MMHUCTEPCTBO HAVKHM U BBICIIET'O OFPA30BAHMS POCCUMCKOM ®EJEPALINN

DenepabHOE TOCYAAPCTBEHHOE ABTOHOMHOE
o0pa3oBaTe/ibHOE YUpe:KIeHUe BbICIIEro 00pa3oBaHus
«HaunonaabHblil uccenoBaTeabckuii Huxkeropoackuii rocyjapcTBeHHbI YHUBEPCUTET
um. H.U. Jlo6aueBckoro»

Xumnyeckuii pakynbrer

YTBEPXIEHO
peenreM ydyeHoro copera HHI'Y
IPOTOKOJI OT

Pabouass nporpaMma QM CHUIIIHHBI

KBanToBasi MexaHHKa M KBAHTOBasl XUMHA

YpoBeHb BbICIIEr0 00pa30BaHuUs
O0akajaBpuar

HanpasieHne moAroToBKy / CrIeIUaIbHOCTh
04.03.01 - Xumus

HanpasnenHocTs 00pa3oBaTeNbHON MPOTrpaMMBI
XuMus 1 MaTepuajIoBe/ieHne

®opma 00yueHust
0YHAasl, 0YHO-3204HAA

Hwxnuit Hoeropon

2022 ron



JIMCT aKkTyaJm3anuu

Buzuposanue PIIJI nis ucnoiHeHusi B ouepeHoM yueOHOM roay

IIpencematens MK
20 T

Pabouas nporpamma nepecMoTpeHa, o0CcyxaeHa 1 0100peHa Ui ucnoiaeHus B 2022-2023 yueOHOM roay Ha
3acenanuy Kabeapsl HU3HIECKOH XUMUU.

IIpotokom ot 20 r. Ne

3aB. kadenpoit

BusupoBanue PII/I 1Jisi uClOJIHEHHUS B 0UepeTHOM YUeOHOM roay

IIpencenarens MK
20 T

Pabouvas nmporpamMma nepecMoTpeHa, 00CyKIeHa U 0100peHa s
ucnonaeHns B 2023-2024 yueOHOM rofy Ha 3acegaHuu Kadempol

IIpotokom ot 20 . Ne
3aB. kadeapoit

BusupoBanue PII/] 1Jis1 MCIIOJIHEHHSI B 0UepPETHOM YUEeOHOM Toy

IIpencenarens MK
20 T.

Pabouas mporpamMmMa nepecMoTpeHa, 00Cyx aeHa u otodpeHa st
ucnonHeHus B 2024-2025 yueOHOM rofy Ha 3acegaHuu Kadempbl

[Iporokon ot 20 1. Ne
3aB. kadeapoit

Buzuposanue PIIJI nist ncnoiHeHusi B o4epetHOM y4eOHOM roay

TIpencenarens MK
20 T.

Pabouas mporpamMmMa nepecMoTpeHa, 00CyXIeHa U 0JJ00peHa IS
ucnonuenus B 2025-2026 yueOHOM roy Ha 3aceaHuu Kaeapbl

IIporokon or 20 1. Ne
3aB. kaenpoit



1. MecTto nucnuminnabl B cTpykrype OINOII

Nucuuiuinna «KBantoBass Mexanumka u kBaHtoBas xumus» (B51.0.02.04) otHOcHTCS K
oOsi3arenbHON yactu broka 1, Marematnyeckoro U eCTECTBEHHOHAYYHOTO IMKJIA 110 HAIpaBICHUIO
noarotoBku 04.03.01 «Xumusy, sBiseTcss 00sA3aTeIbHONM JIsI OCBOCHUS CTYJIEHTAMH BTOPOTO roja
ouHOU (opmbl 00yueHuss B 4 ceMmecTpe M CTYACHTaMU TPEThEro roja OYHO-3a04HOH (HOPMBI
o0y4eHus B 6 cemectpe.

Jlyig ocBOEHUSI AUCHUUILIMHBI CTYACHTHI UCIIONb3YIOT 3HAHUS, YMEHUS U BHUJIbI ESTEIBHOCTH,
chopMupoBaHHbIE B mpolecce u3ydeHus aucuuiuinH «Dusmka», «Maremaruka». Jucuurinna
«KBaHTOBasi MexaHMKa M KBaHTOBas XHMHs» SBJISETCS OCHOBOM IJIsi M3y4eHHUS Takux oOiactei
3HAaHUA KaK CTPOEHHE aTOMa M aTOMHOTO sJipa, IPUPOJIbl XUMHUECKOHN CBSI3U, KBAHTOBOXUMUYECKUX

METO/IOB JIJISl pacueTa CTPYKTYpPhI MOJIEKYJL.

Heasimu ocBOeHHMsI IMCUMILIMHBI «KBAHTOBAs MEXAaHMKA W KBAaHTOBas XUMMSA»
SIBJISIFOTCS .
e lI3yyeHne OCHOB KBAaHTOBOM MEXaHMKH U KBAHTOBON XUMUHU
e ll3ydeHne KBAHTOBOXMMHYECKHUX METOJIOB pacdera CTPYKTYPbI, (GU3UKOXUMUYCCKUX CBOWCTB
U PEaKIIMOHHOM CITIOCOOHOCTH MOJIEKYII
e JlonyueHue HaBBIKOB 0a30BBIX PACUETOB ATOMHBIX M MOJEKYJSPHBIX CBONCTB Ha OCHOBE
KBAaHTOBOXMMHUYECKOW M KBAHTOBOMEXaHUYECKON TEOPUU

3agaum IMCUMIIJIMHBL:
e OcCBOUTH OCHOBHBIE ITOHATHS U MaTEMaTUUECKUN annapar KBAHTOBON MEXaHUKU
e  OcBOUTH METO/bl KBAHTOBO-MEXAHUYECKOI'O OMMCAHMS aTOMHBIX U MOJIEKYJISIPHBIX CUCTEM
e [lo3HaKOMHUTBCSA C BBIUHCIMTEIBHBIMM METOJAMHU M IOAXOJAaMH KBAHTOBOM XHUMHUU IS
ONMCAHUS MOJIEKYJISIPHBIX CBOMCTB U PEAKIIMOHHOM CIIOCOOHOCTH
e  OcBOUTh METOJBI pEIICHHUsS KOHKPETHBIX 3ajad JUIsl OMUCAHUS aTOMHBIX U MOJIEKYJISIPHBIX
CBOICTB.

2. Tlnmanupyemble pe3yabTaThl 00y4eHHUsI MO JUCHUIJINHE, COOTHECEHHbIE ¢ IUIAHNPYEeMBbIMH
pe3yJabTaTaMH OCBOEHHS 00pa30BaTe/ILHOI NPOrpaMMbl (KOMIETEHIMAMH U HHIAMKATOPaAMHU
AOCTHIKEHHUS KOMIIETEHIIHIA)

Ilnanupyembie pe3yJbTAThl 00y4eHHs MO JUCHUIJINHE (MOTYJIIO),
@opMupyeMble | B COOTBETCTBUH C MHAUKATOPOM JOCTHKEHHS] KOMIETEHIINHU

KOMIIeTEeHIIUH HNuaukarop HaunmenoBanmue
(xox, ZIOCTI/I)KeHI/ISI* PesyabTaThi obyuenns OLIEHOYHOT0
coiepyKaHue KOMIIETEeHIIUH o cpeacTBa
KOMIIETECHIIHN ) (xon, conepxanue 11O INCHHMILTHHE
MHJINKATOPa)
OIIK-3 OIIK-3.1. 3uamwv. OCHOBHEIC ITOHIATUS U @OC no
[Ipumenser MaTeMaTUYECKUN anmnapaTr KBaHTOBOU oucyuniuxe
TEOPETUYECKHUE U MEXaHUKH U KBAHTOBOM XUMHU «Keanmoesas
MOJy3MIIMPUYECKUE | Ymemb TPUMEHSITh METOIbI KBAHTOBO- MeXaHuxa u
MOJIENH TIPU MEXaHUUYECKOTO OIUCAHUS aTOMHEIX U K8AHMOBAs
pelieHnu 3a1a4y MOJIEKYJIIPHBIX CUCTEM XUMUSY
XUMHYECKON Braoemv HaBBIKOB 0a30BBIX pacuETOB
HaIpaBJIEHHOCTH aTOMHBIX U MOJIEKYJISIPHBIX CBOMCTB Ha
OCHOBE KBAaHTOBOXHMHYECKOH B
KBaHTOBOMEXAHUYECKON TEOPUU




OIIK-3.2.
Hcnonb3yer
CTaHJIapTHOE
MIPOrpaMMHOE
obecrieyeHue npu
pelIeHnH 3a1a4
XUMHYECKON
HaIpPaBJIEHHOCTH

3Hamb BO3MOXKHOCTH U CIIOCOOBI
MIPUMEHEHHUSI IPOTPaAMM JIJIsI pacueTOB
XAMHYECKHX CUCTEM METOIOM XIOKKEIIS
Ymemvb poBOIUTH pacyeThl
COTIPSIKCHHBIX OPTaHUIECKUX CUCTEM
METOA0M XIOKKEIIS
Bnaoemw» MeTomamu ananauza
MOJTy4aeMbIX PE3YIbTaTOB, UX
BH3yaIn3aIuu

OIIK-5 OIIK-5.1.
Ucnonb3yer
coBpemeHHbIe | T-
TEXHOJIOTUH TIPU
coope, aHanm3se,
o0paboTke u
MIPECTABICHUH
uHpOopMaIuu
XHUMHYECKOTO
npoduis

OIIK-5.2
Cobmro1aeT HOpMBI
nH(}OPMALIMOHHOU
0€30MacHOCTH B
npogecCuoHAIbHON
JeSITeIbHOCTH

3Hamb BO3MOKHOCTU U OTPAaHUYECHUS
COBPEMEHHBIX KBAHTOBOXUMHUYECKUX
METOJIOB U peanu3yroniero ux [10
Ymems npuMeHSITH METOIBI
KBaHTOBOXMMMUYECKOT'O pacyera,
aHAJIM3UPOBATh UX PE3YyJIbTaThl HA OCHOBE
CpaBHEHUS C JaHHBIMH, HAICHHBIMHU B
WHTEPHET
Braoemw nipuemMaMu mpoCThIX
KBaHTOBOMEXAaHUYECKUX U KBAaHTOBO-
XUMHUYECKUX PACUETOB U UX PA3IUUHBIX
BApUaHTOB ¢ npumeHenueM [1K

3nams 0OCHOBHBIE HH(OPMALIMOHHbIE
yTPO3BbI

Ymems npumMeHsATH METOBI GOPHOBI C
BHUpYCaMH U IPYTUMHU
MH(OPMALIMOHHBIMU YTPO3aMHU
Bnaoemw nipueMamu 6€301MacHOTO
ncnonb3zoBanus [1K

@OC no
oucyuniure
«Keanmosas
MexXaHuka u
K6AHmMOo8as
XUMUSLY

3. CTpyKTypa u coiep:kaHue JUCHUTIMHbI

3.1 TpyaoeMKOCTb AUCHHILIMHBI

ouHasi popMa | OYHO-320YHAS
o0y4eHHUs ¢popma
o0yueHust
O0mas Tpy10eMKOCTh 43ET 43ET
YacoB 110 y4eOHOMY ILIAHY 144 144
B TOM 4Hcje
ayIuTOPHbIE 3aHATHA (KOHTAKTHas padora):
- 3aHATHA JIEKIMOHHOI0 THIIA 64 32
- 3aHATHA CEMUHAPCKOI0 THIA 32 16
- KCPU® 2 2
caMocCTosITeIbHasi padoTa 10 58
IIpoMeskyTOUHasI aTTECTALUS — 36 36
IK3aMeH




3.2. ConepxaHue TUCIUANINHEI

HaumeHnoBanue u
KpaTKoe coJepKaHue
pa3ziesioB U TeM
JUCIHUILTHHBI

Bcero
(4acel)

B TOM 4YHCJIC

KonTakTHas padoTa (padoTa BO B3auMoelicTBHH ¢
npenojgasaresiemM), 4acbl
U3 HUX

3angarus
UIEKIMOHHOT' 0

3ausaTus
s1adopaTopHOro

3ausaTus
CEeMUHAPCKOro

THIA
THIA
THIIA

Bcero

CamocrosiTesbHast paboTa

00y4JaKIIerocsi, Yachbl

Ounas

Ranunag

3a04yHasg
OuHo-3a04HAas
3a04yHas
OuHas
OuHo-3a04HAas
3aoyHas
Ouynas

3aouHas

Ranunasa

OCHOBHBIE TOHSTHS
M MaTeMaTHYECKUH
arnrapar KBaHTOBOM
MEXaHHUKH.

oo | OuHo-3a04yHas

oo| Ounas

»| OuHo-3a04Hast
1 Ouno-3aounas

| Ounas

| Ounas

1 Ouno-3a0unas

KBanToBOMEXaHn4uec
KOC€ OIIMCaHHuC
IMPOCTBIX KBAHTOBBIX
CHUCTEM.

10

Teopus atoma
BOJOPO/JA,
BOJIOPOJIOTIOAO0HBIX
ATOMOB M HOHOB.

13

12

Teopus  yrioBoro
MOMEHTA. Crnum.
ATOMHBIE TEPMBI.

10

OcHoBHbIE
NpUOINKEHUS B
TEOPHH
MHOTO3JIEKTPOHHBIX
CHCTEM.

10

XuMHu4ecKas CBsI3b U
¢buznueckue

3 deKTHI,
NPUBOMSIINE K €e
00pa30BaHMIO.

Meron Xaptpu-
Doka.

13

12

MonekynspHbie
CBOICTBA,
olpeseisieMble
9neKTpoHHOU BO.

10

[ToBepxHOCTH
HOTEHIIMATILHON

13

10




sHepruu. Onucanue
MOJICKYJISIPHBIX
CBOWCTB u
PEaKIMOHHOM
CIIOCOOHOCTH Ha
ocHoge I1119.

Hcnonp3oBanue 7 10 4 2 2 2 6 |4 1 |6
CHUMMETPHUU B
KBAaHTOBOM  XWMMHU.
Teopus rpymi.

CoBpemeHHbIE 6 4 4 2 2 2 6 |4
KBaHTOBOXHUMUYECKHU
€ MeTobl. ba3ucHbie
HaOOPHI.

TounocTh 6 2 4 2 2 6 |2
KBaHTOBOXHMHYECKH
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€ KOMIUIEKCHOTO SK3aMeHa B YCTHOU (hopme.

4. Y4eOHO-MeTOIMYeCKOe O0ecrevyeHne cCaMOCTOSITeJIbHOIH PadoThl 00ydarommxcst

CamocrosiTenbHas padoTa CTYASHTOB B MPOIECCE U3YUCHUSI TUCHUIUIMHBI «KBaHTOBass MeXaHUKa U
KBAaHTOBAsI XUMUs» MPEAINOJaraeT yreHne y4eOHOW U HayYHOU JIUTepaTyphl, MPUBEACHHONU B pazjaene 7
JAHHOM TIPOTrpaMMBbI, peIlIeHre 3a7a4 M0 TEMAaTHUYECKUM pa3jieiaM JUCIUTIINHBL. YUYeOHUKH U 3aJaYHUKH
UMEIOTCS B Halu4yue B OMOMMOTEKE B HEOOXOAMMOM KOJHYECTBE, a TaKXKe JOCTYIMHBI Ha
cooTBeTCTBYyIOIMUX HWHTepHeT-caiiTax. Bumbl camocTosiTensHOM paboThl oOydaromerocsi: mpopadoTka
MaTepHuaa JEeKUUH, peleHrue TOMalTHUX 33/IaHui, 3aJaHHbIX Ha MPAKTUYECKUX 3aHATUSAX, OJTOTOBKA K
KOHTPOJIBHBIM ~paboTaM, TMOATOTOBKAa K OJK3aMeHaM. B KkauecTBe JOMOIHUTENBHOTO CpEeACTBa
IpeJoiaraeTcs HaucaHue peeparos.

KoHTposibHBIE BOMPOCHl M 3aaHUsl [JII TPOBEACHHS TEKYIIEro KOHTPOJIS W TMPOMEKYTOUHOU
aTTECTAI[MU TI0 UTOTaM OCBOCHHMSI TUCIMIUINHBI TPUBECHBI B 1I. 6.2.

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

5.1. Omnucanue mKaj OLEHUBAHUS PE3YIbTATOB O0YUEHUS 110 TUCIUILIIMHE



YpoBenb

Ilxajia oneHuBaHusi cPOPMHPOBAHHOCTUH KOMIIETEHIUI

copmupoBan MJ10X0 HEY/I0BJIETBO OBJICTBOPH 04eHb X0POLIO
(hopmup YA ya P X0pouIo P OTJIMYHO
HOCTH PUTETBHO TeJbHO NPEBOCX0HO
KOMIIeTeH Ui He 3aurteno
(MHAMKaTOpa
3aUTEHO
JAOCTHKEHUS
KOMIIeTeH U i)
OtcyrcTBHE YpoBeHb
3HAaHUH VYpoBeHb 3HaHUH B
TEOPETUYECKO | YPOBEHb MuHumaneHO | 3HaHUU B o0BeMme, VYposenb VYposenb
TO MaTepuaja. | 3HaHHH HIDKE | JOIYCTUMBIH | oObeme, COOTBETCTBYIOI | 3HAHWH B 3HaHUII B
HeBo3MoXHOC | MUHUMANbHBI | YPOBEHb COOTBETCTBYIOII | €M MporpamMMe o0beMme, o0beMme,
3HaHuA Th OLIEHUTD X 3HaHUIL. €M IporpaMme MOJTOTOBKH. COOTBETCTBYIO | MPEBBIMIAOIIE
MOJIHOTY TpeOOBaHUA. JonyieHo MOATOTOBKH. JonyieHo EM M Iporpammy
3HAHUHN HNmenu mecto | MHOrO JomnyieHo HECKOJIBKO nporpamme MOArOTOBKH.
BCJIEAICTBUE rpyObIe HETpyObIX HECKOJIBKO HECYIIECTBEHH MIOATOTOBKH,
OTKa3a OIIUOKH. OIIUOKH. HErpyObIX BIX OIIUOOK 6e3 ommoOOoK.
oOyuatomieroc ournboK
sl OT OTBETa
OTtcyrcTBHE Ipoxemoe IIponemonctpu | Ilponemoncrpu | Ilpomemonctp | IIpomemonctp
MHHHUMAJIbHBI u pOBaHH ™ POBaHBI Bce POBaHEI Bce HpPOBaHbI BCE HpPOBaHbI BCE
X yMEHUH . P OCHOBHBIE OCHOBHBIE OCHOBHBIE OCHOBHBIE
Ipu pemeHnn | OCHOBHBIE
Heso3moxxHoc YMEHHSI. YMEHHSI. YMeHHMs,pere | YMEHHS,.
CTaHIApPTHBIX | YMEHHS.
Th OLICHHUTD Pemens! Bce Pewensr Bce HBI BCE Pemiens! Bce
3aja4 He Pemensr
HaJuue OCHOBHBIE OCHOBHBIE OCHOBHBIE OCHOBHBIE
. MIPOJIEMOHCTP | THIIOBBIC
yMeHuit 3a]1auy ¢ 3a1auy . 3a7auk ¢ 3a1aun.
Ymenus HUPOBAHBI 3a/1a41 ¢
BCJICICTBUE HErpyObIMI BEImoHEHBI Bce | OTASNBHBIMH BemonHeHs!
OCHOBHBIE HEeTpyOBIMU
OTKa3a OLTHOKAMHL. 3a7aHus, B HECYIIECTBEH | BCE 3a/aHMA,
YMEHHSI. OIIMOKaMH.
o0yJaromeroc BeimosHeHs! Bce | HOMHOM HBIM B TIOJTHOM
Wmenu Mecto | BelnosHeHsl
s OT OTBETa 3aJaHus, B o0beMe, HO He0YeTaMH, o0beMe Oe3
rpyobIe BCE 3aJlaHUs
MOJTHOM HEKOTOPBIE C BBITIOJTHEHBI HEJ04eTOB
OIIHOKH. HO HE B
obbeme, HO HeJloYeTaMH. BCE 3aJ]aHus B
TIOJTHOM
HEKOTOpBIE C MIOJTHOM
obneme.
HeJJ0UeTaMH. obObeme.
IIponemoncTpU IIponemoncT
[Ipu pemennu | Mmeercs IIponemoHncTpH P P IIponemoHncTp P p
OtcyTcTBHE POBaHEI HpOBaH
CTaHJApPTHBIX | MUHUMAIBHBI | POBAaHBI HPOBaHbI .
BIIQ/ICHUS N 6a30BEIe TBOPUYECKUH
3aja4 He 31 6a3oBble HaBBIKH
MaTepHaIOM. HaBBIKH MOAXOA K
MIPOJIEMOHCTP | Habop HaBBIKH TP peLICHUN
HeBozmorkHOC IPY peLIeHNH peLIeHuo
HPOBAHBI HaBBIKOB IS TPH PEHIeHUN HECTaHAApTH
Hagbiku Th OLICHHUTD CTaHJIApPTHBIX HECTaH/IapTH
0a30BEIe peteHus CTaHIAPTHBIX BIX 3a1a4 0e3
HaJmuue 3amay Oe3 BIX 3aJa4
HaBBIKH. CTaHAApPTHBIX | 3a7ad C OIINOOK 1
HaBBIKOB OLIMOOK 1
Wmemn mecto | 3amad ¢ HEKOTOPBIMHA HEJ0YETOB.
BCIIEJICTBHE HEJ[0YETOB.
oTKasa rpyobie HEKOTOPBIMH HeJJ04YeTaMH
OIIHMOKH. HeJl0YeTaMH
o0ydatomieroc
s OT OTBETA
5.2. TunoBble KOHTPOJbHBIE 32JaHHSA HJIH HHbIe MaTepHajbl, HeO0XOAUMBbIE [JIA

OLICHKH Pe3yJIbTATOB 00y4YeHMS.

5.2.1 KoHTpoOJIbHbIE BONPOCHI

Bonpocsi

Koo ¢opmupyemoii komnemenyuu

N

1. Ksanrtosrblie

JEMOHCTPUPYIOILIHE 3TU CBOMCTBA.

OCHOBHBIE IOCTYJIaThl KBAHTOBOW MEXaHUKH.

3. BonnoBas ¢Qynkuus, ee QUINYECKUI CMBICI, OCHOBHBIC
CBOICTBA.

4, OOwmwmit

BH]I

CBOMCTBA

cTanvoHapHoro ypasHeHus lllpenunrepa.
OO6mwmit Buj BpemszaBucumMoro ypasHenus [lIpenunrepa.

5. TapMonmueckuili ocHWLIATOp. YpaBHEHHE
TapMOHHYECKOT0 OCHMJUISTOPA.

MHUKPOYACTHII, OITBITHI, OIIK-3

[lIpenunrepa

BonHoBeie yHKIIMH W




CIIEKTP YHEPIUH.

6. Atom Bomopoaa, BUJ BOJHOBOH (yHKIuU. DU3HYECKUN
CMBICJI KBAHTOBBIX YHCEI.

7. MonekynsipHoe ypaBHeHnue Illpenunrepa. Ilpubnkenue
Bopna-Onmenreiimepa u aquadaTuyeckoe MpUOIMKEHHE.

8. @dusnmueckue dSPdekTpl, NpuUBOIANIME K 00pa30BaAHHIO
XAMHYECKOMN CBSI3H.

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

10. Onpenenenne NOBEpXHOCTH NMOTeHIUANBHOM sHepruu (I1119).
Ounenka  (QU3MKO-XMMUYECKHMX  CBOWCTB  BelIeCTBA U
peakLMOHHON CIOCOOHOCTH Ha ocHOBE n3yueHus [1119.

11. Meton Xrokkens. [IporpammHoe obecrieueHue sl pacyeToB OIIK-5
METOJI0OM XFIOKKEJIA.

12. CoBpemeHHbIE KBAaHTOBOXMMUYECKHUE METOJIbI JUIS OLEHKU
(U3HKO-XMMHUYECKHUX CBOMCTB U PEAKIIMOHHOW CIOCOOHOCTH.

5.2.2. Tunosble 3a1aHus 1151 oueHKU copmupoBanHoctu komnetenuuu OITK-3, OIK-5

JK3aMeHALlMOHHbIC BONPOCHI:
OIIK-3

1. IIpenmer KBaHTOBOW MEXaHUKU M KBAaHTOBOUM XuMUU. OCHOBHBIE 3TAIlbl Pa3BUTHUSI KBAHTOBON
Teopud. ['NaBHbIE TEHAEHUMU B Pa3BUTHM KBAHTOBOM XHMMHHU. COBpEMEHHBIE BO3MOXKHOCTH U
IIPUMEHEHHE IIPU PEILICHUN XUMUYECKUX 3a]1a4.

2. DKClepuMEHTAbHBIE OCHOBBI KBAHTOBOW MEXaHWKH. KBaHTOBBIE CBOWCTBA MHUKPOYACTHII,
OIIBITHI, IEMOHCTPUPYIOIINE 3TH CBOMCTBA.

3. OCHOBHBIE TTOJIOKEHHS KBAHTOBOW TeOpHH. MaTeMaTHUECKUH anmapar KBAaHTOBOH MEXaHHUKH.
OcCHOBHBIE MOCTYJIaThl KBAHTOBON MEXAHUKH.

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

5. Omnepatopsl, cOOCTBEHHbIE (DYHKIIMM M cOOCTBEHHbIE 3HaueHus. [IpencraBnenue onepaTopos
MaTpHULAMHU.

6. CooTtHoueHue HeompeaeneHHocTe. OnepaTopbl KOOpPAUHAT, UMITYJIbCOB, KHHETUYECKOH U
NoTeHIMaIbHOU sHeprun. Oneparop ["amunbToHa.

7. TlpuHuun cynepno3uIMU COCTOSIHMHA. BeposTHOCTHas TpakTOBKa KBAaHTOBOM MeXaHHKH.
[ToHas opTOHOPMUPOBAHHAS CHCTEMA BOJTHOBBIX (DYHKITHIA.

8. Cramuonapnoe ypaBHeHue lllpenuHrepa, ero aHajorus C ypaBHEHHSMHU KJIACCHUYECKOM
MEXaHUKH. 3aBUCSAIIEE OT BpeMeHu ypaBHeHnue [llpenunrepa.

9. Ipunmun Ilaymu. IIpuHIMIT —TOXIECTBEHHOCTH MHUKpodacTull. CHUMMeETpUYHBIE U
aHTHUCUMMETPHUYHbIE BOJTHOBBIE QYHKIIMU. DEepMHOHBI U OO30HBI.

10. Pemenue ypauenus Llpenunrepa ais 3aauu o ABMXKEHHUHM CBOOOIHOM YaCTHIIBI U 3aJ1a4M O
JBUKEHUH YaCTHUIIBI B TOTEHI[HAIBHOM SIIIIHKE.

11. T'apmonuueckuii ocruuiaTop. YpaBHenue IllpenuHrepa rapMOHHYECKOTO OCHMILIATOPA.
BonHoBbIE QYHKIIMM U CHIEKTpP SHEPTUM, UX OCOOEHHOCTH.

12. KBanToBO-MexaHHMYeCKas 3ajlaya O >KECTKOM poTarope. BomHoBas (yHKIMS U SHEprus
xecTkoro poraropa. Chepuueckrie rapMOHUKH, YIIIOBasi 3aBUCUMOCTb BOJTHOBBIX (DYHKIIMA.

13. Atom Bomopona, BUA BONHOBOW QyHKIHMH. DU3NYECKHI CMBICT KBAHTOBBIX YHCEIL
3aBUCHMOCTh PaauaIbHOM COCTABJISIFONIEH BOJHOBOW (DYHKIIMH OT PACCTOSHHS MEXIY SIAPOM H
ANIEKTPOHOM ITPH Pa3IMYHbIX KBAHTOBBIX YHMCIaX. ATOMHAs CUCTEMA €IUHULL.



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

15. MHorosnekTpoHHble  cuctembl.  OpHO3JeKTpoHHOE — mpuOmmbkeHue.  [IpubmkeHue
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
anunabarnyeckoe npubnmxenue. [lonarue o BUOpOHHBIX B3amMojaeHcTBHsX. [Ipubmmxenne MO
JIKAO. YpaBnenus Pyrana. Teopema Kynmanca.

18. ®usmueckue >hdexTsl, TpUBOIAIIKE K 00pa30BaHUI0 XMMHYECKOW CBs3U. Jlemokamm3amus
3JIEKTPOHHOM IITOTHOCTH. OOpa3oBaHue KOBaJIEHTHOH CBs3u. OOpa3oBaHHEe HOHHON CBSI3H.

19. T'omosimepHBIe ABYXaTOMHBIE MOJICKYJIBI, BhuucieHue sHeprun ux MO meronom MO CCIL
CekynsapHoe ypaBHeHHe. CBS3BIBAIOIINE U PA3PBIXIIAIONINE OPOUTAIIH.

20. Monexynspusie Tepmbl. KoHmenuuu ruOpuau3aniuy ¥ pe3oHaHCa B TEPMHUHAX KBAaHTOBOM
mexanuku. KauectBennas teopust MO. KoppensiiioHHbIe OpOUTAlIbHBIE TUATPAMMBI.

21. OueHka DSJEKTPOHHBIX CBOMCTB MOJEKynbl. lloTeHmmansl woHM3amMu. MyIbTHIIONBHEIC
MOMEHTHI. 3apsapl aTOMOB. Pa3znuuHble mIKajabl aTOMHBIX 3apsafoB. OleHKa MOPSIKOB CBSI3U U
BaJICHTHOCTH aTOMOB. [loHsITHE 00 MHIeKCaX PeaKIIMOHHON CIIOCOOHOCTH.

22. Konnermust III1D. Onenka (QU3HKO-XMMHYECKHMX CBOMCTB BeEIIECTBA W PEAKIIMOHHOMN
cnocooHoctn Ha ocHoBe wu3yueHus [II1D. CranmoHapHble TOYKH, JIOKAJbHbIE MHHUMYMBI M
MEPEXOJIHbIE COCTOSHUA.

23. OnTuMu3anus reOMeTpUH, MTOMCK MIEPEXOIHBIX COCTOSTHUI. Onpenenenue
TEPMOJUHAMHYECKHUX ITapaMETPOB PEAKIUI U KOHCTAHT CKOPOCTH Ha OcHOBE HccaenoBanus [1I10.

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

25. HenpuBonumeie mnpencraBienusi. Xapakrepel HII. Hcmonp3oBanume Teopum Tpynm B
kBaHTOBOM xumuu. Knaccupukanuss MO u MonekynspHbIx TepMoB. COKpalleHHe pa3MepHOCTH
ramuibToHHaHa. OneHKa MOJIEKYJIIPHBIX UHTETPaJIoB.

26. Hesmmupuyeckue (ab initio) Meroasl B KBaHTOBOW XuUMHH. IIperMyiiecTBa U HEJOCTATKH
HEAIMIHUPUYECKUX METO/I0B. DIEKTPOHHAs KOPPEALHS.

OIIK-5

1. Meronsl ydera 3JIeKTpOHHOU KOppesnsuuu. MeTosl KOHGUTypallMOHHOTO B3aUMOJIEHCTBHSL.
Teopus Bo3mymenui. Teopust cBsi3aHHBIX KiacTepoB. VX cpaBHUTENbHAs XapaKTEpUCTHKA,
00J1aCTH IPUMEHEHHUSL.

2. Teopus QyHKIMOHANAa TUIOTHOCTH. Ee TeopeTHdeckne OCHOBBI, OO0JIACTh TPHUMEHEHUS,
BO3MO>XHOCTH M OTPaHUYEHUSI.

3. THomysmmmpuveckne wmeronbl. [IpuOMMkeHWsT  BaJCHTHBIX  DJIEKTPOHOB,  HYJIEBOTO
T depeHIMaIbHOr0  MEepPeKpbIBaHMs, pacueT OAHO- U JIBYXJIEKTPOHHBIX  HMHTEIpaJioB.
[TpubnmxeHne HyNeBOTO JAByXaToMHOTO nuddepeHimansHoro nepekpsiBanus. Meroast MNDO,
AMI1 u PM3.

4. Tlpobnema BbiOopa 0azuca AO. OcHoBHBIE OazucHble HaOOpbl AO: MUHUMANbHBIN, ABYX- U
TPEXAIKCIIOHEHIIMANbHbBIE,  KOppENsUOHHO-coracoBanHble.  [lonspu3annonHble  (QyHKIUH.
Huddysusie pynxnuu. X 0cOOEHHOCTH M NMPUMEHEHHUE JJIsi ONMUCAHUS PA3TUYHBIX XUMHYECKUX
CHCTEM.



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

3K33M6H3HI/IOHH]>IC 3aJavum:

OIIK-3
1 KakoBa nnmua BonHbl e bpoilns s1ekTpoHa M IPOTOHA, SHEPIrHsl KOTOPBIX paBHA
CpeHeM KMHETHYECKON SHEPTrUM MOCTYNATEIbHOTO TEIUIOBOTO JIBHXKCHHS MOJICKYII IIPU
KOMHATHOM Temreparype?

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

BOJIHBI TpaHuIlbl cepun baabmepa (N2=2) }{BOO= 365 uMm. Haiitu U3 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 MOJIOYKEHHS PABHOBECHS €€ DHEPIrUs yBEIHMYUBAETCA Ha
0.2 xJI/MOIb.

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

5 OnpeenuTh SIEKTPOHHBIA TEPM OCHOBHOTO COCTOSHHSL ATOMOB IIEPBOTO W BTOPOTO
TIEPHOIOB.
6 B arome He 06a snextpona Haxomsres Ha opouram 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 Haiitn sHeprun MO, ko3ddunuents! paznoxenus MO, sHepruro
MOJIEKYJIbl, OpOUTAIBHBIEC 3apsIbl ATOMOB U MOPAIKU cBs3eil B Mojnekynax CH=C=0 u
CH2=C=NH. (be3 ucnonb30BaHus KOMIIBIOTEPHOMU MTPOrpamMMBl).

2 Metonom MOX Haiitu sHepruu MO, kordpdunuentsl pasznoxenus MO, sHepruio
MOJIEKYJIbl, OpOUTANIbHBIE 3apsAbl AaTOMOB U HMOPSAKHM CBsi3ell B MoJjieKynax OyTaaueHa
CH>=CH-CH=CH: n nuxno0yraanena

y-(-CH=CH-)2.  (Pa3zpemaercsi  HCIOJB30BaTh  KOMITBIOTEPHYIO  IPOTpaMMy
JTUaroHaJIn3aluyi MaTpHIL)

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

(TpuronanbHas Ounmpamuna), SFe, opmo-xuHOH, 1,3,5-TpuMeTmiiOenH3omn, (epporeH,

6uc-6enzonxpom, Ceo.

KnaccupumupoBate MO 53TuieHa 1O HENPUBOJUMBIM TPEACTABICHUSM TPYIIIBI

CUMMETPHHU MOJIEKYJIBI.

SN

5.2.4. Tembl KypcoBBIX padoT, 3cce, peepaToB

Hcropust KBaHTOBOW XUMUMU.

KBaHTOBas1 HENOKAIBHOCTD U KBAHTOBAS 3aITyTAHHOCTD.
[Ipobnema CKpBITHIX MapaMeTPOB B KBAHTOBOW MEXaHUKE.
Vcnonb3oBaHue CBOMCTB CUMMETPHH JUIs BBIBOJA ITPABUI OTOOpA.
PenatuBuCTCKHE TONIPABKUA B TEOPUHU aTOMA.

Kitaccuueckas v KBaHTOBast MOJIEKYJISIpHAS AMHAMMKA.

ook ownE
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7. Mertobl pacyera 3J€KTPOHHOM CTPYKTYphl KPUCTANINYECKUX TBEPBIX TN

8. CrannmaptHas ¥ BapHallMOHHAs TEOPUS MEPEXOTHOTO COCTOSHUS

9. KBaHTOBOXMMHYECKHE TEOPUH IIEPEHOCA IEKTPOHA

10. BpewmsizaBucuMasi TeOpusi BO3MYIICHUN M KBAHTOBOXHMHYECKHE PACYEThI AIETPOHHBIX
CIICKTPOB

6. YueOHO-MeTOAUYecKOe U MHPOPMAIIMOHHOE o0ecriedeHne JUCITUTIIMHBI

6.1. OcHoBHasI JIuTEpaTypa:

1. Kpamenunun, B.M. KBanToBass XuMHs M KBAHTOBAasE MEXaHUWKAa B NPUMEHEHUHU K 3aJadyaM.
[Dnextponnstii pecype] / B.M. Kpamenunun, E.I'. T'azenayp, JI.B. Ky3pmMuna. — DeKTpoH. naH. —
Kemeposo : KemI['Y, 2012. — 56 ¢. — Pexxum nocryma: http://e.lanbook.com/book/44352 — 3ari. ¢
JKpaHa.

2. Maiiep, U. 30panHble riaBel KBAHTOBOM XMMUHU: TOKA3aTEIbCTBA TEOPEM U BBIBOJ (OPMYIL
[DnexTpoHHEIH pecypc] — DnektpoH. nan. — M. : M3parensctBo "Jlabopatopus 3Hanwmii", 2014, —
383 ¢. — Pexxum poctymna: http://e.lanbook.com/book/50535 — 3ari1. ¢ sxpana.

3. Hupenscon, B.I'. KBanTtoBas xumus. MoseKyiibl, MOJEKYJIIpHbIE CUCTEMbI U TBEpPJbIE TENa.
[DnexkTpoHHBI pecypc] — DOnektpoH. nan. — M. : U3parensctBo "Jlabopatopus 3Hanwmii", 2014. —
522 ¢. — Pexxum pocrymna: http://e.lanbook.com/book/66357 — 3ar1. ¢ sxkpaHa.

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:

Menémmna A.M. Kypc kBaHTOBOI MeXaHUKHU Juist XUMUKOB: M.: Beicmr. mik., 1980.215 c.
@unappu P. KBanroBas xumusa. M.: Mup, 1985. 472 c.
3arpagnuk P., [Tomak P. OcHoBbl kBaHTOBOM Xumuu. M.: Mup, 1979. 504 c.
Menémmuna A.M. Kypc kBantoBoil xumun. Boponex: U3n-so Boponex. yn-ta, 1981. 198 c.
Amumupckuii K.b., Auumupckuii B.K. Xumunueckas csa3p. Kues: Buma k., 1975, 304 c.
Munkun B.U., Cumkun b.4., MunseB P.M. Teopust crpoenust monekyn. PoctoB-Ha-/ony:
Hszn-so “Penuxc”, 1997. 570 c.

7. AoapenkoB U.B., bparnes B.®., Tyny6 A.B. Hauana kBantoBoil xumuu. M.: Beicur. k.,
19809.

8. bonotun A.b., CrenanoB H.®. Teopus rpynm u e€ npuMeHEHHE B KBAaHTOBOW MeEXaHHUKE
Mosekyi. Bunbhioc: U3a-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., JIupmmu 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 XuMuto. M.: Mup, 1982.

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

ocarwnE

6.4 UnTepHeET-pecypchbl:

1. Urnaror C.K. KBanroBas xumus. U.1. http://www.unn.ru/chem/ignatov/IgnatovSK-
KvantovayaKhimiya-1.pdf
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2. Urnaros C.K. Ksanrosas xumus. Y.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 st peueHus 3a71a4 METOJ0M XIOKKEIIA.
http://www.unn.ru/chem/ignatov/Huckel.xls.

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

YyeOHo-MeTOAMYECKAsT JUTepaTypa Uid JaHHOM AMCUMIUIMHBI HMEETCS B HaIU4YUH B
ANIEeKTPOHHO-O0nbmoreynoit  cucreme "ZNANIUM.COM", noctynm K KOTOpOW TPEIOCTaBICH
cryaentaMm. ObC "ZNANIUM.COM" coaepXuT NpOU3BEACHUS KPYIMHEUIIINX POCCUHUCKUX YUEHBIX,
PYKOBOAMTENIEH TOCYJAapCTBEHHBIX OpraHoB, IIpernojaBarelied  BEAyIIMX BY30B  CTpaHBbI,
BBICOKOKBAJIM()UIIMPOBAHHBIX CHEIMAIMCTOB B pa3iUuYHBIX cdepax OuzHeca. PoHj OUOIHOTEKU
chopMHUpOBaH C Y4YETOM BCEX WM3MEHEHUW 00pa30oBaTENbHBIX CTAHAAPTOB M BKIIOYAET YUCOHHKH,
yuebHble mocoOus, MoHorpaduu, aBTopedeparbl, AUCCEPTALMU, SHUIUKIONEIUU, CIOBApH U
CIIPaBOYHMKH, 3aKOHOJATEIbHO-HOPMATUBHBIE JOKYMEHTHI, CICIHAIbHBIC TEPHOINYECKUE U3IaHUS
U W3/1aHUs, BBIIYCKAaeMble H3AaTelibcTBamMu By30B. B nHacrosmee Bpems ObC ZNANIUM.COM
COOTBETCTBYET BCEM TpeOOBaHMSIM (eAepaTbHBIX TOCYIAPCTBEHHBIX 00Pa30BaTEIbHBIX CTaHIAPTOB
Boicuiero oopazoanus (PI'OC) HOBOTo MOKOIEHHUS.

Y4eOHO-MeTOIMUECKasT JIUTEparypa [UIsl JaHHOW JUCIMIUIMHBI HMMEETCS B HAJIWYUU B
3NEeKTPOHHO-0MOIMoTeyHo cucteme M3narenscta "Jlanp", JOCTYN K KOTOPOW TakKe MPEIOCTaBICH
crynentam. DbC M3natenncTBa "Jlanp" BKItOUaeT B ce0sl JIEKTPOHHBIE BEPCUH KHUT H3ATEIHCTBA
"Jlanp" W APYrUx BeOyIIUX H3AATEIbCTB y4eOHOW JHUTEpaTyphl, a Tak)Ke JJIEKTPOHHBIE BEPCHUH
NMEePUOJIUYECKUX M3JIaHUA TI0 €CTECTBEHHBIM, TEXHMYECKMM M TyMaHHTapHbIM Haykam. 2ObC
UznatenbctBa "Jlanp" oOecneunBaeT MOCTYHN K HAay4YHOW, y4eOHOW JHUTepaType M HayYHBIM
MEePUOIUYECKUM U3JAHUSM 110 MAaKCUMAIHbHOMY KOJUYECTBY MPOGUIBLHBIX HAPABICHUMN.

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

[Tomemienust npeacTaBasOT co00il yueOHbIE ayTUTOPUH JUIsl NIPOBEIEHUS YUEOHBIX 3aHATHUH,
IPEIYCMOTPEHHBIX MPOrpaMMOMN, OCHAIllEHHbIE O0OPYAOBAaHHMEM WU TEXHUYECKUMH CpeICTBAaMU
o0yuenust: ayn.308 kopn.S, ayn.125 kopn.S (ayauTopun ¢ MyJbTHMEIHA-TIPOEKTOPOM)

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

ITporpamma cocraBiena B cootBercTBuM ¢ TpeboBanusMu GPI'OC BO ¢ yueToM pekoMeHaanui u
OIIOIT BO no HampaBnenuto noaroroBku 04.03.01 — Xwumwus, peannsyeMod Ha XMMHUYECKOM
¢dakynpTeTe, HAMPaBICHHOCTh «XUMUS U MaTepUATIOBEICHHUEY.

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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