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PABOYAS MPOrPAMMA YYEEHOW OUCLMMNIUHBI

B1.0.21 KBaHTOBasA MexaHuka u KBaHTOBasi XMMuUsA

1. Koag n HanmeHoBaHue cneumnanbLHOCTM:
04.03.01 Xumunga
2. Cneunanusaums: Xxumns

. Keanndumkaumsa BbinyckHuka: bakanasp
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4. ®dopma obyyeHusn: O4yHas

5. Kacheppa, oTBevarowan 3a peanmsaumio QUCLUMNUHBLI: PU3NYECKON XUMUK
6

. CoctaButenu nporpammbl: Heyaes Nropb Bnagummposuy, K.X.H., JOLEHT

N

. PekomeHgoBaHa: HMC xumunyeckoro cakynbTteTa ot 27.03.2025, npoTtokon Ne 10-03

8. YueOHbIN roa: 2026/2027 CemecTp: 5



9. Uenun u 3agayum y4eO6HON ANCLUNINUHDBI

Llenisimu oceoeHusi y4ebHoU OucyurniuHbl S871sHomcs:

- MO3HAKOMUTb 06yqa+ou.|,mx0ﬂ C OCHOBHbIMU NpUHUMNAMN N MaTeMaTUu4eCKUM annapaTtom
KBaHTOBOW MexaHuku LpeauHrepa;

- PacCKpbITb NPUHLUWUMNbI KBAHTOBO-XUMNYECKOIo OnnMcaHnaA CTpoeHna XmuMn4eCkmnx 4actumL, (aTOMOB,
MOIeKyn, NonMMepoB);

- HAYy4YUTb MHTEPNPETUpPOBaTb pe3yJibTaTbl KBAHTOBO-XMMNYECKNX pacHETOB XMMNYECKNX HYaCTUL;

- AaTb npegcrtaBiieHne 0 BO3MOXHOCTAX KBAHTOBO-XMNYECKOIo MoaerimpoBaHUA.

3adayu y4ebHoU OucyunIUHbI; NTO3HAKOMUTb 0BYy4YatoLLIMXCS

- C OCHOBaMM ¥ NMpUBRNKEHHBIMU MEeTOAaMU KBaHTOBOW MEXaHUKW;

- C peLueHneM NpoCTenLLINX KBaHTOBO-MeXaHUYeCKUX 3aaav;

- C OCHOBaMu1 MeToJa 1 MaTemMaTU4YeCKUM annapaTtoM MeToaa MOMeKynapHbIX opbuTanen;

- C nonyaMmnmpnveckmnmmn metogamu KBaHTOBOM XUMUWN;

- NaTb MOHATME O KBAHTOBO-XMMWYECKOM MOAENMPOBAHUN KaK METOIe XMMUYECKNX UCCMEN0BaHNNA.

10. MecTo yuye6HOM ancuunnuHbl B cTpykType OOIN: o6sa3atensHasa Yyactb 6noka b1

11. NMnaHupyemMble pe3ynbTaTbl O0y4YeHUs MO AUCLUNIMHEe/MOAyNnto (3HaHUA, YMEeHUA,
HaBblKK), COOTHECEHHbIE C NMIaHUPYEMbIMU pe3yfibTaTaMU OCBOEHUsi 06pa3oBaTenbHOMN
nporpaMmmbl (KOMNETEHLUSAMMU) U UHAUKATOPaMU UX JOCTUXKEHUS:

Kog HasaHue Koa(bl) NupukaTtop(bl) lMnaHupyemble pesynbTaTbl 00yYeHus
KOMnNeTeHUmMu
OTl1K- | CnocobeH OrK-3.1 | MNMpumeHseT 3HaTtb: [MpuHuMnbl  (NocTynaTtbl) KBAHTOBOM
3 NpUMEHSATb TeopeTnyeckme un MeXaHUKW; OCHOBHble nNpubnmxeHns,
pacyeTHo- nonyaMnupuyeckne | Ucnosnb3dyemble B KBAHTOBOW XUMWMW; MeTOn
TeopeTnyeckne mMoZenu npu €aMOCOrfiacoBaHHOrO MO U ero NpPUNoXeHns K
meToAbl ANS pelleHnn 3agay 3ajayaM  KBaHTOBOW  XWMMWM;  BO3MOXHOCTU
N3y4eHns CBOUCTB XUMUYECKOM OCHOBHbIX METO[O0B KBaHTOBOW  XUMUM U
BELLECTB U HanpaBneHHOCTH KBaHTOBO-XMMWYECKOrO MOAENMPOBAHUS.
MPOLIECCOB C MX YmeTb:  Pewartb  HecCnoxHble  KBaHTOBO-
yyactnem c MexaHu4eckve  3agadu;  MHTeprnpeTupoBaTb
Mcnornb30BaHMEM pes3ynbTaTbl KBAaHTOBO-MEXaHWYECKUX pacyeToB
COBPEMEHHOMN OBWKEHUS1 YacTuL B 3aaHHbIX CUMOBbIX NOMSX;
BbIYMCIUTENBHOM OMK-3.2 | Ucnonbayet WHTepnpeTupoBaTb  pe3ynbTaTbl  KBAHTOBO-
TEXHUKW. cTaHgapTHoe XUMUYECKNX pacyeToB MOseKkyn B
MporpaMMHoe O6LLEXMMUYECKMX  TEPMUHAX; Renatb BbIGOp
obecrieueHme npu | ONTUMAnNbHOTO METOfA KBAHTOBOW XMMUW AN
peLLeHnm safau | pacyeta 9neKTPOHHOTO CTPOEHUSI KOHKPETHOV
XMMUYECKON MOneKynbl,
HanpaBMneHHOCTM Bnagetb: nporpammHbiM obecneveHnemM npu
peLleHne KBaHTOBO-XMMUYECKMX 3afay,
HaBblKaMMW NPaKTUYECKOro UCMONb30BaHMS
3aKOHOB KBAHTOBOW MEXaHWKN 1 pe3ynbTaTtoB
KBaHTOBO-XMMWYECKNX PacyeToB MOSEKyn Ans
npenckasaHns MakpOCKOMUYECKNX CBOVCTB
XUMUYECKNX BELLECTB.




OTlIK- | CnocobeH OlK-4.1 | Ucnonbayet 3HaTb: OCHOBHbIE 3aKOHbI U PopMyTbl
4 nnaHMpoBaTb 6a3oBble 3HAHWA B | KBAHTOBOW XUMUMW.

paboThbl obnactu YMeTb: NPUMEHATL OCHOBHbIE ECTECTBEHHO-
XUMUNYECKON MaTeMaTuKn un Hay4YHble 3aKOHbI NPY OCYXOEHWU
HanpaBreHHOCTH, duU3nku npu 3KCMEPUMEHTASbHbIX PE3yNbTaToB.
obpabatbiBaTh U nnaHMpoBaHNA CuctematunanpoBaTtb Y MHTEPNPETMPOBATh
WHTEepNpeTnpoBaThb paboT XuMU4eckon | pesynbTaTbl IKCMEPUMEHTA, a Takke pesynbTaThbl
nonyyYeHHble HanpaBneHHOCTH pacyeTHbIX 3agau.
pesynbTaTtbl C BrnageTtb: HaBbikamy UCMONb30BaHUSA 3HAHWI
NCMonb3oBaHMEM U TEOPETMYECKNX OCHOB KBAHTOBOW XMMUM B
NpaKkTUYECKmX NPUMEHEHNM K MONyYEHHbIM pe3yrnbTaTam.
HaBbIKOB PeLUeHNs | OMK-4.2 | O6pabaTbiBaeT
MaTeMaTUYECKUX U [aHHble ¢
thuandecknx sapau Mcrnonb3oBaHMeM

CTaHOapPTHbIX

cnoco6oB

annpokcumaumm

YUCTEHHbIX

XapaKTEPUCTUK

OllK-4.3 | UHTepnpetupyeT

pesynbTaThbl

XUMUYECKNX

HabnaeHun ¢

Mcrnonb3oBaHMeM

MaTeMaTnYecKux u

ur3n4eckmx

3aKOHOB U

npeacraBneHnn

12. O6beM AUCUMNNUHbI B 3a4eTHbIX eanHuuax/yac. — 4/144

CDopma npome)KyTquoﬁ aTTecTaummn 3K3aMeH

13. TpyAoeMKOCTb NO BuAam y4ebHon paboTbl

TpyaoemMKkocTb
Bua yue6Hoit paboTbl Bcero Mo cemectpam
5 cemecTtp Ne cemecTpa
AyOuTOpHbIE 3aHATUS, 108 108
B TOM YUCIE:
nekumnmn 36 36
npakTnyeckme
B TOM yncne: | nabopatopHble 36 36
KypcoBas pabota
CamocTosTenbHasa paboTa 36 36
[MpomexyTouHasa aTTecTauus 36 36
WNToro: 144 144

13.1. CopepxaHue AUNCLUNIIUHDI

n/n

HaumeHoBaHve pa3gena

OVCLMMINHBI

CopeprxaHune pasgena aNCUUnInHbI

Peanunsauyusa
pasgena
OUCUMMNIINHBI C
NOMOLLIbIO
OHnamH-Kypca,
AYMK




1. llekuum

1.1

dusnyeckmne oCHOBBbI
KBaAHTOBOW MEXaHUKN.

Knaccuyeckaa n KBaHTOBasi MexaHuka. KBaHToBasi
MexaHuKa — Bblgatolleecs OTKpbiTMe XX Beka.
KBaHTOBasi Xxumusi. OJKCNepUMEHTarnbHble OCHOBbI
KBaHTOBOW  MexaHuku.  BonHoBO-KOpMyCKyNApHbIN
Ayanusm — OcCHOBoMonarawwiass uaes KBaHTOBOW
MexaHukn. BomnHa pge bponnsa.  Cratuctudeckoe
TonkoBaHne BoSiH e bponns. OcHoBHble MocCTynaThbl
KBAHTOBOM  MexaHukn. YpaBHeHue LUpeguHrepa.
TpaKToBKa NPUYMHHOCTM B KBAHTOBbLIX CUCTEMAX.

1.2

MaTtemaTtnyeckme oCHOBbI
KBAHTOBOW MeXaHUKU
WpeaunHrepa.

OnepaTop — KBaHTOBbIA aHanor AMHaMU4YEeCKON
nepemeHHon un onepatopa (dupak). Anrebpa
onepaTtopoB. CobCcTBEHHblE DYHKUMM U COBCTBEHHbIE
3HauyeHusi onepaTopos. [locTynaTt 0 cnekTpe KBaHTOBO-
MexaHudeckux onepatopoB. CpeaHue  3HayYeHUs
AVHaMUYECKNX nepemMeHHbIX. [ocTynart o cpegHem.
Bbluncnexuve BEPOATHOCTEN pes3ynbTaToB
3KCMEepUMEHTAlbHbIX  U3MEPEeHUA  AMHAMUYECKUX
nepeMeHHbIX. YCrnoBue, NpuM KOTOPOM  HECKOJSIbKO
OVNHAMUYECKUX MEPEMEHHBLIX MOryT ObITb M3MEpEHbI
opgHoBpemeHHO. COOTHOLIEHNE HeonpeaeneHHoCTeN 1
cneacteua u3 Hero. [loHATME o nonHoM Habope
AMHaMUYECKNX MepeMeHHbIX. OnepaTopbl OCHOBHbIX
ANHaMUYeCKMX nepemMeHHbIx. Onepatop MamMunbToHa.
Ceonctea ypaBHeHus LlpeauHrepa. YpaBHeHue
LWpeanMHrepa u 3akoH COXpaHEHWs 4yMcna 4YacTul.
YpaBHeHne  LlpegunHrepa  ans cTauMOHapHbIX
COCTOSIHU.
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MpocTeline nprMeHeHns!
annapara KBaHTOBOM
MeXaHVKM.

OpHomepHoe cBobogHoe nABuXkeHue. [IBMXeHMe B
none KYCOYHO-MOCTOSIHHbIX noTeHLManos.
lMpoxoxgeHne  vacTuy  4vepe3  MpPSMOYroJfibHbIN
noteHumanbHbln  6apbep. TyHHenbHbIA  3dEKT.
OcobeHHoCTH OBWXEHMS npu Hanu4Mm
NMOTEHUMANbHON CTEHKU W MNOTEHUMaNbHOW  SIMbI.
[BmxeHne B OOQHOMEPHOW MNOTeHUManbHOW sSMe C
OEeCKOHEYHO BBLICOKMMM BEpPTUKANbHbIMU  CTEHKaAMM.
[BmkeHne B noTeHUumanbHOM «silukey». KBaHTOBas
Teopus rapMoHuyeckoro ocuunnaropa. KeaHToBas
Teopus XKeCTKOro potaTtopa.

14

CraTtuctmnyeckoe
TONIKOBaHWE KBaHTOBOW
MEXaHWKM.

lMpousBogHas onepaTtopa Mo BpemeHW. Teopemsbl
OpeHdecta ©  CBA3b  MexXay Kaccudeckom u
KBAHTOBOW  MexaHukon. KBaHTOBble  MHTErpansbl
OBWKEHUS.

1.5.

[BuxXeHne B LeHTPanbHOM
none. ATom Boaopoaa

OO6ulee paccMOTpeHUE [OBWKEHMSI B LIEHTPanbHOM
none. lMonHbln Habop AMHAMWUYECKUX MEPEMEHHbIX.
Teopus xecTkoro poTtatopa W ee 3HadeHue [arnis
dmsmyeckon xumun. YpaBHeHue LpeguHrepa ans
BOAOPOOONOA06HOrO aToma. PagnanbHble "
chepuyeckne yHkumn. KeaHtoBble umcna n, | u m.
OHepreTvyeckMn cnekTp atoma Bogopoda. ATOMHble
opbutanu. JnekTpuyeckuin TOK B aTome BOAOPOAA.
[MoHATME O NPOCTPaHCTBEHHOM KBAHTOBaHWUW.

1.6

CnuH ANeMeHTapHbIX
yactuy,. ToxaeCTBEHHOCTb
Yyactuu,.

CnunH anekTpoHa, NpOToHa, HEWTPOHa, hoToHa. CnnH-
opbuTtanbHOe B3aMMOOENCTBME U €ro MpPOosIBNEHUS.
MpuHUMN  TOXOECTBEHHOCTM 4yacTuy. bBo3oHbl un
depmmnoHbl. OnepaTtop cnvHa anekTpoHa. CnvHOBLIE
dyHKUUK. BonHoBas dyHKUUNA CUCTEMBbI
TOXOECTBEHHbIX YacTul,.

1.7

MpubnmxkeHHble MeToapbl
KBAHTOBOW MEXaHWKMW.
OpnHoanekTpoHHas Moaernb

O6wwm BuA ypaBHeHus LpeauHrepa ons mMonekynbl.
MpobGnema MHOIMX Ten. AanabaTnyeckoe
npubnmwkeHne.  OOHOSMEKTPOHHOE  NPUBIIKEHME.
MeTon camocornacoBaHHOro nosis XapTpy U ero
HegocTaTkn. BomnHoBas  doyHKUMS M SHeprua
MHOTO3/IEKTPOHHOW  CUCTEMbl B OAHO3MEKTPOHHOM

JYMK
KeaHmoesasi
mMexaHuKka u
KeaHmoeas

Xumusi

(xumusi)
https://edu.vsu
.ru/enrol/index.

php?id=9931




npubnmwkeHnn. BaprvaunoHHbI NpUHLUUN B KBAHTOBOW
MexaHvke. YpaBHEHMSI CaMOCOrnacoBaHHOro nosns
XapTtpu-®oka Ansi Monekyn ¢ 3aMKHYTOW 3NEKTPOHHOM
obonoykoh n meTog wx pelwenns. [lpeagensi
npumeHnmMocTn Metoga XapTpu-®oka. [loHATME O
MeTode KOHPUITYPaLMOHHOIO B3anMoOeNCTBHUS.

1.8 MeToa MonekynspHbIX Cnocobbl peweHuss npobnembl MHOMMX Ten B AYMK
opbuTanen c NpUMEHEHNEM | KBaHTOBOW XUMUn, Heamnunpuyeckne n | KeaHmosas
meToaa nonysmnupuyeckne MeTtodbl. OCHOBHblE MONMOXEHUA | mexaHuka U
camocornacoBaHHoro nons. | metoga MO. lMpubnmxkexne JIKAO. Beibop 6a3ncHbIxX K8aHMoaas

dyHKUMIN Ans pacyeTa. YpaBHeHus XapTpu-®oka Ha XUMUS!
KoHe4yHom Gasuce: metog CCI MO JIKAO (K.PyTtaH).
Mpegensl NPUMEHNMOCTH mMeToAa. OHeprus (X_UMUF')
koppensaumn MprHUMNBI YNPOLLEHUST BbIYUCANTENBHON https.//ec!u.vsu
npouenypbl B Metoge MO. BaneHTHoe npubnumxeHue. -f“’egfoﬂ'”dex-
n-ONEKTPOHHOE npubnmxkeHune. MpubnwmxeHne php?id=9931
HyneBoro AnddepeHumnansbHoro nepekpbIBaHUA
(HAM). MNoHsTne o nonyamnupuyecknx metogax CCIl
MO JIKAO " NonyaMnupuUYecKmx
HecaMocoriacoBaHHbIX MeTogax MO JIKAO.
PacwupeHHbin metog Xtokkens (PMX) mn npocton
metog Xtokkensi (MOX). Bo3MOXHOCTM 1 orpaHn4eHus
NPYMEHEHNsT NOMYyaMMUPUYECKMX METOOO0B KBaHTOBOW
XUMUN. MoHsTMe o} KBaHTOBO-XMMWUYECKOM
MOLENUPOBaHUM N ero BO3MOXHOCTAX. CoBpemeHHoe
nporpammHoe obecneyvyeHne KBaHTOBO-XMMWNYECKMX
pac4eToB.

2. MpakTnyeckue 3aHATUA

21 dursnyeckne oCHOBbI PelweHve 3agay no teme (onuHa BonHbl Ae bponns JYMK
KBAHTOBOW MeXaHWKK AN 9nNeKkTpoHa WM Makpockonuyeckux  Ten, | KeaHmosas

hoToacpcpekT, ypaBHewus H.bopa AnNa ABWXEHWS | nexaHuka u
3MNeKTPOHa aTtoMa Bogopoaa). KeaHmosas

2.2 Anrebpa onepaTtopos. MoHaTne onepaTtopa. O3sHakomneHune c XUMUS
JInHenHble MaTtemMaTMyeckuMn OencTBUsSMW Hag onepaTopamu.
CaMOCONPSKEHHbIE OT60p NMHENHBLIX CaMOCOMNPSKEHHbIX OMNepaTopoB. (xumus)

https://edu.vsu
onepaTopel. ru/enrol/index

2.3 CobcTBEHHbIE (PYHKUMK U PelweHne 3apgay Ha HaxoXageHue CcoOCTBEHHbIX | h ’>id:9931.
COBCTBEHHbIE 3HAYEHS YHKLUMIN 1 COBCTBEHHBIX 3HAaYEHMIN ONepaTopoB. php:
onepaTropos.

2.4 OnepaTtopbl OCHOBHbIX OsHakomneHne c onepaTtopamu OCHOBHBbIX
ONHAMUNYECKMX ONHAMNYECKMX nepeMeHHbIX. MpakTnyeckoe
nepemMeHHbIX. onpeaeneHne KOMMYTaUUOHHbIX COOTHOLLEHUA MexXay
Cdpepunyeckas cuctema onepatopamu, B T. 4. B cepudeckon cucreme
KoopAuHar. KoopAuHar.

2.5 BonHoBasi dyHKUMA 1 ee O3HakoMIieHne C MOHSATUEM BOJSTHOBOW  (PYHKUUK
CBOWCTBA. yactuubl. onyyeHne npocTtenwen mHpopmauun us

BONHOBOW dbyHKLUMM (rpadhmnyeckue paboThbl).

2.6 MpocTenwne 3agayum PaccmoTpeHue pellerus ypaBHeHus LpeanHrepa ans
KBAHTOBOW MEXaHWKM. NPOCTENLIMX 3afay KBAHTOBOW MexaHuku. [onydeHue

dmsmyeckorn uHoOpMaUUM U3 peLleHns ypaBHEHUS
LWpeanHrepa (rpadudeckme paboTbl).

2.7 [BwxeHune yactuubl B PaccmoTpeHne pelleHus ypasHeHus LWpeauHrepa ons

LeHTpanbHOM none. Xectkoro  portatopa. [lonyyeHne  dusmyeckon
WHopmMaumn 13 peweHus ypasHeHus LpeguHrepa
(rpadudeckme paboTol).
2.8 AToM BOZOpOAA. PaccmoTpeHne pelweHus ypasHeHns LWpeguHrepa gns
aToma Bogopogaa. MonyyeHve hu3nyeckon
WHopMaumn 13 pelweHus ypasHeHus LpeguHrepa
(rpadmyeckme paboTol).

29 Opbutanu atoma OnpeneneHne CTPYKTYpbl  3MNEKTPOHHbIX  obBnakos

Bogopoaa.

aToma BoJopoga Ansi OCHOBHOMO M BO30YXXOEHHOro
cocTosiHMI (rpaduyeckmne paboThl).




2.10 MonekynsipHoe ypaBHeHue | [NocTpoeHne monekynspHoro ypasHeHus LpeaunHrepa JYMK

LWpeauHrepa Ans  manbix  monekyn. [lpobnema MmHorux Ten. | Keawmosasi
MonekynsipHoe ypaBHeHve WpeauHrepa B | mexaHuka u
aﬂ,VIa6aTI/ILleCKOM I'IpVI6J'II/I)K€HVIVI. [MoHaTHE KeaHmosas
OOHOJJIEKTPOHHOIO rlpVI6]'|I/I)KeHVIFI. XUMUS

2.11 CamocornacoBaHHoe none Bapl/laLl,VIOHHbIVI npuHuun B KBAHTOBOW MeXaHuKe. (XUMUF’)

YpaBHeHunss Xaptpu-Poka, obOWNMA MeTon peLLeHUs.
TOYHOCTb  pacyeTa  MHOrO3MEKTPOHHbIX  CUCTEM
MeTogoM XapTtpu-Poka.

https://edu.vsu
.ru/enrol/index.

- php?id=9931
2.12 Heamnupudeckne un PaccmoTpeHne pacyeta NpOCTON MOJSEKYNbl METOA0M
nonyamnmpunyeckne metoabl | PytaHa. PaccmoTpeHue  pacdeta  OpraHU4ecKown
KBaHTOBOW XMMUM monekynbl (Cz2Hs, CH20)
pacwmpeHHbiM  MeTogom  Xtokkena  wnu  MIAMN/2.
Mpobnema BO3MOXHOCTM MOCTPOEHUST KIACCUYECKOMN
dopmynbl (rpadunyeckne paboThbl).
13.2. Tembl (pasgensl) AMCUMNIUHBI U BUALI 3aHATUN
Buabl 3aHATUIN (KONTMYECTBO YacoB)
Ne HavmeHoBaHue Tembl
CawmocTosaTenbHas
n/n (paspena) gucumnnuHbl | Nekumu MpakTuyeckme | JlabopaTopHble pa6oTa Bcero

dusnyeckre 0CHOBbI
1 o 4 2 8 14
KBaHTOBOW MeXaHWKMW.

MaTtemaTtunyeckmne ocHoBbI
2 | KBAHTOBOW MEXaHUKU 8 6 16 30
WpeaunHrepa.

MpocTenwne npuMeHeHna
3 | annapaTa KBaHTOBOW 8 6 16 30
MeXaHUKN.

Cratuctmnyeckoe
4 | TonkoBaHWe KBaHTOBOW 2 — 4 6
MeXaHUKU

[BmxeHne B
5 | ueHTpansHoM none. ATom 6 6 12 24
Bogopoaa

CnuH anemMeHTapHbIX
yacTuL,.
ToXOecTBEHHOCTb
yacTuL,.

MeToa MonekynsipHbIX
opbuTanen c

7 | npuMeHeHnem metoaa 4 16 8 28
CaMOCOrniacoBaHHOIo
nons.
Wtoro: 36 36 72 144

14. MeToauyeckme ykasaHus ansi oby4yaromxcsa no OCBOEHUI0 AUCLUNIIUHBI

[na ocBoeHuMst Kkypca neKkumn HeobxoouMMO O3HaKOMUTbCS C NpPe3eHTauMOHHbIMU
mMatepuanamm no AaHHoMy Kypcy. OHuM pasmelleHbl Ha cante www.edu.vsu.ru. Tam xe
NpeAcTaBneH NnaH NPakTUYECKNX 3aHATUN.

Heobxoanmo mmeTb XOTs Obl OCHOBHYHO PEKOMEHOYEMYK nuvTepaTtypy, a U3 uucna
AONoNHUTENBHOM NuTepaTypbl - COOPHUK 3a4ay NO KBAHTOBOM MeXaHuke : Ansi cTya. 2 Kypca
a/o n 4 kypca B/o xum. dak. / cocT. : E. M. ABepbax, B. KO. KoHgpawuH, B. P. MNwecTtaHunk. —
BopoHex, 2001. — 41 c.



http://www.edu.vsu.ru/

15. lMepeyeHb OCHOBHOM W [ONONHUTENbLHOW NUTepaTypbl, PECypCOB WHTEpPHET,
Heo6X0AMMbIX ANl OCBOEHUA AUCLUNIIUHbI

a) OCHOBHas nuTeparypa:

Ne n/n NcTouHmuK

EpmakoB A.N. KeaHToBasi MexaHuka un kBaHToBasa xumusi / A.N. Epmakos : y4eb. ans
cTya. Xxmm. dak. yH-ToB. — M.: KOpanT, 2010. — 555 c.

1

0) gononHuUTEnbHaa nuTeparypa:
Ne n/n MCTOYHMK

BapaHosckuin B.U. KBaHTOBas MmexaHuka 1 kBaHToBasi xumus : y4eb. Nocobue / B.W.
BbapaHoBckun. — M. : Akagemus, 2008 .— 382 c.

MwuHknH B.. Teopusa ctpoeHus monekyn : y4eb. nocobue ansa ctyq. By3os /

3 B.N.MuHkuH, B.A4.CumkuH, P.M.MuHsies .— 2-e n3g., nepepab. n gon. — PocToB H/[ :
®deHunke, 1997 .— 557 c.

CtenaHoB H.®. KsaHTOBasd MexaHuka 1 KBaHTOBas XuMu4 : ydeb. ons ctyn. Xxum. dak.
yH-ToB / H.®.CtenaHoB .— M. : Mup, 2006.— 518 c.

MenewwnHa A.M. Kypc KBaHTOBOWM MeXaHWK/ Ans XMMUKOB : y4eb. nocobne ans cryg.
XUM. pak. yH-ToB. — / A.M. MenewwuHa . — M. : Bbicwl. wk, 1980. 215 c.

2

B) MHOPMALMOHHbIE 9NEKTPOHHO-00pa3oBaTenbHble pecypchbl (odulmnanbHble pecypebl MHTEPHET)*:
Ne n/n Pecypc
6 | 3oHanbHas Hay4yHas 6ubnunoteka www.lib.vsu.ru
OYMK KBaHToBas xumusg (Prix)
https://edu.vsu.ru/course/view.php?id=9893

7

16. MepeyeHb y4eOHO-MeTOAUYECKOrOo obecrne4vyeHUss ANS CaMOCTOATENIbHOW paboTbl
(y4ebHo-memodudeckue pekoMeHdayuu, rocobus, 3adayHuku, Memodu4yecKue yKa3aHusi MO 6bIMOSTHEHUI
rpakmu4ecKux (KOHMpPOJIbHbIX), Kypcoabix pabom u 0p.)

Ne n/n McTouHMK
1 Oeant I'.6. Tabnuubl MHTerpanoBs 1 apyrue matematndeckme dopmynel / I.6. [BanT.
— M. : Hayka, 1966. — 228 c.
C6opHMK 3a4a4 No KBAHTOBOW MexaHuKe : Ans CTyA. 2 Kypca a/o n 4 kypca B/0 XUM.
2 dak. / coct. : E. M. ABepbax, B. 0. KongpaiuuH, B. P. MNMwecTtaH4nk. — BopoHex,

2001. —41c.

17. OOpasoBaTesfibHble TEXHONOINMU, MUCNONb3yeMble nNpu peanusauum y4ebHOMN
OUCLUMNIUHBLI, BKNOYass [AOUCTaHUUMOHHble oOpa3oBaTtenbHble TexHonoruun (OOT),
3neKTpoHHoe oby4yeHue (J0), cmewaHHOe OOyYeHue:

lMpoBeneHne BBOAHOM M 0B30pHBLIX NEKUMIA, pelleHne 3agad No OCHOBHbIM pasgenam
Kypca. [logrotoBka K TeKkylwlen U MNPOMEXYTOYHOM aTTecTtaumMm C  WUCMNOoSIb30BaHWEM
peKoMeHayeMon nutTepaTypbl.

Mpn peanusaumm y4yebHOM AUCUMMNNUHBLI UCNOMb3YOTCA 3MEMEHTbl  3NIEKTPOHHOrO
obyyeHnss wn pasnuyHble AUCTaHUMOHHble obpasoBaTeribHble TEXHOMOornM, MO3BOoNsALNE
obecneunBaTtb OMNOCpeaoOBaHHOE B3auMOAENCTBME (Ha paccTosHWW) npenogaBaTtenen wu
obyyaromnxcs, BKMAKYAA WHCTPYMEHTbl 3MEKTPOHHOW MHGOPMaLMOHHO-06pa3oBaTenbHON
cpegbl BIY «3nektpoHHbin yHuBepcuteT BIY» (https://edu.vsu.ru) w/vnn “MOOK BIY”
(https://mooc.vsu.ru), npoBefeHne BeOMHApPOB, BUOEOKOHMEpPEHUUN (B TOM 4uUcre C
npumeHeHnem cepsucos Zoom, Discord n ap.), B3anMOgeNCcTBME B COLICETAX, NOCPEACTBOM
SNEKTPOHHOWN NOYTbI, MECCEHIKEPOB

18. MaTepmanbHO-TeXHU4YECKOe obecnevyeHne AUCLUMNIIUHDbI:
YuebHas ayantopusi. KOMNboTEpHbIN KrnacTep, KOMMbTEP, NPUHTEP.



http://www.lib.vsu.ru/
https://edu.vsu.ru/course/view.php?id=9893
https://edu.vsu.ru/course/view.php?id=9893
https://edu.vsu.ru/
https://mooc.vsu.ru/

19. OueHouYHble cpeacTBa AN NPOBeAEHUS TeKyLiero KOHTpPoOns ycrneBaeMoCTU U
NPOMEXYTO4YHOM aTTecTauumn

MopsigoK OLEHKN 0CBOEHMS obyYatowmmmncs y4ebHoro MaTepurana onpeaensieTcs
coaepXaHnem cneayLwmnx pasngenos AUCLUMIUHBIL

HanmeHoBaHve MuaunkaTtop(bl)
I_'I\}IQ_I pasgena aucumniiviHbl KO“&Z‘Z}?” OOCTUXKEHUA OueHouyHble cpeacTea
(moayns) H KoMneTeHummn
dunsnyeckne ocHoBbI
L. | (BAHTOBOM MEXaHMKN OrnK-3 OrK-3.1 MpakTuyeckoe 3agaHne
MaTtemaTtnyeckne ) onK-4 OMK-4.1-4.3
2. | OCHOBbI KBAHTOBOM OMK-3 ONK.3.2 MpakTuyeckoe 3agaHue
MexaHuku WpeguHrepa. )
MpocTenne OrK-4 OriK-4.3
3. | NnpMMeHeHus annapaTa Or1K-3 OriK-3.1 KoHTponbHas pabota Ne1
KBaAHTOBOW MEXaHUKN.
Cratuctunyeckoe
4. | TONKoBaHWE KBAHTOBOW OriK-4 OriK-4.1-4.3 MpakTuyeckoe 3agaHue
MeXaHUKN
Rewxketme b OrK-4 OrK-4.1-4.2
5. | ueHTpanbHoOM nore. OMK-3 OnK-3.1 MpakTuyeckoe 3agaHue
AToMm Bogopoaa )
CnvH anemMeHTapHbIX
yacTtuu,.
6. TOXAECTBEHHOCTD OrlK-3 OrkK-3.1 MpakTnyeckoe 3agaHue
yacTtuu.
MeTop, MoneKynsipHbIX
opouTanei c OrK-4 Orl1K-4.3 MpakTuyeckoe 3agaHue
7. | NPMMEHeHMem MeToaa Or1K-3 Or1K-3.2 KoHTponbHas pabota Ne2
camMocorfiacoBaHHOro ’ P P -
nons.
MpomexyTouHas aTTectaums MepeyeHb BONPOCOB
dopmMa KOHTPOnS - 3K3aMeH MpakTnyeckoe 3agaHue

20. TunoBble OLEeHOYHbIE CpeacTBa U MeToauYeckue MaTepuansi, onpeaensiowue
npoueaypbl OLeHUBaHUA

OueHka 3HaHWA, YMEHUA U HaBbIKOB, XapakTepusywuwass aTtanbl  HopMUPOBaHNSA
KOMMETEHUMA B paMKax MW3yYeHUs OUCLMMINHBI OCYLLEeCTBNSAETCSs B XO4€ TeKywen W
NPOMEXYTOYHON aTTecTauui. Tekywaa aTrectauma npoBOAMTCA B COOTBETCTBUM C
lMonoxeHnem o Tekywen atrectaumm obydarowmxcs no nporpammam BbicLero obpasoBaHus
BopoHexckoro rocyaapcTBeHHOro yHMBepcuTeTa. Tekylada atrectaums nposoauTcs B oopmax
yCTHOro onpoca (dpoHTanbHas 6ecefa) U MUCbMEHHbLIX PaboT (BbINOSIHEHME MPAKTUKO-
OPUEHTUPOBAHHbIX 3aaHNUN U KOHTPOSbHbIX PaboT).

MopsiqoK OUEHKM OCBOEHUS oby4vawwmmucst ydebGHOro matepuana onpepensietcs
coAepXXaHMeM creayrLwmnx pasaenos AUCUMNIIVHI

20.1. TeKywWM KOHTPOJIb YyCNeBaeMoCcTH

KoHTpornb ycnesaemocT No AUCLMNNUHE OCYLLECTBMAETCHA C MOMOLLLIO CneayoLmX OLEHOYHbIX
CPEeacTB:

20.1.1. NMepe4yeHb TeoOpeTUYECKUX 3aQaHNIN

. HasBaTb 0CHOBHbIe NOCTyNaThbl KBAHTOBOW MEXaHMUKM.
. Bblumcnutb nponsseaeHne AByx 3agaHHbIX OnepaTopos.
. Bblumcnutb koMmyTaTOp ABYX 3a4aHHbLIX ONepaTopoB.
. YCTaHOBUTb (haKT 3pMUTOBOCTU UM HEIPMUTOBOCTM 3aaHHOro onepaTopa

A WON -



5. HanTtu cobcTBeHHbIE OYHKLMM M COBCTBEHHbIE 3HAYEHUS 3a4aHHOMO oneparopa.

6. HasaTtb nonHbin HAbop hU3NYECKNX BENNYNH B NPELTIOKEHHON KBAHTOBOW CUCTEME.

7. Hantn koahdpuumnmeHT HOPMUPOBKN 3a4aHHON BONTHOBOW (DYHKLMW NpY 3a4aHHbIX FPaHNYHbIX
YCrOBUSX.

8. M3Bneyb omanyeckyo MHpopMauuo N3 NpeanoXXeHHon BONHOBOW OYHKLUMMN.

9. 3anucaTtb ypaBHeHue LLpeanHrepa ans ogHom Yyactuubl, ABUXKYLLENCSA B 3a4aHHOM CUTOBOM Nosne

(cTaunoHapHble COCTOSIHMSA).

10. BbluMCnnTb 3HEPIMIO YacTULbl, ABWXKYLLENCA B 3a4aHHOM CMITOBOM Mofe, HA OCHOBE BOSTHOBOM
OYHKUMN.

11. NOACHWTL CMbICIT NPOCTPAHCTBEHHOIO KBAHTOBAHMS BEKTOPA MOMEHTA MMMYJSbCa MNEKTPOHa,
ABWXYLLErocs B LLeHTpanbHOM none.

12. [JokasaTb OTCYTCTBUE INIEKTPMYECKOrO TOKa BAOSMb MepanaHa B atome Bogopoaa.

13. Bbluncnntb BENMUYNHY TMPOMarHUTHOrO OTHOLLEHWNS AN 9fIeKTpOHa aToMa Bogopoaa.

14. laTb YacTMYHOE UMM NOJTHOE UCCreaoBaHMe CTPYKTYpPbl 9NeKTpOHHOro obnaka atoma Bogopoaa no
npeanioXXeHHOoW aToOMHOM opbutanu

15. N306pa3unTb rpacdmyieckn yHKUMMN NAIOTHOCTU BEPOSATHOCTN HAXOXAEHUST NIEKTPOHA aTtoma
sogopoga: |yf(r, O, p)P, rPR¥(n,1) u [Yim(6, ¢).

16. N3006pa3nTb SHEpPreTUyecKkyo agnarpammMy 3reKTpoHa B atoMe BoAOpOoAa C y4EeTOM KPpaTHOCTM
BbIPOXOEHNSA dHEPreTU4YEeCKNX ypoBHEN.

17. BeluucnnTb cpegHue 3HavyeHUst NoTeHUMarnbHON U KNHETUYECKOW 3HePrnin anekTpoHa B aTome
BOAOpOAA.

18. MNocTponTb gMarpaMmmy NPOCTPAHCTBEHHOIO KBAHTOBAHMS BEKTOPA MOMEHTa MMMyfbca ANeKTpoHa
aToma Bogopoaa.

19. N306pa3nTb SHEPreTUyEecKyo agnarpammy MHOTOSMNEKTPOHHOIO aTtoMa C Y4eTOM KPaTHOCTH
BbIPOXOEHNSA dHEPreTUYECKNX YPOBHEN 3NEKTPOHOB.

20. 3anncaTtb ypaBHeHune LpeanHrepa ans npeanoXeHHOW MOSEKYIb.

21. 3anncaTb getepMuHaHT Cnatepa aAns SnekTpoHHOM 000MOYKM MOSEKYITbI.

22. 3anncaTb hopmyny A5 SHEPIUN MHOTOSMNEKTPOHHOW MOSEKYbl B O4HO3MEKTPOHHOM NPUBIKEHNN.

23. 3anncaTb ypaBHeHne XapTpu-doka And NnpeanoxXeHHON MHOrO3NIEKTPOHHON MOMEKYIbI.

24. 3anncaTb ypaBHeHus PyTaHa ans npegnoXeHHOW MHOMo3NeKTPOHHOW MOSeKy bl.

25. Ha ocHoBe crnvcka MonekynsipHbiX opoutanen gByXaTOMHON MOSEKY bl YCTAHOBUTL TUM CUMMETPUN
Kakgon opbutanu.

26. MNpeobpasoBaHnem getepmmnHaHTa Cnatepa nonyyuntb Anst Monekynbl CH4 nokannsoBaHHble
MoreKynspHble opbutanu.

27. Ha ocHoBe cnvcka MOneKynsipHbIX opbuTanemn HECIOXHON MOSEKy bl MoKa3aTb BO3MOXHOCTb (UIn
HEBO3MOXHOCTb) MOCTPOEHNS €€ KNacCUYECKON CTPYKTYPHOM hopmyribl.

28. YkasaTb MCTOYHMKM OLIMBOK pacyeTa MofHOM 3HePrMn MOSeKyIbl No meTtony PyTaHa.

29. Ncnonb3ays cnencteme n3 Teopembl ['enbmaHa-PertHmaHa, CpaBHUTb NPOYHOCTb CBSI3W B ABYX
OBYXaTOMHbIX MOMfeKynax.

30*. BbickasaTb coobpaeHUs N0 KBaHTOBO-XMMUYECKOMY pac4eTy reoMeTpU4EeCKon CTPYKTYpbl
aKTVBUPOBAHHOIO KOMMNSIEKCA B peakumm Mexay AByMS NpOCTbIMU BELLECTBaMMU.

20.1.2. MNMepe4yeHb NpakTU4ECKUX 3agaHUN

1. Bo3BecTu B kBagpaT npeanoXeHHbI onepaTop.

2. BblMUCANTb KOMMYTATOP ABYX NPeaSIOKEeHHbIX ONepaTopoB.

3. NokasaTb, g9BnseTcd N 3agaHHbIN ornepaTop 3pMUTOBbLIM.

4. Hantu cobctBeHHbIe OYHKUMN N COBCTBEHHbIE 3HAYEHMS NPEAOXKEHHOro onepartopa.

5. Hantun koadhdununmeHT HopMUPOBKN 3a4aHHON BONHOBOW (DYHKLINN.

6. BbluncnmTtb BEpoATHOCTb NpebbiBaHMA YacTuLbl B YKa3aHHOM MPOCTPAHCTBE HA OCHOBE M3BECTHOM
BOJSTHOBOWM (PYHKLMW.

7. BblUMCnUTb NAOTHOCTb MNOTOKA BEPOATHOCTM YacTuLbl HA OCHOBE M3BECTHOW BOSTHOBOW QOYHKLMMW.

8. BblUNCnnTb NNOTHOCTL BEPOSITHOCTU HAXOXAEHMS YacTuULbl B YKa3aHHOW TOYKe NPOCTPaHCTBa
(B mekapToBOn U B chepudecKom cucTteme KoopauHar).

9. PaccuntaTtb cpefHee 3HayeHne gUHaMn4eckon nepemMeHHon B 3a4aHHOM KBAHTOBOM COCTOSIHUM.

10. HasBaTb nomnHbIi Habop M3MYecKkUX BENNYMH B 3aJaHHOM KBAHTOBOM COCTOSIHUM.

11. MNpoBecTu nonHoe uccrnegoBaHe NPOCTPAHCTBEHHOrO pacnpeieneHuns anekTpoHHOW NNOTHOCTU B

BO30OY>XAEHHOM COCTOSIHMM aToMa Bogopoaa (4o n = 3 BKIHYNTENBHO).



12. Ha ocHoBe Buaa BOSTHOBOW pyHKLMM SNEKTPOHA aTtoma BoAopoaa, Haxoasulerocs B BO30yXQeHHOM
COCTOSAAHWW, yKa3aTb HanpasneHne BHyTPUaTOMHOIO 3NeKTPUYEeCcKoro Toka.

13. YkasaTb 3Ha4YeHUs1 BCeX ANHAMUYECKNX NEPEMEHHbIX, XapaKTepU3YOLNX COCTOSHNE 3NEKTPOHa
aToma BogopoJa B 3aJaHHOM 3HEpPreTU4eCKOM COCTOSHUM.

14. BbibpaTb npMeMnemMsbin NONyaMNMpUYECKUIA METOA OS1si pacyeTa SHEPreTUYECKUX YPOBHEN U (M)
MOMEKYNSAPHbIX opbuTanemn npeanoXXeHHON MONeKynbl.

15. OnpenennTb UCTOYHUKM OLLIMBOK U OLLEHUTbL TOYHOCTb pacyeTa ANeKTPOHHOW SHEPrMKU MOMEKyIbl No
meToay PyTtaHna.

16. Ha ocHoBe npeanoXxeHHbIX MONeKynspHbIX opbuTtanen npocton monekynsl (CH20, CzH4) 3anncatb
€€ KIaCcCUYeCKyo CTPYKTYPHYHO cbopmyny.

17. NpoBecTtn nccnegoBaHne cUMMETPUK Nobon MonekynapHon opbutann AByxaTOMHOW rOMOSIAEPHOWN
MOMEKynbI.

18. Ha ocHoBe NpeanoXxeHHbIX MONEKYNApHbIX opbuTanen OByXaTOMHOW rOMOS4EePHON MOMEKYbI
BbIYUCANTE KPATHOCTb XMMUYECKON CBSA3MN.

19. MNMpoaemoHcTpUpoBaThL NpUMeHeHne Teopemsl M'enbmaHa-®PenHMaHa K oLeHKe NPOYHOCTH
XUMUNYECKOWN CBS3N B ABYXaTOMHOW MOneKyne.

20. MNpuBecTn NnpuMep NPakTUYECKOro NCNonb3oBaHMsa TeopeMbl AHa-Tennepa.

20.1.3. NMpumepbl 3aaaHU AN KOHTPONbHbIX paboT
KoHTponbHas pa6oTa Ne 1

1. JokasaTb KOMMyTaTOpPHOE COOTHOLLEHNE Ans onepaTtopos A, B, C:
[A, BC] =]A, B]C + B[A, C].
2. Hantn cobcTBEHHBIE DYHKLMM U COBCTBEHHbIE 3HAYEHUS ONEePaToOpPOB:

. d ) . d
X+ 1—; IX+1—; X .
dx dx dx

3. HenocpeacTBeHHbIM BbIYUCMEHWEM YCTAHOBUTb, OPTOrOHamnbHbl 1M COOCTBEHHblE  DYHKLMUN
onepaTopa

A=1— +1,
dx
anHannemau_Lme pa3HbIM CO6CTB€HHbIM 3HaA4YEeHNAM. OTBeT KOMMeHTI/IpOBaTb.

KoHTponbHasa pabota Ne 2

1. Yactuua HaxoanTCca B OCHOBHOM COCTOSIHUM JIMHENHOIO rapMOHUYECKOro ocumnnaTopa:
y(X) = (Mad/rh)exp(- mao.x?/2h).

Hantu BEPOATHOCTb 06Hapy>|<eH|A;| yacTuubl B obnactu, 3anpeu_|,eHHO|71 OnNA KnacCn4yeckoro ABm>xXeHunA.

2. YacTuua HaxoAuTCs B COCTOSHWW, OMUCLIBAEMOM BOMHOBOI (pyHkumen \Y(X). PasnoxeHue

W(X) no cobecTBeHHbIM dyHKUMAM onepaTtopa A nmeet Bug;

y(x) =0,87f2 + 0,50fs + 0,71fs.

Kakne 3HayeHnsa OnHaMmnyeckom nepemeHHon A MOTyT NnoABUTBCA Npun e€e namMepeHumn n C
KakKnmMm BepOFITHOCTFIMVI?

2. [laHa napa KoMMNIeKCcHbIX opbutanen atoma Bogopoaa:



yai2 = Arle2sin?@-e*2,
a — paguyc nepBon 6opoBCKON OpOUTHI.
a) lNpoBecTn NonHoe nccnegoBaHne 0gHON U3 3TUX opbuTanemn, NOCTPOMB HEODXoaUMbIE
unnocTpaunm B ackusHom dopme: Wi (r), Wim(®), «doTtorpacuio» aneKkTpoHHoro obnaka.

6) MepenTu K 4eNCTBUTENBHOM aTOMHON op6uTanm ' 3242 1 NOBTOPUTL ee nccrenoBaHve.
B) YCTaHOBUTb 3HaKWN A4ENCTBUTENBHON aTOMHOM OpbGuTanu B NpOCTpaHCTBE.

20.1.4 TecTOoBbIe 3ag4aHuUA

OrnK-1

1. OnpeaenuTe MMnynbc oToHa (Kr-m)/c, AnuHa BorHbl koToporo 3,01-1078 m?
(h =6,62-10"340x-c)

1. 2,20-107%;
2. 19,9310
3. 2,20-107%%;
4. 19,93-10-26.

2. [1ee counsnyeckme BENNYNHBLI MOTYT ObITb OAHOBPEMEHHO N3MEPEHbI B OAHOM 3KCNEPUMEHTE C
TOYHOCTbI0, OrPaHNYEHHON NLLBL BO3MOXHOCTbLIO M3MEpPUTESbHbIX NPUOOPOB B TOM Criyyae,
ecnm ...

1. wux onepaTopbl KOMMYTMPYIOT C onepaTopom FaMunbTOHa;

2. norHas 3Heprusi CUCTEMbI NMOCTOSIHHA;

3. cunoBble NOMs He 3aBUCAT OT BPEMEHMU;

4. X onepaTtopbl KOMMYTUPYIOT MeXay coboi.

3. BblpoxgeHne coCTOSIHUI CBA3AHO C ...

CBOWCTBOM HEMPEPbIBHOCTU BONTHOBOMW (PYyHKLNN;

rPaHUYHbLIMU YCIOBUSIMU, HaKIMadblBaeMbIMU Ha BOSTHOBYH (DYHKLINIO;
CUMMETPUEN peLLaeMon 3aauu;

CBOMCTBOM HernpepbIBHOCTN NPON3BOAHON BOTHOBOW (PYHKLMW.

NS

4. [ina oAHOMEpPHOro rapMOHNYECKOro OCLMNNATOPA pasHuLa B SHEPrUM Mexay cocefHUMU
YPOBHAMM ...

1. pacTér c yBernmyeHnem aHepruu,

2. MNOCTOSAHHA;

3. napaeT C yBENUYEeHNeM 3Hepruu;

4. paBHa Hyno.

5. TyHHenbHbIN 3ddeKT 370 ...

1. npeoponeHve MUKpoyacTuLen noTeHuuanbHoro 6apbepa B criydae, Korga eé nonHas
9Heprus paBHa BbicoTe Bapbepa;

2. npeojoneHne Mukpo4vacTuuen notTeHumanbHoro 6apbepa B crnyvae, korga e€ nonHas
3Heprus 6onbLlue BbiCOTbl Bapbepa;

3. npeogoneHne MukpovacTuLen noTeHumanbHoro 6apbepa B crny4vae, korga e€ nonHas
3Heprusi MeHblUEe BbICOThbl Bapbepa;

4. oOTpaxeHue MMKpo4acTuubl OT NoTeHuunansHoro 6apbepa.

6. OcobeHHOCTb BapMaunoHHOro metoga Putua B ToOM, 4TO ...
1. B NpobHy PyHKLMIO f BBOAAT HECKOSBKO HE3AaBUCHMMbIX NapameTpoB;



2. nonHas 3Heprusi CUCTEMbI NONY4YaeTCA NPU PELLEHNN BEKOBOIO yPaBHEHUS;
3. npobHas cyHkuus f bepétca B Buae NMMHENHON KOMOMHALMKN HE3aBUCUMbIX (DYHKLWUN,
4. wvHTerpanbl nepekpbiBaHNA CHNTAKTCHA PaBHbIMU HYIHO.

7. OcobeHHOCTb MeToaa XapTpu-Poka B TOM, 4TO ...
1. OOHO3NEKTPOHHbIE YPaBHEHMS pPeLLaTCa BapuaLMOHHbIM METOAOM;
2. [OnNs pelweHns 3agadun UCnonb3yrT MeToA nocneaoBaTenbHbIX NPUGNMKEHNI;
3. MNOnyYeHHbIe NOSIHblEe BOSTHOBbIE PYHKLNN MOTYT OblTb TOMbKO aHTUCUMMETPUYHBIMU;
4. 'y OAHO3MEKTPOHHbIX PYHKLUMIA HE MOTYT coBMNadaTh BCe YeTblpe KBAHTOBbLIX YMCHA.

Kntoum k Tecty OlMK-1

Bonpocl 1 2 3 4 5
OTBeThl 1 4 3 2 3
Bonpocl 6 7
OTBeThbl 3 2

Bonpochl, Tpebylowme KOPpOTKOro oreseta (04HO CroBoO)

1. B Kaknx egmHmuax namepsieTcst noctosHHasa lNnaHka?
OteeT: Xx'C

2. Cob6CTBEHHbBI MOMEHT MMMNYSbCa 3NIEMEHTAPHON YacTulpbl - 370...
OTBeT: cnuH

3. Yem obycnoBneHo KBaHTOBaHNE PU3NYECKNX BENTUYNHT?
OTBET: rpaHNYHbIMU YCNOBUSIMW, HaKnaabiBaeMbiM/ Ha BONTHOBYIO (OYHKLINIO

Bonpochl, Tpebylowme passepHyTOro oTeeTa.
1. B 4ém cyTb agnabaTmyeckoro NpubnmKeHns B KBaHTOBOM XUMUU? Hanuwmute ctaumoHapHoe

ypaBHEHNE UJpéD,I/IHFepa Ona MOJeKyJibl B agnadaTtnyeckom npm6n|/|>|<eH|/||/|.

JTanoH oTBeTa:

AgnabaTuyeckoe npubnuMxeHne B KBAHTOBOM XUMUW npeactaBnsier cobon pasgeneHue
CUCTEMbI Ha TSDKENbIEe M NErkue 4YacTuubl — sapa u aNeKkTpoHbl. MNockonbky macca nboro sipaa
3Ha4MTenNbHO BoNbLUEe Macce AMNeKTPOHa, OKa3blBAETCH YTO ANEKTPOHbI — 3HaYUTENbLHO Bonee
ObicTpass noacuctema, 4em sgpa. MOXHO cuuTaTb, YTO SNEKTPOHbI ABUMXYTCA B Nofe
HENOABWXHbIX S4ep.

(Tan — Uonsig + USJ‘I-:-)J'I)LP = (E - E)LP

Kputepum oueHnBaHums:

10 ©GannoB: npaBunbHO OTpaXxeHa CyTb agnabaTMyeckoro npubnuXeHns u HanmcaHo

ypaBHeHue LLpéanHrepa



5 6annoB: npaBWibHO OTpaXeHa CyTb agnabaTuyeckoro npUONMXEHUs, HO He HanucaHo
ypaBHeHwue LLpéanHrepa

3 ©Ganna: HanucaHo ypaBHeHue LpéauHrepa, HO He OTpaxeHa CyTb aguabaTuyeckoro
npuonNmxeHus

0 6annoB: gaH HEBEPHbIN OTBET

2. B 4éM cyTb 0QHO3NEKTPOHHOro NpubnmkeHna B metoge Xaptpu-doka? Kak npegcraBnsaercs

onepaTop OTTaNKMBaHUS 3NIEKTPOHOB B JAHHOM NPUOAKEHNN?

JTanoH oTeBeTa:

N3 Bcero komnnektnBa 3MEKTPOHOB BbIAENSETCA OAWH WU CYMATAEeTCs, YTO AENCTBME BCeX
OCTarnbHbIX 9MEKTPOHOB Ha 3TOT BbIOPAHHBLIA MOXHO MPUBNMXKEHHO onucaTb OEWCTBUEM
YCPeOHEHHOro CWUMOBOro MOMs, B KOTOPOM MOTeHUnanbHasi aHeprus BblIOpaHHOro anekTpoHa
3aBUCUT TONBbKO OT ero COBCTBEHHbIX KOOPAUHAT.

Usn-an = Z(Ui(Xi,Yi,Zi))

Kputepuu oueHMBaHus:

10 6annoB: NpaBUNbHO OTPaXXeHa CyTb OOQHOJIMEKTPOHHOrO NPUBNMKEHMA U HaNMCaH onepaTop
OTTarknBaHWs 3NIEKTPOHOB

5 6annoB: npaBuibHO OTpaXeHa CyTb OLHO3NEKTPOHHOrO MNPUBMMXKEHUSA, HO HEe HanucaH
onepaTop OTTankMBaHUA 3NEKTPOHOB

3 ©Oanna: HanucaH onepaTop OTTanNKMBaHUS 3NEKTPOHOB, HO He OTpaXeHa CyTb
OLHO3MNEKTPOHHOIO NPUBNMXKEHNSA

0 6annoB: gaH HEBEpPHbIN OTBET

OlK-3

1. Kakomy ycnosuio 4OMmKHa yOOBETBOPATL AfIMHA BOSHbI CBETa A, nagatoLlero Ha
NOBEPXHOCTb MeTanna, Ytobbl Ha4Yanoch siBneHne gotoaddexkrta?

A — paboTa BbIxo4a aNeKTPoHa;

h — noctosiHHasa MNMnaHka;

V — 4acToTa;

Ek — 3aHeprusa anekTpoHa.

1. A=Al

2. A=< hc/A;
3. A>Ewh;
4. N> hc/A.

2. Ha kakom 13 npuBeeHHbIX rpadomMKoB NPaBUITbHO OTPaXKeHa 3aBUCMMOCTb MakCUMarnbsHOM
KnHeTuyeckon aHeprum (Ex) anekTpoHa, BbineTalrLwero ¢ NoBepXHOCTN MeTarnna, OT 3Heprum
dotoHa (E), nagatoLero Ha noBepxHOCTb MeTanna?



Ex Ex Ex

v
v

v

1) 2) 3)

A 4
A 4
v

4) 5) 6)

3. Kakoe 13 nepeyncrneHHbIX HKe ONTUYECKNX ABMEHNI NONy4mno ob6bscHEHME Ha OCHOBE
KBaHTOBOW Teopun ceeta?

1. andpakums;

2. Oucnepcus;

3. oToadhdekr;

4. WHTepepeHuuns.

4. MpvHUMN HeonpenenéHHocTn "enseHbepra B KBAHTOBOW MEXAHWKE yCTaHaBNMBaeT npeaen
TOYHOCTU OQHOBPEMEHHOIO OnpeaeneHnst Napbl XapakTepuayloLwmx cMCTeMy Habnogaemblx
BEMNYMH, ONUCLIBAEMbIX. ..

1. TOKOM M HanpsXXeHuewm;

2. CUMOBbIMM NOSIAMMU;

3. HEeKOMMYTUPYOLLMMU onepaTopamu;

4. KoOpAWHATOM N NMMYITbCOM.

5. 'mnoTtesa Jlyn ne bBponna coctonTt B TOM, 4TO ...
1. BCe yacTmubl 06nagatoT BOHOBbLIMM CBOMCTBAMM;
2. CBeT npeacTtaBnseT cobom COBOKYNHOCTb YacTul, (KBaHTOB, (OOTOHOB);
3. CBeT — 3TO 3MeKTpOMarHMTHas BOSHa;
4. KaXOoWn BOSIHE MOXHO NOCTaBUTb B COOTBETCTBME BUPTYarnbHYO YacTuLly.

6. BoriHoBasa pyHKUMS AaeT BO3MOXHOCTb ...

1. npeackasaTtb, KakMe 3Ha4YeHUsi BCeX M3MepsieMblX BeENMYMH ByayT HabnogaTbes Ha
ONbITE U C KaKOW BEPOSITHOCTHIO;

2. onucaTb TPAeKTOPUIO ABMXKEHNS YacTULbl;

3. nonyyYnTb MHPOPMALMIO O 3HAYEHUM KOOPAMHAT U UMMyIbca YacTulbl;

4. nonyyYnTb MHPOPMALMIO O 3HAYEHUAX KUHETUYECKOWN N NOTEeHLUMansHOM 3Heprum
yacTuubl.

7. MNpy namepeHnn unsmyeckon BennYnHbI ByaeT nony4vaTbCs OAHO U TO XKe 3HaYeHue, ecu ...
1. onepaTtop 3Tol PU3NYEeCKol BENNYNHBI KOMMYTUPYET C OnepaTopom MamMunbToHa;
2. cucTema HaxoauTcsl B CTalMOHapHOM COCTOSIHUM;
3. CuWnoBble MONS HE 3aBUCST OT BPEMEHU;



4. BonHoBas (PyHKUMA ABNSieTCcs COOGCTBEHHOM (PyHKLMEN onepaTopa aTon hmnanveckom
BENMUYNHBI.

Kntoum k Tecty OlMK-3

Bonpochl 1 2 3 4 5
OTBeTbl 2 4 3 3 1
Bonpocl 6 7
OTBeThl 2 4

Bonpochbl, Tpebylowme KOPOTKOro oTeeTa (04HO CrNoBo)

1. Kak nameHuTca MakcumarnbHas QHEeprmnAa (*)OTOSJ'IeKTpOHOB, €ClIln, He MeHAA 4acCTOoThl
nagarowero cBeTa, yBeriM4nTb €ro MIHTEHCMBHOCTL B Ba pasa?
OTBET: HE N3MEHNTCH

2. [Ins HabnoaeHns cnekTparnbHbIX IMHUIA aToOMa BOAOpOAda, HaXo4ALWNXCS B BUANMOM YacTu
cnekTpa, Heobxoanm Nepexon ANEKTPOHA C BbiLLENEeXaLlnX d3HEPreTUYECKMX YPOBHEN Ha ...
ypoBeHb. [lobaBbTe NponyLEHHOE CNOBO - NOPSAAKOBbLIN HOMEP YPOBHS.

OTBeT: Ha nepBbIN

3. YKaxuTe OCHOBHYIO XapakTePUCTUKY ANs NOTEHUManbHOMW SHEPTU YacTuLbl, ABUXKYLLENCS B
LileHTpanbHOM rnorne.

OTBET: NOoTEHUManbHas aHeprus OBMXKYLLIENCS YacTuLbl 3aBUCUT TONbKO OT PacCTOSIHUS 4O
CUMOBOrO LieHTpa

Bonpochbl, Tpebylowme pasBepHyTOro otTBeTa

1. Y)KEcTkum potaTtop HaxoAUTCsl B COCTOSAHUN C OpbuTanbHbIM KBAHTOBLIM Yncriom | = 2. KakoBa
KpaTHOCTb BbIPOXAEHUSA LAHHOIO COCTOAHMA? YeMy paBHbl BO3MOXHbIE 3HAYEHUSI NPOEKLMU

MOMEHTa nMmnyrbca Ha OCb z?

JTanoH oTBeTa:

KpaTHOCTb BbIpOXAEHUA paBHa 5.

BO3MOXHbl€ 3HA4YeHUs NPoeKuMmM MOMeHTa nmnyrnbca Ha ocb z: —2h, —h, 0, h, 2h.

Kputepuu oueHMBaHus:

10 ©GannoB: npaBWfbHO OMpederieHa KpaTHOCTb BbIPOXOEHUSI M BO3MOXHbIE 3HAYEHUs
NPOEKLUUN MOMEHTA MMNYyFbCa Ha OCb Z

5 GannoB: npaBuNbHO onpeaernieHa KPaTHOCTb BbIPOXAEHUS, HO HE onpeaeneHbl BO3MOXHbIe
3Ha4YeHNA NPOEKLNUN MOMEHTa NMIMYyJSibCa Ha OCb Z

0 6annoB: gaH HeBEPHbI OTBET



2. YacTtuua maccon m HaxoguTtcs B TPEXMEPHON KyOmnyeckom noTeHumanbHom sime ¢ abCcontoTHO
HeNpoHULaeMbIMM CTEHKamMK. Kak onpegenntb, kakast KoOMOUHaLMs KBAHTOBbLIX YMCEN N1, N2 U N3
COOTBETCTBYET 3HepreTnyeckoMy ypoBHO Ne k?  Onpegenute KpaTHOCTb BbIPOXAEHUSA

aHepreTnyeckoro ypoBHst Ne 7 1 ero KBaHTOBbIE YMcha.

OTanoH orBeTa:

Utobbl onpegenntb KOMOMHaUMIO KBAHTOBbIX 4YMcen Ni, N2 WU N3, COOTBETCTBYHOLLYIO
3HepreTnyeckomy ypoBHo Ne k, Heo6xoamMmo HanTh K-yro No BeNMYMHE CyMMY UX KBaLpaToB.
KpaTHOCTb BbIpOXAEHUS 3HEpreTudeckoro yposHa Ne 7 pasHa 3.

Bo3mMoxxHble kKoMOMHaLUUM KBaHTOBbLIX Yncen: 2,2,3; 2,3,2; 3,2,2.

Kputepum oueHMBaHums:

10 GannoB: NpaBWUNbHO OMWCaH METOA oOnpeaeneHnss KoMOuHauuM KBaAHTOBbIX YuMCen,
COOTBETCTBYHOLUMX 3HepreTudeckomy ypoBHo Ne k, onpeaeneHa KpaTHOCTb BbIPOXAEHUS 7-T0
YPOBHS1 U KOMBMHALMN KBAHTOBbIX YMCEN.

5 0annoB: npaBuWNbHO ONUCaH MeTo4 onpedeneHnss KoMOuHaumnm KBAHTOBLIX 4YMCEn,
COOTBETCTBYHOLUMX 3HepreTuyeckomy ypoBHo Ne k, HO He onpefeneHa KpaTHOCTb BbIPOXAEHUS
7-ro ypoBHS1 U KOMOUHALMM KBAHTOBbIX YMCEN

0 6annoB: AaH HEBEPHbIV OTBET

3. Kak nonyuntb SIBHbI BUA onepatopa 3agaHHOW OU3MYECKOM BESNMYUHLI? [lonyunte sIBHbIN
BMJ onepaTtopa NpoeKumnn CKOPOCTU Ha OCb X.

JTanoH oTBeTa:

Utobbl nonyunMTb SBHbIM  BUA onepaTtopa 3adaHHOW (U3MYECKOM BENUYUHBI, HYXHO
MCNonb30BaTb COOTHOLLEHUS MeXay (PU3n4ecKuMn BenuynHamm 13 KriacCu4eckom MexaHuku u
nepBUYHbIE OrnepaTopbl, ABHbIW BUA KOTOPbIX NOCTYNIMPOBAH.

CooTHoLWeHne Mexay NPOoeKUnAMM CKOPOCTU U UMMYJSIbCa Ha OCb X U3 KNAacCU4eCKON MeXaHUKu
Vx = Px/m.

OnepaTtop Vx = —ih/m-9/ox

Kputepum oueHMBaHus:

10 GannoB: npaBuNbHO onucaH cnocob nony4YyeHus SBHOrO Buaa onepaTtopa  3adaHHOM
PM3MYeCcKon BENNYMHBI, HANOEH onepaTop NPOEKUNN CKOPOCTN Ha OCb X.

5 6annoBs: npaBunbHO onucaH cnocob nony4YeHuss SBHOrO Buaa onepaTtopa 3adaHHOW
doM3n4EeCKOM BENMUYMHBI, HO HE HANAEH onepaTop NPOEKLUMM CKOPOCTU Ha OCb X

0 6annos: gaH HEBEPHbIN OTBET



20.2. NMpomexyToyHaa aTrecTauus

MNpomMexyToyHasi aTtTecTauusi NpoBOAWUTCS B COOTBETCTBUM C [loNoXeHWeM O MNpOMEXYTOYHOM
aTTecTauum obyvallmxca no nporpaMMam Bbicliero obpasoBaHusi. KOHTPonbHO-U3MepuTernbHble
maTtepuanbl NPOMEXYTOYHOM aTTecTauuy BkNoYalT B cebsi TeopeTuyeckme BOMPOCHI, NO3BOMstoLmne
OLIEHUTb YPOBEHb MOMYYEHHbIX 3HAHUIA U CTeneHb CHOPMUPOBAHHOCTU YMEHWUIA U HaBbIkOB B obnacTu
dmanyeckonr xumun. Mpyu OLEHMBAHUM MCMNONb3YHOTCA KONMUYECTBEHHbIE LWKanbl oueHoK. KpuTtepuwn
OLIEHNBAHUS NPVBEAEHbI BbilLE.

Mpy peanusaumMm AWMCUMUMAUHBI C NMPUMEHEHMEM AMCTaHUMOHHbLIX 0GpasoBaTeNbHbIX TEXHOMOMN

OLEHKN 3a 3K3aMeH/3aveT MOryT ObiTb BbICTaBIEHbI

no pesynbTatam Tekyllen arTectauum

obyyaroLerocs B ceMecTpe.

I'Ipome>|<yT0t-|Ha;| arrectaumda no gucumnimHe ocyecTBndeTcd C NOMOLLBbHO crneayrLmnx OueHOYHbIX
cpencTB:

17.
18.
19.
20.
21.

22.
23.

24,
25.
26.
27.
28.
29.

30.

31.
32.

33

MNepeyeHb BONPOCOB K 3K3aMeHY:

OnemeHTapHasa KBaHTOBas Teopus cBeTa OWHLWTENHa. BonHOBO-KOpNyCKyNApHbIN oyanvuam Ans
ceeTa.

BonHa ge Bponns. ®usnyeckoe TonkoBaHue BOMHbI Ae bponns.

IMOHATME COCTOAHUA B KBAHTOBOW MeXaHuKe.

MoHsiTMe BonHOBOM dbyHKUMK. CBOMCTBA BOSTHOBOW (DYHKLINN.

YpaBHeHue LLpegunHrepa kak nocTynaTt KBAHTOBOM MexaHuKn. OCHOBHbIE CBOMCTBA YpaBHEHMS.
MpyHUMN cynepnosnuumn coOCTOAHNUN.

MoHaTne onepartopa. JIMHeNHbIE CaMOCONPsXKEHHbIE onepaTopbl.

Anrebpa onepaTopoB (onpeneneHme OCHOBHbIX MOHATUR).

CobcTBEHHbIE (PYHKUUKN U COBCTBEHHbIE 3HAYEHNS OnepaTopoB (onpeaeneHne NoHATUN).

. Teopema 0 cOBCTBEHHbIX 3HAYEHMSIX CAMOCOMNPSKEHHbIX ONEpPaTopOB.

. Teopema 0 cO6CTBEHHbIX PYHKLUAX CAMOCOMPSKEHHOro onepaTopa.

. Teopema 0 nonHoTe cobCTBEHHbLIX PYHKUUIM onepaTopa.

. TeopeMbl 0 COBCTBEHHbIX PYHKLMSX KOMMYTUPYIOLLMX ONepaTopoB.

. CpegHune 3Ha4yeHnsa gnHamMmnyYeckux nepemMenHbix. lNMoctynart o cpegHem.

. BepoATHOCTb onpefeneHHoro 3Ha4yeHnsa AMHaMn4eckon NnepeMeHHON B U3MEPEHUMN.

. Ycnosue, nNpy KOTOPOM HECKOSMBbKO AMHAMUYECKUX NEPEMEHHBIX MOTYT BbITb M3MEpPEHDI

ofHoBpeMeHHO. MoHaTne nonHoro Habopa U3NYECKNX BEMNYUH.

CooTHolweHne HeonpegeneHHocTewn. MNpuHumMn HeonpeaeneHHocTu ["ennseHbepra.
OnepaTopbl OCHOBHbIX AMHAMNYECKUX NepeMEHHbIX. [IPUHLMN COOTBETCTBUSA.
OyHKkuna NamunsToHa. Onepatop MamunbToHa. OnepaTop NONHOW SHEPTUK.

MoHATHe cTaumMoHapHOro cocTosiHMA. YpaBHeHue LpeaunHrepa onst ctaumMoHapHbIX COCTOAHWUNA.
YpaBHeHue LpeaunHrepa n 3akoH coxpaHeHus Yncrna Yyactuu. Bektop nnoTHOCTM NOToKa
BEPOSATHOCTW.

OpHomepHoe cBoboaHoe aswmkeHune. BonHa ge Bponns.
[BXKeHne YacTuupbl B OAHOMEPHON NOTEHLMANbHON AMe ¢ 6E€CKOHEYHO BbICOKMMMU

BEPTMKaNbHbIMU CTEHKAMW.

[BWXKeHne YacTuubl B TPEXMEPHOM MOTEHLMANBHOM «SALLMKEY.

MpoxoxageHne YacTumubl Yepes NPSIMOYTONbHbIN NOTeHUManbHbi 6apbep. TyHHENbHbIM 3dEKT.
OnemeHTapHas KBaHTOBasi TEOPMS rapMOHMYECKOro ocLMnnsaTopa.

O6waa xapakTepucTnka ABUKEHNS B LLIEHTparbHOM Morne.

KBaHTOBasi TEOpUS XKECTKOro poTaTtopa U ee 3HavyeHne gnsa pusndeckon xmmmn.

YpaBHeHue WpeanHrepa ana atoma sogopoga. MNpuHuun peleHns. QHepreTM4ecknin CnekTp
aToma Bogopoaa.

BonHoBble pyHKUMN anekTpoHa atoma Bogopoaa. PacnpeneneHune anekTpoHHOW NIIOTHOCTU B
aTtomMme Bogopoaa.

[encTtButensHble opbutann atoma Bogopoaa.
dusndecknit cMbiCrn KBaHTOBOro ymicrna | B atome Bogopoaa.

. ®U3MYeckuin CMbICI KBAHTOBOrO YMcna m; B aToMe BOOoOpOoAa.
34.
35.
36.
37.

Tokun B aTomMe Bogopoaa. [MpomarHUTHoe OTHOLLEHME.

CnnH mukpovacTuubl. OnepaTop cnuHa anekTpoHa. CnuHoBble OYHKLNN 3rIEKTPOHa.
BonHoBasa yHKUMA cuctemMbl YacTuu,. MprHUKMN TOXOECTBEHHOCTM YacTul.

BonHoBas pyHKUMNSA CMCTEMbBI TOXOECTBEHHbIX YacTuL, aAnsd 6030HOB 1 A4ns epMMUOHOB.



38. YpaBHeHue LpeanHrepa ans monekynol. Aouadatuyeckoe NnpubnmxeHne.

39. MNoHaTne 06 ogHo3NeKkTpoHHOM NpubnmkeHun. Metog CCI XapTpu n ero HegocTaTku.

40. BonHoBasi oyHKUUS MHOTO3NEKTPOHHOM CUCTEMbI B O4HO3STEKTPOHHOM NPUBAVKEHNUN.
HeTtepmuHaHT CnaTepa.

41. SHeprusi MHOro3NeKTPOHHON CUCTEMbI B OAHO3NIEKTPOHHOM NPUBAMXEHUMN.

42. BapuauMOoHHbIN NPUHLUUN B KBAHTOBOW MeXaHUKe.

43. MeTopg CCI1 Xaptpu-®oka. YpaBHeHne XapTpun-doka aAng 3amMKHYTbIX INEKTPOHHbIX 060S104YeEK.

44. OcHOBHbIE NONOXEHUSI MeToda MonekynsapHbix opbutanen. MNpubnmxkeHne MO JIKAO.

45. Bbibop 6a3uncHbix pyHkumin B metoge MO JIKAO. dyHkunmn Cnatepa n dyHkumm Maycca.

46. YpasHeHusa CCI1 Ha koHeyHoM 6asnce. MeTtog PyTtaHa.

47. NoHATME O NONYyaMMNMPUYECKUX METOAAX KBAHTOBOW Xumun. BaneHTHoe npnbnumxexue.
PaclumpeHHbIn MeTon, XIOKKeNs.

48. NoHATME 0 NONYaMMNMPUYECKUX METOAAX KBAHTOBON XUMUKN. T-ONEKTPOHHOE NpUbnmKeHue.
Mpocton metoa Xtokkenst (metog MOX) n ero BO3MOXHOCTM.

49, 'mbpuamsaumns aToMHbIX opbuTtanen B metoge MO.

50. Teopema enbmaHa-PenHMaHa 1 KpUTepuin NPOYHOCTU XUMNYECKON CBSA3N.

Komnnekt KUM

YTBEPXOAIO:

3aBeaytoLmii kadpeapon rsn4eckon Xmmmm
O.X.H., oo, O.A. Kosagepor
.20

HanpasneHnune nogrotoeku 04.03.01 Xvmus
OucuunnuHa KBaHTOBasi MexaHuKa U KBaHTOBast XMMUS
dopma 0byyeHus oyHas

Bua KOHTponst ak3aMeH

Bua aTTectauumn npoMexxyTouHbIN

KOHTpPONbHO U3MepuTenbHblii maTepunan Ne 1
1. MoHATMe BonHOBOM PYyHKLUMKN. CBOMCTBA BOJTHOBOWN PYHKLUN.

2. dusmyeckuit cMmbica KBaHToBoro yncna | B atome Bo4opoAa.

MpenopgasaTenb Heuvaes U.B.
YTBEPXOAHO:

3aBenyoLLmin kKadheapor hU3N4ECKON XUMNA

O.X.H., gou,. O.A. Ko3agepos

20

Hanpaenenwne nogrotoskm 04.03.01 Xvimus
OucumnnuHa KBaHTOBasi MexaHUKa U KBaHTOBasA XMMUS
dopma 0byyeHus ouHas

Bua koHTpons ak3ameH

KOHTpO/bHO U3MmepuTenbHblii maTepunan Ne 2
1. MpUHLMN cynepno3numm cCoCTOAHUM.
2. Bap1auMOHHbIA NPUHLMN B KBAHTOBOM MEXaHUKe.

MNpenoaasatensb Heuaes 1.B.




YTBEPXOAIO:
3aBenyoLLmin kadheaporn pU3N4eCcKon XMMnm

O.X.H., Oou. O.A. Ko3agepos

20

HanpaeneHue nogrotosku 04.03.01 Xvmus
OucuunnuHa KBaHTOBasi MexaHMKa U KBaHTOBas XMMUS
dopma 0byyeHus oyHas
Bua koHTpons ak3ameH
KOHTpOAbHO u3mepuTenbHbii matepuan Ne 3

1. YpaBHeHue LpegmHrepa Kak NocTynaT KBAaHTOBOM MeXxaHUKN. OCHOBHble CBOICTBA YPaBHEHMA.
2. O6wan xapaKTePUCTUKA ABUKEHUSA B LEHTPAIbHOM NoJie.

IIpenonaBarens Heuaes U.B.
YTBEP>XXOAIO:

3aBeaytoLumi kadpeapon ranyeckon XmMmmm

0.X.H., god,. O.A. Kosagepos

20

HanpaeneHune nogrotoeku 04.03.01 Xvmus
OucumnnuHa KBaHToBas MexaHuKa U KBaHTOBasA XMMUS
dopma 0by4eHus ovHas
Bua koHTponsa ak3ameH
KoHTpoNbHO U3mepuTenbHblii maTepuan Ne 4

1. CobcTBEHHbIE QYHKUMM U COBCTBEHHbIE 3HAaUYEHUSA ONepaTopoB (onpeaeneHne MOHATUNA).
2. YpaBHeHusa CCI Ha KoHeyHoM Basuce. Metog, PyTaHa.

MNpenopgasaTenb Heuvaes U.B.
YTBEPXOAHO:

3aBefyoLLmin kKadheapor pU3N4ECKON XUMNA

O.X.H., gou,. O.A. Ko3agepos

20

HanpaeneHwne nogrotosku 04.03.01 Xvimus
OucumnnuHa KBaHTOBasi MexaHuka u KBaHTOBasi XUMUSA
dopma 0byyeHusa oyHas
Bua koHTpons ak3ameH
KOHTpPO/bHO U3MmepuTenbHblii maTepuan Ne 5

1. Teopema 0 COBCTBEHHbIX 3HAYEHMAX CAMOCOMNPAMXKEHHbIX ONEPaTOPOB.
2. [dencTtBuTenbHble opbuTanm atoma BoAOPOAa.
MNpenopgasaTens Heuaes U.B.




YTBEPX[OALO:
3aBeayoLmi kapeapon pusn4eckon XmMmmm

O.X.H., Oou. O.A. Ko3agepos

20

HanpaeneHnune nogrotosku 04.03.01 Xvimus
OucuunnuHa KBaHTOBasi MexaHMKa U KBaHTOBas XMMUS
dopma 0by4eHus oyHas
Bug KOHTpOnNst ak3ameH
KOHTpO/bHO U3mepuTenbHbliA maTepuan Ne 6

1. CpegHue 3HAYEHUA OUHAMMUYECKUX NepeMeHHbIX. [oCcTynaT o cpeaHem.
2. Toku B atome Bogopoaa. [MpomarHMTHoe OTHOLLEHMeE.

NpenopasaTenb Heuaes U.B.
YTBEPXOAHO:

3aBenyoLLmin kKadheaporn pU3N4ECKON XUMNA

O.X.H., gou,. O.A. Kosagepos

20

HanpaeneHwne nogrotosku 04.03.01 Xvimusa
,D,I/ICLI.I/II'IJ'II/IHa KBaHTOBasi MexaHnka 1 KBaHToOBas XMMUS
dopma 0byyeHus oyHas
Bua koHTpons ak3ameH
KOHTpOAbHO u3mepuTenbHbiii matepuan Ne 7

1. BeposaTHOCTb onpeAenieHHOro 3HaYeHUA AMHAMUYECKON NepeMeHHON B U3MepPeHUM.
2. DneMeHTapHan KBaHTOBasA TeopUA raPMOHUYECKOTO OCUMANATOpPa.

NpenopaBaTtenb Heuaes W.B.
YTBEPXOAIO:

3aBsenyoLmn kacheapon PUsN4eckon XuMmmnm

O.X.H., oo, O.A. Kosagepos

20

HanpasneHwne nogrotosku 04.03.01 Xumuga
OucumnnuHa KBaHTOBasi MexaHUKa 1 KBaHTOBasi XUMUS
dopma 0byyeHns oyHas

Bug koHTpons ak3ameH

KOHTpOAbHO U3MmepuTenbHblii maTepuan Ne 8
1. YcnoBue, npyu KOTOPOM HECKO/IbKO AMHAMUYECKUX NEPEMEHHbIX MOTYT ObITb U3MEPEHbDI
OAHOBPEMEHHO. MNoHATME NoNHOro Habopa PU3NYECKUX BENUYMH.
2. YpaBHeHue LWWpegunHrepa ana atoma Bogopoaa. MpuHunn peweHna. JHepreTMYeCcKnin CNeKTp aTtoma
Bogopoaa.
MpenopasaTenb Heuaes U.B.




YTBEPX[OAILO:
3aBeayoLmi kapeapon pusn4eckon XmMmmm

O.X.H., Oou. O.A. Ko3agepos

20

Hanpaenenue nogrotosku 04.03.01 Xvimus
OucuunnuHa KBaHTOBasi MexaHMKa U KBaHTOBas XMMUS
dopma 0by4eHus oyHas
Bug KOHTpOnNst ak3ameH
KOHTPO/bHO U3MmepuTenbHblii maTepnan Ne 9

1. CooTHOLWeEHNE HeonpeaeneHHocTen. MpuMHUMN HeonpeaeneHHocTH Fen3eHbepra.
2. MMpoxoxAeHMe YacTULbl Yepe3 NPSAMOYTO/ibHbIA NOTEeHUMaNbHbIA bapbep. TYHHEeNbHbIN 3ddEKT.

NpenopasaTenb Heuaes U.B.
YTBEPXOAIO:

3aBeaytoLumi kadpeapon ran4eckon XmMmmm

O.X.H., oo, O.A. Kosagepor

20

HanpasneHue nogrotoeku 04.03.01 Xvmus
OucumnnuHa KBaHToBas MexaHuKa U KBaHTOBasA XMMUS
dopma 0by4eHus ovHas
Bua koHTponsa ak3ameH
KOHTpOonbHO U3mepuTenbHblii matepuan Ne 10

1. OnepaTtopbl OCHOBHbIX AMHAMMWNYECKMX NepeMeHHbIX. [pUHLKUN COOTBETCTBUA.
2. Metop CCIN XapTpu-Poka. YpaBHeHne XapTpu-Poka Ans 3aMKHYTbIX 31EKTPOHHbIX 060104eK.

MpenopgasaTenb Heuvaes U.B.
YTBEPXIOAIO:

3aBeaytoLmi kadpeapon pranyeckon XmMmmm

0.X.H., gou,. O.A. Kozagepos

20

HanpaeneHune nogrotoeku 04.03.01 Xvmus
OvcumnnuHa KBaHToBas MexaHuka 1 KBaHTOBasi XUMMUS
dopma 0by4eHuss ouHas
Bua koHTponsa ak3ameH
KoHTponbHO U3mepuTtenbHblii matepmnan Ne 11

1. dyHKuMA NaMmunbTOHA. OnepaTtop NammnnbToHa. ONepaTop NOAHOM SHEPTUN.
2. NoHATMe 06 ogHO3NeKTPOHHOM NpubankeHnn. Metog, CCIN XapTpu 1 ero HegoCTaTKM.

NpenopgasaTtens Heuaes U.B.




YTBEPX[OALO:
3aBeayoLmi kapeapon pusn4eckon XmMmmm

O.X.H., Oou. O.A. Ko3agepos

20

HanpaeneHnune nogrotosku 04.03.01 Xvimus
OucumnnuHa KBaHToBas MexaHuka 1 KBaHTOBast XUMMUS
dopma 0by4eHus oyHas
Bug KOHTpOnNst ak3ameH
KOHTpONbHO namepuTtenbHblii matepuan Ne 12

1. MoHATMEe cTauMoHapHOro coctosHMA. YpaBHeHue LpeaunHrepa 4na cTauMOHAPHbIX COCTOSHUIA.
2. BonHoBas ¢yHKUMA cuctembl YacTul,. MpuHUMN TOXAECTBEHHOCTM YacTUL,.

NpenopasaTenb Heuaes U.B.
YTBEPXOAHO:

3aBeayoLmii kadpeapon rsn4eckon Xmmmm

O.X.H., gou,. O.A. Kosagepos

20

HanpaeneHwne nogrotoskn 04.03.01 Xuimusa
OucumnnuHa KBaHTOBas MexaHuKa U KBaHTOBasa XMMUs
dopma 0by4eHns oyHas

Bua KoHTponst ak3aMeH

KOHTpOoAbHO U3mepuTenbHblii matepmnan Ne 13
1. YpaBHeHue LpeaunHrepa 1 3aKOH COXPaHEHUA YMCna YacTuL,. BeKTop NNOTHOCTM NOTOKA BEPOATHOCTM.
2. Bbibop 6a3ucHbix dyHKUMI B meToae MO JIKAO. dyHKummn Cnatepa n dyHKLMM [aycca.

MNpenogasaTenb Heuvaes U.B.
YTBEP>XXOAIO:

3aBeaytoLmii kadpeapon ranyeckon XmMmmm

0.X.H., gou,. O.A. Kosagepos

20

HanpasneHune nogrotoekun 04.03.01 Xvmus
OucumnnuHa KBaHToBas MexaHuKa U KBaHTOBasA XMMUS
dopma 0by4eHus ovHas
Bua koHTponga ak3ameH
KOHTpOoAbHO U3mepuTenbHblii matepuan Ne 14

1. OgHomepHoe cBoboAHOE ABUKeHUe. BonHa ae Bpoinna.
2. CNuH MmMKpoYdacTmupbl. OnepaTtop CNMHa 3N1eKTPoHa. CNMHOBbIE PYHKLMKN NEKTPOHA.

MNpenopgasaTenb Hevaes U.B.




YTBEPX[OALO:
3aBeayoLmi kapeapon pusn4eckon XmMmmm

O.X.H., Oou. O.A. Ko3agepos

20

HanpaeneHnune nogrotosku 04.03.01 Xvimus
OucuunnuHa KBaHTOBasi MexaHMKa U KBaHTOBas XMMUS
dopma 0by4eHus oyHas

Bua koHTpons ak3ameH

KOoHTpOoNbHO namepuTtenbHblii matepuan Ne 15

1. lBu»KeHMe YacTuLbl B O4HOMEPHOM NOTEHLUMANBHON AME C HECKOHEYHO BbICOKMMU BEPTUKANbHbIMM
CTEHKaMM.
2. YpaBHeHue LWpegunHrepa ana monekynbl. Aanabatudyeckoe npmbanxkeHume.

MNpenogasaTenb Heuaes U.B.
YTBEPXOAHO:

3aBsegyoLmin kacheapomn PUN4ecKkon XuMmmm

O.X.H., oo, O.A. Kosagepor

20

HanpaeneHnune nogrotoeku 04.03.01 Xvmus
OucuunnuHa KBaHTOBasi MexaHuKa U KBaHTOBast XMMUS
dopma 0byyeHus oyHas

Bua KoHTponst ak3aMeH

KOHTpOAbHO U3mepuTenbHblii matepuan Ne 16
1. BnKeHme YyacTuLbl B TPEXMEPHOM NOTEHLMANBHOM KALLUKE.
2. JHeprva MHOro03/1eKTPOHHOM CUCTEMbBI B OLHOINIEKTPOHHOM NPUBANNKEHUMN.

MNpenogasaTenb Heuaes U.B.
YTBEP>XXIAHO:

3aBseayoLmin kadheapon PUsN4eckon XuMmmm

0.X.H., gou,. O.A. Kosagepos

20

HanpasneHune nogrotoeku 04.03.01 Xvmus
OucuunnuHa KBaHTOBasi MexaHuKa U KBaHTOBas XMMUS
dopma 0by4eHuss ouHas

Bua koHTponsa ak3ameH

KOHTpoNbHO U3mepuTenbHblii matepmnan Ne 17
1. BonHoBble GyHKLMM 31EKTPOHA aTOMa BoAopoaa. PacnpeaeneHne snekTPOHHOM NAOTHOCTM B aTOMe
BoZopoaa.
2. OCHOBHbIE NONOXKEHNA MeToAa MONEKYNAPHbIX opbuTaneit. MpnbamkeHne MO JTIKAO.

MNpenopgasaTenb Hevaes U.B.




YTBEPX[OALO:
3aBeayoLmi kapeapon pusn4eckon XmMmmm

O.X.H., gou. O.A. Ko3agepos

.20
HanpaeneHnune nogrotosku 04.03.01 Xvimus
OucuunnuHa KBaHTOBasi MexaHMKa U KBaHTOBas XMMUS
dopma 0by4eHus oyHas
Bua koHTpons ak3ameH

KOHTponbHO U3mepuTenbHblit matepuan Ne 18
1. BonHoBaA GpyHKUMA MHOTO3/IEKTPOHHOM CUCTEMbI B O4HO3/IEKTPOHHOM NPUBAUIKEHUN.

OetepmuHanT ChaTepa.
2. Tnbpunamsaums aTomHbix opbuTanei B metoge MO.

MNpenogasaTenb Heuaes U.B.
YTBEPXOAHO:

3aBseayoLLmin kachedpomn PU3N4ecKon XuMmmm

O.X.H., oo, O.A. Kosagepor

20

HanpasneHnune nogrotoekun 04.03.01 Xvmus
OucuunnuHa KBaHTOBasi MexaHuKa U KBaHTOBast XMMUS
dopma o0byyeHns oyHas

Bua KOHTponst ak3aMeH

KOHTpoAbHO U3mepuTenbHblii matepmnan Ne 19
1. NoHATME 0 NONYIMNUPUYECKMX METOLAX KBAHTOBOM XMMUK. BaneHTHoe npmnbankeHue.

PaclwimpeHHbI meTog, XIOKKens.
2. Teopema lenbmaHa-PeiHMaHa U KpUTEPUIA NPOYHOCTM XMMUYECKOM CBA3M.

NpenopasaTenb Heuaes U.B.
YTBEPXOAHO:

3aBefyoLLmin kadheapor hU3N4ECKON XUMNA

O.X.H., Ool. O.A. Ko3agepos

20

HanpaeneHue nogrotosku 04.03.01 Xvmus
,D,I/ICLI.I/II'IJ'II/IHa KBaHTOBag MexaHuka 1 KBaHToBad XUMUSA
dopma 0byyeHus oyHas

Bug koHTpons ak3ameH

KOHTponbHO U3mepuTenbHblii matepuan Ne 20
1. KBaHTOBaA TeopmA *KeCTKoro poTtartopa.

2. MoHATUE O NONYIMNUPUYECKUX METOAAX KBAHTOBOM XUMUUN. T-DNEKTPOHHOE NPUBANNKEHME.
Mpocton meton Xiokkensa (MOX) 1 ero BO3MOXKHOCTU.

NpenopgasaTtens Heuaes U.B.




YTBEPX[OALO:
3aBeayoLmi kapeapon pusn4eckon XmMmmm

O.X.H., Oou. O.A. Ko3agepos

20

HanpaeneHnune nogrotosku 04.03.01 Xvimus
OucuunnuHa KBaHTOBasi MexaHMKa U KBaHTOBas XMMUS
dopma 0by4eHus oyHas

Bua koHTpons ak3ameH

KoHTponbHO U3mepuTtenbHblii matepmnan Ne 21
1. Teopema o0 cobcTBEHHbIX QYHKLMAX CAMOCOMNPAXKEHHOro onepartopa.

2. BonHoBaa GpYyHKLUUA CUCTEMbI TOXKAECTBEHHbIX YacTUL, AN 6030HOB 1 AN GPEPMUOHOB.

MNpenopgasaTenb Heuaes U.B.
YTBEPXOAHO:

3aBenyoLLmin kKadheaporn pU3N4ECKon XMMNA

O.X.H., Ool. O.A. Ko3agepos

20

HanpaeneHnune nogrotosku 04.03.01 Xvmus
,D,I/ICLI.I/II'IJ'II/IHa KBaHTOBag MexaHuka 1 KBaHToBad XMMUSA
dopma 0byyeHusa oyHas

Bug koHTpons ak3ameH

KOHTpONbHO namepuTtenbHblii matepuan Ne 22
1. Teopembl 0 COBCTBEHHbIX PYHKLMNAX KOMMYTUPYHOLLMX ONEPATOPOB.
2. BonHoBaa GpyHKUMA CUCTEMbI TOXKAECTBEHHbIX YacTUL, 1A 6030HOB U AN GepMUOHOB.

NpenopasaTenb Heuaes U.B.
YTBEPXOAIO:

3aBeaytoLmii kadeapon rsn4eckon XuMmmm

O.X.H., gou,. O.A. Ko3agepos

20

Hanpaenenwne nogrotosku 04.03.01 Xvimus
OucumnnuHa KBaHTOBas MexaHuKa U KBaHTOBasd XMMUs
dopma 0byyeHus ouHas

Bug KOHTpoOnst ak3ameH

KOHTpONbHO n3mepuTenbHblii matepuan Ne 23
1. Teopema o0 nosiHOTe cOBCTBEHHbIX PYHKLMI onepaTopa.
2. Tnbpunamsaums aTomHbix opbutanei B metoge MO.

MNpenopgasaTenb Hevaes U.B.




YTBEPX[OALO:
3aBeayoLmi kapeapon pusn4eckon XmMmmm

O.X.H., Oou. O.A. Ko3agepos

20

HanpaeneHnune nogrotosku 04.03.01 Xvimus
OucuunnuHa KBaHTOBasi MexaHMKa U KBaHTOBas XMMUS
dopma 0by4eHus oyHas

Bua koHTpons ak3ameH

KOHTpOonbHO U3mepuTenbHblit matepuan Ne 24
1. Teopembl 0 COBCTBEHHbIX PYHKLMNAX KOMMYTUPYIOLWMX ONEPaATOPOB.

2. ®U3MYECKNI CMbIC KBAHTOBOIO YMC/a M, B aTOMe BoAopoAda.

MNpenopgasaTenb Heuaes U.B.
YTBEPXOAHO:

3aBenyoLLmin kKadheaporn pU3N4ECKon XMMNA

O.X.H., godu,. O.A. Kosagepos

20

HanpaeneHwne nogrotosku 04.03.01 Xvimusa
OucumnnuHa KBaHTOBas MexaHuKa U KBaHTOBasA XMMUSA
dopma 0byyeHus oyHas

Bua KOHTpOnst ak3ameH

KOHTpONbHO namepuTtenbHblii matepuan Ne 25

1. dyHKUMA MamunbToHa. OnepaTop NamuabToHa. Onepatop NOIHOM 3HEpPruun.
2. KBaHTOBas Teopusi XXECTKOro poTaTopa U ee 3HayeHue gnga pmusandeckomn Xmmmu.

MpenopgasaTenb Heuvaes U.B.

KpVITepVIVI OLEeHUBaHUA KOMMNEeTeHUUN npu npomex(yTquon aTTecrtauumn

YpoBeHb
Kputepun oueHnBaHUsA KOMNeTeHL M cchopmmpoBaH LLikana oueHokK
HOCTU
KOMMeTeHUun
OOyuarowunca B MNOMHOM Mepe BrageeT MNOHATUAHBbIM annapatoM | [loBbIWEHHbIN OTnnyHo
KBAQHTOBOW MEXaHWKM W KBAHTOBOW XUMUMK; YMEET MbICIIUTb B YPOBEHb
TEePMUHAxX KBaHTOBOW Hayku; crnocobeH  MnnCcTpupoBaTb OTBET
npumepamu, aktamun, AaHHbIMW Hay4HbIX UCCNEeAO0BaHUN; MPUMEHATb
TeopeTnyeckne 3HaHUA Ans peLleHns NpakTu4eckux 3agad B obractu
KBaHTOBOW XUMUWN.
OTBeT Ha KOHTPOSbHO-U3MepUTErNbHbIN MaTepuan He COOTBETCTBYeT BasoBbin XopoLuo
TONMbKO OAHOMY M3 NepeyYncrneHHbIX nokasatenen, Ho oby4atomics YPOBEHb
JaeT  npasBufbHble OTBETbl Ha  JOMOSHUTENbHbIE  BOMNPOCHI.
CogepxaTca oOTAenbHble HeOoyeTbl NpU  pelleHuM 3adad  Ha
BbluMcreHne (andpdepeHunpBaHme, MHTErpMpoBaHue).
OOGy4yalolwmnncs 4YacTM4HO BrageeT TeopeTU4eCcKMMUM  OCHOBaMM Moporosbin YpnosneTtsopu-
OVCUMMIVHBI, MOKa3biBas pparMeHTapHOe BriageHvWe nporpaMMon YPOBEHb TENbHO




Kypca. HeyBepeHHo NPUMEHAET TeoOpeETUYHECKMNEe 3HaHNA OnA pelleHnA
NpaKkTn4eCKnx 3agay B obnacTtn kBaHTOBOM Xxumun. He YMEET pellatb
3adayun Ha BblMUCNEHUA.

O6yvaloluiica  OEMOHCTPUPYET  OTPbIBOYHbIE,  (dparMeHTapHble - Heynosneteopu-
3HaHWsA, gonyckas npu oTBeTe rpybble owmnbku. K ocBoeHuo y4eGHo TenbHO
AvcumnivHbl « CTpoeHue BelecTBa» He NOATOTOBIEH.

3apgaHua pasgena  20.1.4 pekoMeHAYKTCA K  WUCMONb30BaHUO Npu  NpPOBEAEHUU
ANarHOCTMYeCKnx paboT C Lenblo OLeHKM CHOPMMPOBAHHOCTM KOMMETEHLMI NO pe3ynbTaTam
OCBOEHUS AaHHOW AUCLMNANHDI



