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Mporpamma ancumnnuHbl "KeaHtosas xumns"; 04.05.01 ®yHaameHTanbHasa v NpuknagHas XuMns; CTaplunii Hay4YHbld COTPYAHUK, K.H.
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MporpamMmy ancumnavHbl paspaboTan(a)(n) cTaplwmnii HayYHblin COTPYOHUK, K.H. Magxungos T.U. HAN
XeMonHgopmaTtmka 1 MonekynsapHoe mogenmposaHue Xummyecknin nHctutyT um. A.M. Bytneposa ,
Timur.Madzhidov@kpfu.ru

1. Uenn ocBOEHNS AUCLUMINHBI

Llenbio 0CBOEHUS ONCLUMMVHBI SBSIETCS MOMyYeHNe Te0PeTUYeCcKmxX 3HaHUM O COBPEMEHHbIX
npencTaBneHnsx KBaHTOBOW XMMUK, O MeTodax pacyera npoCcTpaHCTBEHHOW N 3/1IEKTPOHHOM
CTPYKTYpbl MOMEKYS, @ TakXe NpuobpeTeHne yMeHnii 1 HaBblkoB paboThbl C KOMMNeKcamm
KBaQHTOBO-XMMNYECKMX NpOorpamMM 05 peweHns 3anad, CTosawmx nepen TeopeTnyeckon m
aKCnepuMeHTanbHOM XMMNYECKOM HayKoM.

2. MecTo OUCLMMN/MNHDbI B CTPYKTYpe OCHOBHOM 06pa3oBaTtesibHOM NPorpaMmbl BbiCLLEro
npodpeccrmoHanbHoro o6pa3oBaHus

JaHHas yuebHas gucuunnnHa BkntodeHa B pasgen " 51.6.26 OucumnaunHbl (Mogynn)" OCHOBHOW
obpasoBaTtefbHOl Nporpammbl 04.05.01 dyHoaMeHTanbHas 1 NpukNnagHas XMMms 1 OTHOCUTCS K
6a3oBoli (obwenpodoeccnoHanbHoi) yactn. OceamBaeTtcs Ha 5 kypce, 9 cemecTp.

OucumnnmHa oTHocuTes K uukny M2 obweHay4Hbix AucumunnmH, ero 6asosoi yactn M2.6.1.1

MNpenonaBaHne onvpaeTcs Ha OCHOBHbIE pasnenbl 0bLeHayYHbIX AUCLUUMIWH, NpuobpeTaembix B
X0[€ M3y4eHusi cnemyrowmx OUCUMNINH NporpamMm bakanaepuara v cneuvanmteTa: Boiclas
maremaruvka, uauka, HeopraHmyeckas xmmus. lNpenogasaHne OUCUMMINHBI ONUPAETCS Ha 3HaHWS,
NOJIy4EeHHbIe CTyOeHTaMM B X04e U3y4eHuns aucumnnnud "MartemaTtunyeckme Metoabl B Xumun",
"OcHoBbI XuMun". "OCHOBbI KBAHTOBOM XMW" AaeT 3HaHWS, HEOOXOAMMbI ONSt N3YYEHUS AUCLUNANH
"MonekynspHoe MmogenupoBaHume", "XemonHpopmatmka", "OnekTpoHHas n NpoCcTpaHCTBEHHAS
CTpyKTYypa monekyn", "®unaunyeckne Metoapl UCCnefoBaHnsa opraHN4eCckmx cCoeauHeHnn".

3. KomneteHuuu obyyarowierocs, hopMmpyemblie B pe3ynbTate 0CBOEHUS OUCLUM/INHDI
/mopyns

B pesynbTate 0CBOEHUS AMCLMNANHBI (DOPMUPYIOTCS CNeaytoWwme KOMNeTEeHUNN:

PacwmcpoBka
Lncpp komnereHuyu npuobpeTaeMor KOMNeTeHLUN
OK-4 NOHNMaHne C*)I/I}'IOCOCDCKVIX KOHLEeNuMn ecTeCTBO3HAHNS, ponn

€CTeCTBEHHbIX HayK B Bblp8.60TKe Hay4HOro MMpoBO33pPEHNA
BnapoeHue COBpPEMEHHbIM KOMMbIOTEPHBIMAN TEXHONOINAMN,

OK-5 NPUMEHsiEMbIMUM NpK 06paboTke pedynbTaTtoB Hay4HbIX

(0blWeKynbTypHbIe aKcnepuMeHToB 1 cbope, 06paboTke, XpaHeHUM 1 Nepegadn

KOMMETEHLMN) NMHGOPMaLUN NPY NPOBELEHUN CAMOCTOATENbHbBIX Hay4YHbIX
nccnenoBaHnm

MK-1 Hanunune npeacrtaBneHunii o Hanbonee akTyanbHbIX

(npodpeccunoHanbHble HanpasneHUsX NCCNefoBaHNn B COBPEMEHHOM TEOPETUYECKOM

KOMMEeTeHLMN) N 9KCNEPUMEHTANbHON XM

MK-11 BnajeHne OCHoBaMu OENOBOro O6WeHNs, UMEeeT HaBbIKM

(npodheccunoHanbHbie MEXJ/IMYHOCTHbIX OTHOWEHWI 1 cnocobeH paboTaTtb B HAy4HOM

KOMMETEHLMN) KOnnekTmee

3HaHVe OCHOBHbIX 3TAMNOB U 3aKOHOMEPHOCTEN Pa3BUTUS
XUMUYECKOI HayKu1, NOHMMaHneM 06 beKTUBHON HEOOX0AMMOCTU
nK-2 BO3HMKHOBEHMS HOBbIX HaMpaBieHWiA, Hann4ymem

NpeacTaBneHnsi o cucTeme oyHaaMeHTaNbHbIX XMMUYECKMX
MOHSTUIA U METOLOOMNONMYECKNX aCNEKTOB XUMUK, GOOPM 1
METOO0B Hay4YHOro NO3HaHWSA, NX PO B
obwweobpazoBaTenbHO NPOGECCMOHANBHOM NOArOTOBKE
XUMUKOB

(npodheccunoHanbHble
KOMMeTeHuunn)
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Mporpamma ancumnnuHbl "KeaHtosas xumns"; 04.05.01 ®yHaameHTanbHasa v NpuknagHas XuMns; CTaplunii Hay4YHbld COTPYAHUK, K.H.
Magxuaos T.W.

B pesynbtate 0CBOEHUS ONCUMMNUHBI CTYAEHT:
1. QONXeH 3HaThb:

- OCHOBHblE COBPEMEHHbIE METOAbl KBAHTOBOW XUMUWN (HE3IMMUPUYECKME 1 NONY3MANPUYEcKme
MEeTOLbl, TEOPUIO PYHKLIMOHANA NMAOTHOCTK),

- UMETb NPELACTaBNEHNS O NPUONMXEHUSX U OONYLWEHNSX, UCMONb30BaHHbIX NPY pa3paboTke aTux
MEeTOoLOB,

- UMETb NpencTaBneHnst 06 orpaHNYeHNsIX 1 BO3MOXHOCTSIX pasHblX METOAOB AN MOAENNPOBAHNS
3NEKTPOHHOIN CTPYKTYPbl N XMMUYECKUX peakLuii

2. IONXEeH yMeTb:

- onpenensTb HeobxoAMMyO MHCPOPMaLMIO LS pacyeTa SNeKTPOHHOW CTPYKTYPbl MONEKYN U
aHanMa3npoBaTb JaHHbIe PACHeTOB;

- OPVEHTMPOBATLCS B OOWMPHOW NuTepaType, MCNoNb3yowWel 4aHHbIE KBAHTOBO-XUMUYECKNX
pacyeToB

3. OONXeH BnaneTb:

HaBbIKaMW:

- KBAHTOBO-XMMNYECKMX pacyeToB (PUINKO-XMMNYECKUX XapaKkTepUCTUK BELECTB;
- KBAHTOBO-XMMNYECKOro MOOENNPOBaAHNS XUMUYECKUX peakLnia

4. NONXEeH JEeMOHCTPMPOBaTb CNOCOOHOCTb U FOTOBHOCTb:
NMPUMEHSTb NONyYEHHblE 3HAHWS Ha NPaKTUKE ONS PELWEeHNs TeOPEeTUYECKMX 1 NPUKNaaHbIX 3a1ay

4. CTpyKTypa u cogepxaHve AUCLUMNIUHBI/ Moayns
Obwas TpyooemMKoCTb AMCLMMNANHBI cOCTaBnsieT 3 3a4eTHbIX(ble) eanHmu(bl) 108 yaca(os).
dopma NPOMEXYTOYHOr0 KOHTPONS AUCLMMNANHBI 3a4eT B 9 cemecTpe.

CyMMapHo no AMcumnanHe MoxHo nony4ntb 100 6anno., U3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6annos, nTorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONMYeCcTBO ANst JOMNycKa K 3a4eTy
28 6annos.

86 bannos 1 bonee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynosnetBoputenbHo" (yaooB.);

54 6anna n MeHee - "HeyLOBNETBOPUTENBHO" (Heyn.).

4.1 CTpyKkTypa u cogepxaHue ayauTopHON paboTbl N0 AMCLUNAMHE/ MOBYNIO
TemaTtnyecknn nnaH gUCUUNIUHbI/MOAYNS

Buabl 1 yacbl
Pasgen ayauTopHOM paborThbl,
Henens UX TPy AO0EMKOCTb Tekywue dopmbl
N ‘D'"Kn"(")':lr;;}r;“b'/ CeMechcemecrpa (B yacax) KOHTpOnsi
Nekumm MpakTuyecknelllaboparopHbie
3aHATUSA paboTbi

Tema 1. KaHTOBas
1.[xumng. OnTumMmsauns 9 1 2 2 0

reomeTpum

Tema 2. KBaHTOBas YCTHbIN onpoc
2. MEXaHNKa 9 2-3 4 2 0
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Mapxunoos T.U.

Bugbl n yachbl
Pasgmen ayauTopHOM paborThbl,
Hepens MX TPy AO0EMKOCTb Tekywume copmbl
N .D.VIKIILI.VIHJ',I.II/;I'HI:I/ CemecTp| cemecTpal (B uacax) ‘I'( on-npg; ﬂp
oAy Nek M"I'IpaK'rw-lecmeHaﬁoparoprle
u 3aHATUA pa601b|

Tema 3. MpubnunxeHns .
3.|[KBAHTOBOW XUMUW. 9 3 2 0 0 YCTHbI onpoc

MeTton Xaptpw.

[MncbmeHHoe

Tema 4. MeTopg JomMallHee
4. Xaptpu-doka 9 4-5 2 4 0 3apaHve

Tema 5. basucHble KoHTponbHas
5.|Habopbl © 9 5-7 2 6 0 pabota

ncesnonoTeHumans.

Tema 6. OneKTpoHHbIe YCTHbIN onpoc
6. XapaKTepUCTUKY 9 -8 2 4 0

Tema 7.

Monyamnupuyeckne YCTHbIN onpoc
7. MeToObl KBAHTOBOW 9 9 2 2 0

XMMUK

Tema 8. MeTonbl yyeta

9NEKTPOHHOM KoHTtponbHas
8.|koppensuunn. MeTtoabl 9 10 2 2 0 abota

P

Teopun pyHkUMoHana

MNOTHOCTMW.

Tema 9. BbinonHeHune n TBopyeckoe
9.[3awmTa npakTuyeckom 9 11 0 6 0 3apaHve

paboTbl.

Tema . NTorosas 3avet
" |dopma KoHTpoOnNA 9 0 0 0

WNtoro 18 28 0

4.2 CopepxaHvue oUCLUNMUHbBI
Tema 1. KBaHTOBasi xumusi. ONTMMMU3auus reomeTpum
JIeKLMOHHOe 3aHsiTne (2 4yaca(oB)):

TeopeTnyeckas xumus. NpumMeHeHne KBaHTOBOM XMMUN.[TOBEPXHOCTb NOTEHLMANbHOW SHEPrnN.
OnTuMmsaums reoMeTpun: ONTUMMU3auns HyneBoro nopsaka, onTMMmn3auns Nepeoro nopsaka
(MeToL cKOperwero cnycka, MeToq CoONPsSXXeHHbIX rpagnueHToB), ONTUMMU3aUns BTOPOro nopsaka
(MeTop HblotoHa-PadpcoHa, kBasuHbOTOHOBCKME MeToabl, MeTon GDIIS), kputepun cxoommocTu.

npaktnyeckoe 3aHsitne (2 4aca(os)):

Tema NpakTM4yeckoro 3aHSTUS - ONTMMN3aLUNs FeOMETPUM MONEKYbI.
Tema 2. KBaHTOBasi MEXaHMKa

JNIeKLMOHHOoe 3aHsiTue (4 4aca(oB)):

lMocTtynatbl KBAHTOBOW MexaHuku. YpasHeHue LLpeanHrepa ong atomoB 1 Monekyn. JInHenHble
oneparopsbl. CylwecTBoBaHME BOMHOBON (YHKLMMN, U3MEPSEMbIE BENNYMHbI, CPEOHNE 3HAYEHMUS
dom3nyeckux BennynH. NpuHunn cynepnosnumm coctosiHui. PeweHne 3a0aydm 0 COCTOSHMAX

0OHO3NEKTPOHHOro atoma. YrnoBas n paavanbHas 3agaqn: coepruyeckme n paananbHble yHKUNK;

opbutanu s-, p-, d- TMNa; paananbHble OYHKUMM pacnpeneneHns 3NeKTPOHHON NNOTHOCTH.
MpUHLMN aHTUCMMMETPUYHOCTMW.

npaKkTundeckoe 3aHsitne (2 yaca(os)):

CeMI/IHapCKoe 3aHATnEe, ANCKYyCCuU4a Ha TeMy: oNTMmM3aumnsa reoMmeTpmm n ee poib B KBAHTOBOW
XNMUN.
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Tema 3. MpubnuxeHus kBaHToBOM XuMun. Metop Xaptpm.
JIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

MocTpoeHne NPUBNNXEHHbBIX PELIEHWNA 3NEeKTPOHHOro ypaBHeHus. MNpubnunxeHune
BopHa-Onnetxreiimepa. OpbutanbHoe npubnuxeHme: NnpubnuxeHme XapTpw.

Tema 4. MeTton XapTtpu-doka
JNleKuMoHHoe 3aHsiTne (2 4yaca(os)):

HetepmuHaHT Cnaittepa. Meton Xaptpu-doka: obwas naes, meton Xaptpu-doka ons CUCTEM C
3aKPbITbIMK U OTKPbITbIMM 060noYkamu. PeweHne ypaBHeHuin XapTpu-doka: YNCNEHHOE peLIeHne,
nogxon MO-JIKAO, npouenypa camocornacosanus nons (SCF).

npaktnyeckoe 3aHsitne (4 4aca(os)):

Tema npakTn4eckoro 3aHATUS - UCNonb3oBaHne Metoda XapTpu-doka.
Tema 5. BasncHble Habopbl U NCceBAONOTEHLManNbI.

JIeKLMOHHOe 3aHsiTue (2 4aca(oB)):

MoHsiTne 6a3ncHoro Habopa. Cnateposckuin Tvn opbutaneii (STO). Mayccos Tnn opbuTtaneii
(GTO): STO-nG, nonnoeckue 6a3unchl, HAHHNHIOBCKMNE 6a3ncbl. XapTpu-gOoKOBCKMIA Npeaern.
SdbdoekTBHBbIE NOTEHUMANbI saep (ncesnonoteHumansl). Hay-Wadt. CynepnoauunoHHas owmnbka
6a3ncHoro Habopa.

npaktnyeckoe 3aHsitne (6 4aca(os)):

Tema npakTnyeckoro 3aHaTms - Bbibop 6a3ncHoro Habopa 4n1s pacyeTos.
Tema 6. DneKTpOHHbIE XapaKTepUCTUKM

JNeKLMoHHoe 3aHsiTne (2 4yaca(oB)):

ONEKTPOHHbIE XapaKTEPUCTUKI: SNEKTPOHHASA NIOTHOCTb, 3NEKTPOHHASA 3aCeNeHHOCTb, MaTpuua
NAOTHOCTW, 3NeKTpocTaTnyeckun noteHuman. MannmkeHoBCKuiA aHann3 3aceneHHOCTEeNn:
3aceneHHocTb atoma no MannukeHy, 3aceneHHocTb cBA3n No MannukeHy, HegocTatkm MeTona
Mannukena. lpyrne metoapl pacyeta 3apsana. AHanms 3acefieHHOCTM Ha OCHOBAHUU
9/1IeKTPOCTaTMYEeCKOro noteHumana

npaktnyeckoe 3aHsitne (4 4aca(os)):

Tema nepBoli NpakTUYeckoi paboTbl - aHaNM3 3apPsA0BOr0 U ANEKTPOHHOrO pacnpeneneHus, Tema
BTOPOV paboThbl - UICMONb30BaAHME TEOPUN aTOMOB B MOJNEKY/E.

Tema 7. Nonyamnupuyeckue metonbl KBaHTOBOW XUMUU
NeKuMnoHHoe 3aHsiThe (2 yaca(os)):

Teopusa nonyamnunpmnyeckmx MetTonos. VIHTerpan nepekpbiBaHus. [1ByxanekTpoHHblIe NHTerparnb -
BUAbl NpubAnXeHnin. NpnbnmuxeHuns, NCNONb3yeMble B NONYaMNMPUYECKNX METOLAX.
MpeHebpexeHne aByxaTOMHbIM AnddhepeHUmanbHbiM nepekpbiBaHnem: metoasl MNDO, AM1, PMS.
OrpaHwunyeHus, obwme ana MNDO, AM1, PM3.

npaKkTudeckoe 3aHsitne (2 yaca(os)):

Tema I'IpaKTI/I‘-IeCKOVI pa60TbI ? npenckadaHmne CTpPyKTypbl N Pa3/INYHbIX SHEPreTU4eCKnx
XapakKTepUCTUK CNOXHbIX CTPYKTYP C NCMOJIb30BaHMEM MOJTySMNMNPUYECKNX MeTOOO0B.

Tema 8. MeToabl yyeTa aneKTpoHHOM Koppensauuu. Metoabl Teopumn coyHKLMOHaNa
NMOTHOCTW.

JNIeKLMOHHOe 3aHsiTne (2 4yaca(os)):

MeTtoapbl ydeTa aneKTPOHHOW Koppensaummn: obMeHHas Koppensaums, KynoHOBCKas Koppensums.
MeToabl Teopun tpyHkumoHana nnotHocTn. OcHosHaa nges DFT. Teopema cylwecTBoBaHUS
XoaHbepra-KoHa. ?JlokanbHblie? doyHkumoHansl (LDA). ?HenokanbHble? doyHkumoHanbl (NL).
mbpuaHbie pyHKUMOHanNbl. SpdekTmBHOCTbL MeTonoB DFT.

npaktnyeckoe 3aHsitne (2 4aca(os)):

Tema npakTnyeckowm paboTbl - pacyeT SHEPTUM 1 NapamMeTPOoB CTPYKTYPbl MONEKYN C
MCNONb30BAHNEM MOCT-XapTPUPOKOBCKMX METOLOB B Nporpamme Gaussian, cpaBHeHue
pe3ynbTaToB C AaHHbIMK MeToAa XapTpu-Poka 1 3KCnepuMmeHToM.

Tema 9. BoinonHeHue 1 3awimTa NpakTMYeCcKon paboTbl.

npaktnyeckoe 3aHsitne (6 4aca(os)):

PernctpaumnoHHbiii Homep 79618 5AE
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BbinonHeHue 1 3awmTa npakTMyeckoin paboTsl (TBOpYECKOe 3aaaHune).

4.3 CTpyKTypa 1 comepXaHue camocTosiTesibHoM paboTbl AUCLMNNHBI (MOAYNS)

Buabi
N Paspen Cemect Hepens | camocTositenoHon [TpyA0eMKOCTb cc:';?a%%:loﬁ:;g:g;
AducumunnnHbl pcemecrpa paboTbl (B wacax) 260TbI
CTYyOEeHTOB P
Tema 1. KBaHTOBas NOLrOTOBKA K
1.xnummsa. OnTumMnaaums 9 1 CTHOMY OMDOC 6 YCTHbIA onpoc
reomeTpuun y y onpocy
Tema 2. KBaHTOBas NnoAroToBka K y
2. ' 2- Y
MexaHuka 9 3 YCTHOMY onpocy 6 CTHBI onpoc
Tema 3. MpubnuxeHus
o NnoaroToBka K .
3.|KBAHTOBOW XMMUW. 9 3 nggMo OI_? oc 4 YCTHbI onpoc
Meton Xaptpw. y y onpocy
NoAroToBK
Tema 4. MeToq ONroToeka JomalHee
4. XapTpu-doka 9 4-5 |pomallHero 6 3ananmne
3anaHusg
Tema 5. BasucHble noaroToBka K
- KOH
5.|Habopbl 1 9 5-7 |KOHTpONbHOW 8 36222”'3"'3”
nceegonoTeHUnansl. paboTte P
Tema 6. ONeKTPOHHbIE NnoAroToBka K
. ' 7- 4 THbIN
6 XapakTepucTukKm 9 8 YCTHOMY onpocy ye onpoc
Tema 7.
Monyamnupunyeckue NoOAroToBka K o
7. o TH
MeTO bl KBAHTOBOW 9 9 YCTHOMY Onpocy 6 YCTHBIN ONpoC
XUMUN
Tema 8. MeTonbl yyeta
9N1IEeKTPOHHOMN NnoAroToBka K
8.[koppenauun. Metoabl 9 10  |KOHTPONbHOM 6 Kglg;gganaﬂ
Teopun pyHKUnoHana paboTte P
NMOTHOCTW.
Tema 9. BoinonHeHve n noAaroToBka K
o 8
9.|3awWwmra NnpakTn4ecKom 9 11 [TBOpYecKOMy 16 3 a?lg:?ﬂceme
paboTbl. 3aaHunio
WNtoro 62

5. O6bpa3oBartenbHble TEXHONOIMU, BK/IOYAA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs

- NEMOHCTpaumnern cnanoos ¢ NPMMeHeHNeM MynbTUMEeANAHON TEXHUKN,

- NpoBeaeHne KBaHTOBO-XMMNYECKOro MooennpoBaHmnsa pasinmnyHbiX XUMNYeCKNX CUCTEM C
ncnonb3oBaHMeM CoBpeMeHHOro nporpamMmHOro obecneyeHus,

- NPOBEAEHME YCTHBIX ONPOCOB U ANCKYCCUIA NO TEMAM NEKLNNA,
- BbINOMHEHNE TBOPYECKMNX 3a4aHWI 1 YTEHUE LOKNA[0B Mo pesdynbTaram X BbINOMHEHNS,
- UICNONb30BAHNE MHTEPHET-PECYPCOB AN151 MOMCKA BAXHON (PakTUYECKON MHApopMaLUK.

6. OueHOUYHble CpeacTBa OJ1sl TEKYLLLero KOHTPOJS yCrneBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLIMINIIMHBI U y4e6HO-MmeToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB

Tema 1. KBaHTOBasi xumusi. ONTUMM3aL sl reOMeTpun
YCTHbI ONpoc, NprMepHbIe BOMPOCHI:

PernctpaunoHHbin Homep 79618
Crpanuua 7 us 13.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

BAE
il YHH

AR 5 AN LM O
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[MpoBeneHme ycTHOro onpoca no Mmarepuanam nekuum "Tema 1. KsaHtoBas xumms. OntnMmsauns
reometpuun" TeMbl BONPOCOB ANS TeKylero KoHTpons: TeopeTnyeckas xumus. lNpumeHeHve
KBAHTOBOW XMMUW.[OBEPXHOCTb NOTEHUMANbHOR aHeprun. ONTUMM3auUns reoMeTpun: oNTUMU3auns
HYNneBoro nopsaka, onTMMmMsauunsa nepsBoro nopsiaka (Meton cKopewnwero cnycka, MeTon
COMPSXEHHbIX rPaaneHToB), ONTUMM3aLums BTOPOro nopsaka (meton HetotoHa-PadpcoHa,
KBa3MHbIOTOHOBCKME MeToabl, MeTon GDIIS), kputepum cxoonmocTu.

Tema 2. KBaHTOBasi MexaHuka
YCTHbI ONpPOC , NPMMEPHbIE BOMPOCHI:

[MpoBeneHne ycTHOro onpoca no Mmatepuanam nekuum " Tema 2. KsaHtoBas MexaHuka" Tembl
BOMPOCOB ANS TEKYWEro KOHTPONS: DyHKUUS COCTOSAHWIA 1 onepaTopbl HabnoaaeMmbix.
CraumnoHapHoe ypasHeHue WpeanHrepa. OCHOBHblE CBONCTBA BOMHOBbLIX (PYHKUMIA. HopMuposka
BOMIHOBbIX CPYHKUMIA. DPMUTOBBLI ONEPAaTopbl, MX COBCTBEHHbIE 3HAYEHUS N COOCTBEHHbBIE (OYHKLNN.
PasnoxeHwne no 6asucy. ViamepeHusi B keaHToBOM MexaHnke. OgHoMepHoe ABuxXeHne. 3anada o
rapMoOHU4YecKoM ocumnnatope. AToM BogopoLa.

Tema 3. MpubnuxeHus kKBaHToBon xumMmuun. Meton Xaptpw.
YCTHbIA ONpOC , NPUMEPHbIE BOMPOCHI:

[MpoBeneHne yCcTHOro onpoca no matepuanam nekumm " Tema 3. MNpubnnxeHns KBaAHTOBO XUMUN.
MeTon XapTpu. " Tembl BONPOCOB AJ15 TeKywero KOHTpons: MNoctpoeHre NpnbnmXeHHbIX peweHni
9NEeKTPOHHOro ypasHeHus. MNpubnuxerHne bopHa-OnneHreimepa.OpbuTtanbHoe NpubnnXxeHne:
npnbnuxexHne XapTtpu.

Tema 4. Metopn XapTtpu-doka
LoMallHee 3afaHune , NpUMepHbIe BONPOCHI:
KomnbioTepHoe MooennpoBaHne CTPYKTYpbl MasnbiX MONEKYN C NCNONb30BaHNEM MeToAa

XapTpu-®doka. MMHMMU3aLmsa aHeprum, CpaBHEHME pacyeToB C 9KCNepuUMeHToOM. AHanms
3NEKTPOHHOr0 pacnpeneneHns - XapakTepucTuk MONeKyNsipHbIx opbutanei, 3apsnos.

Tema 5. BasucHble Habopbl U NceBAONOTEHLUANbI.
KOHTpONbHas paboTa , NpUMepHbIEe BOMPOCHI:

MpuMepHoe 3aaaHne Ons KOHTPOMbHON paboThl: 1.Paccuntainte MeToaoM XiOKKENs B T-391EKTPOHHOM
NPMONNXEHNM MONEKYNY MeTUEHUNUMKIoNponeHa. HaprcyiiTe ypoBHU 1 CUMMETPUM MONEKYNSIPHbIX
opbutaneit. SlBnsieTcst M aTa MoNeKyna apoMaTuyHon? 2. 3anvwunTe, Kak BbIrNsSanT eTePMUHAHT
CnaiiTepa ons npeacTaBneHHOro pacnpeneneHns anekTpoHoB no MO ypoBHSIM B OrpaHMYeHHOM
Metoae XapTtpu-doka anst oTkpbIThix 06onovek. OanHakoBble N 3TO AeTepMUHaHTbI? Kakoi Bua
3NEKTPOHHOIN Koppensiumm n3-3a atoro Bo3HukaeT? 3. MpeacTtaBneH NonnoBckuii 6asncHblii Habop
ons yrnepoga v sogopona. Kakoi a1o 6a3mcHolin Habop? KoppekTHo nu ByneT ero ncnonb3osaTtb
L5 pacyeTa aHWoHa LUMKNonponeHmnma?

Tema 6. DneKTpOHHbIE XapaKTepUCTUKM
YCTHbI ONpOC , NPUMEpPHbIE BOMPOCHI:

[MpoBeneHme yCTHOro onpoca no marepuanam nekumm "Tema 6. SNeKTPOHHbIE XapakTepucTukmn".
TeMbl BONPOCOB Ans Tekywero KOHTpons: OCHOBHble NOHATUS Teopun "ATOMbI B Moniekynax"
Benpgepa. OnekTpoHHbIE XapakTEPUCTUKWN: 3NIEKTPOHHAS MAOTHOCTb, 9NEKTPOHHAS 3aCeNEeHHOCTb,
mMartpuua nnoTHOCTN, aNeKTpocTaTU4ecKuin noteHuman. MannmkeHoBCKUin aHanna 3aceneHHOCTEN.
AHanns 3aceneHHOCTN Ha OCHOBaHMM 3NEKTPOCTaTUYEeCKOro noTeHumana

Tewma 7. Nonyamnupuyeckue metonbl KBaHTOBOW XUMUU
YCTHbIV ONpPOC , NPUMEpPHbIE BOMPOCHI:

[MpoBeneHwe yCcTHOro ornpoca no marepuanam nekumn "lNonysmnupuyeckne Metonbl KBaHTOBOM
xvmnn" TeMbl BOMPOCOB A5 TeKylwero KOHTpons: Kparkas xapakrepuctmka nonysmnupuyeckme
MeToAbl KBAHTOBOW xmmmn. MNpnbnuxeHune HyneBoro andpdepeHUmnanbHOro NepekpbiBaHms.
MapameTpursaums Nonyamnmpuyecknx Metonos. NpeHebpexeHne OByxaTOMHbIM
anddpepeHumanbHbiM nepekpbiBaHem: metoabl MNDO, AM1, PM3.

Tema 8. MeToabl yyeTa 3neKTPOHHOW Koppensuun. Metoabl Teopumn pyHKLLMOHaNa NNOTHOCTM.
KOHTponbHas paboTa , NpUMepHble BONPOCHI:
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MpuMepHoe 3aaaHne Ons KOHTPObHON paboThl: 1. B 4emM oTnnyms nokanbHbIX OT HeNoKanbHbIX
PYHKLIMOHANOB TEOpMUN doyHKLMOHaNa nnotHoct? 2. Kaknm 06pasoM MOXET reccuaH 3neKTPOHHOW
MAOTHOCTW MCMONb30BaTbCS 415 aHanM3a NPUPOLbl XMNYECKoin cBa3n? 3. KOppekTHO nu
MCMNoNb30BaTb NOMySMMMPUYECKME METOAbI NS pacyeToB CUHrNETHoro kucnopoga O27? Moyemy?

Tema 9. BoinonHeHue 1 3awimta NpakTMYeCKon paboTbl.
TBOPYECKOE 3ajaHune , MpYMepHble BOMPOCHI:

[MpuMepHbIn BapuaHT TBOpPYECKOro 3agaHns: CornacHo aKCnepuMeHTanbHbIM AaHHbIM, XMMUYeCcKme
CIOBWI NPOTOHOB 3TaHONA B Pa3NnNyHbIX MANOMONSPHbIX PACTBOPUTENSX PACMONOXEHbI 06nacTu:
meTunbHag rpynna - 1.25 m.a. (CDCI3), 0.96 m.a.(C6D6) meTuneHosas rpynna - 3.72 m.4.(CDCI3),
3.34 m.0.(C6D6) xmmMmyeckne caBurv yrneponoB - B obnactu: MetunbHas rpynna - 18.41 m.a.
(CDCI3), 18.72 m.a. (C6D6) meTuneHosas rpynna - 58.28 m.a. (CDCI3), 57.86 m.a. (C6D6)
Mepebepnte HECKONBbKO METOLOB PACYETOB XMMUYECKMX COBUMOB - HECKONbKO MeTonoB DFT u
6asuncHbIX Habopos. OAMHAKOBO NN XOPOLIO BOCNPOU3BOASTCA XMMUYECKNE CABUTM yrnepoaa v
Bogopoaa? Kak Bnsiet 6a3nc Ha TOYHOCTb pacyeTa xmumMmyecknx casuros? MNposeante pacyet ¢
NCNonb30BaHNeM 6a3nMcHOro Habopa, COCTOSAIWErO TONbKO U3 MPUMUTMBHbLIX FrayccnaHoB. Hackonbko
TOYHO BOCMPOM3BOAATCS Xapaktepuctmkn? Mpeanoxumnte cnocob kak MOXHO Bonee TOYHOro pacyeTa
XMIMUYECKMX CABUMOB.

Tema . UToroBasi oopma KOHTpOns

[MprMepHbIe BONPOCHI K 3a4eTy:

Bonpocsl k 3a4eTy:

1. OCHOBHble MPUHLNMbI KBAHTOBOW MEXaHUKMW.

2. OpMUTOBbI ONepaTopbl, Nx COOCTBEHHbIE BEKTOPbI M COOCTBEHHbIE 3HAYEHMSI.

3. Knaccngonkaums anekTpoHHbIX COCTOSIHWIA MONEKY 1 Knaccudonkauusi MOnekynsipHbix opbutanei
No CUMMETPUK; curma- u iiu- opbutanu.

4. YpasHeHue WpenuHrepa: BpeMeHHOe 1 cTaumoHapHoe.

5. BonoponononobHele opbutanu, rpadomyeckoe npeacTaBieHne nx pagnanbHbiX U yrno-BbiX
yacTen.

6. MpnbnuxeHns, nCnonb3yemble Npu pelweHnn ypasHeHus LWpenmHrepa.

7. OZHO3NEKTPOHHOE NpubnmxeHune. MpUHUMN TOXAECTBEHHOCTM YacTuL 1 npuHUMn Maynw.
Onpegnenutenb Cnentepa.

8. Meton Xaptpu-doka. DoknaH, KynoHOBCKME 1 OOMEHHbIE OnepaTopbl.
9. Mpubnuxexne MO JTIKAO.

10. MoHsiTne H6asmcHoro Habopa; opbutanu Cnenteposckoro 1 Mayccosoro Tvna. Moneky-nsipHole
NHTerpanbl.

11. Cnocobbl yyeTa anekTpoHHow koppensaunn. KoHdurypaumoHHoe B3anMoaencTame.
12. Obwme NonoxXeHns Teopun Bo3MylleHuin. Teopus BoamylweHnin Mennepa-Inecce.
13. Teopus pyHkumoHana nnotHocTn (DFT).

14. KoHTUHYanbHble Mogenn onucaHns cpenbl. PeaktusHoe none OH3arepa.

15. Mogenb nonsipn3yemMoro KOHTUHyyMa.

16. Teopus "ATombl B MOnekynax".

17. TloHATME MonekynapHoro rpada.

18. Obwme npencraBneHns 0 NONyaMNMPUYECKNX METOLAX KBAHTOBOW XUMUN.

19. MonHoe npeHebpexeHne ondgepeHumanbHbiM nepekpoiBaHnem (CNDO).

20. MpeHebpexeHne nByxaTOMHbIM AndbdoepeHumnanbHbiM nepekpbiBaHem: metogsl MNDO, AM1,
PM3.

21. Bblbop afiekBaTHOrO pacHeTHOro NPMONNXEHNS AN pacyeTbl PUINYECKMX XapaKTepU-CTUK.
22. PacyeTbl MarHMTHO-PE30HAHCHbIX MapaMeTpPOB.

23. PacyeTbl ANMNONbHBIX MOMEHTOB U MONEKYNSAPHBIX NMONSIPU3YEMOCTER pasHbIX MOPSIAKOB.

24. AHann3 3aceneHHOCTE; pacyeT 3apsao0B Ha atoMax U NOPSAKOB CBA3EN CBSA3ENA.
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25. MonenupoBaHue XMMUYEeCKUX peakumni.
26. [NoHATME NOBEPXHOCTY MNOTEHUMANBbHON 3HEPrMM U KOOPANHATbLI peakLumnu.

7.1. OcHOoBHas nuTeparypa:

1. UmpenbcoH, B.I'. KBaHTOBas xumns. Monekyrbl, MONEKynsipHble CUCTEMbI 1 TBepAble Tena:
y4yebHoe nocobue onsi By30B [ONeKTPOHHbIN pecypc] : y4eb. nocobue - SneKTpoH. aaH. - Mocksa :
NapatenbctBo 'Nabopatopus 3HaHuit', 2017. - 522 c. - Pexum pocTtyna:
https://e.lanbook.com/book/94104.

2. KannaH W.I'., MexMonekynsipHble B3aumogenctams. dusundeckas nHTepnpeTaums,
KOMMbIOTEPHbIE pacyeTbl U MOAENbHbIE NOTEHUMAaNbl [DNEeKTPOHHBIA pecypc] : y4eb. nocobue -
OnekTpoH. faH. - Mockga : MiagatenbctBo 'Jlabopatopus 3HaHwuiA', 2017. - 397 c. - Pexum goctyna:
https://e.lanbook.com/book/94111

3. Maiiep W., N36paHHbIe rnasbl KBAHTOBOM XMMWMK: [OKA3ATENbCTBA TEOPEM U BbIBOI (DOPMYI
[OnekTpoHHbIN pecypc] : y4eb. nocobue - AnekTpoH. aaH. - Mockea : MiagatenbcTeo 'JlabopaTtopus
3HaHun', 2017. - 387 c. - Pexxum poctyna: https://e.lanbook.com/book/94102

4. Koyenaes, b.W. KsaHToBas Teopus : koHcnekT nekumii / B. . Kovyenaes ; KazaHcknia
doenepanbHblil yHUBepcuTeT, VH-T donamkun, Kad. Teopet. oumsnkun. - 2-e naa. - KasaHb: KasaHckui
yHusepcutet, 2013. - 222 c.

5. XeMounHpopmMaTrka n MonekynsapHoe MoaenMpoBaHme: AUCTAHUNOHHDBIA KypC AN CTyOEHTOB
bakanaspuaTa n maructpaTypbl Hanpaenenuns nogrotosku: 020100 'Xumns' [SneKTPOHHbIN
obpasoBaTtesbHbIil pecypcl/Xumnyecknii MHCTUTYT M. A.M. ByTnepoBa, kadenpa opraHm4eckon
xumunmn/ Magxunnos T.W. - KasaHb: KazaHcknin penepanbHblin yHusepcutet, 2013. -URL:
http://zilant.kpfu.ru/course/view.php?id=376

7.2. JlononHuTenbHasa nuteparypa:

1. Wnonbckuin, 9.B. AToMHasa dmanka. Tom 2. OCHOBbI KBAHTOBOW MEXAHWKN N CTPOEHNE
9NEKTPOHHON 000/104KM aToMa: y4ebHUK [OnekTpoHHbIN pecypc] / 3.B. LUnonbckunid. - OneKTpoH. aaH.
- CI6. : NaHb, 2010. - 442 c. - URL: http://e.lanbook.com/books/element.php?pl1_id=443

2. BBepeHune B xeMovHpopMmaTuky : y4ebHoe nocobue / T. . Mapxunos, V. W. BackuH, W. C.
AHTUNKH, A. A. BapHek .- KasaHb : [KasaHckuin yHusepcutet], 2013 . [H. 1]: KomnbioTepHoe
npencrasieHne XMMNUYeckux cTpyktyp .- 2013 .- 173 c.

3. BBeneHue B xeMomHgpopmatuky : y4ebHoe nocobue / T. N. Mapxugos, U. N. BacknH, W. C.
AHTUNUH, A. A. BapHek .- KasaHb : [KazaHckuin yHusepcuteTt], 2013 . Y. 2: XuMunyeckue 6asbl
naHHbiX / T. . Maoxnpos, N. N. backuH, A. A. BapHek ; KasaH. cbegep. yH-T .- KasaHb :
[M3paTtenbcTtBo KasaHckoro yHuBepcutetal, 2015 .- 185 c.

4. BBepeHne B xeMoHpopMaTuky : ydebHoe nocobue / T. . Mapxunos, V. W. backuH, W. C.
AHTtunuH, A. A. BapHek .- KasaHb : [KasaHckuin yHnsepcuter], 2013 . Y. 3: MogenvposaHue
‘cTpykTypa-ceoncteo' / V. U. BackuH, T. I. Mapgxunos, A. A. BapHek ; KasaH. coenep. yH-T .-
KaszaHb : [MI3paTenbcTBo KasaHckoro yHuBepcutetal, 2015 .- 302 c.

5. N6parnmos, V.M. OcHOBbI KOMMNbIOTEPHOTO MOLENNPOBAHNS HAHOCUCTEM : y4ebHoe nocobue

[OnekTpoHHbIN pecypc] / .M. N6parnmos, A.H. Koswos, F0.d. Hazapos. - AnekTpoH. aaH. - Cr16. :
Naxb, 2010. - 377 c. - URL: http://e.lanbook.com/books/element.php?pl1_id=156
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7.3. UHTEepHeT-pecypcChbl:

basa naHHbIx Spectral Database for Organic Compounds (SDBS) -
http://riodb01.ibase.aist.go.jp/sdbs

basa paHHbix NIST Chemistry WebBook - http://webbook.nist.gov/chemistry

basa naHHbIX peaynbTaToB KBaHTOBXMMUYECKMX pacyeTtoB Computed Property Data Base for
Molecules (CPDB) - http://riodb.ibase.aist.go.jp/cpdb/index_e.html

Basa paHHbIx xummnyecknx casuros NmrShiftDB2 - http://nmrshiftdb.nmr.uni-koeln.de
Mporpamma Firefly - http://classic.chem.msu.su/gran/firefly/index.htmi

OneKTPOHHbI 06pa3oBaTesbHbIl pecypc ?XeMonHopMaTnuka 1 MonekynsipHoe MoaenMpoBaHne?
nnowanku - http://zilant.kfu-elearning.ru/course/view.php?id=376

8. MarepumanbHo-TexHU4YecKoe obecrneyeHne oUCLUNAUHbBI(MOAYNS)

OcBoeHune aucunnnuHel "KeaHtoBas xmmMms" npeanonaraeT ncnonb3oBaHMe cregyowero
MartepunanbHO-TEXHNYECKOro obecneyeHuns:

MynbTumMeouiHas ayantopus, BMECTUMOCTbIO 6bonee 60 yenosek. MynbTumMeauiiHas ayamtopums
COCTOMUT U3 UHTErpPUPOBAHHBIX MHXEHEPHbIX CUCTEM C €OUHON CUCTEMON YNpaBs/ieHns, OCHaLWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanv3auum noboin BUAeO 1 ayamno
NHpopMauuUn, NoNy4eHNs 1 nepenadn dNeKTPOHHbIX JOKYMEHTOB. TNoBas KoMnnekraums
My/NbTUMELVAHON ayanTOPUM COCTOUT U3: MyNbTUMEONAHOrO NPOEKTopa, aBTOMaTU3NPOBAHHOIO
NPOEKLIMOHHOr0 3KpaHa, akyCTUYeCKON CUCTEMDI, a TAKXEe MHTEPaKTMBHONW TpMbyHbI NpenoaaBsartens,
BK/IOHAIOLWEN Tay-CKPUH MOHUTOP C AuaroHanblo He MeHee 22 OI0MOB, NePCOHaNbHbIA KOMMbIOTEP
(c TexHnyecknmm xapaktepucTtukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHpepeHL-MUKPOOOH, 6ecnpoBoLHOM MUKPOMOH, 610K ynpaBneHus 060pynoBaHNEM, UHTEPGECHI
noakntouermns: USB,audio, HDMI. MiHTepakTmBHas TpmbyHa npenoaaBatens SBnseTCcs KnoyeBbiM
3NEMEHTOM yNpaBneHns, 06 bEANHSIOWMNM BCE YCTPONCTBA B EOMHYIO CUCTEMY, U CIYXUT
NONMHOLEHHbIM paboymm MecToM npenogasatens. lNpenoaasartens MMEET BO3MOXHOCTb NIErKO
ynpaBnsTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSET MPOBOANTL NEKLMMW, MPAKTUYECKUE
3aHATWA, Npe3eHTaunn, BebrHapbl, KOHPEPEHLNM U Opyrie BUObl ayAUTOPHON Harpy3Kku
obyyarowwmxcs B yAO6HON 1 DOCTYNHOW ANS HAX POPME C NMPUMEHEHNEM COBPEMEHHbIX
NHTEPAKTMBHbIX CPEACTB 0Oy4eHMS, B TOM YMCE C MCNONb30BaHMEM B MpoLecce 0by4yeHns Bcex
KoprnopaTtusHbIX pecypcoB. MynbTuMeouinHas ayamtopust Takxxe oCHaleHa WMpPOKOMOIOCHbIM
LOCTYNOM B CETb MHTEPHET. KoMnbloTepHOE 060pyn0oBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3MOHHOE NPOrpaMmMHoe obecneyeHue.

KomnbtoTepHbIl kKnacc, npeactaensowmii coboi paboyee Mecto npenogasaTens n He MeHee 15
paboyrx MECT CTYAEHTOB, BK/IOHAIOLWMX KOMMbIOTEPHbIV CTO, CTYN, NePCOHasbHbIA KOMMbIOTEP,
NMLEH3NOHHOE NporpaMMHoe obecneyveHne. Kaxablii KOMAbOTEP MMEET WNPOKOMONOCHbBIA JOCTYMN B
ceTb VIHTepHeT. Bce KoMMnbioTepbl MOAK/TOYEHbBI K KOPNOPATMBHOW KOMMbIOTEPHON cetTn KDY n
HaxoOaTcsa B €AMHOM JOMEHe.

YyebHo-MeToaMYecKas nutepatypa Ans AaHHON AUCLMINAVHBI UMEETCS B HANMYUn B
3NeKTPOHHO-6ubnnoTeyHol cucteme Mapatenbctea "/laHb" , 4OCTYN K KOTOPOW NpeaocTaBneH
ctyneHtaMm. 9bC Mapnatenbctea "/laHb" BknoYaeT B cebs 9NeKTPOHHblE BEPCUM KHUT N34aTenbcTBa
"laHb" 1 Opyrux Beoywmx n3natenbcTB y4ebHOM nnTepatypbl, a TakXXe 3NeKTPOHHbIe BEPCUM
NepuoaNYEeCcKNX U3aaHnii No eCTECTBEHHbIM, TEXHUYECKMM M FTyMaHUTapHbIM Haykam. Ob6C
NapatenbcTBa "/laHb" obecneymBaeT LOCTYN K HAYYHOR, y4ebHOM nuTepatype 1 Hay4HbIM
NeprvoanYeCcKUM N34aHNSIM MO MakCUManbHOMY KOMYECTBY NPOGUNbHBIX HaNpPaBneHWii ¢
cobnoneHneM Bcex aBTOPCKMX U CMEXHbIX Npas.

cnamapl C NPUMEHEHNEM MyNbTUMEeANAHON TEXHUKMN
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Magxuaos T.W.

Mporpamma cocTtasneHa B cootBeTcTeum ¢ TpebosaHnsmm GrOC BIMO 1 y4ebHbIM nnaHoM no
cneunanbHocTn: 04.05.01 "dyHpameHTanbHas u npuknagHas xvmmusa" n cneuvannsaumm
OpraHuyeckas XxmmMms .

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PeructpaumnoHHbii Homep 79618 5AE
Crtpanunua 12 n3 13. il YHITI

S OEALIK G



Mporpamma ancumnnuHbl "KeaHtosas xumns"; 04.05.01 ®yHaameHTanbHasa v NpuknagHas XuMns; CTaplunii Hay4YHbld COTPYAHUK, K.H.
Magxuaos T.W.

ABTOpP(bI):

Mapxwnnos T.U.

" 201 .
PeueH3eHT(bl):

AHTUNKH N.C.

" 201 r.
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