPOBAHUHK, METOAAX
MOJ'ICKy.]'IHpHOﬁ JVMHaAMUKH.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie CIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

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

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKUe MOJIENH,
MIPOU3BOJUTH KOJIMUECTBEHHBIE PACUETHI M OLIEHKU

OIIK-1 CriocobeH npuMeHSITh
(dyHIaMEHTaIbHbBIC 3HAHUS, MOJTyYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U MCIIOJIb30BaTh UX B
podeCcCHOHAIBHOMN JIeTeIBHOCTH

OIIK-1.3 CnocoOeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-2 Crniocoben ucnonb3oBarb coppemernble |OINK-2.2 3HaeT W yMeeT TIPUMEHSTH YHCICHHBIC
UH(POPMALIMOHHBIE TEXHOJIOTHH U MaTeMaTH4ecKue METOAbl W TNPHUKIAJHOE MPOrpaMMHOE
IPOrpaMMHBIE CPEACTBA IIPU PEIICHNUH 33/1ad  |o0ecredeHre  JuId  pelleHus  Hay4yHbIX  3a7a4 B
npo¢eCcCUOHANBHON e TeNbHOCTH, coOIonas  |npodeccuoHaIbHON obnacTu

TpeboBaHu HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-5 Cnocob6en yuactBoBarb B ipoBeieHun  |OIIK-5.1 CrniocoOeH pemiaTh TOCTaBICHHBIC 3a/1a4d B
(yHIaMEHTANbHBIX U MIPUKIATHBIX o0nacTu TEOPETHUECKUX u SKCTIIEPUMEHTAJILHBIX
HCCIIeJOBAaHUN M pa3pabOTOK, CAMOCTOATENIFHO |MCCIEJOBAaHUN U pa3paboTOK

OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTUYECKUE METO/bl UCCIEI0BAHUMN, U
paborars Ha COBPEMEHHOM SKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTENbCKOM,
HU3MEPHUTENBHO-aHATUTUYECKOHN 1
TEXHOJIOTUYECKOH anmnaparype

I1IK-1.1 Bnameer  gyHIaMeHTanbHBIMH  TIOHSTHIMH,
TIK-1 CHOCO6eH IUTAHUPOBATh U MPOBOIUTH 3aKOHaMH U TCOPUAMUA COBpeMeHHOﬁ (I)I/I3I/IKI/I

Hay4HbIE SKCTICPUMEHTHI (B U30paHHON [IK-1.3 Brnageer KynpTypoil IOCTAaHOBKM HAyYHOW 3aJlaud U
IpeAMETHOM 0051acTh) U (WJIN) TEOPETUUECKUE |MOAEIMPOBAHUS €CTECTBEHHOHAYUHBIX OOBEKTOB M CHCTEM




(aHAIMTHYCCKUE U IMUTALMOHHBIC) [IK-1.4 VYmeer crpouTh MaTeMaTHYeCKUE MOAEIH UL
HCCJICOBAHMS OMHUCAaHUA W HCCICAOBAaHUS IIPOLIECCOB U SIBICHUU B
COOTBETCTBYIOIINX HAyYHBIX 007IaCTAX

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynberare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOIKHEI
3HaTh:
- TPUHIOWIBI W  METOALl  MOJEKYISIPHON JUHAMHKH, METOJOB  UCCICHOBaHHUS  (U3UKH
KOHJICHCHPOBAHHBIX Cpe[l.
YMETh:
- IPUMEHSATH TOJXOIbI MOJIEKYJIIPHONM JUHAMUKY JJIA MCCIIEIOBaHMH B 3aa4aX SAEPHBIX TEXHOIOTHI.
BIIA/IETh:
- METO/JIaMH KOMIIBIOTEPHOTO MOJICIMPOBAHUS U MOJICKYISIPHON TUHAMHKH, METOJIAMH pa3padoTKu
MPOOJIEMHO-MOCIMPYIOIINX CPE Ha COBPEMEHHBIX CYyIIEPKOMITBIOTEPHBIX CUCTEMAX.

4. Conep:xanue TUCUMILTUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
Mukpockonuieckue METOIbI
1 P 30 30
MCCIIEJOBAHMUS.
) KonpencupoBaHHble cpensl Ha 15 15
MHUKpPOYpPOBHE.
Onykryanun TUIOTHOCTH
3 KOHJIEHCUPOBAaHHOMN cpensl 15 15
TOIOJIOTMYECKOTO M KOMITO3UIIMOHHOTO
HOpSIIKA.
Hroro wacos 60 60
ITonroToBka k 3K3aMeHy 60 gac.
OO01mas TpynoEMKOCTh 180 yac., 4 3au.en.

4.2. CopaepxaHue AUCHUTLTAHBI (MOYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 7 (OceHHwmi)
1. MUKpOCKOIIMYECKHE METOIbI UCCIICIOBAHUSL.

Merton ¢yukuuu [puna.

[Torenuman Jlannay, BBelICHHWE B JABYXIIApaMETPUUYECKYIO (IyKTyal[HOHHYIO TEOpHIO (pa30BbIX
MepexooB, (YHKIIMOHAI TOIOJIOTHYECKOTO M KOMITO3UIIMOHHOTO MOPSIIKOB, MPUOIMKEHUE TCOPUHU
BO3MYIIIEHHH, peoOpa3zoBaHue noteHuuana Jlanaay B raMHJIBTOHHAH €J1a00 B3aMMOJCHCTBYHOLIHMX
(OHOHHBIX M TMKBOHHBIX TOJICH U IOCTpoeHUe uxX (yHKuwii [ puna.

KommbloTepHOE  MOJENMpPOBAaHME METOAaMHU  MOJICKYISPHOH JMHAMHKH M CTaTHCTHYECKOM
reOMETpPHUH.




UucneHHOe MOACTUPOBAHWE KOHJACHCHPOBAaHHBIX CPEA METOJOM MOJEKYIsApHOW auHamuku (MJ]),
Pa3HOBHJHOCTH TMAapHBIX MOTEHIUAIOB B3amMojneictBus dactun, NVE u NVT ancam6Oiuy,
KyOW4ecKue SYEHKH C MEePHOIUYECKUMH TPAaHUYHBIMU YCIIOBHSIMH, TEXHHUKA «0Ope3aHMsD MapHBIX
MOTEHIAJIOB, KOPPESILHUOHHBIE (YHKIHMH, KMHETHYECKHE XapaKTepHUCTUKU CUCTEM, TOIOJOTHsA
MHUKPOCTPYKTYPBl ~ «MTHOBEHHBIX CHUMKOB» MJl  sdeiiku, aroMHble KOHQUTYpaLUHd H
CHUMIUIMIMATIbHBIE TOpa3AeieHust (QIyKTyalluii IUIOTHOCTH, TETPa’ApHUYECKHe KIAcTepbl IJIOTHOM
YacTH CpENBbI.

Bepudukauus moaeneit METOAOM paccesiHUA YIbTPa XOJOAHBIX HEUTPOHOB.

[IpoBepka MJI wMopeneili MeTomaMu paccesHUS KOPOTKOBOJIHOBOTO H3NMy4YeHHs (HEHTpOHBI,
3NIEKTPOHBI, PEHTT€HOBCKOE M3Iy4YEHHUE), CHEKTPOMETPHI PACCESHHBIX YIbTPA XOIOJHBIX HEHTPOHOB,
muddepeHManbHble  CEYCHHS  PAcCesHUs, CTPYKTYpHble  (DAaKTOpbhl,  KOJJICKTHBHBIE U
UHIUBHUIYyaJbHbIE  JBWKCHHS, CIIEKTPbl  3JIEMEHTApPHbIX  BO30YXKICHHMH, KOMIIO3MLMOHHAS
KJIaCTEpHU3aLIHSL.

Cemectp: 8 (Becennuii)
2. KoHaeHcupoBaHHBIE Cpe/ibl HA MUKPOYPOBHE.

Terpasnpuueckas Moaenb (QIyKTyalnui IIOTHOCTH.

Koppensitop  dnykTyaumii 1IOTHOCTH, MacmTabHOE camomnofo0ue, OcCOOEHOCTH TOMIOJIOTHA
KOH/IGHCHUPOBAHHBIX CpeJl, TeTpadpuueckue 1enu bepHana, MarpuuHas aareOpa mocTpoeHHs LeneH,
OTIepaTopsl MOBOPOTA, MHBEPCHUS LIETICH, TOBEPXHOCTHBINA (pakTan (UIyKTyallli IJIOTHOCTH CPENbI B
M/I Mozenu 1 B 3KCIIEpUMEHTAX 110 MaJIOYITIOBOMY PACCESHUIO HEUTPOHOB.

Tomonoruveckast CTpyKTypa (IyKTyaluid IIIOTHOCTH KOHJICHCHPOBAHHOW CPEIbI.

MOIIIHOCT ¥ CBSI3HOCTb TETPAPUUECKUX KJIACTEPOB (IIyKTyaluil IUIOTHOCTH, T'HMCTOIPaMMBI
JBYXIIapaMeTPUUECKOr0 pachpeneneHus (QIyKTyauuil IUIOTHOCTH B KpUCTaiie, aMOpGHOM Telie H
KHUIKOCTH, TEKYYeCTb JKUIKOCTH, KaHOHMYECKME IOopbl bepHana, HX CUMILIMIMAIbHOE
noapasesieHue, TOMOJOTHIECKH 00pa3 KOHACHCUPOBAaHHOHN Cpebl BIPAaBUIBHOM CHUMILUTULUATBHOM
HOZIpa3IeJICHUH, YUCII0 d-MEPHBIX CUMIUIEKCOB B MOJIMIIPAX U PETYIAPHBIX PEIICTKAX.
lenernveckwii koj (iIyKTyaIuil MIOTHOCTH KOHICHCUPOBAHHOM CPEIBL.

I'eneTnueckas cTpyKTypa MHBEPCUOHHO-CONPSDKEHHBIX Lienell bepHaina, JBOMHBIE TETpajsIpUuEeCKHE
CIHpANH B )KUIKUX METaljiax, paciin(poBKa FeHTHUYECKOTO KO/Ia TETPA3IPUIECKHUX KIaCTEPOB.
Oco0eHHOCTH aTOMHOI TUHAMHUKH OKCHTHOTO TOIUIMBA.

TBepmoe Tenmo monm  oOiydyeHHEM, TeMIepaTypHble  00JacTH  yCTOWYMBBIX  CTPYKTYP,
paIuannoHHO-MHIYIIMPOBAaHHbIE CTPYKTYPHBIE TEPEXO/bl, PaJHallMOHHas pesnakcanus (a3, aToMHas
JUHAMHUKa TBEPAbIX COEAMHEHHH, JUCHPONOPLUMOHMPOBAaHME  3apsjia HOHHOIO  OCTOBA
HECTEXMOMETPUUECKUX (a3, «IUIaBICHUE» KHUCIOPOJHOM MOApENIeTKH [IUOKCHIA YypaHa,
JOMMPOBAaHHOE CTEKIJI0-00pa3oBaHUE TUOKCUA.

3. @OnykTyauuu IUIOTHOCTH KOHICHCHPOBAHHOM CpeIbl TOMOJIOTUYECKOTO M KOMITO3HIIMOHHOTO
HOpSIIKA.

dopmanu3m GeiHMaHOBCKUX JTUArPaMM.

"Tonbie» (OHOHHBIC U JIMKBOHHBIC MTPOIAraToOphl, UarpaMMHas Texauka deliHMaHa, HTepallMOHHbIC
NPOLEAYPHl, PEKYppPEeHTHbIE (QOPMBI, COOCTBEHHO OJHEPreTUUECKUE YacTH, HaBEICHHBIC IIOJ,
NPUHYIUTEIbHAS TeHEPaIsl TUKBOHHBIX (IYKTyalluid, THIIOTE3a «3aIlIHyPOBKI).

CBs13b ()OHOHHBIX ¥ JJMKBOHHBIX IPOIIAraTopoB.

Marpuna rioTHOCTH (DOHOHHBIX U JIMKBOHHBIX COCTOSIHUH, IPEICTaBICHUE COOCTBEHHBIX (DYHKIHI
raMHJIBTOHHAHA TJIOCKUMH BOJHAMH, M30MOp(dHOE mpeoOpazoBaHue Ci1a00 B3aWMOJCHCTBYIOIINX
MOJIEH TOIOJIOTMYECKOTO U KOMITO3HIIMOHHOTO TIOPSIKOB B CHCTEMY CBOOOIHBIX «OIETHIX» (POHOHOB
Y JINKBOHOB.

@nyKTyalMOHHO-UHAYLIMPOBaHHAS KJIACTEPHU3ALIHSL.

Koppensimonnsie paanycsl QyHKuui [pruHa, HX mapaMeTpudeckue 3aBHCUMOCTH OT KOHIICHTPAIIUH
NPUMECH, YCIIOBHS MMKPOPACCIOCHUS M KJIACTepH3allui, KOMIIOHEHTHBIH (ha30BbIA IMepexon
(pakTaIbHBIX KIACTEPOB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HE00XOXMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)



VYueOHast ayTuTOpHs, OCHAIICHHAS] pa00OYUMHU CTAHIIUSMHU, O0BETUHECHHBIMH B CETh.
6.IlepeueHb pekoMeHAYeMOM JUTEPATyPhI

OcHoBHas JuTeparypa
1. AJL lllumkesud u ap. O ¢popmax cyliecTBOBaHHS MIPUMECH KUCIOPO/ia B KUIKHX MeTaluiax /
“TepMonMHAMHUYECKUE M MOJIEKYJISIpHO-KHHeTHUeckue uccnenoanus”’, Ceepaiosck: YHL AH CCCP,
C. 77, 1985.
2. H.H. Ilonomapes - CtenHoii u ap. O KOMIOHEHTHOM (pa30BOM mepexozie mepBoro poaa // AromHas
sneprus, 1988, T.65, Ne5, C. 319.
3. AJIL IInmMkeBnu. @nyKTyalMOHHAs TEOPUS IPUMECHON MUKPOHEOTHOPOIHOCTH
KHUJIKO-METATMUECKUX TeruioHocutenel // 3. BY3oB. Snepnas snepretuka, 1999, Ne 3, C. 6.
4. L.Yu. Shimkevich, V.V. Kuzin, and A.L. Shimkevich. Dynamic Structure of Oxygen in Liquid
Potassium Studied by MD Method and Statistical Geometry // Journal of Non-Crystalline Solids, 1999,
V. 250-252, P. 129.
5. A.L. Shimkevich, I.Yu. Shimkevich, and V.V. Kuzin. Molecular Dynamics Study of Ternary System
K+K+q+0-2q // Condensed Matter Physics, 1999, v. 2, N 2(18), p.329.

JomnonHurenbpHas auTeparypa
1. AJIL lllumkeBu4 u ap. Llenovyeynsle KiacTepbl pacTBOPEHHOTO KUCIOPO/a B paciijiaBe Kamus / B
c0.: Teruropumsmueckue uccnenosanust, Ooaunack: 'HI| PO-OOU, 1999, c. 171.
2. AJL llIumkeBud u Ap. ATOMHas TUHAMUKA KHJIKOTO KaJlMs U pacIijiaBa KaTHi—KUCIOPOJ U3
JAHHBIX MOJEKYJISIPHO-IMHAMHYECKOTO MOJICTIMPOBAHUS ¥ SKCIIEPUMEHTOB 10 HEYTIPYTOMY PACCESTHHIO
Helitponos // V3B. BY3oB. Snepnas snepreruxa. 2000, Ne 1, c. 40.
3. AJL umkesny, W.10. [llumkeBnu. M/I-ucciaenoBanne MUKpOCTPYKTYPbI U aTOMHOM JTUHAMUKH
aBTekTH4eckoro cruiasa Pb0.91K0.09 / Temnodusnyeckue cBoiicTBa BemiecTB (JKUIKUE METAITBI U
crutasbl), Hampuuk: KBI'Y, 2001, C. 9.
4. AJL umkesuy, B.B. Ky3un, N.1O. lllumkesua. M/ nccienoBanue BIUAHNAA IPUMECH CBUHIIA HA
MHUKPOCTPYKTYPY U aTOMHYIO JHHAMUKY paciuiaBa HaTpus / Temnodusnueckne CBOWCTBA BELICCTB
(xmakue Metaisl 1 ciiaBel), Hansauk: KBI'Y, 2001, C. 26.
5. M.H. Uanosckuii, H.H. [Tonomapes-Crennoii, A.JI. llumkeBnu. KoHnenuus KOHCTpyHpOBaHUS
teruioHocutened SV / Temnoduzuka-2002 (TeruionepeHoc U CBOHCTBA XKUIKUX MeTaioB), OOHUHCK,
29-31 oxTsi6ps 2002.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

He ucnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOIb3yeMBbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexunoHHBIX 3aHATHAX UCTIOJIB3YIOTCS MYJIBTUMEANIHBIC TEXHOIOTUH, BKIIIOYask IEMOHCTPALIHIO
npeseHTauui. B nmpouecce caMocTosTeNsHON PabOThl 00YYarOIIUECs UCIIONB3YIOT CIEAYIOLIIE
nHpopmanuonnsle Texnonorur: GMSH, MPI, OpenGL.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

CrynenTsl, wusydarouiye Kypc «TeopeTMueckue OCHOBbI aTOMHOM JUHAMUKM MOJEIUPOBAHUS
MHUKPOCTPYKTYpPbl MHOTOKOMIIOHEHTHBIX KOHICHCHPOBAaHHBIX CpeI», MOJDKHBI OBJAAETh OOIIUM
MOHATUNHBIM alllIapaToOM U Hay4UThCsl IPUMEHATh TEOPETUYECKUE 3HAHUS HA IpakTuke. B pesynprare
W3yYEHUs TUCLMIUIMHBI CTYACHT JOJKEH UMETh OCHOBHBIC IPEACTABICHUA O (PU3MUECKUX IMpoleccax
MPOXOIAIINX B CHCTEMaxX KOHJICHCHPOBAHHBIX cpell. BianeTs anmaparom (elHMaHOBCKUX TUarpamm.
ITokazarenem BnaJeHUs MATEPHAIIOM CIY>)KHT YMEHHE PEIIaTh 3aJadd M OPUEHTHUPOBATHCS B Kpyre
BOIIPOCOB, CBSI3aHHBIX C MpoOJIeMaMH aHaiM3a (PU3MKK KOHAEHCHPOBAHHBIX Cpex Ui sAepHbIX. [l
(hopMHpOBaHUSI yYMEHHUS NPUMEHATHh TEOPETUUYECKHE 3HAHUS Ha IPAaKTHKE CTYICHTY HEOOXOAMMO
MPUMEHATH IPOrPaMMHBIE CUCTEMBI, pa3pabOTaHHbIC HA OCHOBE METO/I0B MOJIEKY/ISIPHON TMHAMUKH.



VYenenrHoe ocBoeHUE Kypca Tpelyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITEIEHOM PaboThI CTy/IEHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

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

— pelieHue 3a/1a4, MpeagaraeMblX CTy/IEHTaM Ha 3aHTHAX;

— IOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYTOUHOH aTTeCTalnu.

[lokazarenem BiajgeHHs MaTepHUajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10OWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOIPOCOB, ClexyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpENoAaBaTeio.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: CynepKoMIbIOTEPHOE MOAETUPOBAHUE SIACPHBIX IPOLIECCOB U TEXHOJIOTUI
Du3TEX-1IKOIAa TPUPOAONOAOOHBIX, INIA3MEHHBIX U SIIEPHBIX TexHOoJoruid uMm. U.B.
Kypuatosa
Kadeapa MOJICINPOBAHUS AEPHBIX IPOLIECCOB M TEXHOIOTHI

Kypc: 4

KBaJIMpUKALUS: GakanaBp

Cemectpbl, HOpMBI IPOMEKYTOUHON aTTECTAIHH:
7 (ocenHwuil) - Dx3aMeH

8 (BeceHHuit) - Jxk3aMeH

Pa3zpatGoTunk: E.W. YkcycoB, KaH[I. TEXH. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CriocobeH npuMeHsTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-2 CriocobeH ucrnonb30BaTh COBPEMEHHbBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U
POrpaMMHBIE CPEACTBA MIPU PEIICHUHN 331349
poheCCUOHATBHOM JIeTENILHOCTH, COOTIOnas
TpeboBaHUg MHOOPMAIIMOHHOW OE30TIaCHOCTH

OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
MaTeMaTHYecKue METOAbl U IPHUKIAJHOE IPOrpaMMHOE
o0ecrieyeHne Al pelIEHUs  HAyYHBIX  3a1ad B

npodeccuoHaIbHON 00nacTu

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TIPHKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETHYECKHE, B TOM YHCIIE,
MaTeMaTHYECKUE METO/Ibl HCCIICAOBAHU, U
paboTars Ha COBPEMEHHOM dKCIIEpUMEHTAITLHON
Hay4YHO-HCCIIEI0BATEIBCKOM,
M3MEPUTEIbHO-aHATUTUYECKOH 1
TEXHOJIOTUYECKOH ammaparype

OIIK-5.1 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTAIBHBIX
UCCIIeJOBAaHUN U pa3paboToK

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEeIMETHOM 001acTH) U (MJIN) TEOPETUIECCKHUE
(aHATMTHYECKIE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.1  Buageer  ¢yHAaMEHTAIbHBIMH
3aKOHaMHM M TEOPUSIMH COBPEMEHHOH (pHU3HuKH

IIOHATHUAMMU,

[IK-1.3 Bnageer KyapTypoi MOCTAaHOBKH HAay4YHOU 3aJlaud U
MOJEJINPOBAHUSI €CTECTBEHHOHAYYHBIX OOBEKTOB U CUCTEM

I[IK-1.4 VYmeer cTpoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W MCCIEAOBaHUA TIPOLIECCOB M SABIECHUN B
COOTBETCTBYIOIIUX HAYYHBIX 001aCTAX

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare usyuyeHus aucuuiuiuHbl «TeopeTHueckue OCHOBbI aTOMHOM AMHAMUKU U MOJIEIMPOBAHUS
MHUKPOCTPYKTYPBl MHOTOKOMIIOHEHTHBIX KOHACHCHPOBAHHBIX CPE» 00yUaIOIINICs JOIKEH:

3HATD:
- TPUHIWAIB W  METOJBI
KOHJICHCHPOBAHHBIX Cpe[l.
yMeTh:

MOJIEKYJIIPHOH

JWHAMUKH, METOAOB HCCIICIOBAaHUA (I)I/IBI/IKI/I

- IPUMEHSATH TOJXOIBI MOJIEKYJIIPHON JTUHAMUKY JJIA UCCIIEIOBAaHMH B 3a7a4ax SAEPHBIX TEXHOIOTHI.

BJIAA€Th:

- METOJaMU KOMIIBIOTEPHOTO MOJICJIMPOBAHUS U MOJEKYISPHOW IWHAMUKH, METOJAMU pa3pabOTKH
MpOoOJIEMHO-MOEIUPYIOLINX CPE HA COBPEMEHHBIX CYyIIEPKOMIBIOTEPHBIX CUCTEMAX.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

He nmpexycmotpeHo.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu

o0yuyarommxcst

KoHTposbHBIE BOIIPOCH! JUT C/1a4 9K3aMEHa B 7-OM CEMeCTpe:

1. Mozenpb TeTpasIpuiecKoro rasa.

2. Mopnenb pacTBopa BHEIPSHUS U MTOJIMMOPGU3M OMHAPHOTO paciliaBa.

3. Koaddunuent TerpasapudaHocT cumiLiekcos Jlenone.




4. KoMrioHeHTHBIN (a30BbIi MEPEX0]] ¥ MOJIENIb PACTBOPA JIOTIOTHEHHUS.

5. Konduryparnuonsas sHTponus KJIaCTEPU3ALUH, CTATUCTHYECKUH BEC paCTBOPHUTEIIS.
6. X¥MHUeCKue MOTCHIUAIBl KOMIIOHEHT OMHAPHOTO pacIjiaBa.

7. MonekyisipHo-IrHaMu4eckoe MosienupoBanue cuctem Pb1-xKx u Nal-xPbx.

8. Bb100op mapHBIX MOTEHINAIOB.

KonTtponbHbIe BONPOCH A Ca4 SK3aMeHa B 8-OM CeMecTpe:

Koppensiuonnslie GyHKIMNM aTOMHBIX KOHQUTYpaIui, XapaKTepHUCTUKN aTOMHON IMHAMUKU.

Db dekT aMeKTPOOTPULIATETLHOCTH KOMIIOHEHT B MUKPOCTPYKTYpe OMHAPHBIX PacIlIaBOB.
KomnozuironHast KoppeKLus CBOMCTB HATPUEBOTO TETIIIOHOCUTEIIS.

MJI monens cmecu Nal-xPbx, ee koppensiuoHHbIe GYHKIUU U JUHAMUYCCKUE XapaKTEPUCTHKH.
Buzyanuzamus Moaens MUKPOHEOJHOPOIHOCTH PacIliaBa.

DKcrepuMeHTaIbHas IPOBEPKa MOJIEIIH.

Merton ¢yukuuu [puna.

e AN I M

Bepuduxkanus Mojieneii METoJI0M paccesiHuS YIBTPa XOJIOAHBIX HEUTPOHOB.
9. ®opmanusM HeHHMAHOBCKUX AHATPAMM.

10. Marpuna mioTHocTH (POHOHHBIX M JTMKBOHHBIX COCTOSIHUIA.

11. Koppensinnonnsle paanycel QyHkiui [pruna.

12. YcnoBusi MEKpOpacCIIOEHUS U KIaCTepU3aLnU.

13. KommioneHTHBIN (a3oBbIi nepexo (PpakTalbHBIX KIACTEPOB.

[TpumMepsl 3K3aMEHAIIMOHHBIX OUJIETOB B 7-OM CEMECTpe:

buner 1.

1. Mozenp TeTpasIpuvecKoro rasa.

2. KondurypamoHHas 3HTpONHS KIaCTepU3aLNH, CTATUCTUYECKUI BeC PaCTBOPUTEIISL.
buner 2.

1. Monenb pacTBopa BHEIPEHHUS U MOIMMOPGU3M OMHAPHOTO paciliaBa.

2. XuMu4eckre MoTeHIHaIbl KOMIOHEHT OMHAPHOTO PacIliaBa.

ITpumeps! 3K3aMEHAIMOHHBIX OMJIETOB B 8-0M cemecTpe:

buner 1.

1. KoppesnsimonHble (yHKIIMH aTOMHBIX KOH(QUTYpanuii, XapakKTepUCTUKN aTOMHOM JMHAMUKH.
2. Meron ¢yukiuu ['puna.

buner 2.

1. DddekT aneKTPOOTPULIATETHHOCTH KOMIIOHEHT B MUKPOCTPYKTYpe OMHAPHBIX PACILIABOB.

2. ®opmanu3m QeHHMAaHOBCKHX JTHATPaMM.

Kpurepun onennBanus

Onenka "ommuno" (10 Gaiios) BBICTABIISIETCSI  CTYACHTY, TIOKa3aBIIEMYy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, DIIyOOKHE 3HAHUS YYEeOHOW WPOrpaMMbl IHCHUILIHHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW NPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHSATh UX Ha MPAKTHKE NPU PEIIeHHH KOHKPETHBIX 3a7a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (9 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMYy BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbBHOE 00OCHOBAHME MPUHATHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOUYETAMU.

Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, IPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YCHHbIC 3HAHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.



Onenka "xopomo" (6 0anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MaTrepHall, TPaMOTHO U
[0 CYIIECTBY H3JIaraeT €ro, yMeeT NMPUMEHATh IOJyYCHHBbIC 3HAHMS HA MPAKTHKE, HO JOMYCKAeT B
OTBETE WJIH B PELLICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.

Omnenka "xopomio" (5 06auioB) BBICTABISETCS CTYACHTY, €CIH OH B OCHOBHOM 3HAET MaTepuall,
IrpaMOTHO U IO CYLIECTBY M3JIaraeT €ro, yMeeT NMPHUMEHSTH MOJyuYeHHbIC 3HAHHWS HA IPAKTHKE, HO
JOIyCKaeT B OTBETE WM B PEILICHUH 3a/1a4 IOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.

Omnenka "ynoBrneTBopUTenbHO" (4 Oamna) BBICTABISIETCS CTYACHTY, MOKaszaBlieMy (parMEeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapyULIEHUs JOTNYEeCKON MOCIIe0BATEIbHOCTH B N3JIOKEHUH IIPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOMJI OCHOBHBIE pa3eibl Y4eOHOH MporpaMMbl, HEOOXOAUMBIE JUIS JalbHEUIIero oO0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Omnenka "ynosierBoputenbHO" (3 Oayiia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0BAaTEeIbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pa3JeliaMi yu4eOHOU MpOrpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00yUeHHs U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYallHH.

Omnenka "HeymoBneTBopuTeNnbHO" (2 0ajya) BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAET OOINbIIeH
YacTH OCHOBHOTO COJICPYKaHWS Y4EeOHOH MpOorpaMMbl TUCHUIUIMHBI, JAOMyCKaeT rpyOble OMIMOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYCHHBIE 3HAHUS NPH PEIICHUN
THUIIOBBIX 33/1a4.

Onenka "HeynosierBoputenbHO" (1 6aymun) BeICTaBIAETCS CTYACHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne omnOKy B (GOpMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3ajad.

5. MeTonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[Tpu npoBeneHUH OIIEHWUBAHUS 3HAHWI OOy4aromeMycs IMPEAOCTABISETCS BPEeMs Ha MOATOTOBKY Ha
ycMOTpeHue 3k3ameHaropa. Ompoc oOydaromerocst mo OuieTy Ha YCTHOM S5K3aMEHE He JOJDKEeH
MPEBBIIIATH OJHOTO ACTPOHOMHYECKOTO yaca. ONEeHWBaHWE 3HAHWW MPOM3BOAUTCS B COOTBETCTBUH C
BBILIIEYKAa3aHHBIMH KPUTEPUSMH B COOTBETCTBUH C COZIEPKAHUEM AUCIUIIIIHHBL.



