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I. AnHOTaUSA

1. Hesb 1 331241 TMCUUILIMHBI:

KBaHTOBass MexaHWKa — TEOPETUYECKUN pa3fen (PU3MKH, paccMaTpUBAIOIINNA
MEXAHUKY JBH>KCHHSI MUKPOYACTHIL (AJIEKTPOHOB, MPOTOHOB U T.1. ). OHA MO3BOJISET
OMUCaTh KBAHTOBBIE CHCTEMBI. KBaHTOBAass XWMHSI — TEOPETUYECKAs OCHOBA
MPEJACTABIICHAN COBPEMCHHOW XUMUWYECKOW Hayku. (Coodepoicanue OucCyuniumbl
“KBaHTOBasi MEXAHWKA U KBAHTOBASI XUMHUS~ OMPEACIICHO CICTYIOIIUM 00pa3oM:
-OCHOBHBIC MOCTYJIAThl U MATEMATUYECKUN annapaT KBAHTOBOM MEXAHUKH,
~-OCHOBHBIE MOJIOKEHUS KBAHTOBOW XUMMWH,

-HEOMITUPUUYECKUE W TOMYIMIUPUYECCKAEC METOJBl M3YUYEHHUS DBJIEKTPOHHOIO
CTPOCHUS aTOMOB U MOJIEKY T,

-Ka4e€CTBEHHAs TEOPHUsI PEAKIIMOHHON CTOCOOHOCTH

Henb AUCOUNIMHBI — TO3HAKOMUTH CTYJICHTA C UJICSIMU U METOJAMU KBAHTOBOM
MEXAHWUKA W KBAHTOBOW XWUMHH, COCTABJIAIOMIMX OCHOBHOW TEOPETAYECKUI
(YHIaMEHT COBPEMEHHOMN XUMUH.

3agauu IMCUNILIMHBI

— PACKPBITh OCHOBHBIC TTOHSATHS U MIOCTYJIAThl KBAHTOBON MEXAHUKH,

— MMOMOYb CTYJICHTAM OCBOMTh MAaTEMATHUYECKHN anmapar KBAHTOBOW MEXAHUKH
— c(hopMHPOBATh y CTYJCHTOB YMEHUE MPUMEHATh MATEMATUYECCKUI anmnapar
KBAHTOBOW MEXAHMKH JJIsl PEIICHUS KOHKPETHBIX KBAHTOBOMEXAHUYECKHX 3a0a4

— MoKazaTh ITyOWHY B3aMMOCBSI3U KBAHTOBOM MEXaHUKHN M KBAHTOBON XUMHH

— BBIPA0OTATh YMEHWE MNPUMEHECHHS 3HAHUH O HEOIMOUPUUYECKUX U
NOJYSMIIMPUYECKUX METOAAX Mpu PadoTe C OPOrpaMMHBIM  OOECHEYCHUEM
JUCLIMIUIMHBI U T.JI.

2. MecTo aucumniiunsbl B crpykrype OOII

Jucummnnaa «KBaHTOBasi MEXaHWKA U KBAHTOBAS! XUMUSD) BXOJUT B 00S3aTEIBHYIO
yacth broka 1. «/ucuumimaey yueOHOro miaHa.

JlaHHas AMCUMIUIMHA TECHO CBsi3aHAa C AMCUMIUIMHON «CTpPOCHHME BEIIECTBAY,
«Kpucrammoxumuein», « CTEpeoXumMuen» u Ip.

3. O0beM QUCHUILIMHBI: 4 33a4cTHBIC ¢AUHULEL, 144 akageMHYECKUX YacoB, B TOM
qucie:

KOHTAKTHAsI ayIUTOPHasi padoTa; jekimu - 18 4acoB, mpakTuueckue 3aHsaTus —36
YaCOB,

KOHTAKTHAS BHeAyUTOpHAsi padoTa: KOHTPOJIb CaMOCTOSTEIBHON padoThl — 20
YaCOB;

caMOCTOSITeJIbHAsE padoTa: 43 Jac, KOHTPOJIb - 27 4acoB.



4. Ilnanupyemble pe3yJbTaTbl O0y4YeHHs] MO JMCHUILIMHE, COOTHECEHHBIX ¢
TUIAHNPYEMBIMH Pe3yJibTATAMH 0CBOEHHs1 00PA30BaTeIbHOI NMPOrPpaMMbI

IL1anupyemsbie pe3yibTaTbl 0CBOCHUS
00pa3oBaTe/IbHOI POrPaMMBbI
((hopmMupyemMbie KOMIICTCHIINHN)

ILnanupyemsbie pe3y/ibTaTbl 00y4eHHs
MO TUCIHILTHHE

OI1K-3

Crnoco0eH  MPUMEHSTH  PacyeTHO-
TEOPETUYECKUE METOIBI IS U3YyUYCHUS
CBOWCTB BEIECTB U IPOLECCOB C HX

OIIK-3.1 [IppuMeHsIET TEOPETUUECKUE U
ITOTYIMITUPUYECKHAE MOJETHU TTPH
peLIeHNA 3a0a9 XUMUYECKON
HaIpaBJIEHHOCTH

pe3yabTaThl CBOCH PabOTHl B YCTHOH M
NUCBMEHHON (POPME B COOTBETCTBUU C
HOPMaMH M TPABHUIIAMHU, TPUHATHIMUA B
npo(pecCHOHATEHOM COOOUIECTBE

y4acTUEM C M CIOJIb30BAHUEM

COBPEMEHHOM BBIYUCITATEITBHOMN OLIK-3.2 McnonksyeT cTannapTHoe

— MPOrpaMMHOE 06ecnequHevan
PELICHUH 3a]1a4 XUMUYECKOM
HANPABJIEHHOCTH

OIIK-4 OIIK-4.1 Ucnone3yeT 0a30Bble 3HAHUS

CrmocobeH  mmaHupoBarh  PaboTHl | B 00JACTH MareMaTHKU M (DU3MKH TIPH

XUMHUYECKON HATIPABJIEHHOCTH, | IVTAHUPOBaHUM  padOT  XMMMYECKOH

oOpabatbiBaTh ¥ WHTeprnpeTupoBath | HAPABICHHOCTH

NOJTyYEHHBIC PE3yAbTaThI C

M CHOJIb30BAHUEM TEOPETUUECKUX

3HAHWUH U TMPAKTUUYECKUX HABBIKOB

peLeHus MaTeMaTHUYECKUX u

(u3nUecKuX 3a1a4

OIIK-5 OIIK-5.1 Hcnonme3yeTr COBPEMEHHBIE

CnocobeH ucnosib3oBath | [T-TexHomorun npu cOoOpe, aHam3e,

CYLICCTBYIOIIUE nporpamMmHele | 00padoTke " peICTaBICHUH

NPOAYKTHl M MH(OPMALMOHHbIE Gaspl | AHPOPMALMK XMMIYECKOTO IPO(HIIA

JaHHBIX  JJ8  pEUleHus  3ajad

NPpOPECCUOHATTEHON  JEATENBHOCTA €

Y4ETOM OCHOBHBIX  TpeOOoBaHUiA

WH(POPMAMOHHOMH O€30MTaCHOCTH

OIIK-6  Cmocoben  mpenctaisath | OIIK-6.1 IlpencraBusier pe3yabTaThl

paboThl B BUJIEC OTUETA MO CTaHAAPTHOMN
(opMe Ha PYCCKOM SI3BIKE

OlIK-6.4 TOTOBAT NPE3CHTALMUIO II0
TEME pabOThl W MPEACTABISACT €€ Ha
PYCCKOM M QHTJTIMMCKOM SI3BIKAX

5. ®opma npoMeKYTOUHOI aTTeCTAUMU U CeMeCTP:

JK3aMEH B 6-M CEMECTPE.




6. SI3bIK IpenogaBaHusi PyCCKHIA.

II. Copep:kaHue AUCHUILUIMHBI, CTPYKTYPHPOBaHHOe MO TemaM (pa3aeiam) ¢
YKa3aHHEM OTBEICHHOT0 HA HHUX KOJMYECTBA aKaJeMHUUYECKHX YacOB W BH/IOB
YUYeOHBIX 3aHATHIA

1. Jlosi cTyAeHTOB 04HOii (popMbI 00yUeHust

KonrakTHas padora (4ac.
P (uac.) Camoct
Kont
IIpaxtn OAITENb
YueOHast nporpaMma — HauMeHoBanne | Bcero poib Kont
Jlex | yeckme Has
pa3aesioB U TeM (dac.) CaMoCTOsI pOJb
1805051 3aHs . | pabora
TEJIBLHOUN
THSI (dac.)
paboThl
1 | Beenenue 1 1 0 0 0 0
M =
5 aTeMaTI/\I'LIeCKI/II/I ammapar 10 ) 4 ) 5 0
KBaHTOBOM MEXaHUKHU
3 OCHOBHBIE TIOCTYJIaThI KBAHTOBOH 12 ) 4 5 5 5
MEXaHUKH
4 YTnoBbie MOMEHTBI (MOMEHTBI 12 5 4 5 5 5
UMITYJIbCA)
5 KBaHTOBast MeXaHHUKA MPOCTHIX 16 3 4 5 4 3
CHCTEM
6 [TpubnuxEHHBIE METOABI PELICHUS 30 5 3 4 10 6
3a1a4
7 OO01ue BOMpoCkl KBAHTOBOM 17 5 4 5 7 5
XUMHAHA
3 KBaHTOBasI TeOpHst XUMHUECKOH 4 5 4 4 3 6
CBSI3U
K
9 BAHTOBAA TEOPHS XUMUMECKIX 2 5 4 5 2 6
peaxiuit
Hroro 144 18 36 20 43 27
III. O6pa3oBaTebHBIC TEXHOJIOTHH
YueOHan
nmporpaMma —
porp Bua zanarusa Oo0pa3oBaTeibHbIE TEXHOJIOTHH
HAHMEHOBAHHE

pa3aesioB M TeM

® TpaaNUHOHHBIE ((PPOHTATBHAS JEKIIHS)
1. Bsenenue o Jlexuus ¢ 1dpoBbIe (MOKa3 MPE3EHTAINH),
e Tpymnmnosas pabora

® TpaaWUHOHHBIE ((PPOHTANIBHAS JEKIHA,

2. Maremaru- e Jleknus .
. peLIeHNe YIPaKHeHH i),
4eckuii anmapat | e IlpakTuyeckue o
. ¢ 1dpoBbIe (ITOKA3 MPE3EHTALNH,
KBaHTOBOH 3aHATUSA
BBIMOJIHEHUE NMPAKTHYECKUX padoT),
MEXaHHUKH

e rpymmnosas paborta




Jlexuu

® TpaaNUMOHHBIE ((PPOHTANIBHAS JEKIHS,

3. OcHOBHbIE e [IpaxTuyeckue o
pelLIeHne YPaKHeHHIH),
MIOCTYJIaThI 3aHATHSI o
. ¢ 1dpoBbIe (ITOKA3 MPE3EHTALNH,
KBaHTOBOH e KoHtponb
. BBIMOJIHEHUE MPAKTUYECKUX padoT),
MCXaHUKH CaMOCTOSITENIbHON
e Tpymnmnosas pabora
paboThI
o Jlekun e TpanuUUOHHBIE (PpOHTATBEHAS JEKIIHS,
4. Yrnosble e IIpaxkTuueckue peleHue yrpakHeHul),
MOMEHTBI 3aHSITHS o 1udpobie (MMOKA3 MPE3CHTALUH,
(MOMEHTBI e KonuTposb BBITIOJTHEHHE MPAKTHYECKUX padoT),
VMITYJIbCA) CaMOCTOSATENLHOM e rpynmosas pabora
paboThI e MoOnyJbHas paboTa
o Jlekuus
® TpaaNUMOHHBIE ((PPOHTANIBHAS JEKIIHA,
e IlpakTuueckue <
5. KBanrtoBas a2 pelLIeHne YIPaKHeHH i),
HSITHS o
MeXaHHUKa ” ¢ 1dpoBbIe (ITOKA3 MPE3EHTALNH,
e KoHTpoib
MPOCTBIX CHCTEM ™ . BBIMOJIHEHUE NMPAKTUYECKUX padoT),
CaMOCTOSITENIbHOM
e rpymnmnosas pabora
paboThI
o Jlexnuu
® TpaaNUMOHHBIE ((PPOHTATBHAS JEKIIHA,
B, e [IpakTuueckue N
6. ITpubnmxén a2 pelLIeHne YpaKHeHHI),
HSITHS o
HbI€ METOIbI ” ¢ 1dpoBbIe (ITOKA3 MPE3EHTALNH,
e KoHTpoib
peLeHus 3aaa4y ™ . BBIMOJIHEHUE NMPAKTHYECKUX padoT),
CaMOCTOSITENIbHOM
e Tpymnmnosas pabora
paboThI
o Jlexnuu
® TpaaNUMOHHBIE ((PPOHTANIBHAS JEKIHS,
7. O0ume o IlpakTuyeckue .
peLIeHre YIPaKHeHH i),
BOTIPOCHI 3aHSATHSI o
. ¢ 1dpoBbIe (ITOKA3 MPE3EHTALNH,
KBaHTOBOM ° KOHTpom,
. BBIMOJIHEHUE NMPAKTHYECKUX padoT),
XAMUHA CaMOCTOSITEJIbHOU
e rpymnmnosas pabora
paboThI
e Jlexkuun
® TpaaNUMOHHBIE ((PPOHTANBHAS JEKIHS,
8. KBaHTOBas e [IlpakTuueckue o
peLIeHre YIPaKHeHHI),
TEOpUst 3aHSATHSI o
. ¢ 1dpoBbIe (ITOKA3 MPE3EHTALNH,
XHUMHYECKOU e KoHTtponb
. BBIMOJIHEHUE NMPAKTHYECKUX padoT),
CBSI3U CaMOCTOSITEJIbHOM
e rpymnmnosas pabora
paboThI
o Jlekiun e TpanuuuOHHBIE (PpOHTATEHAS JEKIIHSI,
9. KBanToBas e [IpakTuueckue pelLIeHre YIPaKHeHH i),
TeopHst 3aHSITHS o 1udpobie (MMOKA3 MPE3CHTALUH,
XUMHAYECKUX e KouTpob BBITIOJTHEHHE MPAKTUYECKUX padoT),
peaxumii CaMOCTOATENIbHOMN e rpymmosas padboTa
paboThI e MopyJbHas pabora

IV. OueHounbie MaTepuadbl s NMPOBEACHUS TEKYIICH W MPOMEXKYTOYHOM

arreCcrannuu
. | Pesyabrar
Ne (rpnKaTop) Bua/crioco6 Kpurepun ouennBanus
MATEPUA JIbI JIIS TIPOBEJIEHUSI TEKYIIEN ATTECTALIUA
1 | OIIK-3.1; | BHA: 20 GaoB.




OIIK-3.2; | npaktuueckue padoTer Ne 1 - 9 pabort (o 2 Gamna Kaxkaas)
OIK-4.1; | N9 OdopmicHHBIHN POSKT- 2 Data
OIIK-5.1; | cmocod:
O 1; |1 Ko
OTIK-6.4, o(opMIICHBI B BHIC MPOCKTA
BHA!
MoayiabHas padorta Ne 1 10 6annos
MoayabHas padora Ne 2 10 6annos
cnoco0b:
TpaAULIMOHHBIN
Pe3yJbTATBI
0ohOPMIICHHBIC TI0 3aJAHHIO
OyMasKHBIC OJAHKH C
PEIICHUSIMU
BHJ! 20 6annos
BBITIOJIHEHHE caMocTodTenbHol | Kputepuu onenkm:
paboTh 20 6a1106 — 33JaHUC BBHITIONHCHO HA ABYX
croco0: sI3pIKaxX, O(hOPMIICHO B COOTBETCTBUH C
Ha KOMIIBIOTEPE TpeOOBaHUAMY;
Pe3yJIbTATHI: 10 6annoe — 3ananue 9acTHIHO OGOPMIICHO B
oTYeT COOTBETCTBHH C TPCOOBAHUAMH, BBITIOJHCHO HA
MPE3CHTALMS HA PYCCKOM H JBYX S3bIKAX;
AHTTIMHCKOM SI3BIKAX, 5 bannoe — 3anaHuC BHINIOHEHO HA OJHOM
A3bIKE, 0)OPMIICHO HE B COOTBETCTBHH C
TpeOOBaHUAMY,
0 ban106 — 3a5aHUC HE NPEICTABICHO,
4 [Tocemaemoctp 0 6annoB
Hroro: 60 6annos
MATEPUAJIBI JIUIA [TPOBEJEHIM S TTPOMEXY TOUHOM ATTECTALIUM
Ceoegpementoe 8bINOIHEHIE NPAKMUHECKUX, MOOYIbHBIX pabom, nocelujenue 3anamuti 4 paboma Ha HUX
o0yuaroue2oca (N0 umMo2am mexyuwe20 KOHMpPOIa YCReaeMOCHL) He N0360JAI0m HAOPamb CmyOeHHy
bakanaspuama HeoOX00UMOe KOAUYeCmEo Oain08 Ol NOIOHCUMENbHOU oyenku. J{ia nonyuenus
NOpO206020 KOIUYECMBA OANN08 CMYOeHmY HeoDXO0UMO MAK e 6bINOJIHEHUE CAMOCMOAMENbHO
pabomul 6 NOIHOM 00veMe. B npomuenom ciyuae pe3ynvmamol 0C60eHUS UHOUKAMOPOS CHUMAIOMCS
HEYO08IeMBOPUMETbHLIMI U HEBbINOJIHEHHBIE JNEMEHMbl  MEKYUlec0 KOHMPOIS YCNeeaeMOCmu
BbIHOCAMCS HA IK3AMEH.

IlIkajia oeHUBaHKS BbINOJHEHHS] HHAUKATOPOB:

HWHauKkaTop CUMTAETCsl BBIMTOJHEHHBIM, €CIH JTUOO KO BPEMEHU MPOMEKYTOYHOM
arrectanuu o0yJarouuiics Habpan Kak MUHIMYM ITOPOrOBOE KOJIMYECTBO OAJUIOB B
pe3yabTaTe TEKYIIErO KOHTPOJIsS 3a T€ BHUIbI AKTUBHOCTU (CAMOCTOSITENIbHAS,
MOJIYJIBHBIE W MPAKTUYECKHE PaOOTHI), KOTOPBIE OTBEYAIOT 32 JAHHBII HHIUKATOP.

IlIkana ¥ KpUTEPUH BHICTABJICHHSA OLEHOK 32 THCUMILIHHY

[Ilkana u KpUTEPUM BBICTABIICHUS OLICHOK OIMWCAHBI B JIOKATLHOW HOPMATHBHOM
JOKyMEHTal TBEpCKOro rocyaapcTBeHHOro yHubepceutera (Ilonoskenue o
pelTHHTOBOH cucremMe o0ydyeHust cryacHTOB TBI'Y). TlomokurenbHas OLEHKA
MO>KET OBbITh BBICTABIIEHA TOJIBKO B TOM CITy4Yae, €CIIM BBIMOJHEHBI BCE MHANKATOPHI.









Il. MATEMATHYECKUI AIITAPAT KBAHTOBO MEXAHUKH
[Tonstue oneparopa. JIMHEHHBIE U CAMOCOMPSKEHHBIE (3PMUTOBBI) OMEPATOPHI.
CoOcTBeHHBIE (YHKIIMM W COOCTBEHHBIE 3HAYCHHWs OMNEPaTOpoB. MarpuiHoe
NPEJICTABICHHUE.

I1I. OCHOBHBIE ITOCTYJIATBI KBAHTOBOI MEXAHUKN

BonnoBas (QyHKIMs kak (YHKIMS COCTOSIHUS CUCTEMBI, €€ (PU3NYECCKUI CMBICIL.
JIMHAMHYECKNE IEPEMEHHBIE U ONEPaTOPhL. M3MepsieMble 3HAUEHUS

(pU3NYECKUX BEIMYMH KaK COOCTBEHHBIC 3HAYEHMSI OTIEPATOPOB, MPEACTABIISIOIINAX
JaHHYI0 BeIMUMHY. BpeMeHHoe u cranmoHapHoe ypaBHeHue [llpeamnrepa.
BonnoBas ¢QyHkums cucrembl yactun, (0030HOB M (epMuOHOB). [IpuHIMN
TOKJIECTBEHHOCTH YaCTHLL.

IV. YI'JIOBBIE MOMEHTBI KBAHTOBBIX CUCTEM

YTNOBBIE WM MEXAHWYECKME MOMEHTHI YAaCTHIL OPOWTAIBHBINA, COOCTBEHHBIA W
nojHeliA. [lepecTaHOBOYHBIE COOTHOLICHHS. KBAaHTOBAaHWE MOMEHTA HMITYJIbCA.
CoOcTBeHHBIE 3HAueHUss W COOCTBEHHbIE (yHKIMK. CHOXKEHHE MOMEHTOB.
BekropHas Mozens.

V. KBAHTOBASA MEXAHUKA ITPOCTBIX CUCTEM

Yactuiia B MOTEHUMAIBHOM sLIUKE. | apMOHMYECKHMNA oOcumiuATop. JKecTkuii
porarop. 3aaadya 00 aToMe BOJAOpPOAA. DHEPrus aroMa. PaguanbHbIC W YIJIOBBIE
BOJIHOBBIC (pyHKIMK. KBaHTOBBIE uncna. AToMHbie opouTanu (AO).

VI. HPUBJINKEHHBIE METO/JbI PEHNIEHUSA 3AJTAY

Teopust BO3MYIICHUH AJIsI CTAIMOHAPHBIX COCTOSIHUAM B OTCYTCTBUE W MPU HAJIMYUHU
BBIPOXKICHUS. BapualMOHHBII MPUHIIMN B KBAHTOBOW MEXAHUKE W BapHAllMOHHbII
METO/I.

VIL. OBIIHUE BOITPOCHI KBAHTOBOI XUMUH

MousiekynsipHas  mozenb.  Koopmuuatel.  YpasHenue — Ilpenunrepa s
MOJIEKYJISIDHOM ~ cucTeMbl.  PaznencHue  mEpeMEHHBIX.  AanabaTuyeckoe
npubamxenue (npuommkenne bopHa-OnnenreiimMepa). SNEKTPOHHOE YPAaBHECHUE
[IpeauHrepa U ypaBHEHUE OISl IACPHBIX ABMXKCHUN. DHEPreTUUECKUE COCTOSIHUS
MOJIEKYJI. BeposITHOCTH KOHPUrypanuii siaep v 3JCKTPOHOB.

OnnoanektponHoe npubmmkenue. Opouranu. Teopun BaseHTHBIX cBsizeil (BC) n
MOJIEKYJIIpHBIX opOuTaneit (MO).

CamocormacoBanHoe none (CCII). Merog Xaprpu-®oka (XD): orpaHHYEHHBIN
(OX®) u neorpannucHHbli (HX®). Yuer anekTpoHHOH Koppemsuuu. MeToast
KOH(purypauronHoro B3aumoneicTBuss (KB) W MHOrOKOH(HIyparmoHHOTO
camocornacoanHoro nosist (MK CCII). Teopust Bo3myuiennit Mennepa-ILneccera
(MIT) 2-ro u Gosee BBICOKMX NOPSIKOB.

[Tpubnmxenne MO JIKAO. Ypauenuss Xaptpu - doka - Pyraana. OpOurtanu
cierirepoBckoro tuna (OCT). I'ayccobl pynkumu (I'®). bazucHbie HaOOPBHI.
Hesmnmpuueckue pacuetsl (ab initio). Meroast MO JIKAO CCIT, MO JIKAO CCII
[Tonmyamnupuyeckue pacuetsl. [Ipoctoit meton Xrwokkens (MOX), pacmMpeHHbIH
metoa Xrokkens (PMX), meron [Mapuzepa - [1appa - [Tomna (ITIT).



[TpuGnmxenne HyneBoro muddepeHuumansHoro nepekpeiBanus (H/IT). Metoas
Ay, TIeary2, rmiaryce; 4qriiarn, MUIriary1, MUIary2, MUIiirys,
SUITAI1, 3YITAI/C. IlpeneOpeskeHue nABYXaTOMHBIM —AU(PHEPEHINATBHBIM
nepekpbeiBanrem ([T, MITJIT). Metoast AM1 (Ayctuackas moaens-1), PM3 u
T. 1.

[Tporpammubie  komimiekcbl GAUSSIAN  (GAUSSIAN-85, GAUSSIAN-98,
GAUSSIAN-03,...), GAMESS (CIIA, Anrmus, Poccus — MI'Y), HyperChem
(Student HyperChem, HyperChem Professional Release), MOPAC u np.

VIII. KBAHTOBASI TEOPUSI XUMHNYECKOM CBA3H

KBaHTOBass TeOpUs XMMHUYECKOM CBI3M U MEKMOJIEKYJIAPHBIX B3aUMOACHCTBHIA,
TUITBI XUMHUYECKON CBA3W. 3aTPYIHEHHUS KIIACCHYECKOW TECOPUM W MX PEILICHHUE B
00BEIMHEHHOM METONIE. TEeopeMbl, UCTIONB3YEMBIE MPU ONUCAHUM XUM. CBS3H a)
CWJIOBBIM METOJOM: Teopema OpeHdecta m teopeMa [enpmana-delinmana, 0)
DHEPreTUYECKUM — TEOPEMA BUPHAIA.

IX. KBAHTOBAS XUMUS XUMHUYECKNX PEAKITNI

Ilyth peakuuu M KOOpAWMHATA pEAKLIMKA HA MOTEHIUAIBHON MNOBEPXHOCTH B
DJIEMEHTAPHOM aKTe XMMH4YECKOW peakumu. [lepexomnoe cocrosnme. Koppens-
HMOHHBIE npaBuia Byasopaa - Xopmana. Teopust rpaHndHbIx opOuTaiieii @ykyu

2. Tembl, 00BEKTBI H METOAWYECKHE YKA3aHUS MO MOATOTOBKE K
NPAKTHYECKUM 3aHSTHSIM

[InaHbl MPAKTUYECKUX 3aHATHH M METOAMYECKHE PEKOMEHIAIMKU 10
MNOJTrOTOBKE K HUM pa3padoTaHbl B COOTBETCTBUU C MPOrPaAMMOM U CIHUIIIUHBI
«KBaHTOBass MexaHMKA U KBAHTOBAsI XUMHUS» U MPEAHAZHAUEHBI JJIsl POBEICHUS
NPAKTUUECKUX 3aHATUHI U IS CAMOCTOSTEBHON MOATOTOBKU CTYACHTOB.

[TpakTuyeckue 3aHsATUS TO AucCHUIIMHE «KBaHTOBas MeEXaHMKAa U
KBAHTOBAsl XUMHUS) SABJSIIOTCS OJHON U3 BaXKHEHIINX (POpM 00yUEHUS CTYACHTOB
U TIPOBOJIATCS C 1IEJIbI0 YTIIYONeHUs U 3aKPETJICHUs 3HAHUM, TPUBUTHS HABBIKOB
noucka, 0000UIEHUS M M3N0XKEHUs Marepuasia. Pa3BUTHE TEMBI MPAKTUYECKOTO
3aHATUS PEMNIAMEHTHPYETCS (KOJIMUYECTBO aKaJEMHUUECKMX YacOB) MPENOaBaTEIEM.

Tembl IPAKTHYECKUX 3AHATHIA.
1. MeToapl 0TOOpaKEHMS] MOJIEKYJT B MPOCTPAHCTBE. Z-MaTPHLIA U ACKAPTOBBI
KooparHaThl. CocoObl WX PEUICHMS B KBAHTOBON XUMUU
2. KBaHTOBO-XMMHUYECKHE PACYETHBIEC TPOrPaAMMBbl M KOMIUIEKCHL. BO3MOKHOCTH 1
HEIOCTATKU.
3. Pacuetnbie Oa3zuchl. Knmaccuukanmm 6azucos. OCHOBBI TOCTPOCHUS 0a3ucoB
paznmuuHbIX Oa3ucoB. PacimpenHsie Habopsl [lonmia.
4. MeTopl BBIYMCIEHUS (YHKIIMOHANA, ucnoib3yemeie B DFT.
5. PaguanbHbie W YIJIOBBIE BOJTHOBBIE ()YHKIMH B MpUOIMkeHnn bopHa-
Onnenreiimepa. Pa3aenenne nepeMeHHbIX.

6. CraiMOHapHBIE COCTOSTHUS MOJIEKYJIIPHOM CHCTEMBI PacunThIBAEMbIE METOIOM
MO JIKAO.



7. Pacnipenenenne 3IeKTPOHHON TIIOTHOCTH MOJIEKYJ B TepMuHONIOTAA QTAIM.
8. OnpeneneHne BHYTPUMOJIEKYJISIPHBIX 3PPEKTOB Ye€pe3 IIEKTPOHHBIE CBOHCTBA
MOJIEKYL.

9. OnpeneneHne CBOMCTB XUMHAYECKHUX CBA3EH Yepe3 TOMOIIOTHIO JIEKTPOHHOR
IJIOTHOCTH B paMKaX «KBAHTOBOM TEOPUH aTOMOB B MOJIEKYJIAX»

IIpumepbl 00bEKTOB HCCJAETOBAHNS 111 MPAKTHYECKHX 3aHATHIA
CH3-CH2-CH2-NH2;
CH3 'CHZ' CHCI -CH3 ;
CH3-CH2-CH2-CH2-OH;
CH;-CH(OH)-CH3;
CH3-CH,-C(O)H;
C(OH)H,-CH,-OH;
CH3-CH(OH)-CH(OH)-CH3;

8. CH3-CH(NH2)-CH2-CH3 u ap.

CryaeHt OakajnaBpuaTa MOKET BbIOpaTh ApPyroil 0ObeKT Oojiee ONMM3KUM K CBOEH
Hay4yHOH padOTE MOC/E COrJIacoBaHUs ¢ MPEMOJABATEIEM JUCIIUILIAHBI,

NV R LD =

3. 3axaHusi M KOHTPOJIb CAMOCTOSITEILHOH PadoThI

[lepen kK AbIM MPAKTUYECKAM 3aHITUEM HEOOXO0AMMAa CaMOCTOsATENIbHAs padoTa Mo
NOJArOTOBKE K €ro BBIMOJHEHUIO MO WHIMBUAyaJbHBIM TemaMm. Jljis 3Toro
o0yyaronieMycs npeajiaratoTcs TEMbI IS CAaMOCTOSTETbHON MPopadoTKu. [laHHEIE,
KOTOpbIe OyIyT MOJYUYEHBI B PE3YJIbTATE BHINOJIHEHUS TEM, OYAYT UCMOJIb30BAHBI B
npakTuiyeckux padotax. Bce mnpakTuueckue paOoThl, HE BBHIMOJHEHHBIE B
ayJUTOPHBIC YaChl 3aHATHM, TaK >K€ OCTAIOTCS B KAUYECTBE JOMALIHETO 3aJaHMUS.
CpoK BBIMOJHEHUS — JBE HEACIH, MOCJIE YEr0o MaKCUMAIbHOE KOJIMYECTBO OAJIJIOB
3a COOTBETCTBYIOIIEE 3aJ]aHUE CHUKACTCS B JIBA Pasa.

CamocrostenbHas padoTta no aucuuminHe «KBaHTOBas MeXaHMKa W KBaHTOBAs
XUMHMSD» TPOBOJUTCS € LENbIO YINIyOJEHUS M 3aKPETJICHUS] TOMYUYEHHBIX B XOJ€
JEKIMOHHBIX 3aHSATHI 3HAHWA U OPUOOPETEHUE HABBIKOB TMOJIB30BAHMSI
PEKOMEHJIOBAHHOW  JIMTEpAaTypOi,  HABBIKOB  HAyYHOTO0  MCCJECIOBAHMUS.
CamocrosrtenbHas padoTa HAUMHAECTCS ¢ PA0OTHI HaJl JIEKIIMOHHBIM MATEPUAJIOM.
OHa BKJTIOYAET KOHCIMEKTUPOBAHKE JIEKLIMI M MOCIEAYIOUIYI0 PadOTy HajJ HUMM.
[Tpy KOHCHEKTUPOBAHUH JICKIIMM PEKOMEHYETCS Ha KKJOU CTPaHUIIE OCTABJISATh
noJsl Ui NOCTEAYIOUIMX 3anuceil B AOMOJHEHHE K KOHcnekTy. [lpu paGote Han
TEKCTOM JIEKLIUU CTYACHTY CIEAYET 00paTuTh 0c000€ BHUMAHUE HA MPOOJIEMHBIE
BOMPOCHI, MOCTABJICHHBIC MPENOIABATENIEM MTPU YTCHUU JIEKLIMH, & TaK K€ HA €T0
3aJJaHUE U PEKOMEHALIM M.

Ilepeuensv eonpocoe 01a camMoCmOAMENbHOU Padombl HAO NeKUUell:
1. HaiiTe ompeaeneHue oneparopa;



2. Tlepeuncnure OrpaHWYEHUs, HAKIAABIBACMBIE HA OIEPATOPHI

(U3NYECKUX BEIMYMH B KBAHTOBOH MEXAHWKCE,

[TepeunciuTe OCHOBHBIE ONEPATOPHI KBAHTOBOM MEXAHMKHU,

BripakeHue s KOMMyTaropa JABYX OINEPATOPOB;

Oxapaktepusyire TEH30p,

[Touemy oneparop 3amaercst B MaTpuuHOM popme?

Kak M0O>KHO 3a1aTh KOOPAMHATHI BEKTOPA?

DOU3NYECKUIA CMBICT COOTHOIICHUSI HEONIPEAETEHHOCTEH

Ousnyeckuii cMbica [TaHKOBCKOW KOHCTAHTHI,

10 UYro 3aaact BOIHOBAsE (PYHKIUS?

11.Kakue yclioBUsI HAKIAABIBAOTCS HA BOJHOBYIO (DYHKIIMIO, SIBIISTFOLILYFOCST
o0nacThio onpeneneHus oneparopa ['amunbToHa?

12.TTodyeMy B KB. XUMHH MCTOJIB3YETCS CTALIMOHAPHOC YPABHCHHE
[MIpemunrepa?

13.YUto mpeacrasnseT co0oi BojHOBAs (DYHKIMSI CUCTEMbI?

14 Kakue yclioBUsI HAKJIAABIBAOTCS HA BOJHOBYIO (DYHKIIMEO B KBAHTOBOM
MEXaHHUKE?

15.TToueMy B KB. XUMHH MCTIOJIB3YETCS CTALIMOHAPHOC YPABHCHHE
[[Tpenunrepa?

16. opMynUpPOBKA TPUHLIMIA CYTIEPIO3ULMN KBAHTOBBIX COCTOSIHHIA,

17.®opMynupOBKA MPUHIMNA TOXKIACCTBEHHOCTH

18.3auemM HEOOXOIMMO CPETHEE 3HAUYEHUE HAOIIOAACMOM BEIMUUHBI ?

19.Yrto npeacrapiser coO0i MEXaHMYECKHIT MOMEHT aroma?

20.Y10 BXOANUT B MArHUTHBEIIT MOMEHT aroMa’?

21.Y1o BXOAUT B OPOUTAIIbHBII MOMEHT aroma?

22.4YT0 TaKoe CIHH JICKTPOHA?

23 KuneTnyeckas SHEPIUsl CHCTEMBI,

24.Yepes KaKyr PU3NYECKYIO BETUYMHY MOYKHO CBSI3aTh HHEPLMIO C
MMITYJIbCOM B KBAHTOBOI MEXAHUKE?

25.TeH30p MOMEHTA UHEPLIMKA B CUCTEME LICHTPA MacCC;

26.TeH30p MOMEHTA UHEPLIMMA B CUCTEME TTIABHBIX OCEH;

27. KBaHTOBO-MEXAHUYECKUE MOJIENN ABUKECHUS YACTHLIBL,

28.0Oc00€HHOCTh TYHHETBHOTO 3 (eKTa;

29.DopmyJia MUHUMAJIBHOTO 3HAYEHUS SHEPTAX HA HYJIEBOM YPOBHE;

30.YeMy paBeH onepaTop raMuiIbTOHA JJIsl YaCTULbl B OECKOHEYHOM
MOTEHIIMAIIBHOM SIUKE? opMmyia

31.YeMy paBHa BEPOATHOCTh OOHAPYKEHUS YACTUIBI B OECKOHEYHOM
MOTEHIIMAIBHOM sIIUKe ¢ n=37 (opmya

32.]JIns 4ero B KBAHTOBOW MEXAHUKE aTOM BOAOPOJA PACCMATPUBACTCS B
CUCTEME IICHTPa Macc?

33.0mneparop raMuibTOHA U1 aTOMA BOJOPOJA.

34.Tloyemy B BOJTHOBOM ()YHKIIMH BBIJACIISIFOT YTJIOBBIE U PAAUAIIBHYIO YaCcTH?

35.Kakas MOJEIb OMUCHIBACT IBKCHUE AJICKTPOHA B aTOME BOJIOPO/IA B
TPEXMEPHOM ITPOCTPAHCTBE?

O XN kW



36.Kakue 31eMEHTBI ABH)KEHUS SJIEKTPOHA B aTOME BOJOPO/Ia B TPEXMEPHOM
MIPOCTPAHCTBE XaPAKTEPU3YIOT KBAHTOBBIC YU CIIA A, M, [7

37.And yero Hy>kHO npudnmxkenue bopna-Onnenreiimepa?

38.Kak MeHsieTcs BUI BOJIHOBOM (PYyHKIMU B 3TOM MPUOIHKEHUM?

39.YTo mpoMCXOAUT C MOTEHIMAIBHOM SHEPTUEH SIIEKTPOH-IEPHBIX
B3aMMOJCHCTBHI B mpubmmxennn bopHa-OnmnenreiiMepa?

40.0T4ero 3aBUCUT MOJHASI SHEPTUSL CUCTEMBI B TPAOJIMKEHUN bopHa-
Omnmnenreiimepa?

41.Yrto npeacrasiser coO0il MOBEPXHOCTh MOTCHIMATBLHOW SHEPTHH 7

42 J151s1 4ero Hy»HO npuOImkeHne Xaptpu?

43 Hanuimre ypaBHEHUE XapTpH.

44 Kakue HeoCTaTKu y MeToaa XapTpu?.

45 Hanvmre ypaBHeHue Xaprpu-Doka.

46.Kak onuchIBatOTCS aTOMHBIE SJIEKTPOHHBIE 000JIOUKH B Pa3HBIX BApHAHTAX
merona Xaprpu-doka?

47.Yro npeacrasnsger codoit mpubnuxenne MO JIKAO?

48 TlepeuncnuTe KBAaHTOBOMEXAHUYECKUE TPOrpaMMbl, pabOTAIOIINE C
npudnmkennem MO JIKAO;

49 Kaxue ypaBHeHus ucnonb3yer metoq MO JIKAO u B 4éM nx pusnyeckoe
paznuuune?
Urn

Ilpumepol mem 01:1 UHOUBUOYANbHOU PAOOMDL:

1. IToctynarel bopa. PacueTsl paanycoB OOpOBCKHX OPOUT, SHEPTHil OTAEIBHBIX
COCTOSIHMIA, JUTMH BOJIH CHIEKTPATIbHBIX TIEPEX0I0B

2. JIunelinbie U cCaMOCONPSHKEHHBIC OMEPATOPHI (B THIILOEPTOBOM MPOCTPAHCTRE).
CoOcTBeHHBIE (PYHKIIMKA U COOCTBEHHBIC 3HAYEHUS. MaTpHYHOE MPEACTABIICHUE
OIEePaTopOB.

3. OCHOBHBIE OMEPATOPBI KBAHTOBOM MEXAHUKH: KOOPAWHATA, UMITYJIbC, MOMEHT
UMITYJIbCA (MEPECTAHOBOYHBIE COOTHOIICHMS ). ['aMUIbTOHHAH.

4. OCHOBHBIE TIOCTYJIAThl KBAHTOBOW MEXAHUKH.

5. MOMEHTBI UMITYJIbCA.

6. DOHeprus atoMa. PaguanbHbie W YIIIOBBIE BOJTHOBBIE (YHKIMH. KBaHTOBBIE
yrcia. ATomHbie opoutanu (AQO). DNEKTPOHHBIC KOH(UTYPALIMKA U TEPMbI ATOMOB.
IToctpoenue Ilepuoanueckoi cuctemsl aseMeHToB .M. Menaeneena.

7. YpasHenue Llpenrnrepa 1uis CTallMOHAPHBIX COCTOSHUN MOJIEKYJIAPHON
CUCTEMBI. Pa3fienieHne nepeMeHHBIX.

8. PacueTHbie cxembl KBaHTOBOM xumun B mpuomxeHnn MO JIKAO. Heammnu-
PUYECKHUE U MOTyIMIHUpUUECKHe pacueThl. bazucHeie Habopsl OCT-3I'D, 6-31G*,
6-31G** u 1.0. Meronsl HF/3-21G, HF/4-31G, HF/6-31G*, MP2/6-31G*, MP3/6-
31G* u T.n. KBaHTOBOMEXAHUYECKUE TTPOTPAMMBI.

9. OnEKTPOHHOE CTPOCHHE MOJIEKYJT W MOJICKYISpHBIX MOHOB CsHs.(mukmo-
neHTaaueHun-anuoH), CeHs (0en3on), C7H7+ (tponunuii-katrion), CsHsz- Ha s3bIke
BC. UctonmkoBanue apoOMaTUYHOCTH.



4. PacnipenesieHne TemM y4eOHO JUCHUILIHHBI 10 MOXYJISIM

Moayas L.

OCHOBHBIE 3Tanbl pa3BUTHs KBAHTOBOM Teopuu. CTPyKTypa atoma (MOAETb aromMa
Pezepdopna, bopa, [lIpeaunrepa u Tomcona). [Tpunnun [Taynu. [lpaBuno XyHaa.
Cootnowenue ne bpoitna. [lpunumn Heonpenenennoctu ['erizendepra. [lonsTre
orneparopa. JIMHEHHbIE W CaMOCOMPSDKCHHBIE  (IPMHUTOBBI)  OMEPATOPHL
CoOcTBeHHBIE (YHKIMM W COOCTBEHHBIE 3HAYEHMs OMEpaTopoB. BosHoBas
(yHKIMS Kak (YHKOHAS COCTOSHUSL CUCTEMBI, €€ (PU3MYECKUH  CMBICT.
JIMHAMHUYECKUE TEPEMEHHBIE U OnepaTopbl. M3Mepsemble 3HaYEHHUS (PU3UUECKUX
BEIIMYMH KaK COOCTBEHHBIC 3HAYCHMsI OMEPATOPOB, MPEACTABISAIOIMUX JaHHYIO
BelIMUMHY. BpeMeHHO€ W crauuoHapHoe ypaBHeHue Illpemunrepa. I[IpuHimn
TOKJIECTBEHHOCTH YACTHUL. YTIJIOBBIE WM MEXAHWYECKUE MOMEHTBI YaCTHIL
OpOuTaANIbHBINA, COOCTBCHHBIN U MOJIHBINA. KBAaHTOBaHHE MOMEHTOB.

Mogayas II.

Yactuila B IOTEHUHMAIBHOM SALIMKE. | apMOHMYECKHN OCUHMILIATOp. KEeCTKHA
porarop. 3aaadya 00 aToMe BOJAOpPOAA. DHEPrus aroMa. PaguanbHbIC W YIJIOBBIE
BOJIHOBbIE (QyHKIMM. KBaHTOBbIE umcna. ATomHble opOutamm (AQO). Teopus
BO3MYILIEHUH. BapuannoHHblii npuHimn. MonekyindapHas Monuens. KoopauHarsl.
Ypasuenue Llpeaunrepa st MOJIEKYISAPHONM CUCTEMBL. PazaelieHue nepeMEHHBIX.
Amunabartuyeckoe — mpuOmmwkeHue  (mpubmwxenne  bopHa-OmnmenreiiMepa).
ONEeKTpOHHOE ypaBHeHUE [lIpeauHrepa W ypaBHEHWE IS SAACPHBIX JABUIKCHUH.
CamocormacoBanHoe none (CCII). Merog Xaprpu-®oka (XD): orpaHHYEHHBIN
(OX®) wu HeorpannueHHbli (HX®). VYuer 530eKTpOHHOH  KOPPEISILMM.
[Tpubmmxenne MO JIKAO. VYpauenuss Xaptpu - ®oka - Pyraana. OpOurtanu
cieritepockoro tuna (OCT). TayccoBbl (yHkumm (I'®). basucHbie HaOOPBHI.
Hesmnupuueckue  pacuetel  (ab  initio).  1lony>MIOUPHYECKHE  PACUETHI.
[Tporpammubie  kommiiekcbl GAUSSIAN (GAUSSIAN-85, GAUSSIAN-98,
GAUSSIAN-03,...), GAMESS (CIIA, Axrnusi, Poccus — MI'Y), HyperChem
(Student HyperChem, HyperChem Professional Release), MOPAC u np. KBanToBas
TEOPAS XUMHYECKOW CBI3M W MEKMOJEKYJIAPHBIX B3aUMOJCHCTBUN, THIIBI
XUMHUYECKOH CcBsi3h. Teopembl DpeHdecra, ['enbmana-deliHMana, BUpuraia.
[ToreHumanpHass MOBEPXHOCTH XUMHUYECKOM peakuuu. [lepexomaHoe COCTOsHHUE.
Koppensumonnsie npasuia Byasopaa - Xopmana. Teopust rpaHUYHbBIX opOuTasich
DOykyu

IlepevyeHs BONPOCOB M 3a1aHUT /151 NOATOTOBKH K PYOC:KHOMY KOHTPOJIIO
Bompockel k TecTty No 1:

1)  Mogaens atroma Pesepdopna
2)  Mognens aroma bopa

3)  Mogens aroma TomcoHa

4)  Mopens aroma llIpenunrepa



5)  Onpenenenue
6)  OnpenencHue
7)  OnpenencHue
8)  OnpeneneHue
9)  Onpenencuue
10) Onpenencnue
11) Onpenenenue
12)  Onpenencnue
13) Onpenencnue
14) Onpenencnue
15) Onpenenenue
16) Onpenencnue
17)  Onpenencnue
18) Onpenencnue
19) Onpenencnue
IPOCTPAHCTBO

20) OnpeneneHue
21) OnpenencHue
22) OnpenencHue
23) OnpenencHue
24) OnpenencHue
25) OnpenencHue
26) OnpenencHue
27) OnpenencHue
28) OnpenencHue
29) OnpenencHue

TIOHATHM
TOHATHM
TOHATHM
TOHATHM
TIOHATHM
TIOHATHM
TOHATHM
TOHATHM
TIOHATHM
OHATHM:
TIOHATHM
TOHATHM
TOHATHM
TOHATHM
OHATHM:

TIOHATHM
TIOHATHM
TIOHATHM
TIOHATHM
TOHATHM:
TIOHATHM
TIOHATHM
TOHATHM
TIOHATHM
TIOHATHM

KBAHTOBAs MEXaHUKa
KBAHTOBask XUMHSI

opoutans no Hlpenunrepy

opbutans o bopy

U30TOMbI

PaIMOaKTUBHOCTh

KBAHTOBAs TEOPUS aTOMa

CTAlMOHAPHOE COCTOSHUE AJIEKTPOHA
oreparop B KBAHTOBOW MEXAHUKE

BOJIHOBas (DYHKITHSI B KBAHTOBOM MEXaHUKE
ypaBHenue [lIpenuHrepa B KBAHTOBOM XUMUH
00J1IacTh ONpeAeNICHUs orepaTopa
HaOmro1aemMasi BEMMYMHA

KBAHTOBOE COCTOSHUE

KOMITJIEKCHOE cenapadesibHOE THIIbOEPTOBO

COOCTBEHHBIN BEKTOP Oneparopa KB. MeX
MaTpHuiia.

TEH30]D

NPUHLMN HeonpeaenénHocTeil [ eitzenbepra
nocrosiHHoM [ limanka

nocTyJjar

MOMEHT UMITYJILCA, MOMEHT UHEPIIMU
OOPOBCKHMIA paaryc aTtomMa

CKOPOCTb IBUYKEHHUSI AJIEKTPOHA B aTOME
IJIaBHBIE OCH TEH30Pa UHEPIIUKN MOJIEKYJIbI,

IJIABHBIE MOMEHTBI MHEPLIMU MOJIEKYJIBI
30) CaoiicTBa ONEPATOPOB: CyMMa

31) CaoiicTBa onepaTopoB: MPOU3BEACHHUE ONEPATOPOB, NEHCTBUE
MPOU3BEICHUS ONEPATOPOB HA BOJIHOBYIO (DYHKIIUIO

32) (CpoiicTBa OMEpaTopoB: KOMMYTALHs ONEPATOPOB

33) (CpoiicTBa ONMEpaTOPOB KBAHTOBON MEXAHUKH: SPMUTOBOCTh W TMHEHHOCTh
34) Oneparopbl KBAHTOBOH MEXAHWKH: BEKTOPHBIC OMEPaTOPhl: HabJIa U Jlariaca
35) Oneparopbl KBAHTOBOH MEXAHUKH: ONEPATOP KHHETUYECKOW SHEPTUH,
OIIEPaTop UMIIYJIBCA, ONIEPATOP KOOPAUHATHI

KommyTanums 1Byx oneparopoB: UMITYJIBCA U KOOPAUHATHI

KommyTanms 1Byx oneparopoB KOOPAWHAT

KommyTanums 1Byx oreparopoB UMITYJIbCA

Tunbsl MHOXKECTB COOCTBEHHBIX 3HAUEHUI omeparopa

Tunel Marpui. DIIEMEHTHI MATPHLL

TeH30p MOMEHTa UHEPLIUU

Cucrembl KOOpaUHAT: 1adOpaTopHasi, CUCTEMA LIEHTPa MacC, BPAIIAKOIIASCS
CriocoOsl 3a1anus JIFOOOro BEKTOPA B IBYMEPHOM MPOCTPAHCTBE. THIIBI
KOOPAMHAT IS 3a1aHus1 JIIDOOT0 BEKTOPA B IBYMEPHOM MPOCTPAHCTBE U UX
MarpuyHas popma

36)
37)
38)
39)
40)
41)
42)
43)






4. BBIpa3UTh (PYHKIMIO DJICKTPOHHON IUIOTHOCTH 4YE€PE3 BOJHOBYH (DYHKIHIO
KBAHTOBOU CHUCTEMBI

3amanue 4. JIBMKEHWE DSJIEKTPOHA B KBAHTOBOW MEXaHWKE HaWOOJIEE TOYHO
OIKCBIBACT MOJEIIb:
1. yacTHIa B TOTEHIMATIBHOM SIIHAKE C OECKOHEYHO BEICOKAMH MPSMBIMHU CTEHKAMHU
2. 4YacTuLa B MOTEHIUAIBHON IME C PACIIMPAIOIMMHUCS CTCHKAMHU
3. KBaHTOBBI raPMOHMYECKUI OCLUIUIISATOP

4. HEXECTKUH CPepUUECKUI POTATOP

3amanue 5. OCHOBHBIE CBOWCTBA ONEPATOPOB KBAHTOBOW MEXAHUKH:
BriGepuTe npaBubHbINA OTBET

HenpepbIBHOCH

OpTOrOHAIBHOCTH

CHMMETPUYHOCTD

JInHeHHOCTH

HopmupoBanHOCTH

OPMHUTOBOCTh

N AW ==

3ananue 6. OCHOBHBIE OTPAHUYCHHUS, HAKIAABIBAEMbIC HA BOJHOBYIO (DYHKIIHIO B
KBAaHTOBOH MEXAHUKE!
BriGepuTe npaBubHBINA OTBET

1. HenpepbIBHOCH

2. OpTOrOHAIBHOCTH
3. CHMMETPUYHOCTD
4. JInHeHHOCTH

5. HopmuposaHHOCTB
6. OPMHUTOBOCTh

3ananue 7. Kakoi BuA BOJTHOBBIX (PyHKUIMNA ncnos3yeT merod DFT?
BriOpare BEpHBII BApHAHT:
1. p

2.y
3. o0

4. sin

3amanue 8. UToObl HAMTH (PU3UUECKOE CBOHCTBO KBAHTOBOW CUCTEMBI HAJIO:
1. 3amark oneparop 3TOro CBOMCTBA

2. UIBMEPUTH 3TO CBOMCTBO C TOMOIIBI0 PEHTTEHCTPYKTYPHOTO aHAIu3a

3. MOJYYUTH BOJTHOBYIO (DYHKIIMIO KBAHTOBOUM CHUCTEMBI

4. pemuth ypaBHeHue [lIpeaunrepa

3amanne 9. Oneparop  NOTCHUHMATBHOM  3HEPrMM  OJHOMJIEKTPOHHOTO
raMHUJIbTOHHAHA PABEH:
BriGepuTe npaBUIbHBINA OTBET:
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1. 3ananue 10. Kakoit koMaH10# 3a1aéTCsl NPUOIMYKEHUE ISl BBIYMCIICHUS
pamuKaneHOM cTpyKTyphl B mporpamme HyperChem?
BriOpare BEpHBIi BApHAHT:

a) RMS
b) MP2
c¢) UNF

d)  SCF
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.
23.

24.

25.

5. Bompocsl K 3k3amMeny

AmmabaTHYECKHA I€KTPOHHBIN OTEHIHAN, ero pu3udeckuit cmbich. 1110 u eé
CBOWCTBA, CTAMOHAPHBIE TOYKH ¥ KOH()OPMAILIUH MOJIEKYIL.

UTo Ha3bIBAETCS M KaK BBOJUTHCSA B KBAHTOBYIO CHUCTEMY SJUIMIICOMA SHEPTHH. TEH30p
MOMEHTA HHEPLIMH B TJIABHBIX OCSX 3JUIMIICOUAA SHEPTHUH, TTIABHBIE OCH TEH30PA
WHEPLMH MOJIEKYJIbI, TTaBHbIE MOMEHTBI HHEPLMM KBAHTOBOW CHCTEMBI

IToHATHE XUMHYECKOU CBA3H B KBAHTOBON XUMHUU

Turnbel ABHKEHUS KBAHTOBOM YaCTHLBI: OJHOMEPHBIN MOTCHUHUAIBHBIN SAIIMK, BOJHOBAsA
¢dbyHKIHA yacTHIbl, oniepaTop ['amumbToHa

TeH30p B KBAHTOBOM MEXaHUKE, THUIBI KOOPAUHAT JIJIs OTPEACIIEHUA B IBYXMEPHOM
MPOCTPAHCTBE JIFOOOTO BEKTOPA, COOCTBEHHBIM BEKTOP OTIEPaTOPa B KBAHTOBOU
MexaHuke. TeH30p MOMEHTA HHEPLIUH, YTO MPEICTABIBIIOT COOOH 3JIEMEHTHI €70
MaTpPULIbI

KBanToBas Teopus aToMoB B MoJeKynax. OCHOBHBIE 3JIEMEHTHI

JlaiiTe omMCaHWE W MAaTEMaTHYECKOE OTOOPAKEHHE OpPOWTAIBHOTO MOMEHTAa aTOMa,
MarHUTHOIO MOMEHTa aTOMa, MAarHUTHOTO MOMEHTa 3JeKTpoHa. KBaHTOBaHHME Bcex
MOMEHTOB.

[loTreHManpHbIH Oapbep, H3MEHEHHE BOTHOBOH (PYHKIIMH B 3aBUCUMOCTH OT BETHYHHBI
Oapbepa, TYHHETUPOBAHUE, POPMYITHPOBKA, BEPOATHOCTH OTPAYKEHUSA U POXOMKACHUS
YaCTHLIBL.

OAHOAPNEKTPOHHOE MPUOTIKEHNE XapTPH (PU3HUECKHA CMBICIT, MATEMATHIECKOE
0TOOpaKEHUE, HETOCTATKH

[Tpyaumn [aynu u npasuno XyHaa 171 KBAHTOBOM CUCTEMBI, ITIOKA3aTh HA IIPUMEPE aTOMa
cepoI-S (3 mepuon, VI rpynma) u Mmonekynsl a3ota —N2 (2 mepuon, V-rpymma)

ATOM BOJIOpOAA B KBAHTOBOM MEXAHUKE

[Toctynat kBaHTOBOM MexaHUKH Ned, No5

KuneTndeckas sHeprusi KBAHTOBOW CHCTEMBI, BEKTOPHBIE OMEPATOPHI M UX (PU3HUECCKHUHA
CMBICTI, KHHETHYECKAs SHEPTHs aTOMa BOAOPOJA.

[Toctynat kBaHTOBOM MeXaHUKH Ne 6

BomroBas pyHKIMA A7 0THOSAEKTPOHHOTO MPUOIIMKSHHSA, IPUOTIKEHHAS XapTPH-
®oxka, npuommkerns MO JIKAO — oTmiuns, MpenMyInecTBa ¥ HEJOCTATKU KKI0H H3
HUX.

Kunetnueckas 3Heprus BpalleHHs B KBAHTOBOM MeEXaHUKE, €€ CBA3b C MOMEHTaMH
WHEPLMH U UMITYJIbCA.

Meton CCII

[Toctynat kBaHTOBOM MeXaHUKH N3

UTo Ha3bIBAETCS M KAK BBOJUTHCSA B KBAHTOBYIO CHUCTEMY SJUIMIICOU SHEPTHH.

TeH3z0p MOMEHTAa MHEPLIMH B TTIABHBIX OCSAX 3JUIMIICOMA SHEPTHH, TJIABHBIE OCH TEH30PA
WHEPLMH MOJIEKYJIbI, TTaBHbIE MOMEHTBI HHEPLIMM KBAHTOBOM CHCTEMBI

KynoHoBckoe B3aMMOJEHCTBUE B KBAHTOBBIX CHCTEMax. MeToabl KOppesiuuu
KYJOHOBCKHX CHJI KBAHTOBOW CUCTEMBI

CoOcTBeHHBIE (PYHKIIMH OTIEPATOPOB KBAHTOBOW MEXAHUKH, MX CBOMCTBA.

[InaHKOBCKas KOHCTAHTA, PUIUIECCKHUN CMBICT, COOTHOIIEHHE C TIPUBEAEHHON
nocTOoAHHOM [1manka, CKOPOCTh ABMKEHHUA DIIEKTPOHA B ATOME

Bomnosas pyskiwms, ¢usnueckuii cMbIci, MOMEHT WHEPIIMHA B KBAHTOBOM MEXaHUKE —
TEH30P BTOPOro paHra. Yem onpenensercs paHr TeH3opa?

OmnepaTopsl KBAHTOBOW MEXAHHUKH, MX CBOWCTBA M 00JIACTH OMPEICIICHUS.



26.

27.

28.

29.

30.

31.
32.

33.
34.

35.
36.

37.
38.

39.
40.
41.
42.
43.
44.
45.
46.

47.

438.

49.
50.

51.

52.

KommyTaims onepatopos. [Ipumeps! U pelieHrus HEKOMMYTHPYIOLIUX H
KOMMYTHPYIOLIUX ONEPATOPOB KBAHTOBOW MEXAHUKHU.

KBaHTOBasg MeXaHUKa U KBAaHTOBasi XUMUs. JlaTh onpeaenaeHus U MoKa3aTh UX CBA3b
yepe3 ypaBHeHue LlpeauHrepa M BOTHOBYIO (DYHKIIHIO

[Toctynat kBaHTOBOM MeXaHUKH No7

OCOOEHHOCTH Pa3THYHBIX CHCTEM KOOPIWHAT B KBAHTOBOW MexaHuke. OnumuTe
CUCTEMY KOOPJUHAT, HCTIONB3YEMYIO JUUISI MHOTOSJIEKTPOHHBIX aTOMOB M CUCTEMY
KOOPJUHAT, UCTIONb3YEMYIO ISl MOJIEKYI.

[Tpubmmxenne bopra-Onmenreiimepa, GU3NIECKUA CMBICT, MATEMATHIECKOE
0TOOpaKEHUE, HETOCTATKH

[Toctynat kBaHTOBOM MexaHUKH Nel

KuneTnueckas 3HeprUs KBAHTOBOM CHCTEMBI, BEKTOPHBIE OTIEPATOPHI M WX (PHU3HUECKUH
CMBICTI, KHHETHYECKAS SHEPTHs aTOMa BOAOPOJA.

Turbl ABHKEHUA KBAHTOBOM YACTHILIBl: KBAHTOBBIM TAPMOHHYECKHI OCLUIIIATOP,
BOJTHOBAs (PyHKLIHSA

OcHOBHBIE TTPHOMIKEHUS KBAHTOBOM XuMHUH No2

OBOIOLMSA NMPEICTABIEHUN O CTPOEHUHU aTOMa B onbiTax oT bopa no IIpenunrepa
YcnoBue OpTOHOPMHUPOBAHHOCTH BOTHOBOHM (PYHKIIMU B KBAHTOBOH MEXAHHUKE, YCIIOBHUE
HOPMHPOBKH BOJTHOBOU (DYHKITHH JIJI1 KBAHTOBOW MOJIEJTH IBHKECHHS . chepruecKuii
poTtarop.

OcHOBHBIE TTPHOMIMKEHUS KBAHTOBOM xumun Nel

JlaiiTe omMcaHue U MaTEMAaTHIECKOE OTOOPaKEHHE OPOUTAITBHOTO MOMEHTA ATOMA,
MarHUTHOTO MOMEHTA aTOMa, MArHUTHOTO MOMEHTA 3/1eKTpoHa. KBaHTOBaHUE BCex
MOMEHTOB.

Ypasuenue Xaptpu-@oka-Pyraana u ero ynpomenue 1 metoaa MO JIKAO
[Toctynat kBaHTOBOM MeXaHUKH No2

OO1mumii BUJ OCHOBHOTO YPaBHEHHS KBAHTOBOM MEXAHHUKH, OOIIHIA BUI OCHOBHOTO
YPaBHEHUS KBAHTOBOM XMMHH, OCHOBHOE YPaBHEHHE AJI1 aTOMA BOJOPOAA.

Metox Xaptpu-Doxka, GU3HIECKHN CMBICT, MATEMATHYECKOE OTOOPAKECHHE,
MOIpa3/ieJIiCHHE Ha BU/IBI B 3aBUCHMOCTH OT 00bEKTA UCCIICTOBAHUS.

Matpuia, TUIIBI MaTPHUL, SJEMEHTHI MATPHIL]

CraHOBJIEHHE KBAHTOBOM TEOPUH ATOMA OT HEACTUMOCTH K CHCTEME KBAHTOBBIX YaCTHLI.
OAHOAPNEKTPOHHOE MPUOTIKEHNE XapTPH (PU3HUECKHH CMBICIT, MATEMATHIECKOE
0TOOpaKEHUE, HETOCTATKH

KBaHTOBO-XMMHYECKHE  pacyE€THbIE MPOrpaMMbl M METOABL. CXOJCTBO Pa3IHyue
MPUMEHUMOCTD

TeH30p B KBAHTOBOM MEXaHUKE, THUIBI KOOPAUHAT JIJIs OTPEACIIEHUA B IBYXMEPHOM
MPOCTPAHCTBE JIFOOOTO BEKTOPA, COOCTBEHHBIM BEKTOP OTIEPAaTOPa B KBAHTOBOH
MexaHuke. TeH30p MOMEHTA HHEPLIUH, YTO MPEICTABIAIOT COOOH 3JIEMEHTHI €70
MaTpULbI?

Tunel IBU>KEHUSA KBAHTOBOM 4aCTULBL: poTaTOp. KBAaHTOBBIE YKCa B ONMMCAHUMN JAHHOTO
TUNA IBWKEHHUS.

baswuc. bazucHsie HaboOpbI

[TpuatIMT HeonpeaenéHHOCTEH [ etizeHOepra, ero PU3nIecKuil CMBICH, MATEMATHIECKOE
O0TOOpaKEHHUE

HerepmunanT Crneitepa. OOBACHUTD YUET AaHTUCHMMETPHIHOCTH BOJTHOBBIX (DyHKIIHHA
B MaTpUYHOH (popmMe omepaTopa Ha mpUMepe aroMa yriaepoaa (2 mepuon, 1V rpymma)
OcHOBHBIE TTPHOMIKEHUS KBAHTOBOM XuMuH Ne3
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54.

Omnwmcanne MOJIEKYIIBI B TTOJIOKEHUSX KBAHTOBOW XHMHH U TTOCTYIaTaX KBAHTOBOU
MEXaHUKH

[Tpubmmxenne Mo JIKAO, ¢usudecknii CMBIC, MAaTEMATHIECKOE OTOOPAKEHHE,
HETOCTATKH

6. Ykazanus 1151 00y4aromuxcst

Opranusysi CBOIO YyueOHYH pabOTy CTYIEHTHI JOJDKHBI, BO-TIEPBBIX, BBISIBUTH
PEKOMEHAYEMbIi  pekMM M XapakTep yueOHOH paboThl MO  HU3YYECHHIO
TEOPETUUYECKOTO Kypca, MPaKTUUECKOMY MPUMEHEHUIO U3YUYEHHOT0 MaTepuaa, mno
BBIMOJIHEHUIO 3aJaHUil I CaMOCTOSITENIbHONW PadoThl, MO HCHOJb30BAHUIO
UH(POPMALIMOHHBIX TEXHOJIOTHHA U T.J. BO-BTOPBIX, 03HAKOMUTHCS C YKa3aHHBIM B
METOAMYECKOM Marepuajie Mo IUCHMILIMHE TEPEeYHEM YUYEOHO-METOIUUECKUX
U3JJaHUH, PEKOMEHAYEMBIX CTYJCHTaM sl IOJTOTOBKHU K 3aHSITUSM U BBITIOJHEHUIO
CaMOCTOSTENbHON PabOThI, a TAKIKE C METOAUUYECKUMH MaTeprajaMu Ha OYMaskHbIX
W/WITK BIIEKTPOHHBIX HOCUTENAX, MPEAOCTABISEMBIX CTYJACHTaM MpEnojaBaTesieM
BO BpeMs 3aHATHH.

CamocrosTenbHas padoTta 00ydaroIuXxcs, MPEIyCMOTPEHHAsS YUYEOHBIM IJIAaHOM,
JOJDKHA COOTBETCTBOBATh 0Oojiee IIIyOOKOMY YCBOGHHIO HM3Yy4aeMOro Kypca,
(GopMHPOBATH HABBIKKM UCCIIEN0BATEIBCKOM pabOThl U OPUEHTUPOBATH CTYICHTOB HA
YMEHHUE MPUMEHSTh TEOPETUUYECCKUE 3HAHUS HA MTPAKTUKE.

IHoaroroBka or4era mo 00bEKTY CAMOCTOSAITEIbHOI PadoThI

OdopmneHre oOT4YeTa NTPOMCXOAUT Ha PycckoM  s3pike. Kakmas Tema
CaMOCTOSITENIbHOM pabOThl PACKPHITA M OMMCAHA HA OTACIBHOM JTUCTKE (popmara A4,
co Bcemu nossimu 2 cMm. mpudprToMm TNR, kernb 12, ¢ OMMHOYHBIM HHTEPBAIOM
MEXIy cTpokamu. Beepxy, cnpaBa ¢amuiivs, M M rpynna 00y4aromerocs.

IHoaroroBka mpe3eHTaUH M0 00LEKTY CAMOCTOSITE/ILHOMH paboThI

Cmpykmypa npezeHmayuil.

CTpyKTypa mpe3eHTaluu J0JKHA COOTBETCTBOBATH CTPYKTYpe pazpadarbiBacMoi
TEMBI:

1. TutyneHbii cnaiin (1 cnain).

[TepBbIfi IUCT — 3TO TUTYJBHBIA JIMCT, HA KOTOPOM 00S3aTE€IbHO JOJKHBI OBITh
MPEACTABIICHBI. HA3BAHME TEMBI, IMJAH MPE3CHTAMKU (BOMPOCHI, PACKPHIBAIOLINE
TEMY)

2. Cnaiinpl, packpbiBaromme temy (9 - 10 cimaiiioB).

Crenyronmmu ciaifiaMmu 10JKHO ObITh COACPIKaHKE, TIAE MPEICTABICHBI OCHOBHBIC
BONPOCHI TeMbL. JKenarenbHo, 4ToObl M3 COJACPKAHUS MO TMIEPCCHUIKE MOXKHO
NEPENTH HAa HEOOXOUMYHO CTPAHMILY U BEPHYTHCS BHOBb HA COJICPKAHUE.

3. ®unanbHbIi cnaiia (1 cmaiin).

Ha nocneanem cnaiine M0DKHBI OBITH BBIBOJBI O MPOJCIIAHHON paboTe, Tak ke
(bamuaus, uMs, 0TYECTBO CTYACHTA, IPYINA; AO/DKHOCTD, (PaMUITUS, UMSI, OTYECTBO
npenoaaBaress



Pexomenayemoe olmiee konuuecTBo ciaitaos — 10 - 12
JTanbl NOATOTOBKH Mpe3eHTAlNN
Co3nanue npe3eHTanuy COCTOUT U3 CIEAYIOMIMX TaIOB!
1. Ilhanupoeanue npesenmayuu — 5T0 MHOTOLIArOBas MPOLEAYPA, BKIIFOYAKOIIAsA
OTPEACTIEHUE LENICH, H3YUEHUE TEMBI, ((OPMUPOBAHUE CTPYKTYPHI M JIOTHKH MTOAAYN
marepuana. [[naHnpoBanue Npe3eHTanMu BKIOYACT B ¢€0s1 1BA OCHOBHBIX 3TaNa:
1 — ®OpMUPOBAHUE MATEPUAIIA HA PYCCKOM S3BIKE
OH BKIOYaeT B ce0d CcaMyr) KpOMOTJIIMBYKHO padOTy ¢ MaTepualioMm u
MOAPA3AETAETCS Ha!

— OnpeacieHue mene.

— COop uH(pOpMaLIMK O MaTepUae.

— OnpeneneHne OCHOBHON UIECH NPE3CHTALMH.

— [loa0op AONOJHUTENBHON HHPOPMALIHH.

— [ImanupoBanue npe3eHTaluu.

— [loaroroBka 3aKJIFOYEHUS.
2 — GOPMHPOBAHUE MPE3CHTALNY HA AHTVIMACKOM SI3bIKE
Ha nanHom stane TpeOyercs BHUMATENbHas padoTa Mo NEPEBOAY MATEPUAJIOB Ha
AHTJIMACKUA SA3BIK

II. Paspabomka npe3eHmayuu — METOJOJIOTMUYECCKUE OCOOEHHOCTH MOJATOTOBKH
CJIAMIOB MPE3CHTALMMU, BKIIOYas BEPTUKAJIBHYIO M TOPU3OHTAIBHYIO JIOTHKY,
COJIEP’)KAHUE M COOTHOILIECHUE TEKCTOBOM M rpaduiecKoil nHPOpMaLUK.

III. Penemuuyua npesenmauuu — 5TO TPOBEPKA U OTIAAKA CO3JAHHOM
npe3eHTanuu. OHa MPOBOJUTCS HA PYCCKOM SI3BIKE

1pebosarius k oghopmneruro npesenmayuu

OdopmiieHHE TPE3CHTALIMK MPOUCXOAUT HA aHTINICKOM si3bike B Power Point. Bee
ClIaliibl MMEIOT CJCAYIOMAE MapaMeTPbl CTPAHMIBI. OPHUEHTAUMs aabOOMHas,
dopmar A4, pasmep mpudra He MeHee kKerb 24. OdopmileHHE THUTYJIBHOM
CTpaHUL[bl BKIIFOYAET HA3BAHUE, TAK KEC YKA3aH ABTOP, MECTO, TOJl BBHIMOJIHCHUS.
Kaxnplii cnaiin Ha3BaH, NPOHYMEPOBAaH (32 MCKIIOYEHHEM THTYIIBHOTO),
opopmieHue (poHa Ccral0oB HEOOXOAUMO MPOBOJUTH B CIOKOHHBIX TOHAX,
KOHTPACTHBIX IIBETY BEIOPAHHOTO mpudra.

VII. MaTepuajibHO-TeXHHYECKOEe 00ecreeHne

JIiist ay AMTOpHOM paboThI

AynuTopus AJis JIEKLUOHHBIX, ceMUHapckux — CToJbl, CTyJbs, Kadenpa, 1ocka, CTallMOHAPHBIN
3aHATUN, KOHCYJIBTAllM U CAMOCTOSITENIbHON ~ MYJIBTUMEUWHBIN IPOEKTOP, CTALIUOHAPHBII
pabdotet Ne311, 170002, Teepckast 001, T. 3KpaH

Teeps, npocn. Yalikosckoro, 1. 70

KomneroTephsiii k1ace 4B (momemenue st CTOJBL, CTYJIBS, MyJIBTUMEIUHHBIN POEKTOP,
caMocTosiTeNnnbHON paboTer) 170002, CTallMOHapHbIH 3kpaH, KomnbroTeps!

Teepckas obun., r. TBepb, nep. Canossril, .~ MS Office 365 pro plus — Akt npuema-nepenadu
35 Ne 369 ot 21 urons 2017,



MS Windows 10 Enterprise — AkT npuema-
nepenauu Ne 369 ot 21 urons 2017,
Google Chrome — 6ecrutathoe I10.
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24.09.2009 ¢ 3A0 «Cod¢rJlaitn Tpeiiny;
ISIS Draw 2.4 Standalone — 6ecruiataoe ITO

HyperChem - axT npenocraBnenus npas Ne
Tr008313 ot 20.02.2016

VIII. Ceenenust 00 00HOB/ICHHU pado4eii mporpaMmbl THCHUTILINHBI

N OOHOBIEHHBIH OrnucaHue BHECEHHBIX PexBHU3UTHI NOKYMEHTA,
pazzaen padouei W3MEHEHUH YTBEPIUBIIETO
MPOrpaMMBbI H3MEHEHUA
JACUUTUIHHBI
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JUCITUTIIINHBI
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