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

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: WHTerpansl 0 TPACKTOPHSM C ITOMOIIBIO MOJIEKY/ISIPHON TUHAMUKI
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadeapa BHIYUCINTEIbHON (PU3NKU KOHJCHCUPOBAHHOTO COCTOSHUS U JKUBBIX CHCTEM

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocrasuin: H.J1. Konnpartok, kaua. ¢pu3.-MaT. HayK

[Iporpamma o6cyx1eHa Ha 3aceAannu Kadenpa BEIYUCIUTEILHOW (PU3UKN KOHIEHCUPOBAHHOTO COCTOSTHUS U KUBBIX
cucreMm 11.03.2025



AHHOTANMA

B mepBoii wactu Kypca paccMaTrpuBalOTCS TEOPETUUECKUE ACIEKThl MHTEPIPETallid: OCHOBHBIE IMOHATHS,
BBIBOJI MHTETPAJIOB TI0 TPACKTOPHSIM Yepe3 KAHOHWYECKYI0 MaTpHIly IUIOTHOCTH M OIEparop HSBOJIOLUU

BpeMeHU. PaboTa Hai MOJICTbHBIMY 3a/1a49aMHU.

BTOpaH YacTb KypCa HalpaBjIicHa Ha YHCICHHYK pCaMu3aliuro MCEToAA.

OcBoeHre HEOOXOIUMBIX

MPOrpaMMHBIX TIAKETOB, HACTPOWKa MX pabOTHI Ha cymepKoMmbioTepe. 3HakoMcTBO ¢ Path Integral Molecular
Dynamics, Centroid Molecular Dynamics u Ring Polymer Molecular Dynamics. Pacyer mompaBok Ha

KBaHTOBOCTh Sifiep JUISl JKUJIKOW BOJBI,

PEAaKLUMOHHON JUHAMUKE.
OMOXMMHYECKHE POLIECCHI.

1. leau u 3apauu

Meap AUCUMNIMHBI

XKHUJIKOTO BOJOPOAA.
TPAaHCIOPTHBIX CBOMCTB paccMaTpMBaEeMBbIX CHCTEM. PacueT CIeKTpoB.
[Monyuenne dsHepreTHUECKUX OaphepOB XUMHUECKUX PEAKIIHA,

Brruncnenue TCPMOAUHAMUYCCKUX U
Vuer KBaHTOBOCTHU AACPp B
BKJIXO4ast

- O3HAKOMJICHUC CTYACHTOB C MCTOAOM HWHTCTPAJIOB IO TPACKTOPUAM C IMOMOIIBIO MOJ'IGKy.]'IHpHOﬁ
JUHaAMHWKH U €TI0 HpaKTI/I‘IeCKOI‘/’I peanmauneﬁ Ha MHOT'OIIPOIECCOPHBIX BBIYUCIUTCIBHBIX CUCTEMAX.

3agauu AU CHUILIHHBI

- IOTPYKEHHE B TEOPETUUIECKYIO YaCTh METO/Ia HHTETPAJIOB IO TPACKTOPHSM;

- mpuoOpeTeHre O0yYaIOIMIMMUCS MPAKTUICCKUX YMEHHH W HaBBIKOB, HEOOXOAMMBIX Ui paboThHI C
MHOTOIPOIIECCOPHBIMH BBIYMCIUTEIIEHBIMI CUCTEMAMU;

- O3BHAKOMJICHHC 06yqafonmxc5{ C HpHKJIa,Z[HOﬁ YaCTbIO MCTO/Ia UHTCT'PAJIOB I1IO0 TPACKTOPUSAM,

- (I)OpMI/IpOBaHI/Ie YMeHI/II\/’I W HABBIKOB IJId MPHUMCHCHUSA IMOJTYYCHHBIX 3HAHUH AJI1 MOACIIMPOBAHUA

KBAaHTOBBIX CUCTEM,

- IPUBJIEYEHHE CTYAECHTOB K paboTe HaJ aKTyaJIbHBIMU (GU3UUECKUMHU 3aa9aMH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NuaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
mpoeCCHOHANFHOW ~ JIeATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acTH (U3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIEJOBaHUH B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MareMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpHU
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKu M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeTENNLHOCTH, CIIOCOOCH
Ha HAyYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIa4u

OIIK-2.1 UmeeT npeacTaBIeHHE O COBPEMEHHOM COCTOSTHUU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoel
npodecCuoHaTbHON e TEHHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBAaHUH B o0jacTh cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U

OIIK-3.1 Cnocoben aHanmu3upoBarh 3ajady, IJIAHHPOBAThH
MyTH pEIIeHHs, Mpeyiarath U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEIOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMYHBIX 001ACTAX HAYKH (TEXHUKH)




OrpaHUYCHHUA PA3JINYHBIX METOAOB PCIICHHUA

OIIK-3.3 Brnazeer aHaIUTUYECKUMUA U BBIUYUCIUTEIBLHBIMUA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-4 CriocoGeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTEeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpUMEHATH 3HAHUS M HABBIKU IIO
UCTIOJIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I OUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOrPAMMHBIX ITPOLYKTOB

OIlK-4.2 CrnocoObeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYITHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
MPOBEICHUS HAYYHOTO MCCIIEA0BAHUS

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (prKaIy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
poeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCTIIPUHUMasI COIMAJIbHBIE, STHHUECKUE,
KOH(ECCHOHAITLHEIE U KYJIETYPHBIC PA3IHUIUS

OIIK-5.3 Crpemurcs K TMOJYyYEHHUIO HOBBIX 3HAHUIA,

HpO(l)eCCI/IOHaJ'IBHOMy " JIMYHOCTHOMY POCTY

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINKIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmMaTH4ecKoi o0macTu cBoed MpodeccHOHATLHON
JEATEIEHOCTH

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue | (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU

HOBBIC HAyYHBIC PE3YIIBTATHI Hay4yHOW 3a7adye W HHTEPHPETUPOBATh  IIOJYYCHHBIE
pE3YNBTaThI
[MK-3.1 TloHuMaeT NPUHIUIBI PabOTHI HCIOIBE3YEMOTO
K3 C 5 5 00opyI0BaHUS (cenanu3upPOBaHHBIX MaKeTOB
-3 Cniocob6en npogeccuoHanbHO paboTars ¢ MPUKITAHBIX TPOTPAMM)
WCCIIEIOBATEIHCKIUM U UCTIBITATEIbHBIM
I1K-3.2 Crocoben MIPOBOJNTH AKCIIEPUMEHT

o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHeIHAaIN3UPOBAHHBIMH MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON MIPEIMETHOM 00IacTH

(MonenMpoBaHKUe) ¢ MCHONb30BAHUEM HCCIIEIOBATEIbCKOTO
00opynoBaHus (MIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAJILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

TCOpeTI/ILIeCKI/Ie OCHOBBI MCTOJa MHTCIPAJIOB 110 TPACKTOPUAM, I'PAHULIBI IPUMCHUMOCTH MCTO/A.

YMETB:

MOZ[GJ'H/IpOBaTB OpOCThIC CUCTCMbI C NOMOIINBKO MCTOJAA HUHTCTPAJIOB IO TPACKTOPUAM, HPOBOAWUTH

aHaJIu3 NOJIYYEHHBIX PE3yJIbTaToB.
BJIaJIETh:

- HaBbIKaMH KOMIIMJIAIIMK U
HCIIOJIBb30BaHUECM CUCTEM oqepe;[eﬁ;

3allyCKa IOCJIICAOBATCIIbHBIX W  IAapaJUICJIbHBIX IIpOorpaMm C

- HaBBIKAMH CO3/IaHHA MOJENHU U €€ OCYIIECTRICHHS C MOMOIIBIO MPUKIAJAHOIO METOAa MHTETPaJIOB 10
TPaeKTOPHUSIM; METOJAMU aHAJIM3a MOJIYUYECHHBIX U3 MOJIECIIU PE3YJIBTATOB.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTh 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.




No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 @opMynHpOBKa KBAHTOBOW TEOPHH YEPE3 5 4 10
MHTETpaJIbl TI0 TPACKTOPHSIM.
) [Tomydyenne  HaOMIOmAaeMbIX  BETUYUH 5 4 5
Yyepe3 MHTETPajibl 0 TPACKTOPHSIM.
3 UucnenHas peanu3anuss MeToAa Ha 5 6 5
MIPaKTHKE.
4 Hcnonp30BaHNe MPOrPAaMMHBIX IAKETOB 5 6 10
TUTS MOJCTTUPOBAHHUS.
5 MopnenupoBanue KOHKPETHBIX 5 6 5
(DUBNYIECKUX CHCTEM.
6 IlepciekTuBBl ~ Pa3BUTHSI U HOBBIE 5 4 10
MPUIIOKEHUST METO/IA.
Hroro yacos 30 30 45
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2.

Coneprxanue JUCIUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE 1O TeMaM (pazzesiam)

Cemecrtp: 2 (Becennuit)

1. q)OpMYJ'II/IPOBKa KBaHTOBOM TCOPHU YCPE3 UHTCTPAJILI IO TPACKTOPHUAM.

Brenenne. ®opmymupoka deitamana. OcHOBHBbIC MOHATHSA. [loHATHE MHTErpasia MO TPASKTOPHUHU.
BriBon wuHTErpamoB MO TPAaeKTOPHSIM dYepe3 KaHOHHYECKYI0 MAaTpuily IUIOTHOCTH M OIeparop
spomtounn BpemeHu. Ilepexox Kk crarcymme. BrpIcokoTeMIepaTypHbI MpeAen, Mepexon K
KJIAaCCHYECKOM MEXaHHKE.

2. IlonyueHne HaOIIOMAEMBIX BEIMYHMH Yepe3 HHTETrPasibl 0 TPACKTOPHSIM.

Bripaxenue qyisa oneparopa HaOli0AaeMoi BeTMUMHBL. BBIBOI cpeHero 3HaYeHHs Yepe3 WHTEerpajibl
1o TpaekTopusM. OyHKIMOHAIBHBIE WHTErpajbl. MHOrO4acTUYHbIE MHTETpalbl 110 TPAEKTOPUSIM.
ABTOKOppENSHOHHBIE (GYHKIUH. MeTo/ MOIydeHUs] ITMHAMUYECKUX BEJTUYUH.

3. Yucnennas peain3anusa MCTOJA Ha IMPAKTUKE.

Uctopus. O6nacts npumenenus. IloHsTHe KBaHTOBOTO nojuMepa. MeTon MOJeKyISIpHOW TUHAMUKH
neHrpouga. PemieHne ypaBHEHUMR [JBWJKEHHMST B HOPMAaJlbHBIX Monaax. Meron LenoYyeyHou
MOJIEKYJIIpHOW AMHAMUKH. Pasnnuue peanusanuii. [lonstue nperHoro tepmocrara. Mcnons3oBanne
TepMocTaroB B pacuere. [lomyyeHne HabM0naeMbIX BEJIMYMH U3 pacyeTa.

4. Vcnonp30BaHue NPOrpaMMHBIX [1aKETOB JI1 MOAEIUPOBAHUS.

O3HakoMJICHHUE C pealln3allieil MeTo/la MHTerpaioB no TpaekTopusMm i-Pl. zyuenune nporpaMMHOro
s3bika 1-PI, 0030p BO3MOXHOCTEH MpOrpaMMHOrO nakera. PaccMoTpeHue MakeToB MOJEKYISIPHOTO
MOJICIIMPOBAHMSI, HUCIOJNB3YeMbIX s paboTel coBMecTHO ¢ i-PI. VYcraHoBKa mporpamMmHOTO
o0ecrieyeHus1, IpOBeIeHNE TECTOBBIX PACUETOB.

5. MOI[CJ'II/IpOBaHI/Ie KOHKPCTHBIX (1)I/I3I/I‘I€CKI/IX CHUCTCM.



Pacyet kBaHTOBBIX MOMPABOK I KUIKOW BOJBI, )KUJIKOTO BOAOPOA H KUIKOTO renus. Beraucienve
TEPMOJAMHAMUYECKUX U TPAHCIOPTHBIX CBOIMCTB paccMarpuBacMbIX CUCTEM. Pacuer crekTpoB. Yuer
KBaHTOBOCTH sIJIEp B PEakIMOHHOW juHamuke. [lomyueHne sHepreTHdeckux 0aphbepoB XUMHUYECKUX
peaKuui.

6. HepCHeKTI/IBBI Pa3BUTHUA U HOBLIC IPUJIOKCHUA MCTO/IA.

O030p pemeHHBIX mpoOieM. HampaBiieHus pa3BUTHS BBIYMCIHUTEIBHBIX METOAOB. (Dusznueckue
3aJ1auu, TpeOyIOIIe NCTIONh30BaHUS IAHHOTO MOIXO0/A.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLeCTBJIECHHNS 00pa30BATEILHOTO
npouecca 1no JUCUUILInHe (MOIYJII0)

Heo0xonnmoe ob6opynoBaHue Uis JIEKIUNA U MPAKTHUECKUX 3aHATUN: KOMIBIOTEPHI M MYJBTUMEINHHOE
o0opynoBaHue (IPOEKTOP), TOCTYI K BBIYUCIUTEILHOMY KJIACTEpYy.

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas JuTeparypa
1. I'3. Hopman, B.B. Creraiinos. Croxactudeckasi TEOpUsI METOJa KJIIACCHUECKONH MOJIEKYIISIPHOI
nuHaMuKkH // Maremarudeckoe mofenuposanue. 2012 roxa, Tom 24, Homep 6, cTp. 3-44
2. Tuckerman M. Statistical Mechanics: Theory and Molecular Simulation. Oxford: Oxford University
Press, 2010. 696 p.
3. Habershon, S., Manolopoulos, D. E., Markland, T. E., & Miller, T. F. (2013). Ring-polymer
molecular dynamics: quantum effects in chemical dynamics from classical trajectories in an extended
phase space. Annu. Rev. Phys. Chem., 64(December 2012), 387—-413.
https://doi.org/10.1146/annurev-physchem-040412-110122
4. ®penkens Jlaan, Cmut bepena. [IpuHIUITBI KOMIBIOTEPHOTO MOJCITUPOBAHUS MOJIECKY ISIPHBIX
CUCTEM: OT aJITOPUTMOB K npuioxeHussMm —M. : Hayd. mup., 2013. — 559 c.

JlononHuTEIBbHAS IUTEPaTypa
1. Ceriotti, M., Fang, W., Kusalik, P. G., McKenzie, R. H., Michaelides, A., Morales, M. A., &
Markland, T. E. (2016). Nuclear Quantum Effects in Water and Aqueous Systems: Experiment, Theory,
and Current Challenges. Chemical Reviews, 116(13), 7529—7550.
https://doi.org/10.1021/acs.chemrev.5b00674
2. Suleimanov, Y. V., Aoiz, F. J., & Guo, H. (2016). Chemical Reaction Rate Coefficients from Ring
Polymer Molecular Dynamics: Theory and Practical Applications. The Journal of Physical Chemistry
A, 120(43), 8488—8502. https://doi.org/10.1021/acs.jpca.6b07140

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

He ucnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NporpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

LAMMPS, i-PI, Python, Microsoft PowerPoint, Google Meet, Google Classroom
9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAETh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT OOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3a1a4.

VYenenrHoe ocBoeHHE Kypca TpeOyer:
— MOCEICHUS BCEX 3aHATHH, MPEAYCMOTPEHHBIX YUE€OHBIM TJIAHOM IO JAUCIHIUIAHE,



— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSTENLHOM Pa0OTHI CTYJICHTA.
CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYICHTaM Ha 3aHATUSX;

— MOJATOTOBKY K BBIMOJIHEHUIO 33JaHUI TEKYLIEH U IPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BiIaJieHUs MaTepuaIoM CITYy>KAT YMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOIPOCHI 110 TeMaM
JUCIUTLIAHEL

BaxxHO m0OOWTHCS MOHMMaHUS M3y4aeMOro Marepuana, a He MEXaHHYEeCKOTrO ero 3amoMuHaHus. [lpwm
3aTPYJHCHUH HM3YYCHHUS OTACIBHBIX TEM, BOIIPOCOB, CIEAyeT oOpaliarbcs 3a KOHCYIbTAUAMH K
MPEIoIaBaTelio.

Bo3MoxxeH npoMeKyTOYHBIM KOHTPOJIb 3HAHUN CTYJEHTOB B BHUJE PEIICHUS 33a/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kadeapa BHIYUCIUTEIHHON (PU3UKU KOHAESHCUPOBAHHOTO COCTOSIHUS U )KUBBIX CHCTEM
Kypc: 1

KBaJIH(UKALUS: MarucTp
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacraBieHrne 00 aKTyalbHBIX
npoOiieMax HayKu M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBaHUH B o0jacTh cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHUEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBbIKAMHU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOMpATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 Crocoben aHanmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHss 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHaIUTUYECKMMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAET U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara U IIPeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHSI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHSA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

OIIK-5 CriocoOeH 1 roTOB K IMOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBocit
podeCcCHOHAILHOM NI TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3In4us

OIIK-5.3 CrpeMutrcsi K TMOJyYEHUIO HOBBIX 3HAHHUH,
poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH
N3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIKIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHUN B
paMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl




IMK-3.1 TloHuMmaeT NPUHIUIBI PabOTHI HCIOIBE3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAaKETOB

[TK-3 Criocoben npodeccrnoHaNbHO paboTaTh ¢ MPUKITAHBIX TPOTPAMM)

WCCIIEIOBATEIHCKIUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHeIHAaTN3UPOBAHHBIMH MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00TIacTH

IK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C HMCIOIb30BAHUEM HCCIIC0BATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

2. Iloka3areim OLleHUBAHUS KOMIIeTeHITHHA

B pesynbrare usydeHust AUCHHUIUTHHBI «IHTETpasbl M0 TPACKTOPHUSAM C TIOMOIIBIO MOJICKYJISIPHOW TUHAMUKI
00yJaromuiics JOKeH:

3HATh:
Teoperuueckre OCHOBBI METO/1a UHTETPAJIOB 10 TPAEKTOPHUSIM, IPAHULIbI IPUMEHUMOCTH METOAA.
YMeThb:

MopenupoBaTh HPOCThIE CUCTEMBI C IIOMOLIbI0 METOJAa MHTEIPaJIOB IO TPAEKTOPHUSIM, IPOBOIUTH
aHaJIN3 MOJIYYEHHBIX PE3yJIbTaTOB.
BJIaJeTh:

- HaBbIKaMW KOMIIMWJIAOHUU HW  3allyCKa MOCJICAOBATCIBHBIX W MAapaUICJIbHBIX IHpOorpamMm C
HCIIOJIB30BAHUEM CHCTEM oqepe,ueﬁ;

- HaBBIKAMHU CO3JaHUS MOJCIIH U €& OCyHICCTBJICHHA C ITOMOIIBIO NPUKIIAJJHOIO MCTOJa UHTCIPAJIOB 110
TPACKTOPUAM; METOAAMHA aHAJIM3a IMOJIYYCHHBIX U3 MOACJIN PE3YJIbTATOB.

3. IlepeyeHb THNOBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0

C 1enplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOTo Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
Hayaje 3aHATUS 110 TEME IPOIIOTO 3aHATHS.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

1. B 4éM cOCTOUT METOIl MHTETPAJIOB 0 TPAEKTOPUIM?
2. Kakast o0nacTh NpMEHUMOCTH JAHHOTO MeTo/1a?

3. B uem pasHuIla MEXOy MOJEKYISIPHON AMHAMHKONW LEHTPOUJA W ILIETIOYEYHONW MOJIEKYISAPHOM
JVHAMHUKOH?

4. Kakue CyIEecTBYIOT IpPOrpaMMHBIE MAKEThl I MOJECIHPOBAHMS METOAOM HHTETPAIOB IO
TPAEKTOPHUSM C IIOMOIBIO MOJIEKY/ISIPHOW AMHAMUKU?

5. IlpuBeaure npuMepsl GU3NUECKUX CHCTEM, B KOTOPBIX Ba)KHO PACCMOTPEHNE KBAHTOBOCTH SIIEP.
6. I[lonmyunte koncranty peakunu CH4 + H = CH3 + H2 ucnons3ys RPMD.
7. Peanuzyiite pacueT cBoiicTB cucteMbl HOHOB CH5+ ¢ y4eToM KBaHTOBOCTH Sifiep BOIOPO.A.

8. Ha mnpumepe aBTOKOppENSIMOHHON (YHKIIMM CKOPOCTH TPOJACMOHCTPUPYHUTE CBS3b MEXKIY
JNEHCTBUTEIBHON 1 MHUMOM YacTsIMU aBTOKOPPENIATOPA.

9. Paccunraiite KonebaTebHbIA CIEKTP IeKCaroHajJbHOIO JibJa C Y4eTOM KBAaHTOBHIX 3()(EKTOB sAnep.
[IpounTepnpeTupyiite pe3yprar.
10. PaccuwmraiiTe KoyieOaTeNbHBIH CIEKTP >KUAKOM BOABI C Y4eTOM KBAaHTOBBIX AS(QEKTOB sep.
IIpounTepnpeTHpYHTE PE3YIIBTAT.

[Ipumepsl OuIETOB:
burer 1.

1. ®opmynuposka Deitimana. OCHOBHBIC TTOHSATHS.

2. BelpaskeHue ai1s oneparopa HaOJII0IaeMOol BEIMYMHBI. BBIBO cpeiHero 3Ha4eHUs Yepe3 HHTETPaIbl
0 TPACKTOPHSIM.

buner 2.




1. BpiBox MHTErpasoB IO TPACKTOPUSM uE€pe3 KaHOHUYECKYIO MATpHIly IJIOTHOCTU M OIEpaTop
3BOJIFOLIMHM BPEMEHH.
2. IlonsTue nBeTHOrO TEpMOCTaTa. VMcrnonp30BaHne TEPMOCTATOB B pacueTe.

Kpurepuu onieHuBanus
Ouenka oramyHo 10 OamioB - BBICTABIISICTCA ~ CTYICHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAaHUS Y4eOHOW MporpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEJIMETHOH 00NIACTH, MPOAEMOHCTPUPOBABIIEMY YMEHUE YBEPEHHO M TBOPYECCKH
MPUMEHATH UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHATHIX PEIICHUH.
Ouenka omMyHO 9 Oa/IoB -  BBICTABISIETCS  CTYACHTY, IIOKAa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHSATh X Ha IPAKTHKE TIPH PEIICHUU KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBHIbHOE 000CHOBAHUE
HNPUHATHIX PELLICHUAMN.
Ouenka oOmIMYHO 8§ Oa/IOB - BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHe 3HAHUS y4eOHOW MpPOrpaMMbl TUCLHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHSATHIX
pelIeHnH, ¢ HEKOTOPBIMU HEIO0UeTaMHu.
Ouenka xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYIIECTBY H3JIaraeT €ro, yMeeT NPUMEHSTHh IOJy4YCHHbIC 3HAHUS Ha ITPAKTUKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJyYECHHBIC PE3YIIbTAThI.
OmeHka Xopoio 6 0ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepHall, IPaMOTHO H IO
CYILECTBY M3JIaraeT ero, yMeeT NMPUMEHSTh MOMyUYCHHbIC 3HAaHHUS Ha MIPAKTUKE, HO JIOIyCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.
Ouenka Xopo1o 5 6aioB - BEICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, IpaMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHSTh NONTyYeHHbIC 3HAHHs Ha MPAKTHKE, HO JIOIyCKaeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.
OmueHka ynOBIETBOPUTENbHO 4 Oajla - BBICTABISETCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO MPAaBWIbHBIE (OPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapyLIEHUs JOTHYECKON MOCIeI0BaTeIbHOCTH B U3JIOKEHNHU IIPOrPaMMHOI0 Marepuaia, HO IPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Zeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul JAJbHEWUIIEro OOydeHHs, U
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka yIOBIETBOPUTENbHO 3 Oajula - BBICTABISETCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHiA, JOIYCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX HOHSITHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0BaTEeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJICET OCHOBHBIMU pasziesiaMu y4eOHOH IporpaMMbl, HEOOXOJUMBIMU IS TalbHEHIIero o0y4eHus 1
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.
OueHka HEyIOBIECTBOPUTENHHO 2 Oajia - BBICTABISCTCS CTYIEHTY, KOTOPBII He 3HaeT OoiblIel yacTu
OCHOBHOTO COAepXaHUsI y4eOHOW MporpaMMbl JIUCHUIUIMHBI, JOIyCKaeT rpyOble OmMOKH B
(bopMyIHpOBKaX OCHOBHBIX IPUHIMIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
THUIIOBBIX 33]1a4.
OreHka HEYNOBIETBOPUTEIBHO | 0aim - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiie omuoK B GOpMYTUPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYCCKHX
3ajad.

5. MeTonuyeckne MaTepuaJbl, onpeaesioIe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHN, HABHIKOB H
(W) onbITA AESATEJILHOCTH

OK3aMeH MpOBOMUTCS B YyCTHOW QopMe Mo Owieram. B kaxjgom OwiieTe mNpencTaBIeHO JBa
TeopeTuueckux Bompoca. [Ipu npoBeaeHun sx3ameHa olydaroniemycst npegocrasisiercs 30 MUHYT Ha
noxrotoBky. Onpoc 00y4arommerocst He JOJKEH MPEBBIIIATh OJHOTO aCTPOHOMHYECKOIO Jaca.



