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1. Hean, 3a7aum ¥ IJIaHUPYeMble Pe3yJIbTAThl 00yUeHUsl 10 JUCHUIIIIHHE

Llenv oucyunnunbl —CO31aHNE HOBOTO LIU(POBOTO MOAX0AA K OBICTPOMY ITPOEKTUPOBAHMIO,
pa3paboTKe, UCIIBITAHUIO U IPUMEHEHHIO HOBBIX MaTEpPHAJIOB U BEIIECTB

3aoauu oucyuniunsvl —pa3padboTKa KOMIUIEKCHBIX IU(PPOBBIX PEUICHUH, HAIPABICHHBIX Ha
IPEOI0JICHIE OCHOBHBIX TEXHOJIOTHYECKUX OaphepoB B 00J1aCTH MaTePHaIOBEICHHS

IInanupyemvie pesynomamvl 00yueHus— TOATOTOBKA CTYACHTOB K JIEATEIIBHOCTH B
COOTBETCTBUM € KBAIN()UKALMOHHON XapaKTepUCTUKOM OakanaBpa IO HAalpaBJIEHUIO, B TOM YHUCIIE
¢dopmupoBanue (HyHIaMEHTAIBHOTO MaTePHAIOBEAUYECKOTO MUPOBO33PEHHSI CTYIEHTA O MPOIEccax
IPOM3BOJICTBA U3IEIUN TPEOYEeMOT0o KauecTBa ¢ UCTIOIb30BaHUEM HU(POBBIX TEXHOIOTUH.

OOyuenne mno jucuumianHe «lluppoBoe MaTepuaioBeneHHE»  HAIpaBICHO  Ha
dbopMHupoBaHKHE y 00yUYaIOIIMXCS CIEIYIOMUX KoMrmeTeHuid B coorBeTcTBUU ¢ OI'OC 22.03.01
«MatepuasioBeieHHE ¥ TEXHOJIOTUM MAaTEpUANIOBY», YTBEPXKAEHHBIM IpUKa3oM MHUHOOpHAYKH
Poccun ot 02.06.2020 N 701:
Ko u HauMeHOBaHUe KOMIIeTeHI NupukaTopsl 10cTHKEHHSA
KOMIICTCHIIUH
YK-1 Cnocoben ocymectBiarh nouck, | UYK-1.1. Ananusupyer 3amady, Bblaemss ee
KPUTHUYECKUI aHAINU3 U CUHTE3 MH(OpMaluy, | 6a30Bble COCTABIIAIOIINE
OPUMEHATHh CUCTEeMHBIN noaxon i pemenust | MYK-1.2. OcymecTisieT moucK, KpUTHIECKH
IIOCTaBJICHHBIX 3a7a4 OLIEHUBAeET, 0000111aeT, CUCTEMAaTU3UPYET U
panxupyeTt uHpopmalunio, Tpedyemyro 1is
pelLlIeHUs IOCTAaBICHHON 3aJaun
NYK-1.3. PaccmaTpuBaeT 1 npeziaraet
palyoHaIbHbIE BAPUAHTHI PEILICHUS
IIOCTABJICHHOW 3aJa4y, UCIIONIb3YS
CUCTEMHBIN MOJAXO0M, KPUTHUYECKH OLIEHUBACT
UX JOCTOMHCTBA U HEAOCTAaTKU
VYK-6.  Cnocoben  ympaBmare  cBouM | MYK-6.1. Mcnonp3yeT HHCTPYMEHTHI U
BPEMEHEM, BBICTPAaMBaTh U PEAIM30BBIBATH | METOJBI YIIPABICHUS BPEMEHEM IIPU
TPAaGKTOPUIO  CAMOpPA3BUTHS HA  OCHOBE | BBIIIOJIHEHUU KOHKPETHBIX 3a/1a4, IPOEKTOB,
IOPUHIUIIOB O0Opa30BaHMs B TEYEHUE BCEW | MPH JOCTH)KEHUH ITOCTABJICHHBIX IIeIeH
JKU3HU NYK-6.2. Onpenenser NpUOPUTETHI
COOCTBEHHOM J€ATENbHOCTH, IMYHOCTHOTO
pa3BUTHS U TPO(HECCUOHATIBHOTO POCTa
NVYK-6.3. JleMoHCTpUpPYET TOTOBHOCTB K

HOCTPOECHUIO MPOPECCHOHATIBHON Kapbephl U
OIIPEACIIEHUIO CTPATErNH
npo¢eCcCHOHAIBLHOTIO PA3BUTHUS HA OCHOBE
OLIEHKU TpeOOBaHM pbIHKA TPYAA,

MIPEJIOKEHU I phIHKA 00pa30BaTeIbHBIX
YCIIYT U C Y4ETOM JIMYHOCTHBIX
BO3MOKHOCTEHN U IIPEAITOYTCHHI

OIIK- 8 Cnoco6nocts nmonumars npuHiumnel | MOIIK-  8.1. 3naer: npuHOMOB pabOTHI
paboThl  COBpEMEHHBIX HH(GOPMALMOHHBIX | HHPOPMAIIMOHHBIX TEXHOJIOTHIA;

TEXHOJIOTHI U ucnonb3oBath ux Ui pemenus | MOIIK- 8.2, VYmeer:  ucnoib3oBaTh
3aja4 podeccnoHaNbHOM e TeNbHOCTH MH(}OPMAaLIMOHHBIE TEXHOJIOTUU ISl pEIICHUs
3aa4 NpoQecCHOHATBHOMN NeTeTbHOCTH
NOIIK- 8.3. ImeeTr HaBBIKU: HCIIOJIB30BATh
MH(GOPMAIMOHHbIE TEXHOJIOTHH JJISI peIICHHS
3a/1a4 TpoeCCHOHAIBHON JESITENhHOCTH
[IK-2 CnocobGen ocymectBuate  BbiOOp | MIIK-2.1 3Haer: meTamuinyeckue u




MaTEpUAIOB U TEXHOJOTHYECKHUX IPOLIECCOB
UL TIOYYEHHMS  3aJIaHHOTO  KOMILIEKCa
CBOUCTB

HEMETAJJINYECKHE KOHCTPYKIIMOHHBIE U
MHCTPYMEHTAJIbHbIE MaTEPHUAJIbL, UX
CBOICTBa, CIOCOOBI YIIPOUHEHUS,
TEXHOJIOTMYECKHE BO3MOKHOCTHU
TEPMUYECKON 00pabOTKH, METOIbI
IPOBEJCHUS CTPYKTYPHOIO aHAIN3a U
OIpezieNICHUs IKCIUTyaTallMOHHBIX CBOWCTB
JieTae ¥ UHCTPYMEHTOB

NIIK-2.2 Ymeer: BBIOUpATh MaTepHaIbl s
JeTajel MaluH, NpruOOpOB U NHCTPYMEHTOB,
BUJ] TEPMUYECKON 00pabOTKH, TPOBOIUTH
CTPYKTYPHBII aHaIN3 U U3MEPEHUs
MoKa3aTeseil, XapaKTepU3yoIInX
JKCILTyaTallMOHHBIE CBOMCTBA JIeTajlel u
UHCTPYMEHTOB, YCTaHABINBATh MPUYHHBI UX
OTKJIOHEHHMS OT 33JjaHHbIX [1apaMETPOB;
HIIK-2.3 meeT HaBBIKK: BBIOOPA
MaTepuaioB JUIs pa3INuHbIX U3JIEIUH, BUJ
TEPMHUYECKOI 00pabOTKH, TPOBEICHUS
CTPYKTYpPHOTO aHalu3a, U3MEPEHHUS
MoKa3aTeseid, XapaKTepU3yoIInX
9KCILTyaTallMOHHBIE CBOMCTBA JIeTajel u
UHCTPYMEHTOB, YCTaHABINBATh MPUYHHBI UX
OTKJIOHEHHMS OT 3aJJaHHbIX [TAPAMETPOB

2. MecTO0 IMCUHMILIMHBI B CTPYKTYpe 00pa30BaTe/IbHOM MPOrPaMMbl

JlucuumiuHa OTHOCUTCS K 00s13aTeNbHO yacT 610ka b1 «/lucuuminHabl (MOLYIH)».

Z[I/ICL[I/IHJ'II/IHEI B3aMMOCBA3aHa JIOTUYCCKU U COACPKATCIIbHO-METOAUYCCKHU CO CICAYIOUINMHU

nucuurinHaMu U npaktukamu OOIT:
B yactu, popmupyemoit yuacTHukamMu o0pa3oBarenbHbIX oTHoweHu (b1.2):

MeTammyeckue MaTepurajibl;

Teopm{ N TCXHOJIOI'us TepMquCKOﬁ 06pa6OTKI/I MCTAJIJIOB,

Meroas! onpeneneHus CBONCTB MaTEpUAOB;
Komno3unmonHsle Matepuaisl;
Hemerannuueckue Marepuaisl,

O06paboTka pe3yabTaTOB SKCIIEPUMEHTA;

[TopomkoBble MaTEpHAIIBL;

[ToponikoBbie TEXHOTOTHH;

TexHomoruueckue MMPONLECCChI MOJTYYCHUA U 06pa6OTKI/I MaTCpHraIoB.

3. CtpykTypa u coaepkaHue TUCUUIINHBI

OO011ast TPYA0EMKOCTh JUCIUILIHHBI COCTaBIIsAET 6 3aueTHBIX eaunuIl (216 gacos).




3.1 Buabl yueOHoii padoThI U TPY/10€MKOCTH

Ounas dpopma o0yueHus

Bua yueBHoii padorbI KonuuecTBo CemecTpbl
n/n 4acoB 5 6
AyIMTOpPHBIE 3aHATHS 108 o4 o4
B Tom umcie:
1. Jlexumn 36 18 18
2. CemuHapcKue/IpakKTHUECKUE 72 36 36
3aHSITHS
3. JlaboparopHble 3aHATHS - - -
CamocTosiTejibHasi padoTa 108 54 54
B ToMm unce:
1. ITonroroBka K 54 36 36
CEMHUHAPCKUM/TIPAKTUYECKUMU
71a00paTOPHBIM 3aHSATHUSIM
2. CaMOCTOsTENbHOE H3YUYCHHE 54 18 18
IIpomexyTouHAast aTTeCTANMS
3auer/mud. 3ader/sK3aMeH 3ayer, | 3a4eT AK3aMeH
IK3aMeH
Hroro 216 108 108

3.2 TemaTnyeckuii MJIaH M3yYeHHs TUCHUTITIHHBI

Tematuueckuii TIaH pa3MenIéH B mpuiiokeHuu 1 k pabodeil mporpamme.

3.3 ConpepxaHue TUCHUNIHHBI

Tema 1. BBogHas yacTthb

3nauenne u 3amaun  kypca ««lludpoBoe marepuanoBenaeHue»». Ilpumenenue
nudpoBU3alM B MaTepuaioBeneHUU. [IpuHUIUIBI HHPPOBOrO MOAXOAa K MOAETUPOBAHUIO,
pa3paboTKe, UCTIBITAHUIO U TPUMEHEHUIO0 MaTEpHAaJIOB U BEIICCTB.

Tema 2. KomnbloTepHble MeTOABI CTATHCTHYECKOH 00padoTKH pe3yJibTaTOB
HH/KEHEPHOTI'0 JKCIIEPUMEHTA.

MeTon HauMMEHbBIIMX KBaJApaToB JUIsl pacuera Kod(p(UIMEHTOB anlpOKCHUMUPYIOIIEH
¢yukuuu. [Tapnas perpeccus. JIuneitHast MHOKeCTBEHHas perpeccus. Henmunelinas perpeccus

Tema 3. KomnboTepHble MeTOABI IVIAHUPOBAHUS HHKEHEPHOI'0 YKCIIEPUMEHTA.

[InanupoBanne mnepBoro mnopsaka. [lomHei ¢akropHblii skcriepuMeHT. JpoOHBI
(bakTopHBIN 3KcriepuMeHT. OpTOroHajbHBIE IJIAHBI BTOPOro mopsaka. PoTarabenbHbIE IJIaHbBI
BTOpOro mnopsjaka. IlmaHupoBaHne sKcnepuMEHTa IMPU NMOMCKE ONTHUMAJIBHBIX YCIOBHWA. Mertox
KpyTOro BocxoxxaeHusi. Cumiuiekc Meroa. OCHOBHbBIE IOHATHUS TMHEWHOTO IPOTPaMMHUPOBAHUS.

Tema 4. O0pa0d0TKH JaHHBIX ¢ HCIIOJIB30BAHMEM SI3bIKA porpammupoBanus Python.

OcHoBbl Python. DnemenTs! IMHENHHOM anredpbl, OCHOBBI CTATUCTUKU U MaTEMaTUYECKOTO
aHanmu3a. bubmumoreka NumPy. bubnuoreka Pandas. bubmuoreka SciPy. ['paduueckas
BU3yalin3alusl JaHHbIX. BBenenune B wmammHHOE oOyueHue. HelpoH W HEWpPOHHBIE CETH.



bubmuotexku Python nnst 06ydenus HelipoHHBIX ceTeil. OOyueHne HCKYCCTBEHHOW HEMPOHHOM CEeTH.
Metoa oOpaTHOTO pacnpocTpaHeHus omuOku. Peanmsarus weiipocetu B Python. Pemenue 3amau
perpeccun. O0yUYeHHE C yUUTEIEM.

Tema 5. Pacuer cTpyKTYpbl KPHCTAJUIOB € HCIOJIb30BAHUEM NMePBbIX NPUHIUNOB «Ab-
initio».

OcHoBbl Teopun (yHKIIMOHATBHOU TI0THOCTH (eng. DFT). OcHOBHBIE MOHSATHUSI KBAHTOBOU
MexaHuku. YpaHenue lllpenunrepa. JIB>keHHE B LEHTPAIbHO-CUMMETPUYHOM IM0j€. ATOM
BOJIOpoJia. THITBI MEKaTOMHBIX CBSI3€H B METAIIMUECKUX Marepuanax. OCHOBBI KpUCTAIUIOTpa(HH.
CrtpykTypa KpucTayUioB. /[uHamuKka KpucTaliudeckod pemieTkd. BomHoBast dyHkius, oOpatHOe
POCTpaHCTBO, kKBaHTOBbIe umcina. Cif-¢aiinel (crystal structure information) u OTKpBITBIE 0a3bI
JTaHHBIX cTPYKTYp. [IporpaMmel uist BU3yanu3auuu cTpykTypsl B cif-daitne. [Iporpamma Quantum
ESPRESSO (QE) ¢ ucxoaHbM OTKPBITBIM KOZOM Juis ab-initio pacyeToB. ba3oBble MPUHLIUIBI U
IPUMEpPHI pacueTa CTPYKTYphl KpucTaioB ¢ npumenenueM QE.

Tema 6. Pacuert (pa3oBbIX JHATPAMM.

OCHOBHBIE TIOHSATUS CTATUCTUYECKOW (u3nku. OCHOBHBIC TMOHSATHS TEPMOJUHAMUKH.
Pacnipeneneane ['mO6ca. @a3zoBbie mepexonapl. Bumael (a3 B MeTauIMyeckux —CIulaBax.
TepMoaMHAMHUYECKasi TEOPUS TUArpaMM COCTOSIHHS. J(parpaMMbl COCTOSIHHSI TPOWHBIX CHCTEM C
HOHBAapPHAHTHBIM JBTEKTUYCCKHM paBHOBECHEM. JlMarpaMMbl COCTOSIHHSI TPOHHBIX CHUCTEM C
HOHBAPUAHTHBIM TICPUTEKTUYCCKUM paBHOBecHEeM. JluarpaMMbl COCTOSIHHMSI TPOWHBIX CHCTEM C
MPOMEKYTOUHBIM KOHTPY?HTHO IUIABSIIIUMKCS COCIMHEHUSAMU. JlMarpaMMbl COCTOSIHUSI TPOMHBIX
CUCTEM C TMPOMEXKYTOYHBIM HWHKOHTPYIHTHO IUIABSIIMMHCS  COeOUHEHUSMHU. OCHOBBI
TEPMOJIMHAMHYECKOTO pacueTa IuarpaMM cOCTOsHUs. ba3oBble NpUHIMIIBI pacueTa (a30BbIX
muarpamm  MeronoMm Calphad. TepmomuHamMudeckoe MOJICIMPOBAHHE JHATPAMM COCTOSHHUS C
npuMeHeHreM pacuétHeix cpeacts: PyCalphad, OpenCalphad, Thermo-Calc.

Tema 7. OCHOBbI KOMIIBIOTEPHOT'0 MO/JICJIUPOBAHNS B KOH/ICHCUPOBAHHBIX Cpeiax.
Metox Monte-Kapno. Meron koneunsix 35eMeHToB (QForm, DForm, ProCast).

3.4 TemaTnka ceMMHAPCKUX/MPAKTHYECKHUX H JIa0OPATOPHBIX 3aHATHI

3.4.1. IlpakTHyecKue 3aHATUS

[Tpaktuueckoe 3ausatue Nel «MeTon HAMMEHBITUX KBAJIPaTOB I pacuera Kod(pPUIIMEeHTOB
anMnpOKCUMHUPYIOLIeH QyHKIMM»

[Tpaktuueckoe 3anstue Ne2«IlapHas perpeccus»

IIpaktnueckoe 3aHAtne Ne3«JIuHeliHas MHOXECTBEHHass perpeccus. HenuneinHas
perpeccus»

[Ipaktuyeckoe 3ansatue Ned«llomublii (axkTopHBId 3KcrIepuUMeEHT. JpoOHBIN (akTOpHBII
JKCIIEPUMEHT»

[Ipaktuyeckoe 3ansTHEe NeS«OpToroHanbHble IJIaHBI BTOpPOro mopsjaka. PortarabGenbHble
IIJIaHBl BTOPOT'O MOPSAIKA»

[Ipaktnyeckoe  3ansaTHe  Ne6«OOpabGOTKM  JaHHBIX C  HCIOJB30BAHHWEM  SI3bIKA
nporpammupoBanus Python. Ocuossl Pythony

[Ipaktuyeckoe 3ansTHEe Ne7«OOyueHHe HCKYCCTBEHHOW HeHpoHHOM cetn. Metoj
00paTHOIO pacrpoCTpaHEHUs OIIHOKI

[TpakTuueckoe 3ansatue Ne8«Peanuzanus Helipocetu B Python. Pemenue 3amau perpeccun.
OO0y4eHue ¢ yaurenem»



[Ipaktuyeckoe 3ansitHe Ne9«OcHoBbl kpuctaymuorpadguu. Crpykrypa kpucramwio. Cif-
daiiner (crystal structure information) w OTKpbBITBIE 0a3bl JaHHBIX CTPYKTYp. IIporpammer mis
BU3YyaJIM3aIlUH CTPYKTYpPHI B cif-daiine»

[Tpaktnueckoe 3amsatue NelO«IIporpamma Quantum ESPRESSO (QE) mis ab-initio
pacyetoB. ba3oBble MPUHLIUIIBI M IPUMEPHI pacdeTa CTPYKTYphl KpUCTAIOB ¢ mpuMeHenuem QE»

[Ipaktnueckoe 3anarue Nell«ba3oBble mpuHLUIIBI pacueTa (a30BBIX JUarpaMm METOAOM
Calphad. TepmoanHamMHuecKOe MOACTUPOBAHUE TUATPAMM COCTOSHUS C TIPUMEHEHHUEM PacyETHBIX
cpeacts: PyCalphad, OpenCalphad, Thermo-Calc»

[IpakTnueckoe 3anarue Nel2«Meton MonTte-Kapio»

[Ipaktrueckoe 3anstue Nel3«Meton koHeuHbIx 31emMeHTOB (QForm, DForm, ProCast)»

3.4.2. JlabopaTopHbI€ 3aHATHS
JIaGopaTopHble 3aHATHS 110 JAHHOM IUCUUIUIMHE HE MPEIyCMOTPEHBI.

3.5 TemaTnka KypcoBbIX MPOEKTOB (KYPCOBBIX PadoT)
KprOBHe pa6OTLI I10 HaHHOﬁ AUCHUIITIMHE HE IPEAYCMOTPCHBI.

4, YueOHO-MeTOoAM4YeCKOe U HHPOPMALIHOHHOE o0ecriedyeHue
4.1  OcHoBHasi IuTEpaTypa

1. A.H. YUy6unckutii, /I.C. Pycakos, .M. Batsipesa, I'.C. Bapankuna, MeTosI U cpencTa
HaYYHbIX UCCIIEIOBaHUNA. MeTo bl IUTAaHUPOBAHUS U 00PaOOTKU PE3yIbTaTOB HIKCIIEPUMEHTOB /
A.H. Yybunckwuii, [1.C. Pycakos, I.M. bateipea, I'.C. Bapankuna — CII6.: CIIOIJITY, 2018.— 109
c.

2. H.A. Cnupun, B.B. JIaBpoB. MeTobl Iu1aHUpOBaHUS 1 00paOOTKH Pe3yIbTaTOB
UH)XeHepHoro skcnepumenTa. [lox oour. pen. H.A. Cnupuna. ExarepunOypr; 'OV BIIO YITVY —
VIIN, 2004. — 257 c.

3. JIuBanoB 1.B. ®usuka meramios: YueOuuk 11st By3oB. — M.: MUCuC, 2006. - 280

4.2 JlomoaHuTeNbHAS JUTEPATYypa

1. Camapckuii A.A., Muxaitnos A.I1. Matematuueckoe Mozenuposanue. - M.: Hayka.
®dusmatnurt, 1997. - 320 c. (http://window.edu.ru/resource/958/52958)

2. Yepnslii A.A., Yepnsiii B.A. [Iporuno3zupoBanue CBOWCTB MaTepHUajIoB MO
MaTeMaTUYeCKUM MoJiesiM: YueOHoe nocodue. - [lensa: Ilens. roc. yu-1, 2007. - 61 c.
(http://window.edu.ru/resource/004/54004)

3. ABopernxkuii C.U., Eropos A.®., [IBopernkuii [I.C. KommbroTepHoe MogeTupoOBaHNe U
ONTUMU3AIMS TEXHOJIOTHYECKUX MTPOLECCOB M 000pynoBaHus. YuebHoe nocodue. Tam60B: M31-Bo
TI'TY, 2003. - 224 c. (http://window.edu.ru/resource/024/22024)

4. 3y60B H.H., TutoB B.A. MonenupoBanue v ONTUMH3AINS TEXHOIOTHUECKUX MPOIECCOB:
Yuyebnoe mocobdue. - CI10.: Usn-so CIIOI'YCDS, 2009. - 183 c.
(http://window.edu.ru/resource/527/78527)

5. ABopenxkuit C.U., Maiictpenko A.B. KomnbeiorepHoe MoienpoBaHie TEXHOIOTHYECKUX
nporeccoB. Meroanueckue ykaszanus. - Tam6oB: U31-so TI'TY, 2001. - 36 c.
(http://window.edu.ru/resource/990/21990)

6. Maiictpenko A.B. UucneHHble METOIbI pacuéra, MOACIMPOBAHUS U IPOESKTUPOBAHUS
TEXHOJIOTHYECKHUX MPOIECCOB M 000pyaoBaHus: yueOHoe mocodue / A.B. Maiictpenko, H.B.


http://window.edu.ru/resource/004/54004
http://window.edu.ru/resource/990/21990

Maiictpenko. - Tam6oB: U3n-so ®T'BOY BIIO "TI'TVY", 2011. - 144 c.
(http://window.edu.ru/resource/502/76502)
7. KongpateeB A., @ununnoB M. Marematruueckue MoI€TUPOBaHUE PEATTbHBIX MPOIIECCOB

// KomnproTepHble HHCTpYMEHTHI B oOpa3zoBanuu. - CI16.: U3a-Bo LITTO "Undopmaruzamus
obpazoBanus", 1999, Nel, C.3-10. (http://window.edu.ru/resource/228/24228)

4.3  DiaeKkTpoHHBIE 00pa3oBaTe/IbHbIE PecypChl

[IpoBenenue 3aHATHI U aTTECTALIUI BO3MOXKHO B TUCTAHIIMOHHOM (hopMaTe ¢ MPUMEHEHUEM
CHCTEMBI TUCTaHIIMOHHOTO 00y4eHus yHuBepcuteTa (cucrema Webinar).

ONeKTPOHHBIE KypChI 110 JAHHOM JUCLIUIUIMHE HE IPEIYCMOTPEHBI.

4.4 JldneH3WOHHOe M  CBOOOJAHO  pacHpoOCTpaHsieMoe  NPOrpaMMHOe
odecreyeHnue

Ne HaumenoBanue |Paszpadoruux I10 | JocTynmHocTh Ccbuika Ha Equnblii peectp
(mpaBooOJagares | (IMUEH3MOHHOE, | POCCHIICKMX MPOrpaMm JJisi
b) cB00OHO 9BM u B/l (npu Haanyumn)
pacnpocTpaHsieMm
oe)
1. Moii Oduc 00O "HOBBIE Jlunen3snonnoe https://reestr.digital.gov.ru/ree
OBJIAYHBIE str/301558/7sphrase_id=9433
TEXHOJIOI'" 75

45 CoBpemennble npogeccuoHalbHbIe 0a3bl JaAHHBIX U UH()OPMALHOHHbIE
CIIPaBOYHbIE CHCTEMbI

Ccpuika Ha
Ne HaunmeHnoBanue JocTtynmHocTh

pecypc

NudopManMOHHO-CIIPABOYHbIE CHCTEMBI

1. | BHYTpUBY30BCKas y4eOHas 1

http:/lib.mami.ru JoctymHo
y4eOHO-METOJUYECKasl JTUTepaTypa

J1eKTPOHHO-0MOINOTEYHbIE CHCTEMbI

Jlanb https://e.lanbook.c JlocTymHa B ceTn
1. om/ Hutepuer 6e3
OTpaHUYECHUN

IPR Books https://www.iprbo JlocTymHa B ceTn
2. okshop.ru/ UnTepHer 6e3
OTpaHUYECHUN

IIpodeccuonaibabie 6a3b1 JAHHBIX

baza maHHBIX HAyIHOH http://www.elibrary.ru JlocTyrmHO
1. | snexrponnoii GuGIHOTEKN
(eLIBRARY.RU)



http://window.edu.ru/resource/502/76502
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
http://www.elibrary.ru/
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WebofScienceCoreCollection — http://webofscience.com JloctymHo
noJInTeMaThu4eckas peepaTuBHO-
2. | Gubmuorpaduueckas
HHaYKOMECTPpHUUCCKas
(bubmmomeTpuyeckasi) 6aza JaHHBIX

S. MarepuajbHO-TEXHHYECKOE o0ecreyeHue
Howmep O6opynoBanue
ayJIUTOPUHU
1313 HoyTt0yk, mpoekTop, 3kpaH
6. MCTOI[I/I‘ICCKI/IC PEKOMEHIAUNA

6.1 Meroanyeckne peKOMeHAAIUM ISl MPeNnoAaBaTeis N0 OPraHNu3auuu
00y4eHust

6.1.1. IlpenonaBarenb OpraHusyer MpenoJaBaHWe TUCHUIUIMHBI B COOTBETCTBUU C
TpeOoBanusiMu  "[lonoxeHuss 00 opraHu3anuu 00pPa30BATEILHOIO IIpolLecCa B MOCKOBCKOM
HOJUTEXHUYECKOM YHUBEPCUTETE U €ro (puinanax", yTBepKAEHHBIM PEKTOPOM YHUBEPCHUTETA.

6.1.2. Ha mepBOM 3aHATHHU MperojaBaTeslb JOBOAUT O CBEJICHHS CTYICHTOB COJCpIKaHHUE
paboueil mporpammel aucuumuHbl (PITJ]) m mpenocraBiseT BO3MOXKHOCTh O3HAKOMJICHUS C
IIPOrpamMMoi.

6.1.3. IIpenoaBaTens 0cOOEHHO OOpaIaeT BHUMaHUE CTYICHTOB Ha:

- BUABl U (OPMbI MPOBEACHUS 3aHATHIM MO AUCHMIUIMHE, BKIHOYAsl MOPSIOK MPOBENEHUS
3aHATUI C NMPUMEHEHUEM TEXHOJIOTUH JHUCTAaHIIMOHHOTO OOYYEHHUS U CHCTEMbl JUCTAHIIMOHHOIO
o0yuenust yausepcuteta (CIIO Mocnonurexa);

- BHJbI, COJEP)KAHUE M TMOPSNOK NPOBEACHMS TEKYIIEr0 KOHTPOJS YCIEBAEMOCTH B
COOTBETCTBUU C (POHJOM OIIEHOYHBIX CPE/CTB;

- (¢dopMmy, coaepkaHHE M TOPSAAOK MPOBEAECHUS IMPOMEXKYTOYHOH arTecTallud B
COOTBETCTBUU C (POHIOM OIIEHOUYHBIX CPEACTB, MperycMoTpeHHbIM PIT/I.

6.1.4. JloBoguT J0 CBENEHHUS CTYAEHTOB TpauK BBIIOJIHEHUS Y4eOHBIX paboT,
npeaxycMorperHsix PI1/I.

6.1.5. Heob6xonumMo ¢ camMoro Havajga 3aHATHI PEKOMEHJIOBAaTh CTYAEHTaM OCHOBHYIO H
JIOTIOTHUTEIIBHYIO JIUTEPATypy U yKazaTh MyTH JOCTYIA K HEH.

6.1.6. BHawame wiM B KOHIIE CE€MECTpa JaThb CIHMCOK BOIIPOCOB /sl IOJATOTOBKU
KITPOMEKYTOYHOM aTTeCcTaliu(9K3aMeHy I 3a4ETy).

6.1.7. Pexomenayercst ¢akt o3zHakomisieHust ctyaeHtoB ¢ PIIJI u rpaduxkom paboThl
MUCHbMEHHO 3a(UKCUPOBATH MOJMUCHIO CTYJIEHTA B JIUCTE 03HaKOMJIeHHs ¢ conepkanue PIT/I.

6.1.8. IlpenonaBarenu, BeAyIIMH JEKIHOHHBIE W TPAKTHUECKUE 3aHATHS, JOJDKHBI
COIJIaCOBbIBaTh TEMAaTUYECKUN IUIaH NPAKTHUUECKUX 3aHATHI, HCIIOIB30BAaTh EIUHYIO CUCTEMY
0003HauEHH, TEPMHUHOB, OCHOBHBIX MOHATUN AUCIUITUHBI.

6.1.9. [Ipu moaroToBKEe K JIAGOPATOPHOMY M NMPAKTHYECKOMY 3aHSATHIO IO TIEPEUHIO

OOBSABJICHHBIX TEM IpennoaaBaTeIIroO HGO6XOJII/IMO YTOYHUTH IIJIaH HUX HPOBCIACHUA, MPOAYMATH
(I)OpMy.]'II/IpOBKI/I " COACPIKAHUC y‘-IC6HLIX BOIIPOCOB, BELIHOCUMBIX Ha 06CY)KI[CHI/IG, O3HAaKOMUTHECA C
MEpCUHCM BOIIPOCOB IO TCME CEMHUHApPA.


http://webofscience.com/
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B xoxe ceMuHapa BO BCTYNUTEIBHOM CIIOBE PACKPBITH MPAKTHUUYECKYIO 3HAYMMOCTb TEMBbI
CEMHUHApPCKOI'0 3aHATHUS, ONPENEIUTh MOPAJOK €ro MPOBENEHUS, BPEMs Ha OOCYXAEHHE KaXKIO0Iro
yuebHoro Bompoca. [IpuMeHsiss (QpPOHTANIBHBIM ONPOC JaTh BO3MOXHOCTh BBICTYIIHTH BCEM
CTyZEHTaM, IIPUCYTCTBYIOLUM Ha 3aHATHUMU.

B 3axmounTenbHON 4acTH CEMUHApCKOIo 3aHATHUS CJeIyeT IMOJBECTH €ro WUTOTH: JaTh
OLIEHKY BBICTYIUICHUN KaXKAOTO CTYJCHTa U Y4eOHOM IpyMIIbl B LEIOM. PacKphITh MOIOKUTENbHBIE
CTOPOHBI M HEIOCTATKU MPOBEJCHHOIO CEMUHAPCKOro 3aHATHA. OTBETUTh HA BOIPOCHI CTYJIEHTOB.
Bolnats 3a1aHus U1 caMOCTOSITENIBHOM pa0OThI 110 OJATOTOBKE K CIIEAYIOIIEMY 3aHATHIO.

Bo3MoxHO nIpoBeieHue 3aHATUI U aTTeCTalluil B TUCTAHIMOHHOM (hopMaTe ¢ IPUMEHEHUEM
CHCTEMBI TUCTaHIIMOHHOTO 00yueHust yausepcureta (CJO-LMS). Ilopsaok npoBeneHus: paboT B
JUCTAHIIMOHHOM (hopMaTe yCTaHABIMBAECTCA OTAEIbHBIMH PACHOPSDKEHUSIMHM IPOpPEKTOpa 1o
y4eOHOI paboTe U/ Ui IIEHTPOM y4eOHO-METOINIECKON PabOTHI.

6.2 METOZ[H‘{GCKHE YKazaHus 1Jisd oﬁyqamumxcn 10 OCBOCHHUIO JTUCHMUILJINHBI

6.2.1. CTy,Z[CHT C CaMOro Haydajgda OCBOCHHA JUCLHMIIJIMHBI JAJOKCH BHHUMATCIBHO
O3HAKOMMTECA C pa60qel71 nporpaMMoﬁ JAUCHUITIIMHBI.

6.2.2. CtyneHTy HEOOXOAMMO COCTaBUTH AJis ceOs rpaduK BBHIMOIHEHUS Y4eOHBIX padoT,
npexycmorpeHHbix PIIJ] ¢ yuérom TpeOoBaHUM ApYyrux IUCHUIUIMH, M3Yy4YaeMbIX B TEKYILIEM
cemecTpe.

6.2.3. [lpu mpoBeneHNH 3aHATHA U MPOLEAYP TEKYIIEH M MPOMEKYTOYHOW ATTECTAIUU C
UCIOJIb30BAaHUEM HHCTPYMEHTOB HH(OpPMAIMOHHON 00pa3oBaTeiabHON cpelbl TUCTAaHIIMOHHOTO
obpazoBanus yamBepcutera (LMS Mocnonurexa) kKak BO BpeMs KOHTAKTHOW paboOTBl ¢
npernojiaBaTeseM, Tak U BO BpeMs CAaMOCTOSTENbHOW paboThl CTYIEHT JOJDKEH 00eCHeduTh
TEXHUUYECKYI0 BO3MOXXHOCTh JMCTAaHLUMOHHOIO IOJKJIIOUEHUS K CHUCTEMaM JIUCTAaHIMOHHOIO
oOyuenust. I[Ipy OTCYTCTBHMM TakoH BO3MOXKHOCTH OOCYIUTh CHUTYallMIO C IIperojaBaTesieM
JTUCIUIUINHBI.

6.2.4. CamocrostenbHas paboTa SBISETCS OAHMM U3 BUAOB Y4yeOHBIX 3aHsTuil. Llensb
CaMOCTOSITENIbHON paboThl — MPAKTUUYECKOE YCBOEHHUE CTYJIEHTAaMHU BOIIPOCOB, pacCCMAaTPUBAEMBIX B
IIPOLIECCE U3YUEHUS TUCHUIUIMHBI.

Bunibl BHEayAUTOPHON CaMOCTOSITENIbHOM pabOTHI:

- CaMOCTOSITENbHOE U3YUEHUE OTJENbHBIX TEM AUCLUIIINHBL

- IOATOTOBKA K JIGKIIMOHHBIM 3aHSTHSIM;

- IOATOTOBKA K CEMUHApaM U MIPaKTUYECKUM 3aHATHM;

JUis  BBIMOJIHEHHWS JIOOOr0 BHJA CAMOCTOATEIbHOW pabOThl HEOOXOAMMO MPONTH
CJIEIYIOIINE JTAlbL:

- OIpEeJIeIeHNE LEJIN CaMOCTOSTENbHON padOTHI;

- KOHKpETU3allys I03HaBaTEILHOM 3a7a4u;

- CaMOOLIEHKa TOTOBHOCTH K CaMOCTOSITEIbHON paboTe;

- BEIOOp a/1eKBaTHOTO crioco0a IeHCTBHSL, BEAYIIEro K PELICHUIO 3a/auu;

- TJJaHUpPOBaHWE padOTHl (CaMOCTOSTEIHPHOW WM C TIOMOINBIO TpEernojaBaTeNs) Ha
3a/laHuEM;

- OCYIIECTBJIEHHE B TMPOIIECCE BBIMOJIHEHUS CAMOCTOSTEIbHOM pabOThl CaMOKOHTPOJIS
(TPOMEXXYTOYHOTO MU KOHEYHOT'0) pe3yJIbTaTOB pabOThl, U KOPPEKTHUPOBKA BHITIOJIHEHUS paOOTHI;

- pedmexcus;

- IPE3EHTAIUS CAMOCTOATENbHOM paboThI.

1. DoH/ OLIEHOYHbIX CPEICTB
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7.1  Meroabl KOHTPOJISI U OLCHUBAHMS Pe3yJbTATOB 00y4eHUs!
I[HH KOHTPOJIA YCIICBACMOCTH U KQ4YCCTBA OCBOCHUA JUCHUIIIIMHBI HaCTOSIIJ.[efI HpOI‘paMMOfI

MPElyCMOTPEHBI CIEAYIOIINE BUIbI KOHTPOJIS:
- KOHTPOJIb TEKYIIEH yCreBaeMOoCTH (TeKYIUi KOHTPOJIb);
- IPOMEXKYTOYHAs aTTeCTanus (3a4eT, SK3aMeH).

7.2 IllIkana u KpUTEPHUHU OLEHMBAHUS Pe3yIbTATOB 00y4eHHsI IPH
NPoBeJIeHUN MPOMEKYTOUHOI aTTecTAlluN

®opMa MPOMEKYTOUHON aTTECTALUU: 3a4ET.

Ixana

Kpurepun oueHuBanus
OlLleHHUBAHMS

Boimonuensl Bce BUIbl yueOHOW pPalOTHI, MPEAyCMOTPEHHbIE Y4YEOHBIM
maHoM. CTyJIEeHT JAEMOHCTPUPYET COOTBETCTBUE 3HAHWMW, YMEHHM, HABBHIKOB
MPUBEJACHHBIM B TabmuIax Toka3aTelel, omepupyer MNpuoOpETCHHBIMU
3auTeHo 3HAHUSIMU, YMEHUSIMU, HABbIKAMU, IPUMEHSAET UX B CUTYAIUSIX IMOBBIIIICHHOM
cinoxHoctd. [Ipy 3TOM MOryT OBITH JOMYIIEHBI HE3HAYUTEIbHBIC OLINOKH,
HETOYHOCTH, 3aTPYIHEHUS MPU aHATUTUYECKHUX OIEpaIusix, epeHOCe 3HAHUM
Y YMEHUU HA HOBbIE, HECTaHAapTHBIC CUTYAIUH.

He Boimonnen oauH wnu 6osee BUAOB yueOHON pabOThI, MpeayCMOTPEHHBIX
y4eOHBIM TIaHOM. CTYJICHT JIEMOHCTPUPYET HEMOJIHOE COOTBETCTBHE 3HAHHMA,
yYMEHHM, HABBIKOB NPUBEICHHBIM B TaOIMIIaX MOKaszaTesei, JOMmyCKaroTCs
3HAQUYUTEJIbHBIE OIIMOKH, TIPOSIBIISIETCS] OTCYTCTBUE 3HAHUM, YMEHUM, HABHIKOB
10 psALY MOKa3aTesel, CTYAEHT UCIIBITBIBACT 3HAYUTENBHBIE 3aTPYIHEHUS IIPU
ONEPUPOBAHUH 3HAHUSMHU U YMEHUSIMH MPH UX IEPEHOCE HA HOBBIE CUTYallHH.

He 3auteno

cDOpMEl HpOMe)KYTOqHOﬁ aTTeCTalluu:. SK3aMCH.

HIxaJja oneHUBaAHUA Kpurtepun ouennBanus

BrinonHeHs! Bce BUBI yueOHOM paboThI, IPeayCMOTPEHHbIE yUeOHBIM
w1aHoM. CTyJeHT JEeMOHCTPUPYET COOTBETCTBME 3HAHWUW, YMEHUH,
OTan4HO HaBBIKOB TPUBEACHHBIM B TaONMIaXx T[OKa3aTensiM, OINEepUpyeT
MPUOOPETEHHBIMU 3HAHUSAMHU, YMEHUSMHU, HABbIKAMHU, IIPUMEHSET UX B
CUTYyalUsAX MOBBILIEHHOHN CII0KHOCTH.

BrinonHeHs! Bce BUIbI Y4eOHON pabOoThI, MPeTyCMOTPEHHBIE YUEeOHBIM
maHoM. CTyZEeHT IEMOHCTPUPYET COOTBETCTBUE 3HAHWW, YMEHWH,
HaBBIKOB TIPUBEACHHBIM B TaONMIaX IOKa3aTensiM, OIEepUpyeT
MpPUOOPETEHHBIMU 3HAHUSAMHU, YMEHUSIMHU, HABbIKAMU, TIPUMEHSET UX B
CUTyalMsIX OOBIYHOM ciiokHOCTH. IIpu 3TOM MOTYT OBITH JOMYIIECHBI
HE3HAYUTeNbHble  OMIMOKM,  HETOYHOCTH,  3aTPyAHEHUS  TpuU
AQHAJIMTUYECKUX OIEpALMX, IEPEHOCE 3HAHUM U YMEHUN HAa HOBBIE,
HECTaHJapTHBIC CUTYyAal1H.

Xopomo
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BrinonHeHs! Bce BUIBI Y4€OHON paboThl, MPeTyCMOTPEHHBIE YUEeOHBIM
wiaHoM. CTyJEeHT IEeMOHCTpUPYET HEIOJHOE COOTBETCTBUE 3HAHUH,
YMEHUH, HaBBIKOB TMpPHUBEIECHHBIM B Ta0OnMIax IOKa3aTelsiM,
V I0BJIETBOPUTENLHO | JOIYCKAIOTCS 3HAYUTENIbHBIE OIIMOKH, IIPOSBIIAETCS HEJOCTATOYHOCTh
3HaHWM, MO0 PpsALy T[OKazaTenei, oOydarouuics HUCHBITHIBACT
3HAYUTENbHbIE 3aTPYAHEHUS NPU ONEPUPOBAHMM 3HAHUAMM IIPU HUX
NepEeHOCe Ha HOBBIE CUTYAIUH.

He Bbmomnen oaumH wuiaum  Oonee BHAOB y4eOHOH  paboOTHI,
MPEeyCMOTPEHHBIX pabodeil mporpamMmol AucHHUIUTUHBL. CTyACeHT
JIEMOHCTPHUPYET HEIOJHOE COOTBETCTBHE 3HAHWH, YMCHHIA, HABBIKOB
MIPUBEICHHBIM B Ta0JIMIIAX MMOKA3aTENsAM, JOMYCKAIOTCS 3HAYUTEIHHBIC
OIIMOKH, IIPOSBIIACTCS OTCYTCTBHE 3HAHUHN, YMEHHUH, HABBIKOB TI0 PAIY
MOKA3aTeJIeH, CTYJACHT WCIBITHIBACT 3HAYUTEIIBHBIC 3aTPYIHEHUS TPU
ONEPUPOBAHUHU 3HAHWSIMH U YMECHUSMHU TPU UX MEPEHOCE HA HOBBIC
CUTYAIIHH.

He ynosnerBopuresbHO

7.3 OueHouyHbIe CpeCTBa

7.3.1. Texyuuii KOHTPOIIb

Bun pabotsl @opMa OTYETHOCTH U TEKYLIETO KOHTPOJIS
Komnoksuym OTrmeTka B KypHale IpPENoAaBaTeleM o
MIPUCYTCTBUU u AKTUBHOM y4acTuHu

oOyuvaromierocss  Ha  OOCYXAEHUU  TEMBI
KOJUIOKBUyMa. Bormpockl isi  KOJUIOKBUYMOB
NpPEJCTaBICHbl B NPWIOKEHUH 2 K paboueit
IporpaMme

7.3.2. IIpomexxyTouHas aTTecTanus

HOJ'IyLIeHI/IC 3a4CTa WM CAavda JK3aMCHA TAKIKE BO3MO’KHA JOCPOYHO B CIIyHac PCIICHUA
CTYACHTOM IMPCAJTOKCHHBIX HA MMPAKTUYCCKUX 3aHATUAX 3aJ]a4 U UX 3allIUTHI.

[IpomexyTouHas arrecTanus - (3a4eT) MPOBOAUTCA IO OUeTaM B YCTHOM ¢opMe B ciayuyae,
€CJIM CTYJEHT HE PEIIMI W HE 3allUTWI TNPEJIOKECHHBIE HAa NPAKTHUUYECKUX 3aHATUAX 3aJaud.
PernameHT npoBeieHNs aTTeCTallNK:

- BpeMms Ul IOJArOTOBKU OTBETa Ha BONPOCHl He Oosee 40 MUH.;

- BpeMsi Ha OTBET Ha 3a/IaHHbIE BOIIPOCHI He Oojiee 15 MuH.

buner cocTonut u3 AByX TEOPETUUECKUX BOIIPOCOB U 3aJauH.

[Iepeuenb BOMpPOCOB K 3a4eTy NMPUBEICH B MPUIIOKEHUHU 2 K paboueil mporpamme.

[IpomexyTouHas arrecranusi - MPOBOJUTCS MO OmieraM B yCTHOH (opme B ciydae, eciu
CTYJEHT HE PEINJ U HE 3alUTHII IIPEUIOKEHHbBIE Ha TPAKTUYECKUX 3aHATUAX 3aJa4H.

PernameHT npoBeIeHNs ATTECTALNMN:

- BpeMms U1 IOArOTOBKU OTBETa Ha BONpPOCH! He Oosee 40 MUH.;

- BpeMsi Ha OTBET Ha 3a/IaHHbIe BOIPOockl He 6osee 10 MuH.

buiter coCTOUT U3 ABYX TEOPETUUYECKUX BOIIPOCOB U 3a7a4H.

[lepeuenb BOMPOCOB K 3K3aMEHY MIPHUBE/IEH B MPHIIOKEHUH 2 K paboueil mporpaMme.




(bakamaBp)

[Tpunoxxenue 1
TemaTnueckuil mian qucuuiiaHbl «LugpoBoe marepuasioBegeHne» M0 HANPABJICHHUIO OATOTOBKHA
22.03.01 «MaTepuanoBeaeHre U TEXHOJOT UM MaTEePHAJIOB»

=l = 8 Buabl yueOHoi1 padoThl, ) Dopm
Q| 3 5 |BKIOYAA CAMOCTOSATENLHYI0 | BHBI camocTosTEILHOM bl
= 5l S | paGoTy CTY/IeHTOB, H patoThI CTYIEHTOB arrec
/n Pasnen o =g TPYA0EMKOCTb B 4acax TaluU
a1 |V a6 | cpe | kep | K | KL PU Pegepal ol | 5
C P T
KomnbrorepHbie MeTOAbI
CTATHCTHYECKOH 00padoTKM
pe3yJbTAaTOB  HMHKEHEPHOI'0
JKCIIEPUMEHTA. Meton
1.1 HAMMEHBIIUX KBAJPaToB JIf 5 2 |2 4
pacuera KO3 (PHUIIHEHTOB
aNMpPOKCMMHUPYOLICH
GyHkuun.
[Tapnass perpeccus. JluHeiHas
1.2 | MHOXXECTBEHHAS perpeccusl. | § 2 2
Henunennas perpeccus
KomnbrorepHnie
1.3 | meroan IVIAHUPOBAHMSA | O 2 |2 4
HHKEHEPHOI0 3KCIePUMEHTA.
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IlnanupoBanue NepBoOro
NOpAIKA.
[TonHbIN (bakTOpHBIN

1.4 | oKCTIEpUMEHT. HpoOHnbIii 4-5
(haKTOpHBIN IKCTICPUMEHT.
OpTroronajbHble IJIAHBI

15 BTOPOIO MOpAAKA.

" | PoraTa0e/IibHbIE IJIAHDI 6
BTOPOr0 MOPSIAKA.
[limanupoBanue

SKCIIEpUMEHTAa TpU  IIOUCKE

16 ONTUMAJIBHBIX yCIOBHM. MeTon /
KPYTOT'O BOCXOKICHUSI.
OcHoBHBIE MOHATHUSA
JIMHEHHOT 0

1.7 8-9
NMPOrpaMMHUPOBAHMS.
CuMIuIeKkc MeTo.
O6paboTku JAHHBIX c
HCIIOJIb30BaHUEM sI3bIKa

1.8 10
nporpammupoBanusi  Python.
OcHogsl Python.

1.9 | 3aementsl JIMHEHHOM 11
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aﬂreﬁpu, OCHOBBI
CTAaTHCTUKHU 4
MaAaTEMAaTH4Y€CKOI'0 aHAJ/JIN3Aa.

0 bu6moreka NumPy. 12
1'1 bubauoreka Pandas. 13
bubmmoreka SciPy.
1.1 I'paduueckass  Bu3yanmmzanus 14
2 JAHHBIX.
BBenenue B MAIIMHHOE
o0yueHme. Heiipon U
1.1 HelpOHHBbIE CeTH. 15
3 bubauoreku Python jas
00y4eHHs HEHPOHHBIX ceTeH
Obyuenue UCKYCCMBEHHOU
11 | Heuponnou  cemu.  Memoo
' 16
4 0bpamno2o pacnpocmpanerus
OWUOKU.
11 | Peanmsauusi Heiipocer B
' 17-18
3) Python. Pemenme 3amau
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perpeccun.  OOyuenue ¢

yuuTeaeM.
1.1
2— Dopma ammecmayuu 19-21
Pacuer CTPYKTYPbI
KPHCTAJLJIOB c
HCII0JIb30BAaHUEM nepBbIX
1.1 MPUHIHIIOB «Ab-initio». 1-2
7
OcHOBBI TEOPUH
(GyHKIHOHAJBHON MJIOTHOCTH
(eng. DFT).
OCHOBHBIE MTOHSITHS
1.1 .
o KBaHTOBOM MEXaHHUKHU. 3
VYpasuenue lllpenunrepa.
J{BUKEHUE B
1.1
LHEHTPAJTBHO-CUMMETPUYHOM 4
9
noJie. AToM BOA0OpPO/A.
1.2 | THIBI MEXaTOMHBIX CBf3¢H B
' 5
0 METAIMYECKUX  MaTepHaiax.




18

JluHaMMKa ~ KPUCTAJUIMYECKON

PCUICTKH.

BoanoBas pynkums,
o0paTHoe NPOCTPAHCTBO,

KBaHTOBbIC YHCJIA.

OCHOBBI
kpuctauiorpaguu. CrpyKTypa
Cif-daitns

(crystalstructureinformation)

KpHUCTAJJIOB.

MOTKPBITHICOA3BIIAHHBIXCTPYKT
yp. [IporpamMmsl JUTS
BU3YAJIM3AlIMU  CTPYKTYPhl B

cif-gaiine.

IIporpamma

QuantumESPRESSO  (QE)
A ab-initio pacyeTos.
ba3zoBbie NPUHIHIIBI "
npuMepbI pacuera

CTPYKTYPbl KPHUCTALIOB C

8-9
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npumenenuem QE.

Pacuer (a3oBbIX auarpamm.

JnarpaMmmebl COCTOSIHUS
TPOMHBIX CHUCTEM c

IMPOMCKYTOUYHBIM KOHI'PYSHTHO

OCHOBHBIE MOHATHS
411'2 CTaTUCTUYECKOMN bu3uKy. 10
OcHoOBHBIE MTOHSTHS
TEPMOJUHAMUKH.
Tepmoaunamuueckas
TEeOpus AMAarpamMm
1.2 | cocrosinus. Pacnpenenenue
5 I'n66ca. da3zoBble Mepexo/bl. 1
Buabl ¢a3 B MeTaNIM4eCKUX
CILIaBaXx.
Jlnarpammbl  COCTOSIHUS
TPOMHBIX CUCTEM c
HOHBapUaHTHBIM
2'2 OBTCKTUYCCKUM PAaBHOBCCHEM. 12
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IJIaBAIMMHAUCA COCAUHCHUAMM.

COCTOSAAIHUA C€ TIIPUMCHCHHEM
PacYéTHBIX CpeacTB:

PyCalphad, @ OpenCalphad,

JAunarpamMmmbl COCTOSIHMS
TPOMHBIX CUCTEM c

1.2

. HOHBAPUAHTHBIM 13
NePUTEKTHYECKUM
PaBHOBeECHEM.
JlnarpamMmbl COCTOSIHUSA
TPOMHBIX CUCTEM c

;'2 MPOMEIKYTOYHBIM 14
WHKOHTPY3HTHO IUIABSIIUMHUCS
COCIMHEHUSAMMU.
ba3oBble NpUHIUIIBI pacyeTa
(a30BBIX JHArPpaAaMM METOAOM
Calphad.

12 | TepmoanuHamMmuyeckoe

9 MO/IeJIMPOBAHUE  JHATPAMM 15
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Thermo-Calc.

3'3 Meton MonTte-Kapio 6 |16 2 2
1.3 | MeTox KOHEHHBIX 2IEMEHTOB
' 17-1 2 |2 4
1 (QForm, DForm, ProCast) 6 8
;'3 Dopma ammecmayuu 6 |19-21
1.3 5,
3 Bcezo uacos no oucyunaune 5 36 | 72 108




[Tpunoxenue 2

OOHAOUHEHOYHBIX CPEACTBIIO JUCIIUIIJIMHE

«ugpoBoe maTepualoBeAeHHE»
Hampagsiienue moaroToBKH
22.03.01 MaTepuaJjioBeieHHe U TEXHOJOTHH MATEPUAJIOB
O6pa3zoBarenpHas mporpamma (mpoduitb MOATOTOBKH)
IlepcnekTHBHBIE MATEPUAJIBI U TEXHOJIOTHH

HOHy‘ICHI/Ie 3a4€Ta UK cJada 3K3aMCHa TaKXKE BO3MOKHA JOCPOYHO B ClIydac€ pCIICHUS CTYJCHTOM
MNPCAJIOKCHHBIX HA MPAKTUYCCKUX 3aHATUAX 3aJa4U UX 3alHUTHBIL.

Tembl npakTHYecKUX padoT

1) Mero HaMMEHBIINX KBAJIPATOB IS pacyeTa Ko3(pPpHUIMeHTOB anmpoKCUMUPYIOIeH (GyHKINH.
2) [Tapuas perpeccusl.

3) JIunelinas MHOKecTBeHHas perpeccusi. Hennuelinas perpeccust

4) TlonHbIi GaKkTOPHBINA SKCTIEPUMEHT. [|pOoOHBIN (paKTOPHBIN SKCIICPUMEHT.

5) OpToroHasbHbIE TUTaHBI BTOPOTO TOpsiiKa. PoTaTabenbHbIe TIaHbl BTOPOTO MOPSAKA.

6) OOpaboTKM JaHHBIX C UCMOJIL30BaHUEM S3bIKa IporpammupoBanus Python. OcHossl Python.

7) O0y4eHre NCKYCCTBEHHOM HEHPOHHOM ceTH. MeTo1 00paTHOTO pacipOCTPaHCHHUS OIIMOKH.

8) Peanuzauus Hetipocetu B Python. Pemenue 3anau perpeccun. O0ydeHue ¢ yuuTesneM.

9) OcnoBrl kpuctamuiorpadun. Ctpykrypa kpuctaimios. Cif-aiinsr (crystal structure information) u
OTKpBITBIE 0a3bl JaHHBIX CTPYKTYP. [IporpaMMebl 17151 BU3yanu3anuu CTpyKTyphl B cif-(aiiie.

10) IIporpamma Quantum ESPRESSO (QE) mns ab-initio pacueroB. ba3oBble NpUHITUIBI U
MPUMEpPHI pacueTa CTPYKTYPhI KpucTaiioB ¢ npuMmenenneM QE.

11) ba3oBwie mpuHuumbl pacueta (asoBbix auarpamm meroaom Calphad. Tepmoamnamuueckoe
MOJICIMPOBAHUE JMAarpaMM COCTOSIHHS C TpUMeHeHHeM pacuéTHbix cpencts: PyCalphad,
OpenCalphad, Thermo-Calc.

12) Meron Moure-Kapiio

13) Meron koneunbix 31eMeHTOB (QForm, DForm, ProCast)

Ipumepsl 3a1a4

Ne Ycnosue

1 Heo6xoxumo npurotoButs ciiaB AK4. TTo TOCT 4784-2019 cpennuii coctas cruiaBa MOXXHO B3siTh, Macc.%: Al —
1Si-1Fe-2,2Cu-0,2Mn-1,6Mg-1Ni. V Bac B pacrnopsKeHHH €CTh CIIEAYIONIHE IUXTOBbIC MATEPHAJIBI:

Antomunnii A99 — conepxur 99,99 % Al

Amomunmnii AQ — comepxut 99,0 % Al — 0,5 % Si—0,5% Fe

Kpemuuii Kp00- 99,9 % Si

Mens MO —99,9 % Cu

Marnuii — 99,9 % Mg

Jlurarypsr:

AI2Si — conepxut 2 % Si

Al10Fe — conepsxur 10 % Fe

Al20Mn — conepsxur 20 % Mn

AI10Ni- comepxut 10 % Ni

Vcnone3ysi pa3inyHOE COYeTaHHe MIMXTOBBIX MaTepuaioB mpocuurtaiite B Excel u Python ux maccoBoe
COOTHOILICHUE /IS IPUTOTOBJICHHUE 33ITaHHOTO CILIaBa.

2 Heo6xoaumo npurorosuts cruias J[16. ITo TOCT 4784-2019 cpexuuii cocTaB cuiaBa MOXKHO B3sTh, Macc.%: Al —
0,2Si-0,3Fe-4,2Cu-0,7Mn-1,6Mg-0,15Ti. ¥V Bac B pacropspKeHHH eCTh CIEAYIONIHE IINXTOBbIE MAaTEPHAIbL:
Anromunnit A99 — comepsxut 99,99 % Al
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Amromunnii A85 — comepixur 99,85 % Al — 0,08 % Si—0,06% Fe

Kpemnuii Kp00- 99,9 % Si

Mens MO —99,9 % Cu

Maruwuii — 99,9 % Mg

Jluratypsl:

AI5Si — conepsxur 5 % Si

Al10Fe — conepsxur 10 % Fe

AI20Mn — cozmepxur 20 % Mn

AISTi— conepxur 5 % Ti

Vcnonp3yst pa3iniyHOE COUETaHHE NIMXTOBBIX MaTepHaoB npocuuraiite B Excel u Python ux maccoBoe
COOTHOLICHHE IS IPUTOTOBJICHIE 33IaHHOTO CIIaBa.

3 Heo6xomumo tipurotoButs ciwiaB AK12]]. TTo TOCT 4784-2019 cpemuuii cocTaB cIuiaBa MOKHO B3sTh, Macc.%: Al
— 12Si-0,7Fe-3,0Cu-0,5Mn-1,0Mg-0,2Ti-1Ni. ¥ Bac B pacropsikeHHH €CTh CIEAYOIIHE IIHXTOBbIE MATCPHAIIBL:

Amromunnit A99 — comepixut 99,99 % Al

Amomunmnii AE — cogepxut 99,5 % Al — 0,12 % Si — 0,35% Fe

Kpemnwuii Kp00- 99,9 % Si

Mens MO —99,9 % Cu

Maruuit — 99,9 % Mg

Jluratypsl:

Al12Si — conepxur 12 % Si

Al10Fe — comepxur 10 % Fe

Al20Mn — conepskut 20 % Mn

AISTi— conepxur 5 % Ti

AI10Ni- comepxut 10 % Ni

Hcnionb3yst pa3indHOEe cOYEeTaHUe IMMUXTOBBIX MaTepuasioB npocuuntaiite B EXcel u Python nx maccoBoe
COOTHOILICHUE JJISI IPUTOTOBICHUE 3aIaHHOTO CILIaBA.

4 Heo6xoaumo npurotoButs ciias AMr2. ITo TOCT 4784-2019 cpennuii cocTaB CrijiaBa MOXKHO B3sTh, Macc.%: Al —
0,4Si-0,5Fe-0,15Cu-0,5Mn-2,2Mg-0,15Ti. ¥ Bac B pacropsiKeHHH €CTh CIEAYIOIINE IIUXTOBbIE MATECPHAIIBI:

Aunromunnii A99 — comepxur 99,99 % Al

Amomunwnii A8 — comepxut 99,8 % Al — 0,08 % Si — 0,06% Fe

Kpemuwuii Kp00- 99,9 % Si

Mens MO - 99,9 % Cu

Marnwii — 99,9 % Mg

Jluratypsl:

AI1Si — conepxwur 1 % Si

Al10Fe — conepxur 10 % Fe

Al20Mn — conepsxkut 20 % Mn

AI5Ti— conepxur 5 % Ti

Hcronb3yst pa3iigHOE COUCTaHHE HIMXTOBBIX MaTepHanoB npocuuraiite B Excel u Python ux maccoBoe

COOTHOLICHUE NJIA NPUTOTOBJICHUE 3aJaHHOTO CILJIaBa.

Bonpocsl k 3auery

1. Kakue 3amaun pemarT B XOA€ MpeABApUTENIbHOM  CTaTUCTUYECKOW  00paboTKu
AKCIEPUMEHTAIbHBIX TaHHBIX?

2. B uem 3axirodaercss OCHOBHasI Uesl OLIEHMBAHUS C MOMOUIbIO JIOBepUTeIbHOro uHTepBana? C
MIOMOUIbI0 KAaKUX PAaCHpPEEICHUH NPOMCXOAUT IOCTPOCHHE JIOBEPUTEIBHBIX HHTEPBAJIOB IS
MaTeMaTUYECKOTO OKUAAHUS U JUCTIEPCUU?

3. B ueM 3axiroyaroTCs CYIIHOCTh M OCHOBHBIE 33Jaud KOPPEIALIMOHHOIO, PErPECCHOHHOIO M
JCIIEPCUOHHOTO aHan3a?

4. Kakue moxo/1bl UCIOJB3YIOT MIPU HAXOXKICHUN KO3()(DUIIMEHTOB ypaBHEHUS perpeccuu?

5. ChopmynupyiiTe NCXOIHBIE TIOJIOKEHHUSI METO/1a HANMEHBIIINX KBAJAPATOB.

6. Kak onieHuBaeTcs aIeKBaTHOCTh CTATUCTUYECKONH MOJIEH?

7. Kakumu cBoiicTBaMu 001a1a10T KOAPGUIIUEHTH! KOppensiun?

8. Kakum 06pa3zoM mpou3BOIUTCS MTPOBEpKa 3HAYMMOCTH KO3(PPHUIIMEHTOB YpaBHEHUS perpeccun’?
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9. B ueM 3akirouaeTcsi MOCTAaHOBKA 3a/1a4d JTMHEHHON MHOKECTBEHHOM perpeccun?

10. KakoBbI BO3MOKHOCTH COBPEMEHHBIX ITPOrpamMMm o 00paboTKe IKCIEPUMEHTAIbHbBIX JAHHBIX?
11. Ha kakux npuHIMIax OCHOBaHA OPraHU3allls COBPEMEHHBIX CTATUCTUYECKUX [TAKETOB?

12. Kakum o0pa3zom periaeTrcst 3ajadya 10 OLIEHKE CTATUCTHUYECKUX XapaKTEPUCTHK C IOMOILIbIO
naketa MicrosoftExcel?

13. Kak opranu3oBaHO B3aMMOJICHCTBHE IOJb30BaTeNsl ¢ MakeToM Statistica? Kakue ocHOBHBIE
MOJ1yJIM OH B c€0s1 BKJIto4aeT?

14. B yem 3akiroyaeTcsi IOCTaHOBKA 3a1a4uM apHOU JIMHEHHOMN perpeccuu?

15. B uem 3axiroyaeTcsi IOCTAHOBKA 33/1a4u TApHOW HETMHEHHOMN perpeccuu?

16. B yem 3akiroyaercsi IOCTAaHOBKA 3a7a4M JIMHEHHOM MHOYKECTBEHHOU perpeccuun’?

17. B ueM 3axiitouaeTcsi HOCTAaHOBKA 3ajaul HEJIMHENHON MHOKECTBEHHOU perpeccuu?

18. Ompenenenue mapabOIUYECKON OIHOGMAKTOPHON PErpecCHOHHONW MOjaeNu (MOJETHu BTOPOTO
MOPSI/IKA)

19. U3 xakux cooOpakeHHil BbIOMpPAIOT OCHOBHBIE (DAKTOPHI, UX YPOBHH, a TaKK€ HWHTEpPBaJbI
BapbUpOBaHUs GakTOpoB Npu nposeneHnn [1OD u DI.

20. B 4yem 3akimrouaetcs ocHOBHas uuges JD3.

21. KakoBbl IpUHIUIIBI POTATA0EIBHOIO IIJIAHUPOBAHMSI SKCIIEPUMEHTA.

22. B yeM 3akirodaeTcsl CyIIHOCTh IJAHUPOBAHUS SKCIIEPUMEHTOB IPU IOMCKE ONTUMAJIbHBIX
ycioBuii? Kakue MeTo/1bl U 3TOM HCIIONb3YIOT?

23. I3 KaKMX 3TanoB COCTOUT AJIIFOPUTM ONTUMM3ALUN METOI0M KPYTOTO BOCXOXKICHUS

24. B yeM 3aKJIF04aeTCsl OCHOBHAS UJESI METO/1a CUMIUIEKCHOTO IIJIaHUPOBAHUS?

25. Pemienue 3ajay JUHEHHOrO NPOrpaMMUPOBAHMS. AJIFOPUTM MOCTPOECHUS MaTeMaTUYEeCKON
MOJICJIN U ITOUCK PELICHU.

26. O6paboOTKHU JaHHBIX C UCIIOJIb30BaHUEM si3bIKa nporpammupoBanus Python. Ocunosl Python.
27. bubmmoteka Python NumPy ocHoBHOe 1eneBoe Ha3HaueHue?

28. bubnuoteka Python Pandas ocHOBHOE 11€51€BO€ Ha3HaueHue?

29. bubmmoteka Python SciPy ocHoBHOE 11eneBoe Ha3HaueHHE?

30. I'paduueckas BU3yanu3anus JaHHBIX C TOMOIIbIO0 6uOmnoTeku SciPy.

31. HaznaueHue 1 BUIbI MAIIIMHHOTO OOy4YEHHE.

32. HelipoH 1 HENPOCETEBON aHAIIN3.

33. bubnuorexu Python nns oOyuenus HeHpOHHBIX ceTel.

34. Metoabl 00y4eHus: HeHpOHHOMU ceTn?

35. Meron 00paTHOTO pacripocTpaHEHUsI OIIMOKH.

36. Anroput™m peanusanuu Heiipocetu B Python.

37. AnroputMm perienus 3aaau perpeccuu B Python.

38. O0yueHue HEHPOHHOMN CETU C YUUTENIEM.

Bomnpocsl k 3K3aMeHy
1. B uem 3axirodaeTcsi OCHOBHAsI UJ€sl OLIEHWBAHUS C IIOMOIIbIO JOBEpUTENbHOro uHTepBasa? C
MOMOIIIbI0 KaKUX paclpeieNeHuid MPOUCXOJIUT TMOCTPOCHHE JOBEPUTENBHBIX HWHTEPBAJIOB MJIs
MaTeMaTUYECKOTO OKUAAHUS U JUCTIEPCUU?
2. B yem 3akimo4aloTCs CYIIHOCTh M OCHOBHBIE 3aJlaud KOPPEJSIMOHHOTO, PErPECCHOHHOIO H
JCIIEPCUOHHOTO aHan3a?
3. Kakue moaxoapl HCTIONB3YIOT MPU HAXO0XKIEHUU KOIPPHUIIMECHTOB ypaBHEHUS perpeccuu’?
4. ChopmynupyiTe UCXOIHbIE MMOJIOKEHHSI METO/1a HAUMEHBIIINX KBaJIPaTOB.
5. Kak orieHuBaeTcs a/IeKBaTHOCTh CTATUCTUIECKON MOJIETH?
6. B yem 3akirogaercs MOCTaHOBKA 3aJIa4M JTUHEHHONW MHOKECTBEHHOM perpeccuu?
7. KakoBbI BO3MOKHOCTH COBPEMEHHBIX TPOrpaMM Mo 00pabOTKe IKCIIEPUMEHTATbHBIX TaHHBIX ?
8. B yem 3akirovaeTcs IOCTaHOBKA 33JIa4M MAPHOWITMHEHHON perpeccruu’?
9. B yem 3akirovaercs MOCTaHOBKA 33/la4uM MapHOWHETMHEHHON perpeccuu?
10. B gem 3akiroyaeTcs MOCTAaHOBKA 3a/1a4H JINHEHHOW MHOKECTBEHHOM perpeccuu?
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11.B yem 3akiio4aeTcsi MIOCTAaHOBKA 33J]a4 HEJIMHEMHOW MHOXECTBEHHOU perpeccuu’?

12. Omnpenenenue mapa®onrdeckol oaHO(PAKTOPHOM PErpecCHMOHHON Mojenu (MOJICIH BTOPOTO
MOPSI/IKA)

13. W3 xakux cooOpa’keHHi BBIOMPAIOT OCHOBHBIE (DAKTOPHI, UX YPOBHHU, a TAKKE HHTEPBAJIbI
BapbUpOBaHUs GakTOpoB npu nposeneHnu [1OD u DI.

14. B 4yem 3akirouaercs ocHoBHas uaes JDO.

15. KakoBbI MIPUHLIKIIBI POTATA0ETHHOTO TNIAHMPOBAHUS YKCIIEPUMEHTA.

16. B yueM 3akirodaeTcsi CyLIHOCTh IJIAHUPOBAHUS SKCIIEPUMEHTOB IPU IOMCKE ONTUMAJIbHBIX
ycioBuii? Kakue MeTo/1bl IpU 3TOM HCIIONb3YIOT?

17. U3 KakuX 3TalioB COCTOUT AJIFOPUTM ONTHUMM3ALUN METOIOM KPYTOTO BOCXOXKICHUS

18. B ueM 3axiirouaeTcsi OCHOBHAS MJI€d METOJ1a CUMIUIEKCHOIO IUIAHUPOBAHUS?

19. Pewmenue 3amad JIMHEHHOrO NMPOrpPaMMHMPOBAHUA. AJITOPUTM IMOCTPOCHHSI MaTeMaTH4eCKOi
MOJICJIN U ITOUCK PELICHU.

20.06paboTKH TaHHBIX C UCIIOIB30BaHUEM s3bIKa TporpammupoBanus Python. Ocxosl Python.

21. budmuorekuPythonNumPy, Pandas, SciPy. OcHoBHoe 1ie7IeBOe Ha3HAUCHUE?

22. HazHaueHue 1 BUJbI MALIMHHOTO 00yueHue. Heilpon u HelipoceTeBol aHanus.

23. bubnmnorexu Python s oOydenus: HeHpOHHBIX ceTeil. MeToapl 00ydeHus: HEHpOHHOH ceTn?
Metoa 00paTHOro pacipoCTpaHEHHs OLIUOKH.

24. AnropuTM peanusaii HeWpoceTu U 3aaad perpeccuu B Python.

25. OcHOBBI Teopuu (¢yHKIMOHaIbHOU TwioTHOCTH (eng. DFT). MopenupoBanue CTPYKTYpHl U
CBOMCTB BEILIECTB U3 MEPBBIX MPUHLIUIIOB «ab-initioy.

26. OCHOBHBIE IOHATHUS KBAHTOBOM MeXaHUKH. /lyanu3m BonHa-yacThua. BomHoBas GpyHKuus.

27. OmepatopHas (GOpMyITUpOBKa KBaHTOBOH MexaHWKU. [loHaTHe omeparopa (uU3HIecKoi
BEJIMYMHBI.

28. Obmue cpoiicTBa pemienus ypaBHeHus lllpenunrepa. Cranuonaprnoe coctosaue. KBaHTOBBIIM
rapMOHUYECKUNA OCLUIIIATOP.

29. ATomHas cucteMa euHUIl. ATOM BOJOPO/Ia.

30. Tumel MEXaTOMHBIX CBsSI3ed B METAJUIMYECKUX MaTepuanax. BzaumoneiictBue Ban-nep-
Baasbca.

31. KoBanenTHas cBs3b. loHHad cBA3b. MeTayunyeckas CBs3b.

32. JluHaMuKa KpHUCTAJUIMYECKON pemeTku. TepMoaMHaMUKAa KPHUCTAUIMYECKOM PpELIeTKH.
®onoHbl. KoaduuneHT TernioBoro pacmmpeHus.

33. Yro takoe Cif-¢aiin? MeToasl BU3yanu3auu CTPYKTYpbl KpUCTaLUIOB ¢ ucnoyib3oBanueM Cif-
¢aiinos.

34. Quantum ESPRESSO (QE) mns ab-initio pacyeroB. ANroputM pacuera CTPYKTYPbl U CBOMCTB
KpUCTAJIIOB ¢ npuMeHeHueM QE.

35. OcHOBHBIE MOHATHS TepMOIUHAMUKU. [1epBbIii, BTOPOI U TpETHil 3aKOH TEPMOJUHAMUKHU.

36. Pacnpenenenue I'n60ca. @a3oBble mepexo/isl IEPBOro U BTOPOTO POAA.

37. Buasl ¢a3 B Metaimuueckux cruiaBax. ®assl JIaBeca. [IpomexyTounblie Gpa3bl BHEAPEHHUS.

38. JluarpamMMbl COCTOSIHHS TPOMHBIX CHUCTEM C HOHBApHUAaHTHBIM 3BTEKTHUYECKHM DPABHOBECHEM.
XapaxTepHoe cTpoeHue auarpaMmmbl. OCHOBHBIE (pa30Bble paBHOBECHS.

39. JluarpaMMBbl COCTOSIHMSI TPOMHBIX CHCTEM C IMPOMEXYTOYHBIM KOHTPYIHTHO IUIABALIMMUCS
COEMHEHUSIMH. XapaKkTepHoe cTpoeHue Auarpammbl. OCHOBHBIE (Da30BbIe PABHOBECHS.

40. InarpaMMbl COCTOSIHUSI TPOWHBIX CHCTEM C HOHBAPHWAHTHBIM NEPUTEKTUYECKUM PAaBHOBECHEM.
XapakTepHoe cTpoeHue auarpammbl. OCHOBHBIE (pa30BbIe PABHOBECHS.

41. lmarpaMMbl COCTOSIHHUSI TPOMHBIX CHUCTEM C IPOMEKYTOYHBIM MHKOHIPYIHTHO IUIABSIIMMUCS
COEMHEHUSIMH. XapaKTepHOe CTpoeHHue Auarpammbl. OCHOBHBIE (Da30BbIe PABHOBECHSI.

42. B uem coctout cymiHocTh MeToqia Calphad nmst pacuera dha3oBbix quarpamMmm?

42. IIpumepsl IporpaMM TEPMOJIMHAMUYECKOT0 pacyera, peanusyromux Meto Calphad.

43. Meron Monre-Kapiomis u3ydeHHs CIy4alHBIX MpPOIECCOB. XapakTepucTuka. [Ipumepsl
peann3anny.
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44. TlpyHUMO MaTEMATUYECKOTO MOJEIMPOBAHUS METOJIOM KOHEYHBIX 3J1€MEHTOB. IIpumepsl
IIPOrpaMM, peaU3yIOIINX JaHHbIM MeTOA. TUIIOBBIE pelaeMble 3a1a4u.



