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04.05.01 ®ynaMeHTa/IbHasA U IPUKJIaAHAasA XUMUS

HanpassieHHOoCTb (mpo¢usn) OIOII:
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Paboyas mporpamMMa AMCLMIJIMHBI pa3paboTaHa B COOTBETCTBHUU C CAMOCTOSITEJIbHO YCTa-
HOBJIeHHbIM MI'Y o6pasoBaTesnbHbIM cTtangaptoM (OC MI'Y) pnsa peanusyeMbiX OCHOBHBIX
npodeccuoHaJbHbIX 06pa30BaTebHBIX IPOTrPaMM BbICLIE0 06pa30BaHUs 10 HAllpaBJIEHHUIO
noarotoBku / cnenuanbHocTu 04.05.01 «®yHpaMeHTasbHasd W NpPUKJIAJHAA XU-MUA»
(mporpaMMa cnenuaauTeTa), yTBepKAeHHoro npukazom MI'Y ot 22 urwosa 2011 roga Ne 729
(B pepakuuu npuka3oB MI'Y ot 22 Hoa6psa 2011 roga Ne 1066, ot 21 nekabps 2011 roga Ne
1228, ot 30 gekabpsa 2011 roma Ne 1289, ot 27 anpens 2012 roga Ne 303, ot 30 gekabps
2016 roma Ne 1671).

['og (rogbl) npuemMa Ha 00y4YeHHe

2014/2015,2015/2016, 2016/2017,2017/2018, 2018/2019



1. HauMeHoOBaHHWe AUCUUIIINHDBI (MOAYJ51) CIEKTPOCKONUA MOJIEKYJI PH IKCTPEMAJIbHBIX BO3/eCTBUAX
2. YpoBeHb BbICILIETr0 06pa30BaHUs — ClIeMaJIUTeT.

3. HanpaBnenue noarotoBku: 04.05.01 dyHaamMeHTa/IbHAA M IPUK/JIaAHASA XUMMS.

4. MecTto aucuunanHbl (MoayJis) B ctpyktype OOIl: BapuaTtuBHas yactb OOI], 610k 1/,

5. [l1aHupyeMble pe3ybTaThbl 00y4YeHHUs 110 AUCLUILJIMHE, COOTHECEHHBIE C IIJIAHUPYEMbIMU pe3y/ibTaTaMK 0CBOEeHUsI 06pa3oBaTeIbHOM
IporpaMMhbl (KOMIEeTeHIUMHU BbINYCKHUKOB)

Komnerenuus Il1aHupyeMble pe3y/ibTaThbl 00yYeHHUs N0 AUCHUIIINHE (MOAYJII0)

OIIK-1.C. Cnoco6HOCTB peniaTb COBpeMeHHbIe YMeThb aHa/IM3MpPOBaTh HAYYHYIO JIMTEPATYPY C LieJ1b0 BbIOOpA HallpaBJIeHUS U METO/0B,

npo6sieMbl GyHAaMeHTaIbHON U IPUKJIAaJHON IpUMeHsIEMBIX B UCCJI€IOBAHUHU 10 TeME BbINYCKHOM KBaIMPUKALLMOHHOUN paboThI,

XUMHH, UCII0JIb3YS METO/L0JIOTUI0 HAYYHOT O YMeTh: caMOCTOATE/IbHO COCTABJIATD IIJIaH UCC/Iel0BaHUsA

0/X0/a U CUcTeMy GyH/laMeHTalbHbIX BsiageTh HaBblKaMU MOMCKA, KPUTUYECKOTO aHasu3a, 0000leHHUs UM CUCTeMaTH3aluU

XUMHYECKUX IOHATHUHN U 3aKOHOB Hay4yHOW HHQOpMalUM, NMOCTAaHOBKHU LiesJed MCCAe[JoBaHUSA U BbIOOpa ONTHMaJbHbIX
NyTel U MeTOJI0B X JJOCTUKEHUS

CIIK-2.C. Cnoco6HOCTb NPUMEHSATb 3HaHUE 3HaTh: pu3nUecKUe U MaTeMaTUYEeCKUE MOJEJH, UCTI0/Ib3yeMblIe B CIEKTPOCKONUHU

OCHOBHBIX TeOpeTUYEeCKUX IPUHIMIIOB METO/I0B MOJIEKYJI IPU 3KCTPeMaJ/IbHbIX BO3/1eMCTBUSAX, UX BO3MOXXHOCTHU U OrpaHUYeHUA

JIa3epHOU CIIEKTPOCKONUU U IMaTHOCTHUKH B YMeTh: HHTepIpeTUPOBATh CIEKTPOCKONUYECKHE JJAaHHbIEe 0 PU3UKO-XUMHUYECKUX

NPaKTUYECKOHU [1eITeJIbHOCTH npolLeccax, NoJy4YeHHbIX MeTOLaMHU JIa3epPHOU CIIEKTPOCKONUHU

CIIK-5.C. Ctoco6HOCTb NPOBOJUTH YMeTh: UCn0/1b30BaTh NPOTPaMMHble NPOAYKTHI /151 BBINOJHEHUS KBAHTOBOXUMHUYECKHUX

KBAaHTOBOXMMHYECKHE U TEPMOJUHAMUYECKHE Y TEPMOJMHAMHUYECKUX PACieTOB OCHOBHBIX CBOMCTB aTOMOB Y MOJIEKYJI

pacyeThl C MCNI0JIb30BAHHMEM COBPEMEHHBIX BJlaaeTh: HaBbIKaMM KBAaHTOBOXHUMHUYECKHUX U TEPMOJMHAMHUYECKHUX PAacieTOB OCHOBHBIX

IPOrpaMMHBIX KOMIIJIEKCOB U 6a3 JaHHBIX CBOWCTB aTOMOB Y MOJIEKYJI C UCTIOJIb30BaHUEM CYLeCTBYIOLHUX IPOrPaMMHbIe IPOAYKTHI
1 6a3 CclleKTpasIbHbIX JaHHbIX
BislaaeThb: HaBbIKaMU MCIOJIb30BAaHUSA NPOPeCcCUOHANBHBIX 06a3 JaHHBIX [/ MOJy4eHUs
MHboOpMalMy, HeoOXOJUMOM JJis pacyeTa TepMOJAMHAMHUYECKUX (QYHKIUHA aTOMOB H
MOJIEKY/JI

6. 06'beM JUCLUIIJIMHBI B 3a4€THbIX €JMHUIAX C yKa3aHUEeM KOJIMUeCTBa aKaJleMUY€eCKHUX UM aCTPOHOMUYECKHX YacoB, BblJjeJIEHHBIX Ha
KOHTAKTHYI0 paboTy 00y4aloluxcs C penojiapatesieM (10 BUJaM y4eOHbIX 3aHATHUN ) U HA CAMOCTOSITEJIbHYI0 Pab0Ty 00y4aloIuXCs:

O6sem ducyunauHbsl (Modyss) cocmasasiem 3 3a4yemHblX eduHuy, ecezo 108 uacos, u3z komopwix 68 uacos cocmasisiem KOHMakmHas patoma
cmydeHma ¢ npenodagamesem (28 yacos - 3aHAMUS EKYUOHHO20 muna, 28 4acoe — 3aHAmMusl CeMUHapcko2o muna, 8 yacoe — uHOUBUJYA1bHbIE
KOHCy/Abmayuu, 4 4aca — npomexicymo4Hbulii KOHmpos ycnesaemocmu), 40 uacos cocmas/siem camocmosimeabHasi paboma cmydeHma.

7. BxogHble TpeboBaHUSA [IJ1sl OCBOEHUS JUCLUIIJIMHBI (MOLYJIs1), Ipe/iBAapUTEebHbIE YCIOBUS.
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O6yyamuics J0KEH OCBOUTh AUCUUIIMHBI «PU3ndeckass XxuMus», «kKBaHToBasg xuMus», «CTpoeHue MoJieKyJ», «MaTeMaTUYeCKUN aHATU3»,
«Kosiebanus v BosiHbL. ONTHUKA», «YpaBHEHUS] MaTeMaTU4YeCKOU QU3UKU».

3HaTh: TUIIb] IMHEUHBIX JUPPepeHMaIbHBIX YpaBHeHUH I] mopaika U MeTO/bl UX pellleHUs; OCHOBHbIE fIBJIeHUs], CBSI3aHHbIe C KoJiebaTeJbHbIMU
Y BOJIHOBBIMHM IIpOLIECCAMM B ONTHYECKUX CUCTEMax; OCHOBHbIE 3aKOHbl M 3aKOHOMEPHOCTH, ONpefesdmllve HallpaBJeHHe U pe3yJsbTaT
NpPOTEKaHUsA MpPOLECCOB B IOMOTEHHBIX U TeTepOreHHbIX CHUCTEMaxX U CHOCOObl aHAJMTHUYECKOrO IpeJCTaBJeHHUs 3TUX 3aKOHOMEPHOCTEW;
OCHOBHBbIE MNPUOJMKEHUS KBAaHTOBOW XMMMHM WU NPHUHLHUIIBI METOZOB, UCHOJb3yeMbIX NPHU pacdyeTax 3JIEKTPOHHOU CTPYKTYphl, CTPOEHHUA H
peaKLMOHHOW CIOCOOHOCTU XUMHUUYECKUX COeITUHEHUM.

YMeTb: 110/1b30BaTbCl UHPOPMALMOHHBIMU 6a3aMU JaHHBIX [/ pelleHus 3aJad NpopecCHOHAIbBHOMN [eATeJIbHOCTH; IPUMEHATH M0JydeHHbIe
3HaHUA QyHaMeHTa/IbHBIX pa3/ie/IoB MaTEMATHUKH [IJIl aHA/IM3a OCHOBHBIX 3a/1a4, TUIIMYHBIX JIJI1 eCTeCTBEHHOHAYYHbIX JUCLIUIIJINH;

BJsiaaeThb: HaBbIKaMU MCIOJIb30BaHUs 0a30BbIX GU3MYECKUX 3HAHUM NpPHU pelleHUM XMMUYeCKUX 3aJiay; NPOCTEUIIUMH pacieTHbIMU MeTOAaMU
pelieHMs (QU3NKO-XMMHUYECKHUX 3a/lay; HaBbIKaMM IIOMCKAa (QU3NKO-XMMHUYECKUX [JAHHBIX B OTKpBITBIX HCTOYHHMKA (B TOM 4YMHC/e, B
MHPOpPMaIMOHHBIX 6a3ax JJaHHbIX).

8. CozieprkaHue AUCHUIIMHBI (MOAYJIs), CTPYKTYPUPOBAHHOE 110 TEMaM.

HauMeHoOBaHMe M KpaTKoe Bcero B TOM uuncie
coaep:KaHMe pa3/Ae/ioB U TeM (4acsni)
AMCIUIUIMHBI (MOAYS), KoHTakTHas pa6oTa (pa6oTa BO B3aMMOJeMACTBHMU C CamocTrosaTe/bHasA
npenojaBaTeJsieM), 4achbl pa6oTa o6y4yaouierocs,
¢dopma npomexyTOUHOM 13 HHUX Jachbl
aTTeCTaluy 10 AUCHUILINHE W3 HUX
(Moay.m0)
o Yue6HbIE Bcero X " Bcero
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paialluOHHbIE XapaKTEPUCTUKHU
«BO3MYILL€HHbIX» aTOMHO-
MOJIEKYJISIPHBIX aHCaMbJieil B
3KCTpeMaJIbHbIX YCA0BUSAX.
OcobeHHOCTH CTPOEHUS U JJUHAMUKHU
Pu6eproBckyx COCTOSSHUM aTOMOB U
MOJIEKYJI.

Tema N22. PaguanioHHo-
CTOJIKHOBUTEJIbHbIE MTPOLECChI BXO/a
KOCMHUYEeCKHUX 00'b€KTOB B IIJIOTHbIE
cJiou aTMocdepbl. AHAJIM3 METEOPHbIX
CIeKTpoB. PaguanuoHHo-
HWH/IyLIMpOBaHHbIE MPOIECChI B
MeX3Be3JHOU cpejie.

10

Tema Ne3. AcrpoHoMHUYecKas
crieKTpockonus. MeTozsl
CIEeKTPaJbHOU JUATrHOCTUKHU
KOCMHYEeCKUX 00 beKTOB. CEeKTpPhI
kBasapos. [I[poBepka Bapnauuu
byHlaMeHTaIbHbIX PU3UIECKUX
KOHCTaHT B KOCMOJIOTUYECKOM
MaclTabe BpeMeHH.

20

18

Tema N24. «MckyccTBeHHbIE» 3Be3/1bl.
JlazepHO-UHAyLIMPOBaHHAsA
JlecopO1ys U la3epHas abasaus
KOCMHUYECKHX 00'bEKTOB.
O6Hapy:xeHue U 60pbba C
KOCMHYECKHUM «MYyCOPOM» U
acTepou/IHON OMACHOCTHIO.

10

Tema N25. ATTo U peMTOXUMMUS.

10




KorepeHTHOe ynpaB/ieHHEe
XUMHWYECKUMHU peaknusaMu. Biausanue
BHEILHErOo 110/ HA CKOPOCTh
XUMHYECKUX peaKui.

Tema N26. JlazepHbI CUHTE3 U 10 4 4 1 9 1 1
yIpaBJieHUe YJIbTPaX0J0JHbIM
MOJIEKYJISIPHBIM aHcaMb6JieM. PoTO U
MarHuToacconyanus
YJIbTPAaX0JIOAHBIX aTOMOB.
[IpenusuonHas sla3epHas
CIEKTPOCKOMHUSA. ITAJIOHbI BDEMEHU U

YaCTOTBI.

[IpoMexxyTo4Has aTTecTanus 36 4 4 32 32
9K3aMeH

HToro 108 28 28 8 4 68 40 40

9. O6pa3oBaTe/IbHbIE TEXHOJIOTUU:
-IpUMeHEeHHE KOMNIbIOTEPHBIX CUMYJIITOPOB, 00pab0TKa JJaHHbIX HAa KOMIIbIOTEPAX, UCI0JIb30BaHUE KOMIIbIOTEPHBIX IPOTPaMM,
yIpaBJISALUX IPUOOPAMU;
-MCI0JIb30BaHUE CPEJCTB AUCTAHI[MOHHOTO COMPOBOXAEHUS Y4eOHOTO0 MPOoliecca;
-IpenojiaBaHue JUCLUILJINH B $OopMe aBTOPCKUX KypPCOB 10 IpOrpaMMaM, COCTaBJIEHHbIM Ha OCHOBE pe3yJIbTaTOB UCCJIeL0BaHUU HAyYHBIX
mkoJs MI'Y.

10. Yye6HO-MeTOAUYECKHE MAaTePHaAJIbl AJIS CAMOCTOATEJbHOM Pa6oThI N0 AUCHHUILIMHE (MOAYJIIO):
1. basa ganabix HITRAN no a6cop61ivoHHbIM epexosiaM MoJiekya (http://www.cfa.harvard.edu/hitran/)
2. CnekTpockonunyeckasa 6a3a gaHHbIX GEISA no nsny4yenuto B atmocdepe (http://ara.abct.Imd.polytechnique.fr/index.php?page=geisa-2 )
3. baza ganHbix NIST no koJsie6aTe/IbHBIM U 3JIEKTPOHHBIM YPOBHAM 3Hepruu MoJiekys (http://webbook.nist.gov/chemistry/es-ser.html )
4. baswl fanHbix VAMDC (http://portal.vamdc.org/vamdc portal/nodes.seam )

11. PecypcHoe obecrnieyeHue:
e JlepedyeHb OCHOBHOM U BCIIOMOraTe/IbHOW y4eOHOM JIUTEPATYPhl KO BCEMY KypCy
6


http://www.cfa.harvard.edu/hitran/
http://ara.abct.lmd.polytechnique.fr/index.php?page=geisa-2
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OCHOBHas JiMTepaTypa

1. 10.4. Ky3akos, K.A. Cemenenko, H.B. 3opoB. MeToas! ciekTpasbpHoro avaausa. M.: MI'Y, 1990

2. M.A. EnbsiieBrY. ATOMHas ¥ MoJieKyJisipHad criektpockonus. M.: YPCC, 2001.

3. . Kpemepc, JI. Pag3ueMcku. JlasepHO-UCKpOBasi 3MUCCUOHHAs criekTpockonus. M.: Texnocepa, 2009.
4. H.I'. bBoukapés, OcHOBBI pU3UKHU Mex3Be3HOU cpefbl. M.: Jlubpokom, 2010.

Jlono/sIHUTEe/IbHAA JIuTEepaTypa

1. ]. Tennyson, Astronomical Spectroscopy: An Introduction To The Atomic And Molecular Physics Of Astronomical Spectroscopy, London :

Imperial College Press, 2010.

2. Cold Molecules: Theory, Experiment, Applications (Eds R. Krems, W.C. Stwalley, B. Friedrich), Taylor & Francis, Boca Raton, 2009.

3. C.T. CypxukoB, PaguanmoHHas razoBasi JHHAMHKaA CIIyCKaeMbIX KOCMHUYECKHUX aliapaToB. MHororeMmiepatypHbie Mmogesu, M.: UTIMex
PAH, 2013

4. A. V. Stolyarov, Laser synthesis of ultracold molecules: From design to production // Progress in Photon Science. — Vol. 115 of Springer
Series in Chemical Physics. — Springer International Publishing, 2017. — P. 169-177.

5. E. A. la3mwok, A. B. 3aiinieBckuii, A. B. CTos1s1poB u p. ONTUMU3aUsA U KOHTPOJIb JIA3€PHOT0 CUHTE3a YJbTPax0oJ0/HbIX JUMEPOB
11eJI0YHbIX MeTa/0B // Ycnexu xumuu. 2015. T. 84, Ne 10. C. 1001-1020.

6.]. L. Bohn, A. M. Rey, ]. Ye. Cold molecules: Progress in quantum engineering of chemistry and quantum matter // Science. 2017. V.357.
No.6355, P.1002-1010.

e MaTepuabHO-TEXHUYECKOE O6ecredeHMe: Cliel[ua/IbHbIX TPeOOBAHUM HET, 3aHSATUS MPOBOASTCA B 0OBIYHON ayIUTOPUH, OCHAILL[EHHOU
JIOCKOH 1 MeJioM (MapKepaMHu )

12. A3bIK NpenoAaBaHUs — PyCCKUMI

13. IllpenojaBaresin:

13.1. 1.¢.-M.H,, 3aBeayrouuit kapenpoit, CTonsspoB AHzpeit BaagucnaBoBuy, kade/pa 1azepHOH XUMUU XUMHYecKoro pakynbreTa MI'Y
13.2. p.¢.-M.H., 3aM. JupeKTOopa o Hay4yHoul paboTe, CypuH Jleonusa ApkagbeBud, UHcTUTYT cnekTpockonuu PAH

13.3. 1.¢.-M.H., 3aBeytomui otaesnoM, Bube Amutpuii 3urdpugosud, UHctutyT actpoHomuu PAH

®oHAbI OLIEHOYHBIX CPE/CTB, HE06X0AMMbIe /Jisl OLLeHKM pe3y/IbTaTOB 00y4eHus

O6paSleI OLEHOYHBIX CpeACTB MOJiId TEKylero KOHTPOJIA YCBO€HHUA MaTepuala U HpOMe)KYTO‘-IHOI‘/JI aTTeCTallii - 3K3aMeEHa. Ha sk3ameHe
nmpoBepAeTcd AO0CTUXKEHHUEe TPOMEKYTOYHbIX MHAUKATOPOB KOMHQTQHL[HFI, Nnepev4rucJieHHbIX B I.5.
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KoHTpo/ibHBIE BONPOCHI K KOJIVIOKBUYMY:

KakoBbl cneniupudeckue GU3MKO-XMMUYECKHE CBOWCTBA 3JIEKTPOHHO- BO30YX/I€HHBIX COCTOAHUMA aTOMOB U MOJIEKYJ1?
[ToueMy HayKa 06 3KCTpeMaJIbHbIX COCTOSIHUSX BellleCTBa peJCTaB/seT UHTepecC JJis U3y4YeHUs aCTPOXUMHUYECKUX SIBJIEHUN?
HazoBUTe 0CO6EHHOCTH CTPOEHHUS «KTPUIOOUTHBIX» U «0ATTEePPJITHHBIX» MOJIEKYISIPHBIX COCTOSTHUM?

B 4yeM cyTb npouecca HepaBHOBECHOU JUCCOLMALMU U KaKHe MO/JeJIU UCII0JIb3YI0TCA /IS ee OIMCAHUA?

YTo Takoe paiMallUOHHO-CTOJKHOBHTEJ/IbHAA U XeMOAMHAMU4YecKas MoJieslb?

Kakue cyuecTByIOT clieKTpa/ibHble METO/bl U3MepeHUs TeMIlepaTyphl?

KakoBbl TeMIlepaTypHbIe yCI10BUA 00pa3oBaHUA MOJIeKyIApHOro bo3e-dMHIITeHH KOHAeHcaTa?

KakoBa pekop/iHas, Ha CEroAHAIIHUHN JIeHb, TOYHOCTb U3MEePEHUS AJIUH BOJIH?

Kakue cyuecTByIoT cr1oco6bl BO3eHCTBUSA HAa CKOPOCTb XMMHUYECKOW peakLuu?

Kak J1azepbl HCNIO/IB3YIOTCA B KOCMOCe?

KakoBbl MexaHM3Mbl IPOTEKAaHUSA XMMAYECKUX PeaKLIUi B MeX3Be3/JHOU cpeie?

IlepeyeHb BONIPOCOB K 3K3aMEHY:

1. Cneunduka sHepreTU4eCKUX U paiMallMOHHbIX CBOMCTB 3JIEKTPOHHO-BO30YK/J€ HHBIX MOJIEKYJISIPHBIX COCTOSTHUM BOJIM3U IOPOTa AUCCOLUALIUU.
2. HeapnabaTtruueckue s¢pPeKThl B IHEPreTUYECKUX CBOMCTBaX PUi6eproBCKUX MOJIEKYJISIPHBIX COCTOSIHUH.

3. 0cCO6EHHOCTHU CTPOEHHUS U CBOMCTBA «TPUJIOOUTHBIX» U «0aTTepdIAUHbIX» PU6EproBCKUX MOJIEKYJISIPHBIX COCTOSIHUH.

4. Hayka 06 skCcTpeMaJIbHbIX COCTOSIHUSIX BEIeCTBA U ee NPUJIOKEHHE K U3yYeHUI0 KOCMOXHMMHUYECKUX POLLECCOB.

5. My/abTHTeMnepaTypHbI XxapakTep paJHalMOHHO-CTOJIKHOBUTEJIbHbIX IMPOLIECCOB NPH BXOJEe KOCMUYECKUX OOBEKTOB B IJIOTHbIE CJIOU
aTtMocdephl.

6. PainaniioHHO-CTOJIKHOBUTE/IbBHOE MO/le/IMPOBaHUe JUHAMUKU METEOPHbBIX CIIEKTPOB.

7. CpaBHUTeJIbHbIN aHa/IU3 6ECKOHTAKTHbIX METO/J0B U3MEepPEeHHUS NOCTYNaTe/bHOM U BHYTPEHHEHN TeMIepaTyphl.

8. JlazepHble MeTO/AbI COOPKU MOJIEKYJISIpHOTO bo3e-JMHIITENH KOH/eH caTa.

9. Ilpen3voHHas Jla3epHad cueKTpockonus. CoBpeMeHHble 3TaJIOHbl BDEMEHU U YaCTOTHI.

10. KorepeHTHBIN KOHTPOJIb XMMUY€CKHUX PeaKL M IPH yJIbTPAaHU3KHUX TeMIlepaTypax.

11. O6bHapyxeHHe U 60pbba C KOCMUUYECKHUM «MyCOPOM» U aCTEPOUIHON ONACHOCTHIO.

12. PaganiMoOHHO-UHAYUPOBAaHHbIE NIPOLIECChI B MEXK3BE3JHOM CpeJie.




MeToan4yecKkre MaTepuasbl AJisl IPOBeJAeHHs NPOLEeAYP OLleHUBAaHUA pe3y/IbTaTOB 00y4YeHHUs
[lIkasia olleHMBAHWSA 3HAHUN, yMEHUH U HAaBBIKOB SIBJISIETCS €AMHOM /sl BCeX AUCLUMIIINH (MpHUBeAeHa B TabJIUIe HUXKeE)

IITKAJIA U KPUTEPUU OEHUBAHUA PE3YJIbTATA OBYYEHHUA no aucuunivHe (MOAYJII0)

Onenka 2 3 4 5
PesysibTaT

3HaHuA OTtcyTcTBUE ®parmeHTapHble 3HaHUA O611Me, HO He CTPYKTYpUpPOBaHHbIEe ChopmupoBaHHbIe
3HaHUU 3HaHUA cUCTeMaTU4yeCKue 3HaHUs

YMeHnusda OTtcyTcTBUE B nesioM ycneuHoe, Ho He B nesioM ycneuHoe, HO coZiepalilee YcneniHoe u cucreMaTuyeckoe
YMEHUM CHCTeMaTHU4YeCKOe YMeHUe OT/JeJibHble IPOOEesbl yMeHUE yMeHUe

(momyckaeT HETOYHOCTH
HENPUHIMIIMAJBHOT0 XapaKTepa)
HaBbiku OTtcyTcTBUE Hasnunyue oTaenbHbIX B yesioM, cdbopMUpoBaHHbIE HABBIKH, CdopmupoBaHHbIE HABBIKH,
(B1ageHus) HaBbIKOB HaBbIKOB HO He B aKTUBHOU popMe IpUMeHseMble DY pellleHUH 33434
PE3YJIbTAT OBYYEHUA ®OPMA OLLEHUBAHHA

Mo AUCHUIIMHE (MOAYJII0)

3HaTh: (l)nanecxne U MaTeMaTU4YeCKrue MOoJeJir, NUCII0JIb3yeMbl€ B CIEKTPOCKOIINH MOJIEKYJI IIPH

I3KCTpEMaJIbHBIX BOB,ZLGFICTBPIHX, HX BO3SMOXHOCTH U OTPAHUYEHHUA

MEpONpUATHUA TEKYLIETr0o KOHTPOJIA
ycnieBaeMocCTH, YCTHbIﬁ omnpoc npu
cJavdye 3aa4Y1 U Ha OK3aMeHe

YmMmeThb dHaJIM3UPOBATDb HAYYHYIO JIUTEPATYPY C L EJIbIO BbI60pa HalpaBJIeHHUA U METOZ OB,
IIpUMEHAEMBIX B UCCZI€A0BAHUH 110 TEME BbIHYCKHOﬁ KBaJIH(l)HKaL[HOHHOI;'I pa6OTbI

YMeThb: caMOCTOATENBHO COCTABJSATD MJIaH HcCcCjieJOBAaHUA

YMeTb: UHTEePIPETHPOBATD CIIEKTPOCKONMUYECKHE TaHHbIEe 0 QU3UKO-XHUMHUYECKHUX MTPOIleccax,

IMMOJIY4€HHbIX M€TO4aMH HaBepHOﬁ CIIEKTPOCKOIINH

YMeTh: HCI0/Ib30BaTh IporpaMMHbI€ IPOAYKTLI AJId BbIIIOJIHEHUA KBAHTOBOXUMHUYECKUX U
TEPMOJWHAMHUYECKHUX PACHETOB OCHOBHBIX CBOWCTB aTOMOB U MOJIEKYJI

MEpONpUATHUA TEKYLIETr0o KOHTPOJIA
ycnieBaeMocCTH, YCTHbIﬁ omnpoc npu
cJavdye 3aJa4Y1 U Ha 3K3aMeHe

BJIa,ELeTb! HaBbIKAMH ITIOMCK4, KPDUTHUYECKOI'O aHaJIN34d, O606I_L[6HI/IH N CUCTeMaTHu3aliuu Hay‘{HOfI
I/IH(l)OpMaL[I/II/I, ITOCTAaHOBKH ueﬂeﬁ HccjieJ0BaHUA U BbI60pa OINITHUMAJIbHBIX HYTeﬁ N MeTOAO0B NX

AOCTHUXEHHUA

BJIa,ZLeTb! HAaBbIKdAMHW KBAHTOBOXWMHWYECKUX U TEPMOANHAMUWYECKHUX PACIE€TOB OCHOBHBIX CBOMCTB

MepoNnpUuATHrUAd TEKYIIET0O KOHTPOJIA
ycnneBaeMocCTH, YCTHbII;’I omnpoc npu
cJavdye 3aJa4Y1 U Ha 3K3aMeEHe
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aTOMOB U MOJIEKYJI C UCTI0JIb30BAaHUEM CYLE€CTBYIOLUX IPOrPaMMHbIe MPOAYKTHI U 6a3 CleKTPaIbHbIX
JIaHHbBIX

ByiazieTh: HaBbIKaMU UCIIOJIb30BaHUs PO ecCHOHATbHBIX 6a3 JaHHbBIX [J15 OJyYeHHs] UHPOopMaLuY,
Heob6X0JUMOH /151 pacyeTa TeEpMOJUHAMUYECKUX QYTKIIMK aTOMOB U MOJIEKY.I
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