MMHUCTEPCTBO HAVKHM U BBICIIET'O OFPA30BAHMS POCCUMCKOM ®EJEPALINN

DenepabHOE TOCYAAPCTBEHHOE ABTOHOMHOE
o0pa3oBaTe/ibHOE YUpe:KIeHUe BbICIIEro 00pa3oBaHus
«HaunonaabHblil uccenoBaTeabckuii Huxkeropoackuii rocyjapcTBeHHbI YHUBEPCUTET
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IPOTOKOJI OT

«__» 20 r.Ne
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O0akajaBpuar
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Hwxnuit Hoeropon

2022 ron



JIMCT aKkTyaJm3anuu

Buzuposanue PIIJI nis ucnoiHeHus1 B oUepetHOM y4eOHOM roay

IIpencenatens MK
20 T.

Pabouast mporpamma nmepecMoTpeHa, 00CyK/IeHa 1 0JJ00peHa I
ucnonaeHns B 2022-2023 yueOHOM rofy Ha 3acegaHuu Kadempol

IIporokom ot 20 1. Ne
3aB. kadeapoit

Busuposanue PII/{ nJis1 MCIIOJIHEHHMS B OYepeHOM Y4eOHOM roay

IIpencenarens MK
20 r.

Pabouas mporpamma nepecMoTpeHa, o0cykieHa u ogo0peHa ass
ucnonHenus B 2023-2024 yueOHOM roy Ha 3aceaHuu Kadeapsl

[Iporokon ot 20 . Ne
3aB. kadeapoit

BusupoBanue PII/] 1Jis1 MCIIOJIHEHHSI B 0UePETHOM YUeOHOM Toy

IIpencenarens MK
20 T.

Pabouas mporpamMmMa nepecMoTpeHa, o0CykKaeHa u otodpeHa st
ucnonHeHus B 2024-2025 yueObHOM roay Ha 3acegaHuu Kadempbl

IIpotokon or 20 1. Ne
3aB. kaenpoit

Busuposanue PIL/I 111 ucnoJIHEHUsI B 04epeiHOM Y4eOHOM roay

IIpencenarens MK
20 T.

Pabouas mporpamma nepecMoTpeHa, o0cyx/ieHa 1 0JJ0OpeHa Juis
ucrionHenus B 2025-2026 yueOHOM roy Ha 3aceaHuy KadeIpbl

IIpoTokom ot 20 1. Ne
3aB. kadeapoit



1. Mecto aucuumimnsbl B ctpykrype OITIOIT

Juctmumna «KBantoBass Mexanmka u KkBantoBas xumus» (51.0.02.04) otHOCHTCS K
obsi3arenpHOM yactu broka 1, MareMaTn4eckoro u eCTECTBEHHOHAYYHOTO IMKJIA 110 HAIPABICHHUIO
MOATOTOBKH 18.03.01 «Xumuyeckas mexHosno2ua», SIBIISICTCS 00s3aTSIIBHON 11 OCBOCHHS CTYICHTAMH
BTOPOTO rojia o4uHoil (hopmbl 0OyueHus B 4 ceMecTpe U CTYyACHTaMU TPEThEero roja OYHO-3a0YHON
(dbopMbI 00ydeHHS B 6 cemecTpe.

JInst OCBOEHUs TUCUUILIMHBI CTYAEHTBl UCIOJIB3YIOT 3HAHUS, YMEHUS U BUJbI JEATEIbHOCTH,
chopMUpOBaHHbIE B Mpolecce u3ydeHHus auciuiuinH «Dusuka», «Marematuka». [ucruruimna
«KBaHTOBasi MexaHMKa M KBaHTOBas XHMHs» SIBJISETCS OCHOBOM IJIsi M3y4eHHUS Takux oOiactei
3HaHMUS KaK CTPOCHHME aTOMa U aTOMHOTIO Sipa, TPUPOIbl XUMUYECKON CBSI3M, KBAHTOBOXUMHYECKUX

METOJIOB JIJISl pacyeTa CTPYKTYPbl MOJIEKYIL.

Heasimu ocBOeHHMsI JIMCUMILIMHBI «KBAHTOBAs MEXAaHMKA W KBAaHTOBas XHMMS»
SIBJISIFOTCS .
e lI3yyeHne OCHOB KBAHTOBOM MEXAHMKH U KBAHTOBON XUMUHU
e ll3ydeHue KBAaHTOBOXMMHYECKHX METOJIOB pacdera CTPYKTYpPhI, GU3NKOXUMHUYECKUX CBOHCTB
U PEAKIIMOHHOM CITIOCOOHOCTH MOJIEKYJT
e JlonyueHue HaBBIKOB 0a30BBIX PACUETOB ATOMHBIX M MOJEKYJSPHBIX CBONCTB Ha OCHOBE
KBAaHTOBOXHMHUYECKOW M KBAHTOBOMEXaHUYECKON TEOPUU

3agaum IMCUMIJIMHBL:
e OcBOUTH OCHOBHBIE TOHATHS U MaTEMaTUUECKU annapaT KBAaHTOBOM MEXaHUKU
e  OcBOUTBH METO/BI KBAHTOBO-MEXAHUYECKOIO OMMCAHNS ATOMHBIX U MOJIEKYJISIPHBIX CUCTEM
e [lo3HaKOMHUTBCSA C BBIUHCIMTEIBHBIMM METOJAMU M IOAXOJAaMH KBAHTOBOM XHUMHUU IS
OMMCAHUS MOJIEKYJISIPHBIX CBOMCTB U PEAKIIMOHHOM CIIOCOOHOCTH
e  OcBOUTh METOJblI pEIICHHS KOHKPETHBIX 3ajad JUlsl ONHCAHUS aTOMHBIX U MOJIEKYJISIPHBIX
CBOICTB.

2. Tlnmanupyemble pe3yabTaThl 00y4eHUsI M0 JUCHUIJINHE, COOTHECEHHbIE ¢ IUIAHNPYEeMBIMH
pe3yJabTaTaMH OCBOEHHS 00pa30BaTe/IbLHOI NPOrpaMMbl (KOMIETEHIMAMH U HHAMKATOPaAMHU
AOCTHIKEHHUS KOMIIETEHIIHIA)

IInanupyemble pe3yJbTaThl 00y4eHUs M0 TUCHUIIMHE (MOAYJII0),
(I)OpMI/lpyeMble B COOTBCTCTBUU C THAUKATOPOM JOCTHKCHUA KOMIICTCHIIUHA
KOMIIeTEeHIIUH HNuaukarop HaunmenoBanmue
(xom, — PesyabTarh: oGyenus OLIEHOYHOI0
COICpKaAaHUEC KOMIIETCHIINN st cpeacrsa
KOMITIETEHLIUH) (xon, cogepxanne 110 uctunune
MHJINKATOpa)
OIIK-3 OIIK-3.1. 3Hamvb: OCHOBHBIE TIOHATHUS U @0OC no
[Ipumensier MaTeMaTUYeCKHUI anmnapar KBaHTOBON oucyuniune
TEOPETUUECKHUE U MEXaHUKHU U KBAaHTOBOM XHUMHUHU «Keanmosas
MOTYDMITUPUYECKUE | Y Memb TPUMEHSATh METOABI KBAHTOBO- MexaHuka u
MOJIEIIH NpU MEXaHUYECKOTO OMUCAHUsI AaTOMHBIX U K8aHmMoeas
perieHuu 3aaa4d MOJIEKYJIIPHBIX CUCTEM XUMUAY
XUMUYECKON Braoemw HaBBIKOB 6a30BBIX PACUETOB
HaIlpaBJIEHHOCTH ATOMHBIX U MOJIEKYJIIPHBIX CBOKCTB HA
OCHOBE KBAHTOBOXUMHUYECKOU U
KBAaHTOBOMEXAHUYECKOUN TEOPUU




OIIK-3.2.
Ucnosnb3yer
CTaHJIapTHOE
MIPOrPaMMHOE
obecrieueHue mpu
pelIeHnu 3a1aq
XUMHYECKOH
HaIpPaBJICHHOCTH

3namb BO3MOYXKHOCTH M CLIOCOOBI
IIPUMEHEHHUSI [IPOTPAMM I PacCueTOB
XUMHMYECKHX CHCTEM METOJOM XIOKKEIS
Ymemw npoBOIUTH pacyeTsl
COIIPSIKEHHBIX OPraHUYECKUX CUCTEM
MEeTOAOM XIOKKEJsS
Bnadem» MeTogaMM aHAIIN3a
II0JIy4aE€MBbIX PE3yJIbTaTOB, UX
BHU3yalIU3aluu

OIIK-5 OIIK-5.1.
Hcnonb3yer
coBpeMmeHHbIe | T-
TEXHOJIOTUH TPU
cbope, aHanmse,
00paboTKe 1
MIPEICTABICHUH
nHpopmauu
XUMHYECKOTO
npoduiIs

OIIK-5.2
Cobmro1aeT HOpMBI
MH(OPMAaIMOHHOM
0€30MMacHOCTH B
npodeccnoHanbHOM
JeSTeTbHOCTH

3namb BO3MOKHOCTH U OTPAHUYECHUS
COBPEMEHHBIX KBAaHTOBOXUMHUYECKUX
METOJI0B M peanusytouiero ux 110
Ymems npuMeHsITh METOBI
KBaHTOBOXMMUYECKOTO pacyuera,
aHAJIM3UPOBATh UX PE3YyIbTATHI HA OCHOBE
CpaBHEHWMSI C JaHHBIMH, HalICHHBIMU B
UHTEpHET
Braoems npuemaMu pocThIxX
KBAaHTOBOMEXaHUYECKUX U KBAaHTOBO-
XUMHAYECKHX PACYETOB U MX PA3TUIHBIX
BapHaHTOB ¢ npuMeHeHueM [1K

3Hamb ocHOBHBIE HH(OPMALIMOHHBIE
YIpo3bl

Ymems npumMeHsTH METOABI OOPBHOBI €
BHUPYCaMH U IPYTHMHA
MH(GOPMAIMOHHBIMH YTPO3aMHU
Braoems npuemamu 6€30macHOTO
ncnonb3zoBanus [1K

@0C no
oucyuniure
«Keanmoesas
Mexanuka u
K8AHmMOo8as
XUMUSL»

3. CTpykTypa u coaep:kaHue TUCHUTIIUHBI

3.1 TpyaoeMKOCTb AUCHHIJIMHBI

ouyHad popma | 0O4YHO-320YHAHA
o0y4eHHUs ¢popma
o0yueHust
OO0masi Tpy10eMKOCTh 43ET 43ET
Yacos 1o y4eOHOMY IIaHY 144 144
B TOM 4YHcJje
ayJAUTOPHBbIE 3aHATHS (KOHTAKTHas padoTa):
- 3aHSATHUSA JIEKIIMOHHOTO THUIA 64 32
- 3aHATHA CEMUHAPCKOI0 THIIA 32 16
- KCPU® 2 2
caMoCTosiTe/IbHAs padoTa 10 58
IIpomMexxyTouHasi aTTecTaAIUsA — 36 36




IK3aMCH

3.2. ConepxaHue QUCIHUANINHEL

HaumeHoBaHue u
KpaTKoe coJep:KaHue
pa3ziesioB U TeM
JUCIHUILITHHBI

Bcero
(uachl)

B TOM 4YHCJIC

KonrakTHas padoTra (padoTa Bo B3auMoelicTBUH ¢
npenojgasaresiemM), 4acbl
U3 HUX

3aHaTUSA
VIEKIIMOHHOT' 0
THIA
3ausaTusa
CeMHUHAPCKOro
THIA
3angaTus
iadopaTopHOro

THIA
Bcero

CamocrosiTesibHast padora

00y4JaroIerocsi, 4achbl

Ounas

Ranunag

3a04Hasg
OuHo-3a04HAas
3a04yHas
OuHas
OuHo-3a04HAas
3aoyHas
Ouynas

3aouHas

Ranunasa

OCHOBHBIE TOHSTHS
M MaTeMaTHYECKUH
arnrapar KBaHTOBOW
MEXaHHUKH.

oo | OunHo-3a04yHas

oo| Ounas

»| OuHo-3a04Hast
1 Ouno-3aounas

| Ounas

| Ounas

1 Ouno-3a0unas

KBanToBoMexaHndec
Koe OITHMCaHue
MPOCTBHIX KBAHTOBBIX
CHCTEM.

10

Teopus atoma
BOJIOPO/IA,
BOJIOPOAOTIOIOOHBIX
aTOMOB U HOHOB.

13

12

Teopus  yrioBoro
MOMEHTA. Crnum.
ATOMHBIE TEPMBI.

10

OcHoBHbIE
npUOINKEHUS B
TEOpHH
MHOTO3JIEKTPOHHBIX
CHCTEM.

10

XuMHYecKas CBsI3b U
¢buznueckue

3 deKTHI,
NPUBOMASIINE K €e
00pa30BaHMIO.

Meron Xaptpu-
Doka.

13

12

MonekynsipHbie
CBOICTBA,
onpenensieMple
aneKTpoHHOU BD.

10




IToBepxHOCTB 13 | 10 8 4 4 12 | 4 1 |6
OTEHIIMAILHON

sHepruu. OnucaHue

MOJIEKYJISIPHBIX

CBOICTB u

PEaKIMOHHOM

CIIOCOOHOCTHU Ha

ocHose I1T1D.

Hcnonp3oBanue 7 10 4 2 2 2 6 |4 1 |6
CUMMETPHUU B

KBaHTOBOM  XWUMHH.
Teopus rpymi.

CoBpemeHHbIE 6 4 4 2 2 2 6 |4
KBaHTOBOXUMUYECKHU
€ MeTo/bl. ba3ucHble
HaOOPHI.

TounocTh 6 2 4 2 2 6 |2
KBAaHTOBOXHMHYECKH
X METO/IOB.
Bosmoxuoctu
COBPEMEHHOMN
KBAaHTOBOM XHMMHHU.

IIpomexyTounas 36 |36
aTrecTanus —
JK3aMeH

KCPUD 2 2

Hroro 144 | 144 64 | 32 32 |16 96 | 48 10 | 58

Texymui KOHTPOJIb YCIIEBAEMOCTH PEAIIM3YETCs B paMKaX CEMHUHAPCKUX 3aHATUH. IIpomexxyrouHas
aTTecTalus MPOXOIUT B BUI€ KOMIIJIEKCHOTO 9K3aMeHa B YCTHOU (hopme.

4. Y4eOHO-MeTOIMYeCKOe 00ecrevyeHne cCaMoCTOsITeJIbHOIH PadoThl 00ydarommxcst

CamocrosiTennpHas padoTa CTYASHTOB B MPOIECCE U3YUCHUSI TUCIUTIINHBI «KBaHTOBas MexXaHWKa U
KBAaHTOBAsI XUMUsS» MPEANOJaraeT yreHne y4eOHOW U HayYHOW JIUTepaTyphl, IPUBEIACHHON B pasziene 7
JTAHHOM TIPOTpaMMBbI, pelieHre 3a/1a4 M0 TeMaTUYECKUM pa3JieiaM JUCIUIUTHHBL. Y YeOHUKH U 3aJaYHUKA
UMEIOTCS B Halu4yue B OHOMMOTEKE B HEOOXOAMMOM KOJHYECTBE, a TaKXKe JOCTYIMHBI Ha
cooTBeTCTBYyIOImMUX HWHTepHeT-caiiTax. Bumbl camocTosiTensHOM paboThl oOydaromierocs: mpopadoTka
MaTepHuaa JEeKIUN, peleHue TOMAIIHUX 3aJJaHui, 3aJaHHbIX Ha IPAKTUYECKUX 3aHATHUSAX, MOJTOTOBKA K
KOHTPOJIBHBIM ~paboTaM, TMOATOTOBKAa K OJK3aMeHaM. B KkauecTBe JOMOIHUTENBHOTO CpEeACTBa
IpeJoiaraeTcs Haucane pegeparos.

KoHTponibHBIE BONPOCH M 3a7aHusl [JII TPOBEACHHS TEKYIIETO KOHTPOJISI M IPOMEKYTOUYHOM
aTTecTalliy 10 UTOTaM OCBOEHUS AUCLHUIUIMHBI IPUBEIEHBI B 1. 6.2,

5. ®oH/ OLIEHOYHBIX CPEACTB JIJIsl MPOMEKYTOYHOM aTTeCTAIIMH MO TUCHUIIHHE (MOTYJII0),
BKJIFOYAIOIIWH:

6



5.1. Omnucanue nIKajl OLEHUBAHUS PE3YIbTATOB O0YUEHHUS 110 TUCIUILIHE
Yposennb llIkana oueHuBaHNs c(POPMHUPOBAHHOCTH KOMIETEeHUMH
chopMupoBaH JI0X0 HEY/J10BJIETBO JI0BJIETBOPH 0YeHb XOPOIIO
(bopmup y y P Xopo1o P OTJIMYHO
HOCTH puTeIBHO TeJILHO MPEBOCXOIHO
KOMIIeTEeH LM He 3auteno
(uHAMKaTOpa
3a4TEHO
JOCTHIKEHHUSA
KOMIIeTeHII )
OTtcytcTBHE YpoBeHb
3HAHUHN YpoBeHb 3HaHUH B
TEOPETUUECKO | YPOBEHBb MuHUMAaNbHO | 3HAHUU B oOBeme, YpoBeHb YpoBeHb
ro MaTepualia. | 3HAHWHA HIDKE | JIOMYCTHMBINA o0Beme, COOTBETCTBYIOI| | 3HAHWIA B 3HAHUH B
HeBo3moxxHOC | MUHMMAJBHBI | YPOBEHB COOTBETCTBYIOI[ | €M IpOrpamMMe o0BeMme, o0Beme,
3HaHus Th OLIEHUTh X 3HAHUH. €M IporpaMme MOATOTOBKH. COOTBETCTBYIO | IMPEBBINIAIONIC
MOJTHOTY TpeOOBaHUIA. JonyieHo MMOJATOTOBKH. JonymeHo meM M MPOrpamMMy
3HaAHUH HNwmenu mecto | MHOTO Jomnymeno HECKOJIBKO rporpamme MO/ATOTOBKH.
BCIICACTBHUE rpyOsie HEeTpyOBIX HECKOJIbKO HECYILIECTBEHH IIOATOTOBKH,
OTKa3a OIIUOKH. OIINOKH. HETpyOBIX BIX OIINOOK 0e3 ommoOoK.
o0yyaromieroc omnbox
sl OT OTBETA
OTtcyrcTBHE IpozeMoHe [IponemoncTpu IIponemoncTpu [Iponemonctp | [IpoaemoncTp
MUHUMAaJIbHBI u pOBaHH ™ POBaHBI BCE pOBaHbI Bce HPOBaHKI BCE HPOBaHKI BCE
X YMCHHII . P OCHOBHBIE OCHOBHBIE OCHOBHBIE OCHOBHBIE
[pu perieHrH | OCHOBHEBIC
HeBo3moxkHOC YMEHHUS. YMEHUSL. YMEHHUS,pele | yMEHHS,.
CTaHJAPTHBIX | YMCHUSL.
Th OIICHUTH Pemensl Bce Pemensl Bce HBI BCE Pemensr Bce
3a71a4 He Pemmensl
HaJIH4ne OCHOBHbIE OCHOBHBIE OCHOBHBIE OCHOBHBIE
. MPOJEMOHCTP | THIIOBBIC
YMEHUH 3a1a4u C 3a7a4u . 3a1a4u ¢ 3a1a4M.
Ymenus HUPOBAHBI 3a/1a41 ¢
BCJIEJICTBUE HErpyObIMU BrIosIHEHBI BCE | OTACIBHBIMU BrInoHeHb
OCHOBHEIE HEerpyObIMU
OTKa3a OIINOKAMH. 3a/1aHusl, B HECYIIECTBEH | BCE 3aJlaHus,
YMEHUsL. OIIUOKAMH.
oOyuarorieroc BEINOIHEHBI BCE | TOJTHOM HBIM B [TOJTHOM
Hmenn mecto BrmonaeHb
s OT OTBETA 3a7aHus, B o0neMe, HO HEJI0YETaMH, o0beMe 6e3
rpyosbie BCE 3aJjaHus
ITOJTHOM HEKOTOpBIE C BBIITOJIHEHEI HEI0YETOB
OIIIMOKH. HO HE B
o0beMe, HO HEIOYETAMH. BCE 3aJaHUS B
TOJIHOM
HEKOTOPBIE C [IOJTHOM
oObeme.
HEJI0YETaMU. o0BeEME.
TIpogemoHcTpH IIponemoHcT
[Ipu pemienun | Umeercs [IponemoncTpu pox ™ [IponemoncTp N p
OTtcytcTBHE POBaHbBI HPOBaH
CTaHIAPTHBIX | MHHUMAIBHBI | POBAHBI HPOBaHbI .
BJIQJIEHUS N 6a3oBbIE TBOPYECKHUI
3a1a4 He i 0a30BEIE HaBBIKH
MaTepHAIOM. HaBBIKH MOAXOM K
MPOAEMOHCTP | Habop HABBIKH MIPU PEIICHUN
Heso3moxkHOC TIPH PEIICHUH PEIIeHHIO
HMPOBaHbI HAaBBIKOB JIJIsI MIPU peIICHUN HEeCTaHIapTH
HaBbiku Th OLIEHUTH CTaHAAPTHBIX HEeCTaHIapTH
E— 6a3oBbIe peleHus CTaHIAPTHBIX BIX 3a7a4 0e3
HaJIH4ne 3a7a4 0e3 BIX 32134
HaBBIKH. CTaHIAPTHBIX | 3ajad4 ¢ OIIHOOK H
HABBIKOB OIIHOOK U
Wmenu mecTto | 3amad c HEKOTOPBIMH HEJIOYETOB.
BCJICIICTBHE HEJIOYETOB.
oTKaza rpyOsIe HEKOTOPBIMH HeJ0YeTaMU
OIIIHOKH. HEI0YEeTaAMH
oOyyatoreroc
s OT OTBETA
52 TI/IHOBI)IC KOHTpO.]IbeIe 3aJaHusd HWJIN HHBbIEC MaTepI/la.]Ibl, HCOﬁXOl]I/lMl)le JJIA

OLICHKH Pe3yJIbTATOB 00y4YeHMS.

5.2.1 KoHTpoJIbHBIE BOMPOCHI

Bonpocut

Koo dopmupyemoii komnemenyuu

N

1. Ksanrtosrblie
JEMOHCTPUPYIOLIUE 3TH CBOMCTBA.
OCHOBHBIE TOCTYJIaThl KBAHTOBOW MEXaHUKH.
3. BonnoBas ¢Qynkuus, ee QUINYECKUI CMBICI, OCHOBHBIC
CBOICTBA.
4, OOwmwmit

BH]I

CBOWCTBA

MHUKpPOYACTHII,

craquoHapHoro ypasHenus lllpenunrepa.
OO6mmit B BpemsizaBucumMoro ypasHenwus [lIpegunrepa.

OIIBITHI,

OIIK-3




5. Tapmonmueckuii ocmwuistTop. YpaBHenue Illpeaunrepa
rapMOHMYECKOr0 OocUWUIATOpa. BonHOBble QyHKIMH U
CIIEKTP YHEPTHH.

6. Atom Bomopoaa, BUJI BOJHOBOH (yHKIuH. DU3HYECKUN
CMBICJI KBAaHTOBBIX YHCEI.

7. MonekynsipHoe ypaBHeHue Illpenunrepa. Ilpubnvkenue
Bopna-Onmenreiimepa u aquadaTuuecKkoe MpUOINKCHHE.

8. @dwusmueckue dPdekTpl, NpuUBOIAIE K 00pa30BaAHHIO
XAMHYECKOU CBSI3H.

9. OcHoBHBIE TOJOXEHUS U (UINYECKUH CBIMCI METojAa
Xaprpu-doka u Xaprpu-®oka-Pyrana. Meron
MOJICKYJISIPHBIX OpOUTAJICH.

10. Onpenenenne NOBEpXHOCTH MOTeHIUANBHOM sHepruu (I1119).
Ounenka  (QU3MKO-XMMHUYECKHUX  CBOWCTB  BEIIeCTBA U
peakLMOHHON cCIOCOOHOCTH Ha ocHOBE n3yueHus [1119.

11. Meton Xrokkens. [IporpammHoe obecrieueHre sl pacyeToB OIIK-5
METOJI0M XIOKKEJIA.

12. CoBpemeHHbIE KBAaHTOBOXMMUYECKHUE METOJIbI JUISl OLEHKU
(U3HKO-XMMHUYECKHUX CBOMCTB U PEaKIIMOHHOW CIOCOOHOCTH.

5.2.2. TunoBble 3a1aHus 1151 oueHKU copmupoBanHoctu kommnerenuuu OIIK-3, OIK-5

JK3aMeHALlMOHHbIC BONPOCHI:
OIIK-3

1. Tlpeamer KBaHTOBOW MEXaHMKHM M KBaHTOBOH XMMHUHU. OCHOBHBIE 3TAlbl Pa3BUTHS KBAHTOBOU
Teopud. ['NaBHbIE TEHAEHUMU B DPA3BUTHM KBAHTOBOM XuMHU. COBpEeMEHHBIE BO3MOXKHOCTU H
IIPUMEHEHHE IIPU PEILICHUN XUMUYECKUX 3a]1a4.

2. DKClepuMEHTAIbHBIE OCHOBBI KBAaHTOBOW MEXaHWKH. KBaHTOBBIE CBOWCTBA MHUKPOYACTHII,
OTIBITHI, JEMOHCTPUPYIOIINE 3TH CBOMCTBA.

3. OCHOBHBIE MTOJIO’KEHUS KBAHTOBOW TeOpUH. MaTeMaTHYeCKUH ammapaTr KBAHTOBOW MEXaHUKH.
OcHOBHBIE MOCTYJIaThl KBAHTOBOM MEXaHUKHU.

4. BonHoBas QpyHKIMS, €€ (PU3NUECKUN CMBICII, OCHOBHbBIE CBOWCTBA.

5. Omnepatopsl, coOCTBEHHbIE (DYHKIIMM U COOCTBEHHbIE 3HaUeHus. [IpencraBnenue oneparopon
MaTpHULAMHU.

6. CooTHoueHne HeompeaeneHHocTed. OnepaTopbl KOOPAUHAT, UMITYJIBCOB, KMHETHUECKOW U
MOTEeHIMaIbHOM 3Heprun. Oneparop ['amMmunpToHA.

7. TlpuHuun cynepmno3uIMU COCTOSIHMHA. BeposTHOCTHas TpakTOBKa KBAaHTOBOM MeXaHHKH.
[ToHas opTOHOPMUPOBAHHAS CHUCTEMA BOJTHOBBIX (DYHKITHIA.

8. Cramumonapnoe ypaBHeHue IllpenuHrepa, ero aHajgorusg C ypaBHEHUSMH KIJIACCHUYECKOU
MEXaHUKH. 3aBUCsAIIEe OT BpeMeHU ypaBHeHue [lIpeaunrepa.

9. Ipunuun Ilaymu. IIpuHIMIT —TOXIECTBEHHOCTH MHUKpodacTull. CHUMMETpUYHBIE U
aHTHCUMMETPHUYHbIE BOJHOBbIE PYHKIINN. DEepMHOHBI U OO30HBI.

10. Pemenue ypauenus Llpenunrepa ams 3aauu o ABMXKEHHUHM CBOOOHOM YAaCTHUIIBI U 3a/1a4U O
JBUKEHUH YaCTUILIbI B IOTEHIIMATIBHOM SIIIIUKE.

11. T'apmonuueckuii ocruuiaTop. YpaBHenue IllpenuHrepa rapMOHHYECKOTO OCHMILIATOPA.
BonHOBbIE PYHKIIMM U CHIEKTpP SHEPTUH, UX OCOOEHHOCTH.

12. KBanTOBO-MeXaHHMYeCKas 3ajJadya O >XECTKOM poTartope. BomHoBas (yHKIMS W SHEprus
xecTkoro poraropa. Chepuueckre rapMOHUKH, YIIIOBasi 3aBUCUMOCTb BOJTHOBBIX (DYHKIIHH.

13. Atom Bomopona, BUA BONHOBOW QyHKIHH. DU3MYECKH CMBICT KBAHTOBBIX YHCEIL
3aBUCHMOCTh PaTUaIbHON COCTABIISIIONIEH BOJHOBOW (DYHKIIMH OT PACCTOSHHS MEXKIY SIAPOM H
AJIEKTPOHOM ITPH Pa3IMYHbIX KBAHTOBBIX YHMcCIaX. ATOMHas CUCTEMA €UHULL.



14. VYrnoBble MOMEHTBHI B MHOTOXJICKTPOHHBIX aroMax (OpOWUTabHBIN, CIIMHOBBINA, TOJIHBIN).
ATOMHBIE TEpMBI B HYJIEBOM H IIEPBOM NpuOImKeHun cxembl Paccena-Caynnepca. [Ipasuna ['ynaa.
[TpubnmxeHue jj-cBsI3U.

15. MHorosnekTpoHHble  cucteMbl.  OnpHo3iekTpoHHOe — mpuOmmxenue.  [Ipubmmxenue
camocoriacoBanHoro noss (CCII). BapuanimoHHBIN MPUHIIATL.

16. MaremaTtnueckasi (opMyIHUpPOBKa OJHO3JIEKTpoHHOTO Tpubmmkenus. Meron CCII Xaprpu-
®oxka. OrpanndeHHbiii 1 HeorpanndyeHHbIM MeTon CCII XDP. Oneparopsl doka, KyJI0OHOBCKHUH,
O0OMEHHBIH, UX COOCTBEHHBIE 3HAYCHUSI.

17. MonekynspHoe ypaBHenue Illpenunrepa. [Ipubmmwkenne bopna-Omnmenrelimepa U
angnabarnyeckoe npubmmxenue. [lonsarne o BUOPOHHBIX B3ammopaencTBusX. [Ipubmmxenne MO
JIKAO. YpaBnenus Pyrana. Teopema Kynmanca.

18. ®usnueckue >hexTsl, TPUBOIANINE K 00pa30BAaHUI0 XUMHYECKON CBs3M. Jlenokamuzanus
3JIEKTPOHHOM IITOTHOCTH. OOpa3oBaHue KOBaJIEHTHOH CBs3u. OOpa3oBaHHEe HOHHON CBSI3H.

19. T'omosimepHBIe ABYXaTOMHBIE MOJICKYJIBI, BhraucieHue sHeprun ux MO merogom MO CCII.
CekynsapHoe ypaBHeHHe. CBS3BIBAIOIINE U PA3PBIXIIAIONINE OPOUTAIIH.

20. Monexynspueie Tepmbl. KoHmenuun ruOpuau3and ¥ pe30HaHCa B TEPMHUHAX KBAaHTOBOU
mexanuku. KauectBennas teopust MO. KoppensiiioHHbIe OpOUTAlIbHBIE TUATPAMMBI.

21. OueHka DSJEKTPOHHBIX CBOMCTB MOJIeKyJbl. lloTeHnmansl wOHW3AMH. MyIbTHIOIBHEIE
MOMEHTHI. 3apsapl aTOMOB. Pa3nuuHble mIKanabl aTOMHBIX 3apsiioB. OlleHKa MOPSIKOB CBS3H U
BaJICHTHOCTH aTOMOB. [loHsITHE 00 MHIeKCaX PeaKIIMOHHON CIIOCOOHOCTH.

22. Konnermusa III9. Ouenka QU3MKO-XMMHYECKUX CBOMCTB BEIIECTBA W PEAKIMOHHOMN
cnocooHoctn Ha ocHoBe wu3yueHus [II1D. CranmoHapHble TOYKH, JIOKAJbHbIE MHHUMYMBI M
MEPEXOJIHBIE COCTOSHUS.

23. OnTumu3anus reOMeTpUH, MTOMCK MIEPEXOIHBIX COCTOSTHUI. Omnpenenenue
TEPMOJMHAMHYECKHUX MTAPaMETPOB PEAKIUI U KOHCTAHT CKOPOCTU Ha OCHOBE HccienoBanus [1110.

24. CummMmeTpust MOJIEKYISIpHBIX cucTeM. OCHOBHBIE IOHSATHUS TEOPUH TPYMIL. [ pynel CHMMETpHA
MOJIEKYII.

25. HenpuBonumeie mnpencraBienus. Xapakrepbl HII. Mcmomp3oBanume Teopum Tpynm B
kBaHTOBOM xumuu. Knaccupukanuss MO u MonekynspHbIx TepMoB. COKpalleHHe pa3MepHOCTH
ramuibToHHaHa. OneHKa MOJIEKYJIIPHBIX UHTETPaJIoB.

26. Heosmnupuueckue (ab initio) meronpl B KBaHTOBOI xuMuu. lIpenmyiiectBa U HEJOCTATKH
HEAIMIHUPUYECKUX METO/I0B. DIEKTPOHHAs KOPPEALHS.

OIIK-5

1. Meronsl ydera 3JIeKTpOHHOU KOppesnsuuu. MeTosl KOHGUTypallMOHHOTO B3aUMOJIEHCTBHSL.
Teopus Bo3mymenui. Teopust cBs3aHHBIX KiacTepoB. VX cpaBHUTENbHAs XapaKTEpUCTHKA,
00J1aCTH IPUMEHEHHUSL.

2. Teopus QyHKIMOHaNAa IUIOTHOCTH. Ee TeopeTHueckue OCHOBBI, OO0JIACTh TPHUMEHEHUS,
BO3MO>XHOCTH M OTPaHUYEHUSI.

3. THomysmmmpuueckne wmeronbl. [IpuOMMKeHWsT  BAJCHTHBIX — DJEKTPOHOB,  HYJIEBOTO
T depeHIMaIbHOr0  MEepPeKpbIBaHMs, pacueT OAHO- U JIBYXJIEKTPOHHBIX  HMHTEIpaJioB.
[TpubnmxkeHne HYIEBOTO JByXaTOMHOTo muddepeHransHoro nepekpsiBanus. Metogsr MNDO,
AMI1 u PM3.

4. Tlpobnema BbiOopa 0azuca AO. OcHoBHBIE OazucHble HaOOpbl AO: MUHUMANbHBIN, ABYX- U
TPEXAIKCIIOHEHIIMANbHbBIE,  KOPPENSLUOHHO-coracoBanubple.  [lonspuszannonHble  (QyHKIUH.
Huddysusie pynknuu. X 0cCOOEHHOCTH U MpPUMEHEHUE JUIsl OMHCAHMS PA3IMYHBIX XUMHUYECKHX
CHCTEM.



5.2.3. TunoBble 3agaHusi/3agaud AJsi OUeHKH chopmupoBaHHocTH kKoMmmereHmuu OIIK-3,
OIIK-5:

3K33MeHaIII/IOHHLIe 3aJavym:

OIIK-3
1 KakoBa nnmua BonHbl e bpoilns s1ekTpoHa M IPOTOHA, SHEPIrHsl KOTOPBIX paBHA
CpeIHeW KMHETHYECKOW AHEPTrUuu MOCTYNATEIHHOTO TEIIOBOTO JIBHIKEHUSI MOJIEKYJT MPU
KOMHATHOM Temreparype?

2 JlnuHa BOJHBI PE30HAHCHOM JMHUU cepun Jlaimana (N2=1) /1,_(1 = 121.5 um, a pyinHa

BOJIHBI T'paHHLbl cepun bambmepa (N2=2) Ag = 365 uMm. HaiiTu W3 3THX JaHHBIX

NOTEHIMa] HOHU3auu atoma H.

3 UYeMmy paBHa 4acToTa KonebGanuii, CeKTpoCcKomuyeckoe BojHoBoe uncio  (V =1/ 1
B cMl), M SHeprus HyleBbIX KoneOaHuii Mosekynsl HF, eciu npu yBeiqudeHMH JUTMHbI
cBs3u Ha 0.01 A oTHOCHTENBHO MOJIOKEHHS PABHOBECHS €€ DHEPIrUs yBEIMYUBACTCA Ha
0.2 xJI/MOIb.

4 Konebanuss mporona B kapOokcuinbHOi Tpynme —C(=0)OH xapakrepusyrorcs
CHEKTPOCKONIMYECKMM  BOJIHOBBIM umciaoM 3600 cM™t. OueHuTH BepOSTHOCTS
TyHHenupoBaHus npoToHa B nosoxenne —C(OH)=0 npu T=10K, eciu akTHBalMOHHBIH
Oaprep Takoi uzomepuzauuu 100 k/x/MOib, a PacCTOSHUE MEXIY PaBHOBECHBIMU
T0JIOKEHUAMHU poToHa 1 A?

5 OnpenenuTh 3IEKTPOHHBIA TEPM OCHOBHOTO COCTOSHHS aTOMOB TIEPBOTO U BTOPOTO
TIEPHOIOB.
6 B arome He o06a snextpona Haxomsrest Ha opoutamn V. = N exp(—ar) . Bepasuts

SHEPTHUI0 OCHOBHOT'O COCTOSIHUS aTOMa He 4epe3 ATOMHBIC HHTCErpalibl, CHHUTAasl, 4TO

BonHoBast pynkuus aroma nveer i D =W, (h)W . (L)[a@) £(2) - S (2)].

OIIK-5

1 Metonom MOX Haiiti sHeprun MO, ko3 dunuentsl pasznoxenuss MO, sHepruro
MOJIEKYJIbl, OpOUTAIBHBIEC 3apsIbl ATOMOB U MOPAIKU cBs3eil B Mojnekynax CH=C=0 u
CH2=C=NH. (be3 ucrnonp30BaHus1 KOMIIBIOTEPHOH MPOrpamMMBbl).

2 Metonom MOX Haiitu sHepruu MO, kordpdunuentsl pasznoxenus MO, sHepruio
MOJIEKYJIbl, OpOUTANbHBIE 3apsAabl AaTOMOB M TMOPSIKM CBsI3e B Mojekyiax OyraaueHa
CH>=CH-CH=CH: n nuxno0yraanena

y-(-CH=CH-)2.  (Pa3zpemaercsi  HCIOJB30BaTh  KOMITBIOTEPHYIO  IPOTpaMMy
JUaroHalIu3aluy MaTPHIL)

3 Onpenenuth rpynmy cummerpun mosekynin: H2Oz, nukinoOyran, nukiorekcan, PCls

(TpuronanbHas Ounmpammuna), SFe, opmo-xuHOH, 1,3,5-TpumMeTmiiOenH3on, ¢epporeH,

6uc-6enzonxpom, Ceo.

KnaccupumupoBate MO 53TuieHa 1O HENPUBOJUMBIM TPEACTABICHUSM TPYIIIBI

CUMMETPHU MOJIEKYJIHI.

SN

5.2.4. Tembl KypcoBBIX padoT, 3cce, peepaToB

Hcropust KBaHTOBOW XUMUMU.

KBaHTOBas HENOKAIBHOCTD U KBAHTOBAs 3aIIyTaHHOCTb.
[Ipobnema CKpBITHIX MapaMeTPOB B KBAHTOBOW MEXaHUKE.
Vcnonb3oBaHue CBOMCTB CUMMETPHH JUIs BBIBOJA ITPABUI OTOOpA.
PenaTuBUCTCKHE TONIPABKU B TEOPUHU aTOMA.

Kitaccuueckas v KBaHTOBast MOJIEKYJISIpHAS AMHAMMKA.

ook ownE
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7. Mertobl pacyera 3JeKTPOHHON CTPYKTYpbl KPUCTAIIIMUYECKUX TBEP/IBIX TEI

8. CrannmaptHas ¥ BapHallMOHHAs TEOPUS MEPEXOTHOTO COCTOSHUS

9. KBaHTOBOXMMHYECKHE TEOPUH IIEPEHOCA IEKTPOHA

10. BpewmsizaBucuMasi TeOpus BO3MYIICHUN 1 KBAHTOBOXMMHYECKHE PACUYEThI AIETPOHHBIX
CIICKTPOB

6. YueOHO-MeTOAUYecKOe U MHPOPMAIHOHHOE o0ecTiedeHne TN CIUTITHHbI

6.1. OcHoBHasI JIuTEpaTypa:

1. Kpamenunun, B.M. KBanToBass XuMHs M KBAHTOBAasE MEXaHUWKAa B NPUMEHEHUHU K 3aJadyaM.
[Dnextponnslil pecype] / B.M. Kpamenunun, E.I'. Tazenayp, JI.B. Ky3pMuHa. — DeKTpoH. naH. —
Kemeposo : KemI['Y, 2012. — 56 c¢. — Pexxum nocryma: http://e.lanbook.com/book/44352 — 3ari. ¢
JKpaHa.

2. Maiiep, U. I30panHble riaBbl KBAHTOBOM XMMHUU: JOKA3aTEIbCTBA TEOPEM U BBIBOJ (OPMYIL.
[DnexTpoHHEIH pecypc] — DnektpoH. nan. — M. : M3parensctBo "Jlabopatopus 3Hanwmii", 2014, —
383 ¢. — Pexxum nocrtyna: http://e.lanbook.com/book/50535 — 3arun. ¢ skpana.

3. Hupenscon, B.I'. KBanTtoBas xumus. MoseKyiibl, MOJEKYJIIpHbIE CUCTEMbI U TBEpPJbIE TENa.
[DnexkTpoHHBIH pecypc] — DOnektpoH. nan. — M. : U3parensctBo "JlabopaTopus 3nanwmii", 2014. —
522 ¢. — Pexxum nocrtymna: http://e.lanbook.com/book/66357 — 3ari. ¢ skpaHa.

6.2. lonoTHUTeILHAS JJUTEpPATypa:
1. Xuwuracu K., ba6a X., Pembaym A. KBantoBas opranndeckast xumusi. M.: Mup, 1976.
2. Xengwr I1. Ilpuxmagaas kBanToBas xumus. M.: Mup, 1977.

6.3 PexomeHnayemas 1uTeparypa:

Menéummna A.M. Kypc kBaHTOBOI1 MexaHUKH 1 XUMHKOB: M.: Beicmr. mik., 1980.215 c.
@unappu P. KBanroBas xumusa. M.: Mup, 1985. 472 c.
3arpagnuk P., [Tonak P. OcHoBbl kBaHnTOBOM Xxumuu. M.: Mup, 1979. 504 c.
Menémmuna A.M. Kypc kBantoBoil xumun. Boponex: M3n-so Boponex. yn-ta, 1981. 198 c.
Amumupckuii K.b., Aunmupckuit B.K. Xumunueckas csa3p. Kues: Buma mik., 1975, 304 c.
Munkun B.U., Cumkun b.4., MunseB P.M. Teopust crpoenust monekyn. Pocro-na-Jlony:
Hszn-so “Penuxc”, 1997. 570 c.

7. AoapenkoB U.B., bparnes B.®., Tyny6 A.B. Hauana kBantoBoi xumuu. M.: Beicul. mk.,
19809.

8. bonotun A.b., CrenanoB H.®. Teopus rpynm u e€ npuMeHEHHE B KBAaHTOBOW MeEXaHHUKE
Moutekyin. BuneHroc: M3a-Bo “Onkom”, 1999. 246 c.

9. CrenanoB H.®., [lyneimes B.M. KBaHnTtoBas MexaHuka MOJEKYJI M KBaHTOBas XUMHUsA. M.:
N3n-Bo Mock. yH-Ta. 1991. 384 c.

10. Jlanmay JI.J., JIupmm E.M. KBantoBas mexanuka. HepensBucrckas teopus. M.: Hayxka,
1974.

11. ronuke JI. KBanToBas xumusi. M.: Mup, 1976.

12. Mappen Ix., Kerta C., Tennep [x. Xumuaeckas cBsizb. M.: Mup, 1980.

13. Hakarypa C., Hakag3uma T. Benenue B kBaHTOBYIO XuMutio. M.: Mup, 1982.

14. JIptoap M. Teopus MosieKyIsipHbIX opOuTasieil B oprannyeckoit xumun. M.: Mup, 1972.

ocarwnE

6.4 UnTepHeET-pecypchbl:

1. Urnaros C.K. Ksanrosas xumus. Y.1. http://www.unn.ru/chem/ignatov/IgnatovSK-
KvantovayaKhimiya-1.pdf
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2. HUrnaros C.K. KBantoBas xumus. U.2. http://www.unn.ru/chem/ignatov/IgnatovSK-
KvantovayaKhimiya-2.pdf

3. Hrnaros C.K. 3amaun o kBaHTOBOM Xumuu. http://www.unn.ru/chem/ignatov/IgnatovSK-
ZadachiQC.pdf

4. Tlporpamma TUIst pereHusI 3aa4 METOJIOM XIOKKEJs.
http://www.unn.ru/chem/ignatov/Huckel.xIs.

5. https://www.coursera.org/browse/computer-science

YyeOHo-MeTOAMYECKAsT JUTepaTypa Uid JaHHOM AMCUMIUIMHBI HMEETCS B HaIU4YUH B
ANIEKTPOHHO-O0nbmoreynoit  cucreme "ZNANIUM.COM", nocTtynm K KOTOpOW TpEIOCTaBICH
cryaentaMm. ObC "ZNANIUM.COM" coaepXuT NpOU3BEACHUS KPYIMHEUIIINX POCCUHUCKUX YUEHBIX,
PYKOBOAMTENIEH TOCYJapCTBEHHBIX OPraHoB, IMIpenojaBaTelied  BEAYIIMX BY30B  CTpaHBI,
BBICOKOKBAIM()UIIMPOBAHHBIX CHEIMAIMCTOB B pa3inyHbIX chepax OuzHeca. donp Oubmmorexu
chopMHUpOBaH C Y4YETOM BCEX WM3MEHEHUW 00pa30oBaTENbHBIX CTAHAAPTOB M BKIIOYAET YUCOHHKH,
yuebHble mocoOus, MoHorpaduu, aBTopedeparbl, AWCCEPTAlMH, SHUUKIONEIWU, CIOBAPH U
CIIPaBOYHMKH, 3aKOHOJATEIbHO-HOPMATUBHBIC JOKYMEHTHI, CIICIIHAIbHBIC MEPUOIUICCKUE H3TAHUS
U W3/1aHUs, BBIIYCKAaeMble H3AaTelibcTBamMu By30B. B nHacrosmee Bpems ObC ZNANIUM.COM
COOTBETCTBYET BCeM TpeOOBaHMSIM (eAepaTbHBIX TOCYIaPCTBCHHBIX 00pa30BaTEIbHBIX CTAHIAPTOB
Boicuiero oopazoanus (PI'OC) HOBOTo MOKOIEHHUS.

Y4eOHO-MeTOIMUEeCKasT JIUTEparypa JUisl JaHHOW JUCIHHMIUIMHBI HMMEETCS B HAIMYUM B
3NEeKTPOHHO-0MOIMoTeyHo cucteme M3narenscta "Jlanp", JOCTYN K KOTOPOW TakKe MPEIOCTaBICH
crynentam. DbC M3natenncTBa "Jlanp" BKItOUaeT B ce0sl JIEKTPOHHBIE BEPCUH KHUT M3aTEIHCTBA
"Jlanp" W APYrux BeAYUIUX H3/AaTEIbCTB Y4eOHOW IHUTEpaTyphl, a Tak)Ke JJIEKTPOHHBIE BEPCHUH
NMEePUOJIUYECKUX M3JIaHUA TI0 €CTECTBEHHBIM, TEXHMYECKMM M TyMaHHTapHbIM Haykam. 2ObC
UznatenbctBa "Jlanp" oOecmeunmBaeT IOCTYN K HAay4YHOW, y4eOHOW JHUTepaType U HayYHBIM
MEePUOIUYECKUM H3JaHUSM 110 MAKCUMAJIbHOMY KOJIMYECTBY MPOQUIHHBIX HAIIPaBICHUH.

7. MaTepHaﬂbHO-TeXHI/I‘{eCKOC o0ecrneyeHue NMCUUILINHDI

[Tomemnienust npeacTaBusOT co00l yueOHbIE ayIUTOPUU ISl MPOBEIECHUS YYEOHBIX 3aHSITHUM,
IPEIYCMOTPEHHBIX MPOrpaMMOMN, OCHAIllEHHbIE O0OPYAOBAaHHMEM WU TEXHUYECKUMH CpeICTBAaMU
o0yuenust: ayn.308 kopn.S, ayn.125 kopn.S (ayguTopun ¢ MyJbTHMEIHA-TIPOEKTOPOM)

MarepuanbHO-TEXHHUECKOEe  OOecrieyeHue  JIeKIHMOHHBIX WM CEeMMHApPCKMX  3aHSATHM:
BUJIEOTIPOEKTOP, HOYTOYK, IEPEHOCHOM 3KpaH, MPOEKTOP, JOCKa.

ITporpamma cocraBieHa B cootBeTcTBuH ¢ TpeboBanusMu PI'OC BO ¢ yuetom pekoMeHaanui u
OIIOIT BO no HampaBnenuto noaroroBku 04.03.01 — Xwumwus, peannsyeMod Ha XMMHUYECKOM
dakynpTeTe, HAMPaBICHHOCTh «XUMUS U MaTepUaATOBEICHUE.

ABTOD:

J.X.H., JOLICHT Hrnaros C.K.

PenienseHnr:

Houent UNTMM, x.¢d.-Mm.H. PazyBaeB A.T'.
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http://www.unn.ru/chem/ignatov/Huckel.xls
https://www.coursera.org/browse/computer-science

3aBenyroumii kagenpoit pusnueckoir XMMuH,

1.X.H., ipodeccop

Mapkun A.B.
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