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Mporpamma ancumnnuHbl "KBaHToBas MexaHuka MonekynapHbix cuctem”; 03.03.02 "dusmka”.

CopepxaHue

1. MNepeyeHb NnaHMpyeMbix pesynbTaToB 00y4eHWs No AMCUMUMIMHE (MOAY0), COOTHECEHHBIX C MNaHUPyEMbIMIA
pesynbtatamm ocsoeHms OlNMOI BO

2. MecTto gucumnnuxbl (mogyns) B cTpykType OIMOI BO

3. Obbem oncumnnnHbl (MOJJ,yJ'ISI) B 3a4€THbIX eOnHMUAax C yka3daHneM Konmyectsa 4acoB, BblAeNNIeHHbIX HA KOHTakKTHYHO
paboTy obyyatowmxcs ¢ npenogasatenem (Mo BuoamM y4ebHbIX 3aHATUI) 1 HA CaMOCTOSITeNbHYO paboTy 0byHaroWwmnxcs

4. CopepxaHue OMcuMnInHbl (MOayns), CTPYKTYpUpPOBaHHOE Mo TeMaMm (pa3fenam) ¢ ykasaHueM OTBeAEHHOro Ha HIX
KONMYeCTBa aKa4eMN4ecknx YacoB 1 BULOB yHeOHbIX 3aHSATUM

4.1. CTpyKTypa 1 TEMATNYECKMIA NMNaH KOHTAKTHOW 1 CAMOCTOSITENBHOM paboThl MO AUCLMNANHE (MOAYIIO)
4.2. ConepxaHue oMcuMnanHbl (Moayns)

5. NepeyeHb y4ebHO-MeToAMYECKOro 0BecrneyeHmnst AN CaMOCTOSTENbHOM paboTbl 0byyarowmxes no AUCLUUNInHe
(Momynio)

6. POHA OLEHOYHbIX CPEACTB NO AUCUMNIMHE (MOLOYHO)
7. MNepeyeHb nutepatypbl, HEO6XOANMOW A1 OCBOEHWS LMCLUMNAMHBI (MOAYNS)

8. MepeyeHb pecypcoB NHPOPMALIMOHHO-TENEKOMMYHUKALIMOHHOW ceTh "IHTepHeT", He0bX0ANMbIX AJ1s1 OCBOEHUS
ANCUUNAnHBI (MOayns)

9. MeTonmyeckue ykasaHusi ons oby4arowmnxcs no 0CBOEHWIO JUCUMIIHBI (MOZYNS)

10. MNMepeyeHb MHAOPMALMOHHBIX TEXHONMOTWIA, UCMOMNb3YEMbIX NPY OCYWECTBNEHM 06pasoBaTeNnbHOro npouecca no
OMCUMNIVHE (MOAYNio), BKNloYas NepeyeHb NporpaMMHOro obecrnedeHns n MHOPMALIMOHHbBIX CMPaBOYHbIX CUCTEM (NpK
HeobX04MMOCTHN)

11. OnncaHue maTepuanbHO-TeXHUYecko 6a3bl, He0BX0AMMOI ANs ocylecTBNeHNs 0bpa3oBaTeNbHOro npoLecca no
OMcumnnanmHe (MoLynto)

12. Cpe,EI,CTBa agantaunm npenonaBaHnua oUCUNNNNHDI (MO,EI,yJ'I;I) K I'IOTpeéHOCTFIM 06yqa|ou4v|xc;| MHBanNnOoB 1 nny, C
orpaHn4eHHbIMM BO3MOXHOCTAMN 300p0BbA

13. MNpunoxeHne Ne1. doHA OLEHOYHbIX CPEaCTB
14. MpunoxeHue Ne2. MNepeyeHb nTepaTypbl, HEOHXOAMMON NS OCBOEHWS OUCLIMMNWHBI (MOLYNS)

15. MpunoxeHue Ne3. NepeyveHb NHPOPMALIMOHHBIX TEXHONOMNIA, UCMOMNb3YEMbIX OS5I OCBOEHUS OUCLMIMIMHBI (MOSYy”Ns),
BK/I0YAS NepeyeHb NPOrpaMMHOro obecneyeHms N MHEOOPMALIMOHHBIX CMPaBOYHBIX CUCTEM
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Mporpamma ancumnnuHbl "KBaHToBas MexaHuka MonekynapHbix cuctem”; 03.03.02 "dusmka”.

Mporpammy nomucuunnuHel paspabotan(a)(n) AMuHoBa P.M. ; 3aMecTutens AMpekTopa no Hay4yHon AesaTensHOCTH
CasoctuHa J1.W. (Ompektopat NHcTuTtyTa chmamkm, NUHCTUTyT chmankm), Liudmila.Savostina@kpfu.ru

1. MepeyeHb NNaHMpyeMbIX pe3ynbTaToB 06yyeHUs No QUCLUNINHE (MOOYNI0), COOTHECEHHbIX C MIaHUPYEeMbIMU
peaynbtatamm ocBoeHns OMOIM BO

Obyuqarowumitcsi, OCBOVBWNIA AUCLUNAUHY (MOOY/b), LOMXEH obnanaTtb cneayowmnmMy KOMNeTEHLUAMU:

LWndop PaclumndppoBka
KOMMeTeHLUumn npuobpeTaeMorn KOMNeTEHLUN
MK-1 CNOCOBHOCTBIO MCMONL30BATL CMNEeLVanM3npoBaHHble 3HaHUS B 06nacTi onsukmn ons

OCBOEHWS NPOPUNbHBIX (OU3NYECKMX LUCLMMNANH

MnK-2 CNocobHOCTbIO NPOBOANTL Hay4YHble MCCNenoBaHns B n3bpaHHoh obnactu
9KCMEepPUMEHTANbHBIX U (MNK) TEOPETUYECKUX PU3NYECKNX UCCNEeLOBAHNIA C
NMOMOLLbIO COBPEMEHHO NpubopHoit 6asbl (B TOM YNCNE COXHOMO OU3NYECKOro
060py.nOBaHNS) N MHADOPMALIMOHHBIX TEXHOMOMMIA C Y4ETOM OTEYECTBEHHOIO U
3apybexxHoro onbITa

MNK-4 CMOCOBHOCTBIO NPUMEHSATL HA NPaKTUKE NPOPECCUOHANBHBIE 3HAHWS U YMEHNS,
MONy4YeHHbIe NPV OCBOEHUN NPOCPUNBbHBIX OUINYECKUX ANCLIMIINH

O6yyatolmiics, 0OCBOVBLUNA AUCLUMANHY (MOOYNb):
JonxeH 3HaTb:

- OCHOBbI KBAHTOBOXMMUYECKIMX METOLOB BbIYUCNEHNS NPOCTPAHCTBEHHOM CTPYKTYPbI 1 CBOVWCTB MOMNEKY/ B ra30BOiA
hase;

- OCHOBbl METOO0B pacyeTa (pI/I3I/IKO-XI/IMI/1l-IeCKI/IX CBOWCTB MONEeKynsapHbIX CUCTEM C UCMONb30BaHNEM
nonysmMnmnpun4ecknx n Heamnmpund4ecknx MeTonos KBAHTOBOW XUMUK ANs Monekyn B rasoBom cpase;

-MOHMMATb MEXaHN3M IN3NYECKMX MPOLIECCOB, MPOUCXOLSIINX B XMMUYECKMX PeaKLUSX;

- 3HaTb METOAbl M MOAXOAbI, MO3BOSISOWME aHANN3NPOBATL U AaBaTh TEOPETUYECKYIO MHTEprpeTaumio HabnoaaeMblM
B 9KCMEPUMEHTE OMTUYECKMM U MarHUTHO-PE30HAHCHbLIM NapaMeTpam.

JonxeH ymeTtb:

-NPUMEHSATb KBaHTOBOXMMUYECKNE METObI AN MOLENNPOBAHUS CTPYKTYPbl MONEKYNAPHBIX CUCTEM;

- UICNOMb30BaTb KBAHTOBOXMMMUYECKME METOAbBI ANS PACHETOB (PU3UKO-XUMUYECKNX CBONCTB MONEKYT;

- YmeTb paboTtatb C KOMMLIOTEPOM Ha YPOBHE MONb30BaTENS 1 06nanatb CNOCOBHOCTHIO MPUMEHSTb NONyYEHHbIE
HaBblkM paboTbl C KOMMbIOTEPAMM KaK B COLMANBLHON cdoepe, Tak U B 06nacTv no3HasaTenbHOM U NPOgeccuoHanbHoii
LEATENBHOCTU.

JlonxeH Bnanetb:

- NPaKTUYECKMMU HaBblkamMmn B 061acTi NOCTPOEHWS CTPYKTYPbl MONEKYNbI B ra30BOM (pase;

- HaBblkaMU pacyeToB CTPYKTYPHbIX, TepMOONHAMNYECKNX, PUSNKO-XUMNYECKNX XapaKTEePUCTUK MONEKYN, YMETb
MHTEepnpeTnpoBaTb 3KCNepnMeHTa/ibHble OaHHbIe B AMP cnekTpockonuu, B ONTUYECKON 1 MOHGKyJ’IﬂpHOVI
CMEeKTPOCKONUU N POTOXUMUU;

- BNafeTb OCHOBHbIMI METOAaMm, crnocobamu U cpeacTBamm NoslydeHns, XxpaHeHust u nepepaboTkm nHgpopmaumu,
BrafeTb HaBblkaMm paboTbl C KOMMbIOTEPOM Kak CPeACTBOM yNpaBneHns nHpopMaumeri. Bnagets HaBbikamy paboTbl
C y4ebHOI 1 Hay4HOW NMTepaTypoi.

LonxeH 0eMOHCTPUPOBaTb CNOCOBHOCTb M FOTOBHOCTb:

K peleHunto 3anad, CBA3aHHbIX C aTOMHO-MONEKYNAPHbIM CTPOEHUEM BELWLECTBa, pa6OTaTb C COBpEeMeHHbIMIN
06pa303aTeanb|M|/| 1 MHPOPMALIMOHHBIMW TEXHONOTVUSIMU.

2. Mecto aucuunnuHbl (Moayns) B cTpyktype OMOIM BO

HaHHas gncuunnuHa (Mogynb) BkAtodeHa B pasgen "B1.B.AB.7 ducunnnuHbl (Mogynun)" 0CHOBHOM NPOMPECCMOHANbHOW
obpaszoBatenbHoii nporpammel 03.03.02 "duraunka (He NpPesycMOTPEHO)" 1 OTHOCUTCS K AUCUMNANHAM MO BbIBOPY.
OcBauBaeTcs Ha 4 kypce B 7, 8 cemecTpax.

3. O6bem gucuMnInHbI (MOAYNs) B 3a4eTHbIX eAuMHMLaX C YKa3aHMeM KONMYecTBa YacoB, BblaeNIeHHbIX Ha
KOHTaKTHYI0 paboTy oby4yaroLmuxcs ¢ npenopasarenem (Mo BMAaM yuyeOHbIX 3aHATUI) U HA CaMOCTOSATE/IbHYIO
paboTy obyuatloLmxcs
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Mporpamma ancumnnuHbl "KBaHToBas MexaHuka MonekynapHbix cuctem”; 03.03.02 "dusmka”.

O6was TpynoEMKOCTb AUCLIMIMNHBI COCTaBASET 8 3a4eTHbIX(ble) eauHuML(bl) Ha 288 yaca(oB).

KoHTakTHas paboTa - 144 yaca(oB), B TOM Yyncne nekumm - 72 4aca(oB), npakTuieckme 3aHatus - 72 yaca(os),
nabopatopHble paboTbl - 0 Yaca(oB), KOHTPONb CaMOCTOSITENbHOW paboThl - 0 Yaca(os).

CamocTositenbHas pabota - 90 yaca(os).
KoHTponb (3a4€T / ak3ameH) - 54 yaca(os).
®dopma NPOMEXYTOYHOr0 KOHTPONS AUCLUMANHBI: OTCYTCTBYET B 7 CEMECTPE; 9K3aMeH B 8 cemecTpe.

4. CopepXaHue OUCLMIMINHDBI (MOAYNS), CTPYKTYPUPOBaHHOE MO TeMaM (pa3genam) C ykasaHMeM OTBEA,EeHHOro Ha
HUX KONMYECTBa aKafleMUYeCKMX YacoB U BUAOB YYEOHbIX 3aHATUN

4.1 CTpyKTypa 1 TeMaTM4yeckui niaH KOHTaKTHOM U CaMOCTOSITe/IbHOM PaboThbl NO AUCLUNANHE (MOBYNIO)

Bugabl n yachbl
KOHTaKTHOW paboThbl,
Pasnenbl puCUMNINHLI / MX TPYA0EMKOCTb CamocTosiTenbHas
N Moayns Cemectp (B yacax) pa6orta
MpakTuyeckmellabopatopHble
Jlekumn 3aHATUSA pabortbl
1 Tema 1. BBefeHune B KypC KBAHTOBOM v 5 5 0
" IMexaHvkun monekyn. Jluteparypa.
Tema 2. OCHOBHbIE MNOHATUS
2. |KBAHTOBOW MEXaHWKN N KBAHTOBOW 7 4 4 0
XVIMUN.
Tema 3. PelueHne ypaBHeHuWs
3. |WpenuHrepa ons 7 4 4 0
BOZOpPOAOMNOA06HOrO atoma.
Tema 4. MHOrosnekTpoHHbIE aTOMbl.
4. (Tepmbl. BapnaumoHHbiin npuHUmn. 7 4 2 0 18
Teopwns BO3MyLEHMS
5 Tema 5. MeTon BaneHTHbIX CBA3ENA. 7 6 6 0
" IMeTon MonekynsipHblx opbutanei.
Tema 6. MeToqn camocornacoBaHHOro
6. [1ona Xaptpu-doka. Monekynbl ¢ 7 6 6 0
" |3aMKHYTbIMM U OTKPbITLIMU
obonoykamu.
Tema 7. CBoiCTBa MONEKYNSPHBIX
7. CUCTEM. 7 2 2 0 18
8 Tema 8. OnemeHTbl TEOPUK 7 4 6 0
" |lcummeTpuin. MeTton Xiokkens.
Tema 9. MNoHATUE 3NEKTPOHHOW
9. [koppenauun. MeToabl yyeta 7 4 4 0
3N1eKTPOHHOW Koppenauuu.
Tema 10. MoHaTMe H6asuca B
10.|kBaHTOBOI XUMUW. Trnbl 6a3UCHBIX 8 4 4 0
HabopoB.
Tema 11. MNosepxHoCTM
1. noTeHumanbHOM 3Hepruu. 8 4 4 0
12 Tema 12. MeToabl oNTUMU3aLMW. 8 6 4 0
"[Mounck nepexonHoro coctosHMA
Tema 13. MNMonyamnupuyeckne
13. METOLbI. 8 2 2 0 18
Tema 14. NporpamMmHoe
14.|obecnevyeHne KBAaHTOBOXMMMNYECKUX 8 4 10 0
pacyeToB.
Tema 15. Metog doyHKUMoHana
15. nnotHoctun (DFT). 8 8 10 0
Tema 16. SnekTpoHHas CTpyKTypa
16. TBEPAbIX TEN. 8 4 0 0
Tema 17. KBaHTOBO-XUMMYeCKnii
17.[aHanna mexmonekynspHbix 8 4 2 0 36
B3aVIMOLENCTBUNA.
SAEKTPOHHBH
Crpaxuua 4 u3 12. Il VHHBEPCHTET
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Mporpamma ancumnnuHbl "KBaHToBas MexaHuka MonekynapHbix cuctem”; 03.03.02 "dusmka”.

Buabl un yachbl
KOHTaKTHOW paboThbl,
Pa3nenbl aucuunIvnHbl / NX TPyAOEeMKOCTb CamocTtosiTenbHas
N Moayns Cemectp (B yacax) pa6orta
MpakTuyeckmellabopatopHble
3aHATUSA paboTbl

Nlekuunmn

NToro 72 72 0 90

4.2 CopepxaHue AUCUUMINHbI (MOBYNSA)
Tema 1. BBegeHue B Kypc KBaHTOBOW MexaHUKU monekyn. Jiutepartypa.

MpenckasartenbHble BO3MOXHOCTN COBPEMEHHOW KBAHTOBOW X1MKKM, NpuMepbl. Heknaccuyeckme monekynsl. CBs3b
MeXay CTPOEHWEM U CBOCTBaMM Monekyn B 6ronorum n MeavumHe NpeackasaTtenbHble BO3MOXHOCTU COBPEMEHHOM
KBaHTOBOW Xxumuw, npumepsbl. Heknaccnueckme monekynbl. CBS3b MeXy CTPOEHUEM 1 CBOMCTBAMU MONekyn B Guonorum
1 MeguunHe

Tema 2. OCHOBHbIE MOHATUA KBAHTOBOW MeXaHUKWN N KBaHTOBOW XUMMM.

CoBpeMeHHble BO3MOXHOCTW METOA0B KBAHTOBOW XMMMMW. DKCNEePUMEHTaNbHbIE MPEANOCHINKMA KBAHTOBOW MEXAHWKW:
nccnenoBaHns aToOMHbIX CNEKTPOB, CTPYKTYPbl aTOMOB, OTKPbLITUE AMCKPETHOCTW aTOMHbIX COCTOSIHWM, OTKPbITME
KOPMNYyCKYNApHbIX CBONCTB CBETA, OTKPbITUE BOMHOBbLIX CBOWCTB MUKpoyacTul,. CTaumnoHapHoe ypasHeHue LpennHrepa.
BonHoBasg chyHKUMS. YCnoBms, KOTOPbIM OOMXHA YAOBNETBOPSATb BONHOBAaS coyHKUMS. MpuHumn Maynn. Onepartopsbl.
MocTynatbl KBaHTOBOM MexaHuKKW. MNpeacTaBneHne BONHOBOWN QOYHKLMM 1 ONepaTopoB BEKTOPaMM 1 MaTpuuamu.
HekoTopble cBolicTBa MaTpuL, 1 onepaumin Hag HUMKU. KBaHTOBO-MeXaHN4YeCcKoe OnNmncaHmne NpoCcThbiX KBAHTOBbLIX CUCTEM:
0LHOMEpHOe LBUXEHUE CBODOAHOM YacTuLbl, TPEXMEPHOE ABUXEHNE CBODOAHON YacTuLbl, OBUXEHNE YACTULbI B
0LHOMEPHOM HECKOHEYHOM MOTEHLMANBHOM SLMKE, YacTMLA B SLLMKE C KOHEYHBIMU CTEHKAMW, CTONKHOBEHMWE YacTuL, C
noTeHUManbHbIM 6apbepoM, LBUXEHNE KBAHTOBOW YacTuMLbl B MOME LEeHTpanbHoW cunbl. KBaHTOBbIE YMcna.

Tema 3. PewweHue ypaBHeHus LLipeauHrepa ons Boaopoaonogo6Horo aroma.

PeweHue ypaBHeHus WpénnHrepa ons BogopononofobHOro atoma: nepexoq B CEPUYECKYIO CUCTEMY KOOPAMHAT,
nonuHom Jlarrepa, BuA BOHOBOW CPYHKLUW, FNaBHOE U OpbuTanbHOE KBAHTOBbIE YMCNA, BbIPAXEHUE ONS YPOBHEN
SHeprum, npasunno oTbopa no opbutanbHOMy KBAHTOBOMY Yuchy. ATOMHble opbuTanu: cpepurueckas yacte AO (Bug,
QOYHKLMM 1 rpadonkun), MNOTHOCTb BEPOATHOCTU, NpOCTpaHcTBeHHoe npeactasneHne AO, paananbHas 4actb AO (Bua
PYHKLUMMN 1 rpadonkin). SBHbIA BUO OYHKLMIA ANS paananbHOM U YrNOBOW HYacTy BONHOBOW (PYHKUMW Ons
BoLopogonoaobHoro atoma. HopmrpoBaHHble BONHOBbIE (DYHKLMM Ansi BOAOPOAONofo6HOro atoMa. AToOMHas cuctema
eanHny. dranyeckas MHTepnpeTaumns KBaHTOBbIX Yucen (rnaBHOe, opbuTanbHOe U MarHATHOE KBAHTOBbIE YMCNA) U
CBS3b LBUXEHUS C MOMEHTOM MMMynbca. CrvH: aKcnepuMeHTanbHbIe NPeANoChIKW, SHEPTNS CUH-0PBUTANBHOrO
B3aMMOAENCTBUS, BEINYMHA CNNHA W NPOEKLIMS HA HanpaBneHne MarHUTHOro nons.

Tema 4. MHOroanekTpoHHble atoMbl. TepMmbl. BapnaunoHHbIn npuHUMI. Teopusi BO3MYLLLEHUS

PeweHwve ypasHeHus WpeanHrepa Ans MHOrOanekTPOHHbIX aTOMOB. L-S CBS3b 1 j-j CBA3b. TepMbl MHOFO3NEKTPOHHbIX
aToMOB: NpuHUMNbl HanucaHws. Mpasuno MNyHoa. Knaccudoukaums Tepmos. Tepm atoma yrnepoga. MpubnuxeHHole
mMeToabl pelweHns ypasHeHus peavHrepa ons MHOroanekTPOHHbIX cnucTeM. BapmaunoHHbiii meton Putua. Bekosoe
ypasHeHue. [Mops ook BEKOBOro ypaBHeHUs. Teopus BO3MyLLeHUs. IHTerpan nepekpbiBaHusl, KyNOHOBCKUIA UHTErparn,
0BMEHHbIN MHTErpan.

Tema 5. Metopn, BaneHTHbIX cBsidert. MeTon MonekynsipHbix opbuTtanen.

MeTop BaneHTHbIx cBsi3eli. Obpa3oBaHUe KOBANEHTHOM CBSI3M B MOMEKyne BOAOPoaa. ATOMHas NIOTHOCTb, 0OBMEHHAs
nnoTHocTb. KayecTBeHHoe onucaHne 06pasoBaHmnst KOBANEHTHON CBA3U. DU3NYECKMIA CMbICT KYNOHOBCKOIO U
0b6MeHHoro nHTerpanos. MoHHas ces3b. Cnyyait romosaepHol Monekynbsl H2. Cnyyaii reteposinepHoit Monekynbl H-X.
MpvHUMNWanbHbIe OrpaHN4YeHNs MeToaa BaneHTHbIX cesidel. MeTon MonekynsipHbix opbutanein. Metog MO JIKAO
(MonekynsipHas opbuTanb = NMHeHas KoMbuHaLus aToMHbIX opbuTtaneid). 3anonHeHne opbutanein anekTpoHaMn u
B3ammoelicTeme opbutanei (Natb cnyydaes). MonekynsipHbli MOH Bogopoaa B pamkax metona MO JIKAQ: xapakTepHble
npenenbHble cnydan. Onucarnve ByxaToMHbIX Monekyn Ha s3bike MO JIKAO: 0CHOBHbIE MPUHLMMbI ONUCaHNS.
CuMMeTpuiiHas knaccugoukaums MONeKynsipHbIX COCTOSHUIA (O-, Ti-, 8-opbuTtanu). COOTBETCTBME MEXLY TEPMAMK
aToMOB 1 06pa3yeMbIX MU MONEKY.

Tema 6. Metopn, camocornacosaHHoro nons Xaptpu-doka. Monekynbl ¢ 3aMKHYTbIMU U OTKPbITbIMUA 06010UKaMu.

BbiBon ypaBHeHuid XapTpu-doka. KynoHOBCKMiA 1 0BMEHHbI UHTErpanbl, UX oranyecknin cmbicn. JetepMuHaHT
Crnetepa 1 npuHumn Maynu. 3amMkHyTble U OTKPbITbIE 060104KU. CriH-0pbuTanb. SHEPrUs LBYX3NEKTPOHHOW CUCTEMBI C
LEeTEePMVHAHTHOI BOMIHOBOM cpyHKUMel CnaTtepa. YpaeHeHus XapTpu-doka Onsi CUCTEM C 3aMKHYTOW 060N04KOWA.
Ocob6eHHOCTUN 1 OCHOBHbIE CBOMCTBA ypaBHeHUI XapTpu-doka. drnsmyecknii CMbiCi U CBOIMCTBa opbuTanei B Mmetoae
XapTtpu-Poka. Teopema KynmaHca. YpasHeHus Xaptpu-Poka B npubnuxerHun MO JTIKAO (ypaBHeHus
XapTtpu-doka-PytaHa). Metog MO CCI1. MonekynsipHble CBONCTBa, onpeaensiemMbie 3f1eKTPOHHON BONHOBOWN (OYHKLMEN:
SNEKTPOHHAS 1 MONHAA SHEPrusa Monekynbl, NOTEHLUMAN NOHN3aLMN, NAOTHOCTb BEPOSTHOCTM HaXOXAEHNS 3NeKTPoHa B
[aHHOWM TOYKe NPOCTPaHCTBA, AUMONbHbLIE MOMEHT MONIEKY/bl, HYyKNeoUIbHbIE N SNEKTPOMUbHLIE CBONCTBA MONEKY.

Tema 7. CBOMCTBa MONIEKYNSAPHBIX CUCTEM.
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Mporpamma ancumnnuHbl "KBaHToBas MexaHuka MonekynapHbix cuctem”; 03.03.02 "dusmka”.

OnucaHve cBOCTB MONEKYNApHbIX cucTem. 3apsabl atomos ? no MannvkeHy, no JleeauHy, no baiinepy. Teopus
Bainepa. OpbutancHole 3apsabl. [opsaku CBS3U 1 BANEHTHOCTU aTOMOB. KapTuHa MonekynsipHbIx opbutanei,
nprvpoaa XxmMm4eckoro cesasbiBaHus. MNMpumepsl monekyn H2, HF, CH4. Ces3sbiBatowme 1 pas3pbIXnstowme MonekynsapHbie
opbutanu. Mbpuansauns opbutaneii. KauecTseHHas Teopus MONEKyNspHbIx opbutaneii. KoppensumoHHble amarpaMmb
(omnarpammbl Yonwa): npuMepsbl.

Tema 8. dnemeHTbl TeOpUK cummeTpun. Meton, Xiokkens.

Wcnonb3oBaHme CBOMCTB CUMMETPUM B KBAHTOBOM xumuu. [pynna, noarpynna. Tabnuua yMHOXEHWUA rpynn.
Knaccudpmkauus onepauumii NpocTpaHCTBEHHOro NpeobpasoBaHns MONEKYISIPHOM CTPYKTYpPbI. ToYeYHbIe rpynnbl
cummeTpuin. MIHpekcol WeHgnuca. Knaccudoukaums To4eyHbIX Fpynn cumMmeTpumn Monekyn. Tabnuubl xapakTepos.
O603Ha4eHMs1 HeMPUBOAMMbIX NPeACTaBNeHWA. [TprMeHeHne Teopyn rpynn B KBaHTOBOW xuMun. MeTon Xiokkens:
STWUNEH, aNNUNbHBIA 1 UMKNOMPONEHUbHbIN pagukansl. MonekynsipHbii rpadgp m-cuctembl. JIuHeliHble rpadbl
(conpsixeHHble nonveHsbl). JIMHenHble rpaddbl ¢ KpaTHbIMK pebpamum.

Tema 9. NoHATUE 3aneKTPOHHOM Koppensuuu. Metoabl yyeTa 31€eKTPOHHOW KoppensiLuu.

TOYHOCTb KBAHTOBOXUMUYECKNX METOL0B. OCHOBHbIE MCTOYHWUKM NMOrPELIHOCTEN COBPEMEHHBIX KBAHTOBOXMMMNYECKUX
meTonoB. Metonbl KoHGUrypaumoHHoro B3ammoaerictems. Metog MKCCI. Metoapbl y4eta aHeprum Koppensauuu,
OCHOBaHHble Ha Teopun BO3MyLLeHUA. MeToabl CBA3aHHbIX kKnactepoB. CpaBHEHWE pa3nuyHbIX METOLOB yyeTa
KOPPENSLNOHHON 3HEPTUW.

Tema 10. MoHsiTMe 6a3uca B KBAHTOBOW XMMUKN. Tunbl 6a3UCHBLIX HAGOPOB.

BasuncHble Habopbl aToMHbIX opbuTaneit. Opbutann Cnatepa-3eHepa. Hepoctatkn AO Cnatepa-3eHepa. Opbutanu
rayccoBa tuna. YucTole cgpepuyeckme rayccoBbl coyHKUMM (NMpruMnTUBbl). MUHUManbHble 6asucHble Habopbl STO-KG.
BaneHTHO-pacluenneHHble 6asncHble Habopbl M-NPG. MNonspusaunoHHble 6asucHble Habopbl. basucsl ¢ andody3HbIMU
goyHKUMsaMU. KoppensumnoHHo-cornacoBaHHble 6asncHble Habopbl. baauckl Karlsruhe. YpoBHu Teopuu. AnropuTm
paboThbl BIYMCIEHWIA.

Tema 11. MNoBepxXHOCTU NOTEHLMaNbLHON 3HEpruu.

OnpegneneHune noBepxHOCTW NoTeHumnanbHoi aHeprum (MMN3). MNoBepXHOCTb NOTEHUMANBbHOW SHEPTUW ABYXaTOMHOW
Monekynbl. TepMoanHamMmyeckme napameTpbl. [oBEPXHOCTb NOTEHLMANIBHON SHEPr MHOrOAaTOMHO Monekynbl. BekTop
rpagmeHTa. Matpuua ecca. CtaumoHapHble Toukm MM, Cennosble To4kW. HaxoxaeHne paBHOBECHOW reoMeTpun
MOJEKYNSPHON CUCTEMBI.

Tema 12. Metoabl ontTuMusauumu. NMounck nepexonoHoOro CoCTtosiHusa

OnTrMmnsaums MonekynsapHoi cTpykTypbl. Kpatkas xapaktepmctuka MeTonoB onTuMmnaaumu. bnok-cxema ontummnaaumm.
MeTon HbtoToHa-PadcoHa. Meton [asnaoa-Pnetyepa-layana. Anroputvm BFGS. MeTtog rpaaneHTHOro cnycka.
MepexonHoe cocTosiHue. Bnok-cxema novcka nepexogHoro coctosaHns. Metoapl noncka nepexogHbiX COCTOSHWIA.
MeTon peakumMoHHO KoopanHaTel. Teopust NepexofHoro cocTosiHus. Meto MHOEKCOB peakLMOHHOM CnocobHOCTM.
MonekynsipHbli anekTpocTaTMieckumin noteHuman. Meton rpaHnyHbIx opbuTtanein. MexaHuam xuMuyeckoin peakumm. Myt
peakuun. KoopauHata peakuun. Meton BHyTpeHHel koopaunHatel peakumm Fukui. IRC ypaBHeHre npu ncnonb3osaHumn
BHYTPEHHUX KOOpAMHarT.

Tema 13. Monyamnupunyeckmne metoabl.

B03MOXHOCTU 1 OrpaHMyYeHns NoNyaMNMpPUYeckMx MeToA0B KBaHTOBOW XuMum. MpnbnuxeHue Hynesoro
angochepeHumansHoro nepekpoisaHus. Meton CNDO v napametpusauuns CNDO/2. Metog INDO u napameTtpusaums
MINDO/3. Meton MNDO, AM1, PM3.

Tema 14. I'IporpaMMHoe obecneyeHne KBaHTOBOXMMUYECKUNX pac4yeToB.

Mporpammbl GAMESS, Gaussian, HyperChem, NMPUPOLOA, WINMOPAC, nporpamMmHbie komnnekcol Dalton n NWChem.
Mporpammbl-MHTEPNPETaTOPbl PE3YNbTaTOB KBAHTOBO-XMMUYECKNX pacyetoB: ChemCraft, ViewMol3D, Molekel, Molden,
GaussView. Anroput™ paboTbl NporpaMMbl.

Tema 15. MeTton, cpyHKUMoOHana nnotHocTu (DFT).

MeTon doyHKUmoHana nnoTHocTu. Katactpodha BaH ®Pneka: npupona ?akcnoHeHumansHom ambl?. Metog
Tomaca-Depmu: npumep dyHKUMoHana nnoTHocTh. Teopembl KoHa-XoaHbepra. KoHeuHble TeMnepatypbl: TEOPUS
MepmuHa. YpaeHeHue KoHa-Wama (Kohn-Shame ansatz). BapnauunoHHblii npuHumn KoHa-XoaHbepra. YpaBHeHune
KoHa-Wama. Mpubnuxerune nokanbHoi nnotHocTh (LDA). dopmannam KoHa-Lema. O6MeHHO-KoppensumMoHHas
sHeprus. MeTon pelweHus ypasHeHus KoHa-llama. BpemeHHble adhdpekThl B MeTOAe (OyHKLUMOHanNa

nnotHoctn (TDDFT). BapraumoHHbin npuHumun dpexkens. @yHKUMoHan naoTHOCTU ANS HeCTaUMOHAPHbBIX CUCTEM.
®yHKUMOHAN CNMHOBOM NIOTHOCTU. DYHKUMOHAN NIOTHOCTM B TEOPMM CBEpPXNpoBoauMocTn. KeaHToBas MonekynsipHas
InHamuka. CpaBHeHue MeTonoB XapTpu-doka n KoHa-LWsma. O6mMeHHO-KOppensaunoHHble cyHKUMoHanbl. Metoabl
rpafmeHTHol koppekuun. MbpunaHble MeToabl. BeluncnutenbHble ocobeHHoctn DFT MeTonoB. KauecTso pacueta
MeTOoO0B (PyHKLMOHana nnoTHOCTH.

Tema 16. dnekTpOHHasi CTPYKTypa TBepAbIX TeN.

OnHO3NEKTPOHHBIE BOMHOBLIE (PYHKLUMN B BECKOHEYHbIX NMEPUOANYECKUX KpUCTaNnax 1 MeToapl NX pacyeTa.
TpaHcnsauMoHHas cCUMMETPUS Kpuctanna. SnekTpoH B NepMoanyYeckom none kpuctanna. 3oHsl BpunniosHa.
MpnbnnxeHune cnaboit 1 cUNbHON CBA3U. 30HHAsA CTPYKTYpa 1 CBOMCTBA TBEPAbIX TEN. BaneHTHas 30Ha, 30Ha
nposogumocTn. KnactepHas mogenb. XuMmyeckas CBsA3b B KOOPAMHALUMOHHbIX COEANHEHNAX NEPEXOOHbIX METASIOB.
Teopus kpuctanimyeckoro nonsi. KoMmnnekcol cunbHOro v cnaboro nonei. SHeprus ctabunuaaumm KpUcTanimyeckum
nonem. Teopusa nona nuraHnos. ekt AHa-Tennepa.

Tema 17. KBaHTOBO-XMMUYECKUIA aHaNN3 MeXMONEeKYNApHbIX B3aUMoOeNCTBUNA.
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MexMonekynsipHble B3anmoaenctaus. OueHka aHepruyM MEXMONEKYNSIPHOro B3auMoaeicTens. KprctannoxmMmyeckui
aunzaiH. OueHka BaH-aep-BaanbCoBbIX aTOMHbIX PannycoB. [JOHOPHO-aKLEeNTOPHbIE MONEKYNSPHbIE KOMMEKCHI.
Cneungonyeckre HeBaneHTHble B3auMoeicTens. BoooponHas cBsidb. Xemocopbumsi. MoHSATME 0 cynpaMonekynsipHo
XUMUN.

5. MepeyeHb yue6HO-MeTOOMYECKOrO obecnevyeHns OJiI CaMOCTOSITeNIbHOW paboTbl 06yyaloLLLUXCS NO
AucuMnInHe (MOAYIHO)

CamocTosiTenbHas pabota oby4alolyxcs BeIMOMHSETCS Mo 3a4aHNI0 U MPU METOLMYECKOM PYKOBOACTBE Npenofasatens,
Ho 6e3 ero HenocpeacTBeHHOro y4actus. CamocTosiTenbHast pabota noapasnensieTcs Ha CaMocTosITeNbHYIO paboTy Ha
ayUTOPHBIX 3aHATUSIX U HA BHEAyAUTOPHYIO caMocTosiTeNnbHyto paboTy. CamocToaTenbHas paboTa obyyatowmxcst
BK/OYAET Kak MOMHOCTbIO CaMOCTOSITENIbHOE OCBOEHME OTLEMNbHbIX TEM (Pa3fenos) AUCLUMMNIUHLI, Tak 1 NpopaboTky Tem
(pa3nenos), ocBaMBaeMbIX BO BpeMsi ayanTopHoli paboTbl. Bo BpeMsi caMocTosiTenbHOM paboTbl 0Byyarowmnecst YuTaroT u
KOHCMEKTUPYIOT y4ebHy0, Hay4HYIO 1 CMPaBOYHYIO TMTEpaTypy, BbINONHAT 3aaHusi, HanpaBNeHHbIe Ha 3aKpenneHne
3HaHW 1 0TPabOTKy YMEHUIA U HABBIKOB, FOTOBATCS K TEKYLWEMY 1 NMPOMEXYTOYHOMY KOHTPOSO MO AUCLUMIUHE.

OpraHn3auus caMocTosTenbHOM paboTbl 0ByHaOWMXCSH PErNaMEHTUPYETCS HOPMATUBHBIMI LOKYMEHTaMU,
y4ebHO-METOANYECKON NMTEPATYpPO U SNEKTPOHHBIMY 06Pa30BaTENbHBIMU PECYPCAMU, BKNOYAS:

Mopsaok opraHM3aLummn 1 ocyLecTBIeHNs 06pas3oBaTeNbHON AeaTeNbHOCTY No 06pasoBaTefbHbIM NPOrpaMMam BbICLIErO
obpaszoBaHus - nporpammam bakanaepuara, nporpamMmam crieuuanuteTa, NporpamMmmam MarucTpatypbl (YyTBepXaeH
npvkasom MuHuctepcTea obpasoBaHusi U Hayku Poccuiickoin ®enepauun ot 5 anpens 2017 rona Ne301)

MucbMo MuHucTepcTBa obpasosaHus Poccuiickoin depepaumm Ne14-55-996mH/15 ot 27 Hosibps 2002 r. "O6
aKTBM3aLMM CaMoCTOATENBbHOM paboThl CTYAEHTOB BbICLIMX yHEOHbIX 3aBEAEHUIA"

YcTaB cheaepanbHOro rocyaapcTBeHHOr0 aBTOHOMHOIrO 06pasoBaTtensHoro yupexaeHuns "KasaHckuin (MprBonxckuii)
doenepanbHblil yHMBepcutet"

MpaBuna BHyTPEHHErO pacnopsiaka enepanbHOro rocynapCTBEHHOO aBTOHOMHOMO 06pa30BaTENbHOMO YHPEXAEHNS
BbICLEro npodeccroHanbHoro obpasosanus "KasaHckuii (Mpreonxckuid) doenepanbHblii yHUBEpPCUTET"

JlokanbHble HopMaTMBHbIE akTbl KasaHckoro (IpuBonxckoro) coenepansHoro yHusepcuTeta

6. POHA, OLLEHOUYHbIX CPEeACTB NO AUCLMUMNIMHE (MOAYNIO)

DOoHAO OLEHOYHbIX cpencTs no gucunnnnHe (Mo,u,ymo) BKNtOYaeT oUeHO4YHble MaTepunasbl, HanpaBieHHble Ha NPOBEPKY
OCBOEHMS KOMMETEHUWN, B TOM YMCIE 3HAHWNA, yMeHVII71 1 HaBblkoB. POHAO OLEHOYHbIX cpencTs BKO4YaeT OueHOYHble
cpencTea TekKylwero KoOHTponda 1 oueHo4YHble cpenctea HpOMe)KyTOHHOIZ arrectauumn.

B dboHAae oLeHO4YHbIX CPeacTB COAEPXMUTCS cneayowas nHgopmaums:

- COOTBETCTBME KOMNETEHLMIA NNaHMPYEMBIM pedynbTatam 06y4eHUs No LUCLUMNAMHE (MOLYNIo);

- KpUTEPUU OLEHNBaHNS CPOPMUPOBAHHOCTY KOMMETEHLIIA;

- MexaHu3M (OopMUPOBaHNS OLIEHKW MO ANCUMNNHE (MOZYyNio);

- onMcaHve nopsaka NnpUMeHeHns 1 Npouenypbl OLEHUBAHNS ANs KaX40ro OLEeHOYHOro CpeacTsa;
- KPpUTEPUU OLIEHNBAHWSA ONS KaXA0ro OLEHOYHOro CPencTBa;

- cooep>XaHune OLUeHO4YHbIX CpencTs, BKO4Yas TpGéOBaHVIﬂ, npenbsBnseMbie K OEencTBuam o6y'-|a|ou4v|xcs|,
OEMOHCTpUpyembIM pe3ynbtaTaMm, 3a0aHnsa pasindHblX TUMOB.

®DOHL OLEHOYHbBIX CPEACTB MO AMCUMNANHE HaxoanTcs B MpunoxeHun 1 K nporpamme AUCLMUNAUHBI (MOLYNHO).

7. NepeyeHb nuTepatypbl, HEO6X0AMMON OIS OCBOEHUS OUCLUNMHBI (MOAynst)

OcBoeHue gucumnauHbl (Moayns) npeanonaraeT U3yYeHne OCHOBHOW U [ONONHUTENbHOW y4ebHOM nuTepaTyphl.
NuTtepatypa MoxeT BbiTb AOCTYMHa 0by4atowmnMcs B 0OHOM U3 ABYX BapuaHToOB (NGO B 000MX N3 HIX):

- B 9NIEKTPOHHOM BUIE - YEPES ANEKTPOHHbIE BUBNNOTEYHbIE CUCTEMBI HA OCHOBAHMMW 3aKNtoueHHbIX KDY norosopos ¢
npasoobnagatensmu;

- B NeyatHoM Buae - B HayyHoit 6ubnuoteke um. H.N. Nlobayesckoro. Obyyarowmecs nonyyaroT y4ebHyto nutepatypy Ha
aboHeMeHTe Mo YnTaTeNnbCckum bruneTam B COOTBETCTBUM C NMpaBunamu nonb3osaHust HayyHol 6GnbnnoTekoii.

OnNeKTPOHHbIE N30aHUS BOCTYMHbI AUCTAHUMOHHO 13 NoB0I TOUKM NpW BBEAEHNM 00yHaIOLWMMCS CBOETO NOMMHA 1 Naponst
OT NNYHOrO KabuHeTa B cMcTEME "DNEKTPOHHbIA yHMBEpPCUTET". MpU MCNONb30BaHMM NeYaTHbIX U3LaHWA BONNOTEUHBIN
POHL [OMKEH BblTh YKOMMNEKTOBAH MMM U3 pacyeTa He MeHee 0,5 ak3emnnsipa (ans obyyatowmxcs no drocC 3++ - He
meHee 0,25 ak3emnngapa) Kaxaoro U3 n3gaHuii OCHOBHOW nuTepaTtypbl U He MeHee 0,25 ak3emnnapa LOMNOMHUTENbHO
nuTepaTypbl Ha Kaxaoro obyyatoulerocs M3 yucna nuu, 0LHOBPEMEHHO OCBAVBAIOWMX OAHHYIO OUCLMMINHY.

MepeyeHb OCHOBHOW W [OMNONHUTENBHON y4eBHON NTepaTtypbl, HEOOXOAMMO O/ OCBOEHUS AUCLMMNAVHBI (MOayns),
Haxoamutcs B MpunoxeHun 2 Kk paboyeli nporpamMme AUCUMNAHBL. OH NOANEXUT OGHOBNEHMIO NPV U3MEHEHUW YCTTOBUIA
noroeopos K®Y ¢ npasoobnagatensiMu sanekTPOHHbIX U3OAHWA U NPU N3MEHEeHM KOMNeKToBaHUS ooHa0B Hay4Hoi
onbnuotekn KdY.
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8. MNepeueHb pecypcoB MHPOPMALLMOHHO-TE/IEKOMMYHUKaLMOHHON ceTh "UHTepHeT", He06X0AUMbIX ONS
OCBOEHUS BUCLMUMINHBI (MOOYNS)

Gamess - http://www.msg.ameslab.gov/gamess/

Gaussian - http:/gaussian.com/keywords/

ORCA - https://orcaforum.cec.mpg.de/

3apaum no kypcey - http://kpfu.ru/docs/F1484311321/list_of_exercise.pdf

3apaum no kypcy - http://kpfu.ru/docs/F710814298/Exercise_mod.pdf

3apaum no kypcy - http://kpfu.ru/docs/F2043134078/Exercise.pdf

MeToamuyeckue nocobusi AMmHoBoi P.M. - https://kpfu.ru/metodicheskie-posobiya-studentam-4083.html

Pacuerthl ANIEKTPOHHOro CTPOEHUA 1 CBOWCTB Monekyn nonyamnmpm4yecknMmm mMetogamm KBaAHTOBOM XVIMVIVI.MeTO,ElI/I'-leCKoe
nocobue ons paboTbl Ha KomnbloTepe - http://kpfu.ru/docs/F1139401699/0n%20komp_QCh.pdf

9. Metoonueckue ykasaHus onsi o6yyaroLLMXCs NO OCBOEHUIO AUCLMIMIIMHBI (MOayNS)

Bup pabot MeTtoaunyeckue pekomeHaauum

nekuunu Nekums - 3T0 NOrMYeCcKn CTPOHOE, CUCTEMHOE, FNYBOKOE U ICHOE M3NOXEHME y4ebHOro MaTeprana.
HasHaueHne coBpeMeHHO nekumm B yHe6HOM npoLecce B TOM, 4TOObl MOMOYb OCBOUTb
oyHILaMeHTanbHble Npobnembl Kypca, OBNaaeTb METOLAMU HAYYHOTrO MO3HAHWS, NMPEAIOXUTb
HOBENWNE OOCTUXEHNS HAYYHON Mbicnu. B yuebHOM npouecce nekums BbINOnHAET
METOA0NOrMYECKYI0, OPraHN3aLNoHHY0 U MHGDOPMaLIMOHHYI0 OyHKUMK. B psaae cnyvaes nekuus
ABNSETCS OCHOBHbIM UCTOYHMKOM MHGPOPMALMK, HanpuMep, Npu OTCYTCTBUM Y4eOHUKOB, Y4eBOHbIX
nocobuii No HOBbIM KypcaM. Jlekums packpbiBaeT NOHATUAHBIA annapaT KOHKPETHON 0bnactu 3HaHus,
ee nNpobnembl, AaeT LEeNbHOE NPeacTaBneHne o0 NpeaMeTe, NokasbiBaeT B3aMOCBSA3b C ApYruMu
IucuunnmHammn. Bee opyrvue coopMbl yH4eOHbIX 3aHATWIA - CEMUHApPLI, nabopaTopHble 3aHATUS,
KYPCOBOE M LMMIIOMHOE MPOEKTMPOBaHWeE, y4ebHas NpakTuka, KOHCyNbTaumun, 3a4€Thl 1 9K3aMeHbI -
CBA3aHbl C fleKUunen, onuparoTcs Ha pyHOaMeHTanbHbIe NONOXEHUS Y BbIBOAbI.

npakTuyeckme | AyauTopHble NPakTUHecKne 3aHSATUS UrpatoT UCKMIOHYUTENbHO BaXHYO POfib B BbpaboTke Y CTYAEHTOB

3aHATUS HaBbIKOB NMPUMEHEHWS! NOMYYEHHbIX 3HAHWUI AJ1S pelleHns NpPakTUYecKnx 3aaay B npouecce
COBMECTHOI AeATeNnbHOCTA ¢ npenogasaTtensamu. Mpaktuyieckme 3aHATUS CryxaT cBoeobpasHoii
(POPMOIA OCYIECTBNIEHMSI CBA3WN TEOPUM C NPAKTUKOA. CTPYKTypa NPakTUYeCKUX 3aHSTUIA B OCHOBHOM
OAMHAKOBA - BCTYM/eHNe npenoaasatens, BONPochl CTyAeHTOB No Matepuany, KoTopblii Tpebyet
LOMONHUTENbHBIX Pa3bsCHEHWI, COBCTBEHHO MpakTU4eckas 4acTb, 3aKM0HNTENbHOE CIOBO
npenopaeatens. PasHoobpasve BO3HMKAET B OCHOBHOM, COBCTBEHHO NPaKTUYECKOW YacTw,
BKNtOYatowWein pedpepartsl, 4OKNALbl, ANCKYCCUMW, TPEHNPOBOYHbIE YNPaXKHEHNS, pelleHre 3aaad,
HabnoaeHuWsl, SKCNepUMEHTbI U T. A. OnbIT NoKa3bIBAET, YTO HENb35s HA MPAKTUYECKUX 3aHATUSIX
orpaHnyMBaTbhCs BblpaboTKOW TONbKO NPAKTUYECKUX HABLIKOB, TEXHWKON peleHnst 3aaay, MOCTPOeH s
rpagoukoB 1 T. N. CTyAeHTbl AOMXHbI BCeraa BUAETb BEOYLIYIO MO Kypca U CBS3b ee C NPaKTUKOWA.
Llenb 3aHsiTUiA onxHa ObiTb MOHSITHA HE TONBbKO MPenoAaBsaTento, Ho 1 CTyaeHTaM. 910 npuiaet
y4yebHoil paboTe XMIHEHHbIN xapakTep, yTBepXaaeT HeobxoAMMOCTb OBMlafEHNS OMbITOM
npodpeccnoHanbHom AesTeNbHOCTU, CBA3bIBAET UX C MPaKTUKOM XU3HN.
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Bup pabor

MeToaouyeckme pekomeHoauum

camocTos-
TenbHas
pabota

CamocTosiTenbHasi ydebHast paboTa npeacraBneHa TakuMm goopmamm y4ebHOro npouecca, kak
NeKuMsi, ceMuHap, npakTmieckue 1 nabopaTopHble 3aHSATWS, 9KCKYpPCUW, NoArotToBka K HUM. CTyaeHT
LOMXEH YMeTb BECTU KpaTKune 3anmcu NeKLuii, COCTaBNsATb KOHCMEKTbI, MaHbl 1 Te3MUChI
BbICTYNNEHUiA, noabvpats nutepatypy v T.4.

Paznnyatot cnenyiolme ypoBHM CaMOCTOATENbHOW paboThl CTyNeHTa: HU3KWUIA, CPeaHWIA, BbICOKUIA.
Lns kaxnomn cneumanbHoCTV U AUCUMINIMHBI pa3pabaTbiBaloTCs CBOW KPUTEPUUN OLIEHKU JaHHbIX
ypOBHei. Beaywmmm nyTsiMu caMocTosITENbHON paboThl CTYAEHTOB SBNSIOTCS PEMNPOLYKTUBHBINA,
CaMOCTOSITENbHbIV 1 MOUCKOBLIV. MoTVBbI camMoobpa3oBaHus:

- CTUXWIAHBIE, HEYCTOMYMBbIE (NHOBO3HATENBHOCTL, UHTEPEC K NMPEAMETY, KO BCEMY OKPYyXalolemy);
- N03HaBaTenbHble (POCT caMmoobpa3oBaHus);

- couManbHo - 3Ha4YMMble (CBSI3aHHbIE C peannaaunei uaeanos U XU3HEHHbIX NIaHOB, MPU3BaHUS).
Paznnuatot cnenytowmve xapakTepbl 3HaHUIA:

- NoKanbHbIA (He 06beANHSIIOTCS C ApYruMu, BbiCTPO 3abbiBaOTCS ? BO3pacTaeT YaeNbHblii BEC
3HaHWi, yny4waeTcs ux Ka4ecTso);

- LLeNOCTHbI (3HaHUS rnybokue, NpoYHble, PAa3HOCTOPOHHMWE, YHUBEPCANbHbIE).

YMeHusi paboTtatb C NCTOYHMKAMMU:

- He CCTEMATU3MPOBAHbI; CTYAEHTbl MHOFO YMTaloT, 06pawatoTcs K AONONHUTENbHOM nuTepatype
3MN304NYHO;

- CMCTEMaTM3NPOBaHbI: YTEHVE BOYMYMBOE; OTMEYAETCS MMaBHOE; AENatTCs BbIMUCKY;

- paunoHanbHOe NpYMeHeHNe PasnnyHbIX NCTOYHMKOB UHCPOPMaLMMN: aHaNN3UPyeT, COOTHOCUT C
MOCTaBNEHHbIMK LIENISIM/ 11 3a4a4aMu.

3K3aMeH

OK3aMeH - OLIMH U3 CaMblX OTBETCTBEHHbIX BULOB CAMOCTOATENbHON PaboThl, U B TO Xe BPeMsl
BO3MOXHOCTb COKOHOMWTb 60/bLWOE KOMHECTBO BPEMEHW B NMEpUoa ceccun, eciv 3Ty NoaroToBKy
HayuHaTb 3abnaroBpeMeHHo. OOHO 13 rnaBHbIX MPaBWA - NPeacTaBnaTb cebe obLwyo Noruky
npenMeTa, 4To LocTuraeTcsl NpPopaboTKoM NNaHOB NEKLMA, COCTaBNIEHMEM OMOPHbLIX KOHCMEKTOB,
cxeM, Tabnuu. dakTNYecKn OCHOBHOM B NMOArOTOBKM K 9K3aMeHy ? ?cBepTbiBaHne? 60/bWoro
o06bemMa MHGOpMaLIMKM B KOMMNaKTHbIA B, a TakXe TPEHUPOBKA B ee ?pa3BepThiBaHMN? (NpuMephbl K
TEeopwuu, BbiIBEOAEHME OOHNX 3aKOHOMEPHOCTEN 13 apyrux 1 T.4.). BnageHvne atumm TexHonornsmm
obecne4ymnBaeT, noxanyi, 6onee nonoBKHbl ycriexa. Tem 6onee 4To npenogasaresib 06blYHO 3aMeyaeT
B TeYEHME CeMEeCTpa LeneHanpasneHHyo NoAroToOBKY TaKoro CTyAeHTa U MOXET MOoOWPUTb ero Tem
UK MHBIM cnocoboM. HeobxoanMo BbISICHUTDL YCNIOBUS| MPOBEAEHUN, CAMOr0 3K3aMeHaLNOHHOMO
ncnbiTaHWs, CNONBb30BAB O/19 3TOW Lenu Npexae BCero KOHCynbTauuio (XoTs npenogasaresnb
00bI4HO KacaeTcs aToW TeMbl 3apaHee): KONM4YeCTBO U XapakTep BONPOCOB, hopmMa NpoBeneHns
(YCTHO Mnn NNCbMEHHO), BO3MOXHOCTb MCMOMb30BaTb NPy MNOArOTOBKE PasnunyHble Matepuans u
nocobus (Tabnuubl, CXembl, TETPAON 4SS NPAKTUYECKNX 3aHATUIA U T.4.). [pn NOAroTOBKE K 3K3aMeHy
HeobXoOMMO onMpaTbCsl, MPeXae BCero, Ha nekumm, a Takxe Ha NCTOYHUKMW, KOTOpble yKkas3aHbl B
cnucke nutepartypbl. B kaxaom 6uneTe Ha 3a4eTe cogepXxutcs aea sonpoca. o kaxaomy Bonpocy
[OSIXXeH 6blTb NOArOTOB/IEH Pa3BEPHYThHIN, cYepnblBatowmii oTeeT. MNpu HENoHOM O0TBETE MOryT BbiTb
3ajaHbl JOMOMHUTENbHBIE HABOOSAWMNE BONPOCHI.

10. MepeyeHb MHPOPMALMOHHBIX TEXHOIONMIA, UCMO/Ib3YEeMbIX MPU OCYLLLEeCTBNEHUM 06pa3oBaTeNbHOro
npouecca no gucuunanHe (MORyno), BKOYasi nepedeHb NPorpaMMHOro obecneyeHnst U UHCOOpPMaLMOHHbIX
CnpaBOYHbIX CUCTEM (MPU HEO06X0AMMOCTH)

MepeyeHb MHPOPMALMOHHBIX TEXHOMOMUIA, UCTONIb3YEMbIX NMPU OCYILECTBEHM 06pa3oBaTebHOro npoLecca no
AUCUMNAVHE (MOLYNio), BKNOYas nepedeHb NporpaMMHOro obecrnedeHns u MHGOPMALIMOHHbBIX CMPaBOYHbIX CUCTEM,
npenctasneH B MpunoxeHun 3 k paboyen nporpaMMme AUCLMNNVHBI (MOOYNS).

11. OnucaHune MaTepVIaanO-TEXHVI‘-IeCKOﬁ 6a3bl, Heo6xooumon ons ocyuiecTB/ieHus 06pa303a1'enb|-|oro
npouecca no gucuuvrimnHe (MO,IJ,yﬂI'O)

MatepunanbHo-TEXHUYECKOE obecneyeHune o6pasoBaTeanoro npouecca no gucumnnmHe (MOAyNto) BKAKOYAET B cebs
cnepywouwme KOMMNOHEHTDI:

MomelleHnst onsi CaMOCTOSTENbHOM PaboTbl 0BYYAKWUXCS, YKOMMNIEKTOBAHHBIE CMELNANN3NPOBAHHOK MEBENBIO (CTOMbI 1
CTYNbsl) U OCHAILEHHbIE KOMMbIOTEPHOM TEXHUKOM C BO3MOXHOCTbBIO MNOAK/OYEHUs K ceTu "MIHTepHeT" 1 obecneveHrem
JOCTyna B 3NEKTPOHHYI0 MHGPOPMaLIMOHHO-06pa3oBaTensHyto cpeny KDY.

YyebHble ayamTopun oNns KOHTakTHOW paboThl C MpenonaBateneM, yKOMNIeKkToBaHHble cneumanianpoBaHHol Mebenbio
(cTonbl 1 CTYNbA).

KomnbloTep v npuHTep Ans pacnedvarky pasgaroyHbix MaTepuanos.
MynbTumeouitHasa ayoutopums.
KomnbioTepHbIli knacc.

CrpaHnua 9 na 12.
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12. Cpe.u,cma ajantauumumv npenogasaHus auCcUNNMIUHBbI K ﬂOTpeﬁHOCTﬂM 05yl-lal0Ll.l,VIXCSI UHBaANUOoOB U nNuuy c
orpaHn4eHHbIMU BO3MOXHOCTSIMU 300pPOBbSA

Mpw HeobxoomMMocTK B 06pa3oBaTeNibHOM NMPOLECCe NPUMEHSIOTCS creaytolwme MeTodbl 1 TexXHonorum, obneryaroume
BOCMpUSATHE NHpopMaLMK 0By4YatoWwmMMncst MHBaNIMAAMI U NNLAMW C OFPaHN4YEeHHBIMU BO3MOXHOCTSIMU 300PO0BbS:

- co3aaHne TEKCTOBOW BEpCUmn NtoBoro HeTEKCTOBOrO KOHTEHTA [/ ero BO3MOXHOro npeoépaaoBaHM;l B
anbTepHaTuBHbIE POPMbI, y,El,06HbIe ONg pasnnyHbIX Nonb3oBaTenen;

- CO3[aH1e KOHTEHTA, KOTOPbI MOXHO NPeACTaBWTb B Pa3nnyHbIX Buaax 6€3 notepn AaHHbIX U CTPYKTYpbI,
npenycMoTPeTb BO3MOXHOCTb MacwTabupoBaHus TekcTa U nsobpaxeHuii 6e3 notepm kayecTea, NpeayCMoTpeTb
LOCTYMHOCTb YNPaBNEHUsi KOHTEHTOM C KnaBuaTyphbl;

- cO34aHne BO3MOXHOCTEW AN 06y4atoWwmxcs BOCIPUHUMATL OLHY U Ty Xe MHPOPMaLMio U3 pasHbIX MCTOYHMKOB -
HanpuMmep, Tak, 4Tobbl NMLA C HAPYLWEHNUAMU CyXa NonyyYani MHGOPMaLLMIO BU3YarbHO, C HAPYILEHWSIMU 3PEHNS -
aynmnanbHo;

- MPUMEHEHNE NPOrpaMMHbIX CPeACTB, 0b6ecrneynBatowmx BO3MOXHOCTb OCBOEHNS HABbIKOB 1 YMEHWIA, CDOPMUPYEMbIX
OVCLMNMIMHOM, 3a CYET anbTepHaTUBHbLIX CNOCOO0B, B TOM YUCNE BUPTYanbHbIX NabopaTopuii u CUMYNSILMOHHBIX
TEXHONOINIA;

- MPUMEHEHNE LUCTAHUMOHHbIX 0Bpa3oBaTenbHbIX TEXHONOMA 4N Nepeaayn MHGopMaLMm, OpraHn3aLm pasnuyHblx
hOPM MHTEPAKTUBHOW KOHTAKTHOW paboTbl 0Byyarolwerocs ¢ npenogasaTteneM, B TOM Yucne BebrHapoB, KOTOpble MOryT
6bITb NCNONb30BaHbl AN NPOBEAEHNS BUPTYanbHbIX NEKLUA C BO3MOXHOCTbIO B3aMOLENCTBUS BCEX YHACTHUKOB
LUCTaHUMOHHOIO 06y4eHUs, NPOBELEHUS CEMUHAPOB, BbICTYMNEHUS C AOKNALaAMU U 3aLMTbI BbINOAHEHHBIX paboT,
NpoBeAeHNs TPEHUHIOB, OPraHU3aLMy KONNEKTUBHON paboThl;

- NMPUMEHEHNE LMCTAHUMOHHbIX 0Bpa3oBaTeNbHbIX TEXHONOTMA AJis OpraHnu3aunmn oopM TEKYLLETO U MPOMEXYTOYHOIO
KOHTpOnS;

- yBenndeHne npononxXmnTenbHOCTh coayn O6y‘-la}OLIJ,VIMC9| nHBANMOOM N NNULIOM C orpaHU4eHHbIMN BOSMOXHOCTAMA
340p0BbA CpOpM npomexyTquon arTrectTaunm no OTHOWEHMIO K yCTaHOBJ'IeHHOl7| npoaOIXNTENIbHOCTUN NX cOa4vun:

- NPOOONXNTENbHOCTU caa4vun 3a4é€Ta UM sK3aMeHa, nposoanMoro B NUCbMEHHOM oopme, - He 6onee 4em Ha 90 MUHYT;

- NPOOONXNTENbHOCTM NOAroTOBKM 06y4atollerocs K oTBeTy Ha 3a4éTe Unn aKk3ameHe, NPOBOAVMOM B YCTHOM doopMe, - He
6ornee yeM Ha 20 MUHYT;

- NPOOOIXUTENIbHOCTU BbICTYNNEHNA 06yqa+ou4erocs1 npu 3awunTte KprOBOI7I pa60TbI - He bonee yem Ha 15 MUHYT.

Mporpamma cocTtaBneHa B cooTBeTcTBUM ¢ TpeboBaHuaMu GIrOC BO 1 yyebHbIM nnaHom no HanpasneHuio 03.03.02
"Pusmka" n npodunio NOAroTOBKN "He NPeayCMOTPEHO".
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lMpunoxerne 2
K pabo4eii nporpamme AUCLUNINHBI (MOAYNS)
61.B.[1B.7 KaHToBas MexaHuKa MOJEKY/SPHbIX CUCTEM

MepeueHb nuTepartypbl, HEOOXOAUMOM 4Nt OCBOEHUS OUCLMIUINHBI (MOLOYNS)

Hanpasnenue nogrotosku: 03.03.02 - dusumka

Mpodounb NOArOTOBKMW: HE NPEAYCMOTPEHO

KBanngpukaumst BeinyckHUKa: bakanasp

dopma oby4eHus: o4Hoe

S3bIk 06y4eHNs: pyccKuii

oo Havana obyyeHns no obpasoBaTenbHoi nporpamMme: 2016

OcHoBHas nuTeparypa:

1. AMuHosa P.M. [NoBepXHOCTU NOTEHUMANbHOM SHEPTUN MONEKYNAPHBLIX cMcTeM. KBAHTOBOXMMMYECKUE METObI aHanM3a
MNN3: yyebHoe nocobue / P.M. AMuHoBa. - KazaHb: KazaHckuii rocyjapcTBeHHblli yHuBepcuteT, 2009. - 124 c.

2. LinpenbcoH, B.I". KBaHToBas xumus. Monekysbl, MONEKynsipHble CUCTEeMbl 1 TBepAble Tena: y4ebHoe nocobve ans
BY30B [ONeKTPOHHbI pecypc] : y4eb. nocobre ? SnekTpoH. faH. ? Mockea : Miagatenbctso 'Jlabopatopus 3HaAHWIA',
2017. ? 522 c. ? Pexum poctyna: https://e.lanbook.com/book/94104. ? 3arn. ¢ akpaHa.

3. BapaHosckuii, B./. KBaHTOBas MexaHvka 1 KBaHTOBas XuMusl [9NeKTPOHHbIA pecypc] ? OnekTpoH. aaH. ?
CaHkT-letepbypr : NlaHb, 2017. ? 428 c. ? Pexum poctyna: https://e.lanbook.com/book/92941. ? 3arn. ¢ akpaHa.

JononHutenbHasa nuTteparypa:

1. Maitep W., N3bpaHHble rnaebl KBaHTOBOW XMMUW: LOKA3aTeNbCTBA TEOPEM 1 BbIBOL, POPMyN [DNEKTPOHHbIA pecypc] :
yueb. nocobue ? nekTpoH. faH. ? Mocksa : NagatenbcTeo 'TlabopaTtopus 3HaHwit', 2017. ? 387 ¢. ? Pexum pocTyna:
https://e.lanbook.com/book/94102. ? 3arn. ¢ akpaHa.

2. lOpuyk, C.KO. KoMnboTOpHOE MOL4ENMPOBaHNE HAHOTEXHONOTUIA, HAHOMATEPMANOB U HAHOCTPYKTYP. MoaenuposaHmne

HaHOCUCTEM MeToaMu MONEKYNSIpHOW AMHaMUKn.Kypc nekumnin [9nekTpoHHblin pecypc] : y4eb. nocobure ? SnekTPoH.
naH. ? Mockea : MVICUC, 2013. ? 47 c. ? Pexum goctyna: https://e.lanbook.com/book/47471. ? 3arn. ¢ akpaHa.
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lMpunoxerve 3
K pabo4eii nporpamme AUCLUNINHBI (MOAYNS)
61.B.[1B.7 KaHToBas MexaHuKa MOJEKY/SPHbIX CUCTEM

nepe'-IeHb MHPOPMaLIMOHHbIX TEXHONMOINMMK, UCNONb3YyeMbIX AJ1s1 OCBOEHUS AUCLUMIUHBI (MO,IJ,ynil), BKo4yas
nepe4yeHb nporpaMmMHOro obecneyeHns u MH(POPMaLIMOHHbIX CNPaBOYHbIX CUCTEM

Hanpasnenue nogrotosku: 03.03.02 - dusuka

Mpodounb NOArOTOBKMW: HE NPEAYCMOTPEHO

KBanngpukaumst BeinyckHUKa: bakanasp

dopma 0by4eHus: o4Hoe

S3bIk 06y4eHNs: pyccKuii

oo Havana obyyeHns no obpasoBatenbHoi nporpamMme: 2016

OcBoeHne oucuUnnInHbI (MO,EI,yl'IFI) npegnonaraet ncnosib3oBaHme cnenytowero nporpamMmHoOro obecrneyeHus 1
MHJPOpMaLMOHHO-CNPAaBOYHbIX CUCTEM:

OnepauunoHHas cuctema Microsoft Windows 7 MpodbeccuoranbHas unm Windows XP (Volume License)

MakeT odpucHoro nporpammHoro obecneverus Microsoft Office 365 nnu Microsoft Office Professional plus 2010
Bpayaep Mozilla Firefox

Bpaysep Google Chrome

Adobe Reader XI unn Adobe Acrobat Reader DC

Kaspersky Endpoint Security ang Windows

YyebHo-MeToAMYeCKas nutepatypa ons JaHHOW AUCLMMNANHBI UIMEETCS B HANMYMK B SNIEKTPOHHO-OMBNMOTEUHOI cucTeme
"ZNANIUM.COM", nocTyn K KoTopoii npenoctaeneH obyyatowmmes. I6C "ZNANIUM.COM" coaepXuT npon3BeneHns
KPYMHENWMX POCCUNCKUX YHEHbIX, PyKOBOAUTENEN rocy0apCTBEHHbIX OpraHoB, npenogaearenein segyLmx By30B CTPaHbl,
BbICOKOKBaNMULIMPOBAHHbLIX CMELMANNCTOB B pa3nnyHblx cdoepax busHeca. doHn 6ubnmotekn cpopMmnpoBaH C y4eToMm
BCEX M3MEHEHUA 06pa30oBaTeNbHbIX CTaHAAPTOB 1 BKNKOHYAET y4ebHMKN, y4ebHble nocobus, yuebHO-MeToanYeCcKme
KOMIekchbl, MOHOrpadoum, asTopedeparbl, AuccepraLmm, SHUUKIoNeaun, CnoBapu U CNpaBoYHNKN,
3akoHo4arteNbHO-HOPMaTUBHbIE [OKYMEHTbI, CrieumanbHble Nepuognyeckme n3gaHns n ndnaHusl, Boinyckaemble
nspartenbcteamu By30B. B HacTosiwee Bpems S5C ZNANIUM.COM cooTBeTCTBYET BCEM TPeOOBAHMSAM (oeepanbHbIX
rocynapcTBeHHbIX 06pasoBaTtenbHbIX CTaHAapToB Bbicwero obpasosaHust (PrOC BO) HoBOro NokoneHus.

YyebHo-meToamMYeckas nutepatypa s LaHHOW AUCLMNAUHBI UMEETCS B HANNYMU B SNEKTPOHHO-BMBNNOTEYHOR crncTeme
NapatenbcTBa "MaHb" , LOoCTyn K KOTOpOM NpepocTtasneH obyyatowmmes. 96C NapaTtenbcTea "MaHb" BktoyaeT B cebs
SNEKTPOHHbIE BEPCUM KHUT n3patenbcTsa "laHb" 1 opyrux BeLylwmx n3natenscts y4ebHoOM nuTepaTypsbl, a Takxe
SNEKTPOHHbIE BEPCUUN MEPNOANYECKUX U3OaHWUIA NO €CTECTBEHHbIM, TEXHUYECKUM U r'yMaHUTapHbIM Haykam. 9bC
N3paTenbcTea "MaHb" obecneunBaeT fOCTYN K HAYYHOW, y4ebHO NuTepaTtype 1 HayYHbIM NEPUOLNYECKAM U3LAHUSM MO
MakCMMarnbHOMY KONMYECTBY NPOOUNbHbLIX HANPaBReHUi A C COBNOAEHNEM BCEX aBTOPCKUX U CMEXHbIX Mpas.
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