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PABOYAS MPOrPAMMA YYEEHOW OUCLIMNITUHBI

B1.0.19 KBaHTOBasA MmexaHMKa U KBaHTOBasaA XUMus

1. Kog v HaumeHoBaHMe cneuuanbHOCTHU:

04.05.01 dyHaameHTanbHasa v npuknagHas xmmMms

2. Cneunanusauusa: dyHaameHTanbHas Xummsi B npodeccmoHanbHoM obpa3oBaHum
3. KBanudumkauumsa BbinyckHUKa: Xumuk. Npenogasartens Xumum

4. dopma obyueHusa: OyHas

5. Kacheapa, oTBevarowasn 3a peanusauuio ANCLUUNINHBbI: PU3N4ECKON XMMUK

6. CocTtaButenu nporpammsbi: HevaeB Viropb BnagnmmnpoBuy, K.X.H., AOLUEHT

N

. PekomenpgoBaHa: Hay4yHo-meToan4eckum COBETOM XMMUYECKOro dpakynbTeTa
oT 25.04.2023, npotokosn Ne 4

8. YyeOHbIn roa: 2025/2026 CemecTp: 5



9. Llenn n 3agayun y4yebHOM AUCLUNIIUHDI

Llensamu oceoeHusi y4ebHOU OucyunnuHbI S8/15110MCsi:

- NTO3HAKOMUTb o6yqarou.|,1/|xc;| C OCHOBHbIMU NpUHUMNAMN U MaTeMaTn4eCkmm annaparom
KBAHTOBOW MEXaHUKUN LIJpe,u,MHrepa;

- pacKpbITb NPUHLUIMNbI KBAHTOBO-XMNYECKOIro onmncaHmna CTpoeHnAa XMuMmn4yeckmnx 4actul, (aTOMOB,
MOMeKyn, NoNMMepoB);

- HAy4YnUTb MHTEepnpeTnpoBaTb pe3yribTaTbl KBAHTOBO-XMNYECKNX PacHETOB XMNYECKNX HYaCTULL;

- Aatb npeactasfieHne O BO3MOXHOCTAX KBAHTOBO-XUMNYECKOro moaenimpoBaHnA.

3adayu yyebHoU OucyunaUHbI: NO3HAKOMUTL OBYYaKOLLMXCS

- C OCHOBaMU 1 NPUGIIKEHHLIMU METOAAMMW KBAHTOBOW MEXaHUKUY;

- C peLLEHEeM NPOCTENLLMX KBaHTOBO-MEXaHUYEeCKMX 3aay;

- C OCHOBaMW MeToAa ¥ MareMaTU4YecKUM anmnapaTtom MeToaa MOJEKyNspHbIX opoutanei;

- C NMONy3MNMPUYECKUMU METOAAMMW KBAHTOBOW XMMUU;

- 0aTb NOHSTME O KBAHTOBO-XMMUYECKOM MOAENMPOBaHUM Kak METOAE XMMUYECKMX UCCIEN0BAHUN.

10. MecTo yuyebHOM AncuunnuHbl B cTpyKkType OOI: obsa3aTensHas YacTtb 6noka b1

11. MnaHupyemble pe3ynbTaTbl OOy4YeHUs MO AucuUnAnHe/MoAyMo (3HAHUSA, YMeHwus,
HaBblKU), COOTHECEHHbIe C NMaHUpPyeMbIMU pe3yribTaTaMu OCBOEHUs obpasoBaTenbHOWM
nporpaMmmbl (KOMNeTEHLUUAMU) U MHAMKATOPaMU UX AOCTUXKEHUS:

Kopg

HaseaHue
KOMMeTeHUMn

Koa(bl)

WugukaTop(bl)

MnaHupyembie pesynbTaTtbl 06y4eHns

Or1K-
1

CnocobeH
aHanMaupoBaThb,
WHTEPNPETMPOBATb
1 06o6LaThb
pesynbTaThbl
3KCnepuMeHTarnbH
bIX U pac4YeTHo-
TEOPETUYECKMX
paboT XMMMYeckom
HanpasJIeHHOCTU

OlK-1.1

Cucrematuanpyet u
aHanusupyet
pesynbTaThbl
XUMUYECKMX
9KCMEPUMEHTOB,
HabnoaeHun,
n3mepeHun, a
TaKke pesynbTarbl
pacyeToB CBOWCTB
BELLECTB U
mMaTepuanos

OrlK-1.2

Mpeanaraet
WHTEpNpEeTaLnio
pesynbTaToB
COBCTBEHHbIX
3KCMEepUMEHTOB U
pac4yeTHo-
TEOPETMNYECKMX
paboTt ¢
MCnonb3oBaHNEM
TEOPETMNYECKMX
OCHOB
TPaaWLMOHHbIX U
HOBbIX pa3aeros
XUMUU

OrlK-1.3

dopmynupyet
3aKMoYeHns n
BbIBOAbI MO
pesynbTaram
aHanusa
nuTepaTypHbIX
JaHHbIX,
COBCTBEHHbIX
3KCNEPMMEHTASbHbI

3HaTb: OCHOBHbIE 3aKOHbI 1 hopMyTbl
KBAHTOBOW XUMUM.

YMEeTb: NPUMEHSITb OCHOBHbIE €CTECTBEHHO-
Hay4Hble 3aKOHbI MPU OCYXOEeHUN
3KCMEepMMEHTarnbHbIX Pe3yrnbTaToB.
CuctemaTtunaupoBaTb 1 MHTEPNPETUPOBATb
pesynbTaThl KCNEPUMEHTA, a Takke pe3ynbTaThbl
pacyeTHbIX 3a4au.

BnageTb: HaBblkaMy UCMNOMb30BaHUSA 3HAHWUI
TEOPETUYECKMNX OCHOB KBAHTOBON XMMUN B
NPUMEHEHMM K NOMNYYEHHbIM pe3yrnbTaTtam.




X U pacyeTHo-

TeopeTnyecknx
paboT XMMUYecKomn
HanpaBneHHOCTU
OTlIK- | CnocobeH OlK-3.1 | MNMpumeHsieT 3Hatb: [MpuHUMMBLl  (MOCTynaTtbl) KBaHTOBOW
3 MPUMEHSITb TeopeTnyeckue u MEXaHWKu; OCHOBHblE nNpMbnmxeHus,
pacyeTHo- nonyaMnupuyeckne | Ucronb3yemble B KBAaHTOBOW XWMWW; MeETOq
TeopeTnyeckme MoZenu npu CaMOCOrfiacoBaHHOrO Mons U ero NpUIoXeHus K
MeTombl ans peLueHnmn 3agay 334a4aM  KBaHTOBOW  XMMUK;  BO3MOXHOCTU
N3yYeHWsi CBOWCTB XMMUYECKON OCHOBHbIX METOAOB KBAHTOBOW XMW MU
BeLLEeCTB " HanpaBneHHOCTH KBaHTOBO-XMMMWUYECKOr0 MOAENMPOBAHMS.
MPOLECCOB C WX OlK-3.2 | Ncnonbayet YMeTb: Pewatb HECNoXHble KBaHTOBO-
yuactem c cTaHgapTHoe MEXaHM4yeckue  3ajauv;  MHTEeprnpeTupoBaTb
MCTIONB3OBAHNEM nporpaMmmHoe pesynbTaTbl KBAHTOBO-MEXaHU4YEeCKUX pacveToB
COBPEMEHHOV obecrneyeHne npu | OABMKEHUS YacTuL B 3afaHHbIX CUIIOBbIX MOMSX;
BBIUACHATENBHOI pelleHnn  3afiad | MHTEPNPeTMpoBaTb  PesyrnbTaThl  KBaHTOBO-
TEXHUKN XMMUNYECKON XUMUYECKMX pacyeToB monekyn B
' HanpaBneHHOCTH obwexnmmyecknx TepMmuHax;, fenatb BblGop

ONTUManbHOr0 MeToda KBaHTOBOM XWMWUM Ans
pacyeTa SMneKTPOHHOTO CTPOEHUSI KOHKPETHOM

MOIEKYIbl;

Bnagetb: nporpaMmMmHbIM obecneyeHnem npu
pelweHne KBAaHTOBO-XMMUYECKNX 3afad,
HaBbIKaMu npakTn4ecKkoro NCMNOoJ1b30BaHNA

3aKOHOB KBAHTOBOW MEXaHWKU U pe3ynbTartoB
KBAHTOBO-XMMUYECKMX pacyHeToB MOIekyn nansd

npeackasaHMst  MaKpPOCKOMWMYECKUX  CBOWCTB
XMMUYECKMX BELLEeCTB.
12. O6bem agucuUNNMHbI B 3a4eTHbIX egnHuuax/yac. — 5/180
Popma NpomMexxyTo4yHOM aTTecTalMm 3K3aMeH
13. TpyaoeMKocTb No Buaam y4yebHou paboTbl
TpynoemMKocTb
Bug yuebHon paboTbl Bcero Mo cemecTpam
5 cemecTtp Ne cemecTpa

AyanTopHbIE 3aHATUS, 108 108
B TOM YUCnE:

nekuum 36 36

npakTuyeckmne 72 72

B TOM uncne: | naboparopHble

KypcoBas pabora
CamocTtosiTenbHasi pabota 36 36
lMpomexyTodHasa atTecTaums 36 36

WTtoro: 180 180
13.1. CopepxaHne QUCLUNIIUHDI
n/n Peanusauus

pasgena
HavnmeHoBaHue pasgena ComepkaHme pasnena ANCLMNTMH. AVNCLUMNINHDI C
ONCUMMINHDI MOMOLLbHO
OHNnanH-Kypca,
QYMK




1. llekunn

11

duanyeckne oCHoBbI
KBAHTOBOW MEXaHWUKN.

Knaccnyeckass 1M kBaHTOBasi MexaHuka. KeBaHToBas
MexaHuMKka — Bblgawuleecd OTKpbiTMe XX  Beka.
KBaHTOBass Xxumus. OJKCNepuMeHTarnbHble OCHOBbI
KBAHTOBOW  MexaHukn.  BonHoBO-kOpNycKynsipHbIN
OyanuaMm — OcHoBornonarawwasa wuaesa KBaHTOBOMW
mexaHukn. BonHa pge bBponnsa. Cratuctudeckoe
TonkoBaHue BonH ae bponna. OCHOBHble NocTynathbl
KBAaHTOBOW MexaHukn. YpaBHeHne LlpeawnHrepa.
TpakToBKa NPUYNHHOCTM B KBAHTOBbLIX CUCTEMAX.

1.2

MaremaTnyeckne oCcHOBBI
KBAHTOBOW MEXaHWUKN
LWpeawnHrepa.

Onepatop — KBaHTOBbIM aHamor AMHaMUYECKOWN
nepemeHHom wn onepatopa (Oupak). Anrebpa
onepaTtopoB. CoGCTBEHHbIE (PYHKLUMM U COOCTBEHHbIE
3Ha4yeHus onepartopos. [locTynar o cnekTpe KBaHTOBO-
MexaHudecknx onepartopoB. CpegHue  3Ha4YeHus
ONHaMU4Yeckux nepemeHHbIX. MNoctynaT o cpegHem.
Bobluncnexve BEPOSITHOCTEN pe3ynbTaToB
3KCMEpPUMEHTAlNbHbIX  U3MEPEHUA  OUHAMUYECKNX
nepeMeHHbIX. Ycrosue, nNpu KOTOPOM  HECKOMbKO
ONHAMUYECKUX MEPEMEHHBbIX MOryT ObiTb M3MEpPEHbI
opHoBpemeHHO. COOTHOLLEHNE HeONpeaeneHHOCTEN U
cnegcteust M3 Hero. [oHsTMe o nonHom Habope
ONHaMU4Yeckux nepemMeHHbiX. OnepaTopbl OCHOBHbIX
ONHamMu4yeckux nepemenHbix. Onepatop MamunbToHa.
CeovictBa ypaBHeHusi LlpeauHrepa. YpaBHeHue
LpeaouHrepa ©n 3akoOH COXpaHEHUs 4ucna 4acTtuu,.
YpaBHeHne  LlpeauvHrepa  Ansg  cTauMOHapHbIX
COCTOSIHUN.

1.3

MpocTeniume npuMeHeHnst
annapaTa KBaHTOBOW
MEXaHWUKN.

OpHomepHoe cBobGoagHoe paBwxkeHue. [IBuXkeHue B
none KYCOYHO-MOCTOSIHHbIX noTeHUManos.
lMpoxoxgeHve  yacTuy  4Yepe3  NPAMOYroribHbIv
noteHumanbHbIn  6apbep. TyHHENbHbIN  3dOeKT.
OcobeHHocTHn OBUKEHUS npwm Hanuyun
NoTeHUnanbHOM CTEHKM U MNOTeHUWanbHON SAMbl.
[BnkeHne B OLHOMEPHOW MOTEHUManbHOM sMe C
GECKOHEYHO BbLICOKMMWU BePTUKamNbHbLIMA CTEHKaMW.
[BxeHne B noTeHuManbHoM «sWuke». KsBaHTOBas
Teopusi rapMoHMYeckoro ocuunnsaTopa. KeaHToBast
TEOpUsI KECTKOro poTaTopa.

1.4

Cratuctundeckoe
TONKOBaHMeE KBaHTOBOW
MEeXaHWUKN.

MponsBogHass onepatopa nNoO BpeMeHU. Teopembl
OpeHdecTa U  CBSA3b  MeXOy KIacCMYeckom wu
KBAHTOBOMW  MexaHukon. KBaHTOBble  WHTerpansl
OBVKEHUS.

1.5.

[BmxeHne B LEeHTpanLHOM
none. ATom Bogopoaa

Ob6uiee paccMoOTpeHue [OBUXEHUSI B LIEHTparnbHOM
nore. lonHbIi Habop AMHAMWYECKUX MNEPEMEHHbIX.
Teopusi XecTKoro poTatopa W ee 3HadyeHue ans
dusndeckon xumuun. YpasHeHue LpeanHrepa anga
BOLOpOAONOA06HOro aTtoma. PapuvanbHble "
chepudeckme yHkunn. KeaHtoBble uncna n, | u m.
OHepreTuyecknin cnekTp atoma Bogopoda. ATOMHble
opbuTtanu. OnekTpuMyeckun TOK B aTome BOOopoaa.
[MoHsATME O NPOCTPAHCTBEHHOM KBaHTOBAHMM.

1.6

CnnH anemeHTapHbIX
yacTuu,. ToXgeCTBEHHOCTb
yacTuu,.

CnuH aneKkTpoHa, NPOTOHAa, HENTpPoHa, doToHa. CnuH-
opbuTanbHOe B3aMMOLEWCTBME U €ro MpPOSIBMEHUS.
MpuHUMN  TOXOECTBEHHOCTM 4YacTul. Bo3oHblI K
depmmoHbl. Onepatop cnvHa anektpoHa. CnuHoBble
DyHKUNN. BonHoBas dPyHKUMSA cucTemsl
TOXOECTBEHHbIX YacTuL.

1.7

MpunbnuxeHHble MeToAbI
KBaHTOBOW MeXaHWUKW.
OpaHOoaNeKTpoHHas Mogenb

O6wun Bua ypaeHeHus LLpeauHrepa Anst Monekynbi.
Mpobnema MHOMMX Ten. AanabaTtndeckoe
npubnmkerme.  OOHO3NEKTPOHHOE  MPUBNKEHME.
MeTtogq camocornacoBaHHOro nons XapTpu u ero
HegocTaTkun. BonHoBass  byHKUuMA u 3Heprud
MHOTO9MEKTPOHHON CUCTEMblI B  OLHO3MIEKTPOHHOM

AYMK
KBaHTOBas
XMMns
(PMX)
https://edu.vs
u.ru/course/vi
ew.php?id=9
893
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npubnmkeHn. BaprMauMoHHbIA MPUHLUN B KBAHTOBOM
MexaHuKe. YpaBHEHMS CamMOCOrfiacoBaHHOMO Mons
XapTtpu-®Poka anst Monekysn ¢ 3aMKHYTON 3IEKTPOHHOW
oboroykon M Metog wux pewennda. [lpegensi
npumMeHnMoctTn metoga XapTpu-doka. [loHsaTme o
MeToAe KOH(UIypaLunoHHOro B3auMogencTaus.

18 MeToq MoneKkynspHbIX Cnocobbl  pelleHuss npobnembl MHormx Ten B | JYMK
opbuTanen ¢ NpUMeHeHNeM | KBaHTOBOM XVIMUMW. Hesmnupuyeckne n| KepadToBas
mMeToga nonyamnmpuyeckne mMetofabl. OCHOBHbIE MOMOXEHUS | yymns
camocornacoBaHHoro nong. | metoga MO. MpubnuxeHne JIKAO. Bbibop 6asncHbix —(CDI'IX)

dyHKUMA Ans pacyeta. YpaBHeHus XapTpu-®Poka Ha httos-//edu.vs
koHe4yHoMm 6asuce: metog CCIT MO JIKAO (K.PyTtaH). DS TEULLVS
Mpegensl NPUMEHNUMOCTH mMeToda. OHeprus w
koppensumm MpUHUMNbI YNPOLLEHUS BbIMUCIIUTENBHOW ew.php?id=9
npouenypbl B metoge MO. BaneHTHoe npubnuxeHue. 893
n-ONEKTPOHHOE npubnmxeHue. MpnbnmxeHne
Hynesoro  AguddepeHumansHoro nepekpbiBaHNS
(HAM). MoHaTtne o nonyamnmpuyecknx metogax CCI
MO JIKAO n NonyaMnupUYecKmnx
HecamocornacoBaHHbIX mMeToaax MO JIKAO.
PacwwupenHbin metog Xiokkens (PMX) u npocton
meTog Xtokkensa (MOX). Bo3amMoXHOCTM 1 orpaHnyeHuns
NPUMEHEHMS NOMY3MMMPUYECKMX METOOOB KBAHTOBOM
XVMUMW. MonsiTne o] KBaHTOBO-XMMWUYECKOM
MOJENMPOBaHNN N ero BO3MOXHOCTAX. CoBpeMeHHoe
nporpamMmHoe obecrnedeHne KBaHTOBO-XMMMUYECKMX
pac4yeToB.

2. MpakTnyeckne 3aHATUSA

2.1 dusnyeckne ocHoBbI Pelwenne 3agay no teme (anuHa BomnHbl ae Bponna | QYMK
KBAHTOBOW MEXaHUKU ONs AnekTpoHa U Makpockonuyeckux — Ten, | KpaHToBasd

dotoapcbekT, ypaBHeHua H.bopa ana  OBMKEHUS | xyviuns
3r1eKTpOHa aToma Bogopoaa). —(CDI'IX)

2.2 Anrebpa onepaTopos. MoHaTne oneparopa. O3HakomneHue c https:/edu.vs
JInHelHble MaTeMaTU4eCKUMN OENCTBUSMU Hap, onepaTopamu. | i
CaMOCOMNpPSHKEHHbIE OT0Op NMHENHLIX CaMOCOMPSKEHHbIX ONepaTopoB. Mu?r.se_\n
onepaTopbl. ew.php?id=9

2.3 CobcTBeHHbIE YHKLMMN U PeweHne 33ga4y Ha HaxoxgeHne CoOCTBEHHBIX 893
COOCTBEHHbIE 3HAYEHMS YHKUMA 1 COBCTBEHHBIX 3HAYEHNI ONepaTopoB.
onepaTopoB.

2.4 OnepaTopbl OCHOBHbIX O3Hakomnenne c oneparopamu OCHOBHbIX
AVHaMUYeCKnX ONHaMNYeCKNX nepemMeHHbIX. MpakTnyeckoe
nepemMeHHbIX. onpegeneHve KOMMYTaLUMOHHbBIX COOTHOLLEHUI MexXay
Cdbepuyeckasn cuctema onepatopamuM, B T. Y. B cdepuveckon cucrteme
KoopauHarT. KoopauHart.

25 BonHoBas gyHKUMS 1 ee O3HakoMmNieHMe C MOHATMEM BOJTHOBOW  (OYHKLMK
CBOWCTBA. yacTtuubl. lMonyyeHve npocTenwen uHdoOpMaumm u3s

BOJTHOBOW (hbyHKUMM (rpadmyeckne paboTbl).

2.6 MpocTeniune 3agauu PaccmoTtpeHue pelleHus ypasHeHus LpeguHrepa ans
KBAHTOBOW MEXaHMKM. NPOCTENLUIMX 3a4a4 KBaHTOBOW MexaHuku. [onyyeHve

du3n4eckon wnHgopMauum u3 pelleHus ypaBHEHUS
LLpeguHrepa (rpadundeckmne pabothl).

2.7 [BmxeHne yactuubl B PaccmoTtpeHue pellerus ypasHeHuns LpeguHrepa ans

LleHTpanbHOM none. KEeCTKoro  poTaTopa. MonyyeHne  dumsmyeckom
WHopMaLmn n3 pelleHns ypasHeHus LpeanHrepa
(rpadmyeckue paborthbl).
2.8 ATom BOZOpOAA. PaccmoTtpeHune pellerns ypasHeHus LpeguHrepa ons
aroma Bogopoaa. Mony4yeHue dumsnyeckon
MHdopmaLmm 13 pelweHus ypaeHeHusa LlpeguHrepa
(rpacbnyeckune paboThl).

29 Op6uTtanu atoma OnpegeneHne CTPYKTYpbl  3MNEKTPOHHbIX  0OGNakos

BOAOpOAA.

aToma BOAoOpoOAa A OCHOBHOTO W BO30YXKAEHHOro
cocTosHUN (rpachuyeckue paboThl).
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2.10 | MonekynsapHoe ypaBHeHue | MocTpoeHue MonekynspHoro ypaBHeHus LpeguHrepa | QYMK

WpeanHrepa ona  manbix  monekyn. [lpobnema MHormx Ten. | KepadToBad
MonekynapHoe ypaBHeHune WpeauHrepa B| xumus
agnabatnyeckom NPUONIKEHNN. MNoHATMe (DI1X)

OHO3MEKTPOHHOrO NPUBNNKEHUS.

https://edu.vs

2.11 CamocornacoBaHHoe rnorne BapunaumoHHbIl NPUHUMA B KBAHTOBOM MEXaHUKe. .
puaul PUHL u.ru/courselvi

YpaBHeHua XapTpu-®Poka, oOWMIA MeTon peLUeHus. hD2id=9
TOYHOCTL  pacyeTa  MHOFOSMEKTPOHHBLIX  CUCTEM EW.pNp 710=2

mMeTogom Xaptpu-Poka. 893
2.12 | Heamnupuyeckue n PaccmoTpeHue pacuyeta npocTor Momnekynbl MeTogoM
nonyamnupuyeckme metoasl | PytaHa. PaccmoTpeHve  pacuyeTa  OpraHM4eckoun
KBAHTOBON XUMUU monekynbl (Cz2Ha, CH20)

pacwmpeHHbiM  MeTogom  Xiokkens wnm  MNAOMN/2.
Mpobnema BO3MOXHOCTU MOCTPOEHWUSA KIACCUYECKON
dopMyrnbl (rpadmyeckme paboThl).

13.2. Tembl (pa3aenbl) AUCUUNIUHBLI U BUAbI 3aHATUX

Buabl 3aHATMI (KONMYECTBO YacoB)

Ne HanmeHoBaHne Temsbl
CamocTosaTenbHas

n/n (pasgena) aucumnnuHel | Jlekuuu MpakTnyeckne | JlaGopaTopHble paBora Bcero

dur3nyeckne ocHoOBbI
1 y 4 4 8 16
KBAHTOBOU MEXaHUKW.

MaTtemaTnyeckme ocHOBbI
2 | KBAHTOBOW MEeXaHWNKK 8 12 16 36
LLpeguHrepa.

MpocTenumne npumMeHeHNs
3 | annapaTta KBaHTOBOW 8 12 16 36
MeXaHMKW.

Crartucrtuyeckoe
4 | TONKOBaHWE KBAHTOBOW 2 — 4 6
MeXaHUKN

[BuxeHne B
5 | ueHTpanbHOM nose. ATom 6 12 12 30
Bogopoaa

CnvH anemMeHTapHbIX
yacTtuy,
ToXnecTBeHHOCTb
yacTtuy,

MeToa MonekynsipHbIX
opbutanem c

7 | NnpyMMeHeHneM MeToaa 4 32 8 44
camMoCOriacoBaHHOro
nons.
WNtoro: 36 72 72 180

14. MeToau4yeckue yKkasaHus ans oby4arowmxcsi N0 0CBOEHUIO AUCLMMNIIUHbI

[na ocBoeHMs Kypca nekuMn HeobBXoOMMO O3HaKOMMUTbCA C Mpe3eHTaunOHHbIMU
Matepuanamm no paHHoMy Kypcy. OHM pasmelleHbl Ha canTe www.edu.vsu.ru. Tam xe
npeacTaBeH nnaH NpakTU4ecKnX 3aHsaTUn.

Heobxognmo MMeTb XOTS Obl OCHOBHYHO pPEKOMEHAYEMYK nuTepaTtypy, a M3 yucna
AononHuTensHon nutepatypbl - COOPHUK 3a4ay NO KBAHTOBOM MexaHuKe : Ans cTyq. 2 Kypca
a/o n 4 kypca B/o xum. gak. / cocT. : E. M. ABepbax, B. KO. KoHgpawwuH, B. P. MNwectaHumk. —
BopoHex, 2001. — 41 c.



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

15. lMepeyeHb OCHOBHOW W AOMOMHUTENILHOW nUTepaTypbl, PECYypPCoOB WHTEpPHeT,
HeobXxoAUMbIX AN 0CBOEHUSA AUCLUNIIUHBI

a) OCHOBHag nuTeparypa:

Ne n/n NcTouHuK

Epmakos A.W. KeaHTOBasi MmexaHuka 1 ksaHToBas xumunsa / A.. Epmakos : y4eb. ans
CTyA. XuM. dak. yH-ToB. — M.: KOpanT, 2010. — 555 c.

1

©) gononHuTenbHasa nuTepartypa:

Ne n/n NcToYHMK

BapaHoBckui B.W. KBaHTOBasi MexaHuKa 1 kKBaHToBas xumus : yyeb. Mocobue / B.W.
BbapaHosckuin. — M. : Akagemns, 2008 .— 382 c.

MwuHkuH B.U. Teopusa ctpoeHnsa monekyn : y4eb. nocobue ans ctyd. By3oB /

3 B.N.MuHknH, 5.A.CumkunH, P.M.MuHseB .— 2-e nsga., nepepabd. n gon. — PocToB H/[], :
®deHuke, 1997 .— 557 c.

CrenaHoB H.®. KBaHTOBasi MexaHvKa 1 KBaHTOBast XMMus : y4eb. Ans cTya. Xum. dak.
yH-ToB / H.®.CtenaHos .— M. : Mup, 2006.— 518 c.

MenewwnHa A.M. Kypc KBaHTOBOW MexaHUKN Ansi XMMUKOB : y4eb. nocobue ansa crya.
XUM. dak. yH-ToB. — / A.M. MenewwHa . — M. : Bbicw. wk, 1980. 215 c.

2

B) MH(pOPMALIMOHHbIE 3NEKTPOHHO-00pa3oBaTenbHbIE pecypchl (oduumnanbHbie pecypcbl MHTEPHET) :
Ne n/n Pecypc
6 | 3oHanbHasa HayyYHast Gubnmoreka www.lib.vsu.ru
OYMK KeantoBas xumus (PrX)
https://edu.vsu.ru/course/view.php?id=9893

7

16. MepeyeHb y4yebHO-mMeTOAMYECKOro obGecne4vyeHUst AN CaMOCTOATENIbHOM paboThbl
(y4ebHo-Memoduyeckue pekomMeHOayuu, rocobus, 3adaqyHuku, MemoOUYEeCKUe yKas3aHUsi 10 BbIMOJIHEHUI
npakmu4ecKux (KOHMPOJIbHbIX), Kypcosbix pabom u dp.)

Ne n/n McToYHMK

1 Asant I.B. Tabnuubl MHTerpanos u Apyrne maremartudeckme oopmynsl / .. [BanT.
— M. : Hayka, 1966. — 228 c.
COopHVK 3a4ay No KBaHTOBOW MexaHuKe : Ans cTya. 2 Kypca a/o un 4 kypca B/0 XuM.
2 dak. / cocT. : E. M. ABepbax, B. 0. KoHgpawwH, B. P. lMNwectaH4nk. — BopoHex,
2001. — 41 c.

17. O6pasoBaTenbHbleé TEXHONOIMKU, MUCNONIb3yeMble nNpu peanusauum Yy4ebHOMU
OUCLUMMIMHBbI, BKMOYass AUCTaHUMOHHbLIe obpa3soBaTenbHble TexHonoruun (OOT),
3NeKTpoHHoe oby4yeHue (J0), cmewaHHOe 0OyYeHue:

MpoBeaeHne BBOAHOW M OB30pHbLIX NEKUWUA, pelleHne 3agady Nno OCHOBHbIM pasgenam
Kypca. [logrotoBka K TeKywerh W MNPOMEXYTOYHOM aTTecTaumMm C  UCMNOSib30BaHUEM
pekoMeHAyeMoun nuTepaTypbl.

Mpn peanu3auumn y4ebHOM OUCLMUNIIMHBLI UCMOMb3YITCA 3NEeMEHTbl  3MEKTPOHHOro
oby4yeHnss M pasnuyHble OUCTaHUMOHHble obpasoBaTefibHble TEXHOMOrnu, Mno3BonsALME
obecneunBatb OMNOCPEeAOBAHHOE B3aMMOAEWCTBME (HA pacCTosHMKM) npenogaBaTenen u
obyyaloLmMXcsl, BKIKOYAA WHCTPYMEHTbl 3JIEKTPOHHON MHGOPMaLMOHHO-06pa3oBaTenbHON
cpeabl BI'Y «BOnektpoHHbii yHuBepcuteT BIY» (https:/edu.vsu.ru) w/vnm “MOOK BIy”
(https://mooc.vsu.ru), npoBeaeHne BebUHapoOB, BUAEOKOHEpPeHUMn (B TOM 4Yucne c
npumMmeHeHnem cepsucoB Zoom, Discord n gp.), B3aMmMogencTeBne B COLICETSX, NOCPeaCcTBOM
SNEKTPOHHON NOYThbl, MECCEHOKEPOB

18. MaTepunanbHO-TeEXHUYECKOe obecneyeHne ANCUUNNIINHbI:
YyebHasa aygutopusi. KOMNbOTEPHbIN KNnacTep, KOMNbOTEP, 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. OueHoO4YHble cpeacTBa ANA NpPoBeAeHUSs! TeKyllero KOHTPONA YycrneBaeMoCTu

NPOMEXYyTOYHOM aTTecTauum

MopsiaoK OLLEHKM OCBOEHUST oby4atoLmmmcs y4ebHoro matepuana onpegensiercs
coepXaHnem criefylLwmx pa3aenos AMCUMNNNHI

HaumeHoBaHne WHaukaTop(bl)
r'.\ﬁ pasgena agucLmnnmHbl Konag?;()eH OOCTUKEHMS OueHouHble cpencTea
(mogyns) 4 KOMNeTeHuummn
dunsmyeckne OCHOBbI
L. | (BAHTORON MEXaHMKN Or1K-3 OrlK-3.1 MpakTuyeckoe 3afaHune
MaTtematunueckune § OnK-1 OMNK-1.1-1.3
2. | OCHOBbI KBaHTOBOW OrK-3 OnK.3.2 MpakTnyeckoe 3agaHve
mexaHukn LWpeguHrepa. )
MpocTenwune OlK-1 OlK-1.3
3. | NpuMeHeHus annapaTa Or1K-3 OrlK-3.1 KoHTponbHasa pabota Ne1
KBAHTOBOW MEXaHWUKW.
Cratuctuyeckoe
4. | TonkoBaHWE KBAHTOBOM OrlK-1 OlK-1.1-1-3 MNpakTnyeckoe 3agaHune
MEeXaHMKN
[BmxeHne B
5. | ueHTparnbHoM none. 825; OgKruié 1'2 MpakTuyeckoe 3agaHve
AToM Bogopoaa )
CnuH anemMeHTapHbIX
yacTuu.
6. TOXIECTBEHHOCTD Or1K-3 OrikK-3.1 MpakTuyeckoe 3agaHve
yacTuu.
MeToa monekynapHbIxX
opburanei c OriK-1 OriK-1.3 MpakTuyeckoe 3agaHve
7. | MPUMEHeHem MeTona OriK-3 OrlK-3.2 KoHTponbHasi pabota Ne2
camocorfiacoBaHHOro ' P P -
nons.
MpomexyToyHasa aTTecTaums MepeyeHb BONPoOCcoB
dopMa KOHTPONS - aK3aMeH MpakTnyeckoe 3agaHne

20. TunoBble OLEHOYHbIEe CpeaACcTBa U MeToAMYEeCKMe MaTepuanbl, onpeaensiouime

npouenypbl OLleHMBaHUA

OueHka 3HaHW, YMEHMA W HaBbIKOB,
KOMNETEHUMA B paMKkax MW3ydeHuss AUCLUNITNHDBI
NPOMEXYTOYHOMN  aTTecTauun.

Tekywaa

arTectauund

XapakTepusylollas aTanbl

dopMmnpoBaHua
OCYLLECTBMNSIETCA B XO4Ee TeKywen wu
npoBOAMTCA B COOTBETCTBUM

lMonoxeHMeM O Tekyllen aTtTecTauum oby4varLmxcsa no nporpaMmam BbiCLLIero obpasoBaHus
BopoHexckoro rocyaapCTBeHHOro yHuBepcuteTta. Tekylas atTectauns npoBoauTcs B doopmax
ycTHOro onpoca (dpoHTanbHasa 6ecefa) M NMUCbMEHHBLIX pPaboT (BbIMOMHEHWE NPAKTUKO-
OPUEHTUPOBAHHbIX 3aaHUN N KOHTPOMbHbIX PaboT).

MopsigoK OLEHKM OCBOEHUs obydvawlumMmucs yvyebGHoro marepuana onpeaensieTcs
coAepXaHnem criefylLmx pasaenos AMCUMNNUHI

20.1. TeKyLLMN KOHTPOSb yCNEeBaeMoCTH

KoHTponb ycneBaemocTu No AUCUMMNIIMHE OCYLLECTBSIETCS C NMOMOLLbIO CreytoLmnx OLEHOYHbIX
CPeAacTE:

20.1.1. MepeyeHb TeOPETUYECKUX 3aAaHUN

. HasBaTb oCHOBHbIE MNOCTYNaTbl KBAHTOBOW MEXAHWUKM.
. Bbluncnutb nponsBeneHne AByx 3aaaHHbIX ONepaToposB.
. Bbluncnutb koMmyTaTop ABYX 3afaHHbIX ONepaTopoB.
. YCTaHOBUTb (haKT 3pPMUTOBOCTM UININ HE3PMUTOBOCTU 3aaHHOrO oriepaTopa

A OWON -



5. Hantn cobcTBeEHHbIE (PYHKUMM 1 COBCTBEHHbIE 3HAaYEHMS 3a4aHHOro oneparopa.

6. HasaTb nonHbIi HABop PU3NYECKNX BENMYNH B NPEASIOKEHHON KBaHTOBOW CUCTEME.

7. Hantn kospdpuumeHT HOPMUPOBKN 3alaHHON BOMHOBOW (PYHKLIMM NPW 3a0aHHBIX FPaHNYHbIX

YCIOBUAX.
8. V3Bneyb pmanyeckyo nHpopMauunio U3 NpearnokeHHoM BOSTHOBOW OYHKLMN.
9. 3anucartb ypaBHeHue LLpeanHrepa ans ogHOM YacTuubl, ABUXYLLENCSA B 3a4aHHOM CUITOBOM rore
(cTauMoHapHbIe COCTOSIHUS).

10. BbluncnnTb 3HEPruio YacTulbl, ABMXKYLLENCHA B 3a4aHHOM CUITOBOM More, Ha OCHOBE BOSTHOBOW
dyHKUMN.

11. MOACHUTb CMbICN NPOCTPAHCTBEHHOrO KBAHTOBAHUS! BEKTOPA MOMEHTa UMMyIbCa 3NeKTPOHa,
ABWXKYLLErocs B LEeHTparibHOM rore.

12. [lokasaTb OTCYTCTBUE NEKTPUYECKOrO TOKa BAOMbL MepUaMaHa B aToMe Bogopoaa.

13. BbluncnnTtb BENWUYMHY MTMPOMarHUTHOrO OTHOLLEHUS ANS 3NEKTPoHa aToMa Bogopoaa.

14. [JaTb YacTU4YHOE NNK NOMHOe NccregoBaHe CTPYKTYPbl AMEeKTPOHHOro obriaka aroma Bogopoaa no
npeasiokeHHoM aToMHoN opbuTanm

15. N306pa3nTb rpadonyeckn yHKUUN NAOTHOCTU BEPOATHOCTU HaXOXKAEHMS SNEKTPoOHa aTtoMa
Bogopoaa: |u(r, O, p))3, rPRAn,l) n [Yim(6, ).

16. 1306pa3nTb aHEpreTUYeckyto guarpammy 3reKTpoHa B aTome BO4OPOAA C y4ETOM KpaTHOCTM
BbIPOXOEHUSA IHEPreTUHECKNX YPOBHEN.

17. Bblumcnntb cpegHne 3Ha4yeHns NoTeHUnanbHON 1 KNHETUYECKOW SHEPrui AfIeKTpoHa B aToMe
BOAOpoaa.

18. MNocTponTb AnarpammMy NPOCTPaHCTBEHHOMO KBAHTOBAHMS BEKTOPA MOMEHTa MMMyNbCa 3reKTpoHa
atoma Bogopoga.

19. 306pa3nTb HEPreTUYecKyo guarpammy MHOrO3/1EKTPOHHOrO atoMa C y4eTOM KpaTHOCTU
BbIPOXOEHUSA SHEPreTUYECKMX YPOBHEW 3NEKTPOHOB.

20. 3anucatb ypaBHeHue LpeavHrepa ons npegnoXeHHoW MoneKyrnbl.

21. 3anucatb getepMuHaHT CnaTtepa A5 SNeKTPOHHON 060N0YKN MOMNEKYbI.

22. 3anucatb opmyIny Ansi SHEPrMM MHOrO3MEKTPOHHOW MOMEKYNbl B OAHOINEKTPOHHOM NPUBMAKEHNN.

23. 3anucatb ypaBHeHne Xaptpu-Poka ans npegnokeHHOM MHOrO31EKTPOHHOW MOSTEeKyIbl.

24. 3anucaTtb ypaBHeHusa PyTaHa Ans npeanoXeHHOW MHOrO3fIEKTPOHHOW MOMEKYIbI.

25. Ha ocHoBe cnucka MornekyrnspHbIX opbuTtanein gByxaTOMHOW MOMEKY bl YCTaHOBUTb TUM CUMMETPUN
Kaxxgom opbutanm.

26. MNpeobpasoBaHnem getepmuHaHTa Cnatepa nonyynTb Ans Monekynsl CH, nokanvusoBaHHble
MONeKynsipHble opouTanu.

27. Ha ocHoBe cnvcka MonekynsipHbix opbuTaneint HECNOXHON MOMEKYMbl NokasaTb BO3MOXHOCTb (M5u
HEBO3MOXHOCTb) MOCTPOEHUS €€ KNacCUYeCKON CTPYKTYPHOW hopmynbl.

28. YkasaTb UCTOYHMKN OLIMBOK pacyeTa NofHOoM aHeprun Monekynbl no merogy PyTtaHa.

29. Ucnonb3ya cneacTene us teopeMsbl [enbmaHa-denHmaHa, CpaBHUTbL MPOYHOCTb CBA3M B ABYX
ABYXaTOMHbIX MOSeKyrax.

30*. Bbicka3aTb COOBpaXkeHUsi N0 KBAHTOBO-XUMNYECKOMY pacyeTy reOMeTpUYEeCcKon CTPYKTYpbl
aKTMBUMPOBAHHOIO KOMMIeKca B peakuumn Mexay AByMS NPOCTbIMY BeLLeCTBaMM.

20.1.2. MNepe4yeHb NpaKkTUYECKNX 3a8aHUN

1. Bo3BecTu B KBagpaT NpeanoXeHHbIn ornepartop.

2. Bblumcnntb KOMMyTaTOp ABYX NPEANOXEHHbIX OneparopoB.

3. [okasaTb, aBnaeTcd fv 3agaHHbIA onepaTop 3pMUTOBbIM.

4. HanTtn cobCTBEHHbIE (PYHKLMM M COBCTBEHHbIE 3HAYEHMA NPEANoXKEHHOro oneparopa.

5. Hantn koapdpunumeHT HoOpMUPOBKN 3a4aHHON BOFTHOBOW (PYHKLINW.

6. Bblumncnntb BEpOATHOCTb NpedbiBaHMSA YacTULbl B YKa3aHHOM NPOCTPaHCTBE Ha OCHOBE M3BECTHOM
BOSTHOBOW CPYHKLUN.

7. BblumcnnTb NNOTHOCTbL NOTOKa BEPOSITHOCTM YacTUL bl Ha OCHOBE M3BECTHOM BOMHOBOMN (PYHKLUMN.

8. BblumMcnnTb NNOTHOCTb BEPOATHOCTU HAXOXAEHMS YacTULbl B yKa3aHHOW TOYKE NPOCTpaHCTBa
(B AekapTOBOW U B CHEPUYECKON CUCTEME KOOPAMHAT).

9. Paccuutatb cpegHee 3Ha4eHne AMHaMN4eckon nepeMeHHoN B 334aHHOM KBAaHTOBOM COCTOSIHUW.

10. HasBaTb NonHbIN HAbop (PU3NYECKMX BENNYMH B 380 aHHOM KBaHTOBOM COCTOSIHUM.

11. MpoBecTn nonHoe nccnegoBaHne NPOCTPAHCTBEHHOMO pacnpeneneHns 3NeKTPOHHOW MNAOTHOCTU B

BO30Y)XAEHHOM COCTOSAHWUM aToMa BoAopoAa (40 N = 3 BKIOYUTENBHO).



12. Ha ocHoBe BMaa BOMHOBOW (PYHKLIMM 3NIEKTPOHA aToMa BOAOPOAA, HaxogsLweroca B BO36y>KaAeHHOM
COCTOSIHUW, yKa3aTb HarnpasfeHne BHYTPUaTOMHOIO 3f1IEKTPUYECKOro TOKa.

13. Yka3aTb 3Ha4eHUsi Bcex ANHaAMUYECKUX NePEMEHHbIX, XapaKTepu3yoLnX COCTOSIHNE SNeKTPpOoHa
aToMma BogopoAa B 3a4aHHOM 3HEepPreTU4eCcKoM COCTOSTHUMN.

14. BoibpaTb npuemMnemblivi NOnyamMnupuyeckuin MeTog Ansa pacyeta aHepreTU4EeCKMxX YpoBHen n (unu)
MONEKYNSAPHbIX opbuTanen npeanoXeHHoW MOMeKynbl.

15. OnpenenuTb UCTOYHUKM OLIMBOK M OLEHUTb TOMHOCTb pacyeTa 3MNekKTPOHHOW SHEPrnn MoneKysbl no
mMeToay PyTaHa.

16. Ha ocHoBe npeanoXeHHbIX MOsiekynspHbIx opbuTtanen npocton monekynbl (CH,O, C,H4) 3anucatb
€e KINacCu4ecKyto CTPYKTYPHY bopMyry.

17. MNMpoBecTun uccnegosaHne cuMMeTpun nNobo MonekynapHon opbutanu AByxaTtOMHON roMosaepHON
MOMeKynbl.

18. Ha ocHoBe npeanoXeHHbIX MONEKynsapHbIX opbutanen AByXaTOMHOM roMOSiAEePHON MOMEKYIbl
BbIYMCINTE KPATHOCTb XMMUYECKOW CBA3MN.

19. MNpoaemoHcTpupoBaTh NpUMeHeHne TeopeMb! [enbmaHa-denHmaHa K oLeHKe NPOYHOCTH
XMMUYECKOW CBA3WN B [JBYXaTOMHOW MOIIeKyre.

20. MpuBeCcTN NpuUMep NPakTUYECKOro UCNonNb3oBaHNA TeopeMbl AHa-Tennepa.

20.1.3. Mpumepbl 3apaaHU ANA KOHTPOSbHbIX paboT
KoHTponbHasa paboTta Ne 1

1. [lokazaTb KOMMYTaTOpPHOE COOTHOLLEHME ans onepartopos A, B, C:
[A, BC] =[A, B]C + B[A, C].
2. Hantn cobcTBeHHbIE (PyHKUUN 1 COBCTBEHHbIE 3HAYEHWS OnepaTopoB:

. d . .d ; . d
X+i—: iX+i—: X2+ i—.
dx dx dx

3. HenocpeOcTBeHHbIM BbIMUCIEHUEM YCTAHOBWTb, OPTOrOHamnbHbl NM  COBCTBEHHblIE  DYHKLUM
oneparopa

A=1— +1,
dx
anHa,qnemau_lme p83HbIM CO6CTBeHHbIM 3HA4YEeHUAM. OTBeT KOMMeHTI/IPOBaTb.

KoHTponbHasa pabota Ne 2

1. l-lacmu,a HaxognTtc4a B OCHOBHOM COCTOAHUN NMMHENHoro rapMoHMU4Y€eCKOro ocuunndartopa:
y(X) = (Moo/mh)Y4exp(— mwox?/2h).

HaiiT BeposiTHOCTb 0BHapyXeHWs YacTuLbl B 06nacTu, 3anpeLeHHoN A4S KNacCUYeCcKoro ABMKEHNS.

2. YacTuua HaxoguTcs B COCTOSIHWM, OMMCHLIBAEMOM BOMHOBOM dyHKumein \J(X). PasnoxeHve

y(X) no cobeTBeHHbIM dyHKUMsAM onepaTtopa A nveet Bua;

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

Kakve 3HayeHus OMHaMW4YecKoM nepemMeHHon A MOryT MNOSABUTLCHA NpU ee U3MEPEHUU U C
KakuMWn BEPOSATHOCTAMMN?

2. [laHa napa KoMMNneKCHbIX opbuTaneit atoma Boaopoaa:



a2 = Are 3 sin?@e*?9,
a — paguyc nepBon 6OpOBCKON OpOUTLI.
a) lNpoBecTu NonNHoe nccrnegoBaHMe OgHOM U3 3TUX opbuTanen, NoCTpPoMB HeOBXoaANMbIE
nnnicTpaunm B acknsHon gopme: Wi (r), Wim(®), «doTtorpacpumio» anekTpoHHOro obnaka.

6) MepenTn K AeNCTBUTENbHOM aTOMHOM 0pBuTanu ' 3242 M NOBTOPUTL €€ 1CCrefoBaHue.
B) YCTaHOBUTb 3HAKN OENCTBUTENbHOM aTOMHON opbuTanu B NpOCTpaHCTBe.

20.1.4 TecTOBbIE 3agaHuA

OrnK-1

1. Onpenenute MMNynbC PoToHa (Kr-M)/c, ANvHa BOMHbI kKoToporo 3,01-1078 m?
(h =6,62-1072*0x-c)

1. 2,20-107%;
2. 19,93.107%
3. 2,20-107%;
4. 19,93-1072%.

2. [1Be ounsmyeckme BeNNYNHbI MOryT OblTb OQHOBPEMEHHO U3MEPEHbI B OAHOM 3KCNEPUMEHTE C
TOYHOCTbIO, OrPaHNYEHHON NLLL BO3MOXHOCTBIO M3MepUTENbHbLIX MPUBOPOB B TOM Cryyae,
ecnm ...

1. wux onepaTopbl KOMMYTMPYIOT C ONepaTopoM FamMuUnNbTOoHa;

2. TNornHasi SHeprusi CUCTEMbI MOCTOSIHHA;

3. CWUnoBble NONMS He 3aBUCAT OT BPEMEHM;

4. unx onepaTopbl KOMMYTUPYIOT MeXay CoboN.

3. BolpoxgeHune COCTOSAHUIN CBA3AHO C ...

CBOWCTBOM HENpPepbIBHOCTU BOSTHOBOW (DYHKLNK;

rPaHNYHbIMU YCITOBUAMMU, HaKNagblBaeMbIMU Ha BOITHOBYO PYHKUMIO;
CUMMETPUEN pELLIAaEMON 3a4auu;

CBOWCTBOM HernpepbIiBHOCTU NPOMU3BOAHON BOSTHOBOW (DYHKLIUW.

rwnNPE

4. [ina ogHOMEPHOro rapMOHNYECKOro OCLMNIIATOPA pas3HuL,a B 3HEPTUN MeXay CoCeaHUMU
YPOBHAMMU ...

1. pacTér c yBenu4eHnem aHeprum;

2. TNOCTOsHHa;

3. napaeT Cc yBenu4eHnem aHepruu,

4. paBHa Hynio.

5. TyHHenbHbIN 3PP EKT 3TO ...

1. npeoponeHve MMKpoYacTULen noteHumaneHoro 6apbepa B criydyae, Koraa eé nonHas
3Heprusa paBHa BbicOTe Gapbepa;

2. npeoaoneHne MUKpoyacTuuen noTeHunansHoro 6apbepa B crny4vae, Kkorga €€ nonHas
9Hepruns GornbLle BbiCOThI bapbepa;

3. npeogoneHue MukpoyacTuLen noTeHuunansHoro 6apbepa B crny4vae, korga eé nonHas
9Heprnsi MeHbLle BbICOThl Bapbepa;

4. oOTpaxeHue MMKpo4vacTuubl OT NoTeHunansHoro 6apbepa.

6. OcobeHHOCTb BapMaunoHHoro metoga Putua B ToM, 4TO ...
1. B NpoGHYO yHKUMIO f BBOASAT HECKONMLKO HE3AaBUCHMMbIX MApaMeTpOB;



2. NOrHas 3Heprus CUCTEMbI NOSy4YaeTcs Npu pPeLLEHN BEKOBOrO YpPaBHEHNS;
3. npobHas cdyHKkuua f 6epétca B BUAE NIMHENHON KOMOMHALNN HE3ABUCUMbIX GOYH KLMIA;
4. wnHTerpanbl NepekpbiBaHUS CHUTAOTCS PaBHLIMU HYTIHO.

7. OcobeHHOCTb MeTofa XapTpu-doka B TOM, YTO ...
1. OOHO3MEKTPOHHbIE YPABHEHMS peLLaTCs BapMaLMOHHBIM METOOO0M;
2. [ANsi peleHuns 3agadv UCnonb3yT MeTOA NocriefoBaTernbHbIX NPUONKEHUN;
3. MonyYeHHble MOMHbIe BOMTHOBbLIE (PYHKLMM MOTYT ObiTb TONMbKO aHTUCUMMETPUYHBIMU;
4. 'y OAHO3NEKTPOHHBIX PYHKLMIA HE MOTYT COBMaaaTh BCE YETbipe KBaHTOBbIX YMcha.

Kntoun k Tecty OlMK-1

Bonpocebl 1 2 3 4 5
OtBertbl 1 4 3 2 3
Bonpockl 6 7
OTBerthl 3 2

Bonpochbl, Tpebylowme KOPpOTKOro oreeta (0O4HO CIOBO)

1. B Kakux eguHunuax namepsietcs noctosiHHas NnaHka?
OTBeT: xx'C

2. CoBGCTBEHHBI MOMEHT UMMYNbCA 3NTIEMEHTAPHON YacTuLbl - 3TO...
OTBeT: cnuH

3. YUem obycnoBneHo KBaHTOBaHME (PU3NYECKNX BESTUYUH?
OTBET: rpaHMYHBIMK YCNOBUAMU, HaKNaablBaeMbIMU Ha BONTHOBYIO OYHKLMIO

Bonpocbl, Tpebyrowme pasBepHyTOro oTeeTa.
1. B 4ém cyTb agnabatnyeckoro npubnmxeHms B KBaHTOBOM XMMnn? HanuwunTte ctaumMoHapHoe

ypaBHeHne LWpéanHrepa anst monekynsl B agnabatnyeckoM npubnmkeHun.

JTanoH oTeBeTa:

AgnabaTunyeckoe npubnuxkeHne B KBaHTOBOWM XuMuUM npegctaBnder cobow pasgeneHue
CUCTEMbI Ha TAXENbIE N NErkne YacTuubl — aapa u anekTpoHbl. [lockonbky Mmacca noboro apaa
3Ha4MTENbHO BonbLUEe Macce ANeKTPOoHa, OKa3biBAETCA YTO 3NEKTPOHbI — 3HauYnTenbHo 6onee
ObicTpas nogcuctema, 4Yyem sgpa. MOXHO cuuTaTb, YTO INEKTPOHblI ABUXYTCA B none
HenoaBWXHbIX siAep.

(Ton — Uan-sia + Uan-on)W = (E — )W

Kputepum oueHuBaHuUA:

10 ©GannoB: nNpaBUNIbHO OTpaxeHa CyTb aavabaTudeckoro npUBIMXKEHUA W HanUcaHo

ypaBHeHue LLpéaunHrepa



5 Gannos: nNpaBunbHO OTpaXeHa CyTb aguabaTu4eckoro NPUONMKEHUS,, HO HE HamnucaHo
ypaBHeHue WpéanHrepa

3 Ganna: HanucaHo ypaBHeHue LpéanHrepa, HO He oTpaxeHa CcyTb agnabaTtnyeckoro
NpubnMXeHns

0 6annoB: gaH HEBEPHbIN OTBET

2. B 4éM CyTb OAHO3MEKTPOHHOro NpubnmxkeHus B metoae Xaptpu-doka? Kak npeacrasnserca

oneparop oTTalikmnBaHuA 3J1IEKTPOHOB B JaHHOM I'IpVI6J'Il/I)KeHMI/I?

ATanoH oTBeTa:

M3 Bcero KomnnekrtMBa 3JIEKTPOHOB BblAENAETCA OAWH M CYUTAeTCs, 4YTO OEeNCTBUE BCeX
OoCTalnbHbIX 3JfIEKTPOHOB Ha 3TOT BbIOpPaHHBbIN MOXHO MPUONMXKEHHO onucaTb AencTBUEM
yCpeOHEHHOro CWUNOBOro Mofd, B KOTOPOM MOTeHUManbHasa 3Heprus BbIOpaHHOro aneKkTpoHa
3aBMCUT TONbKO OT ero cO6CTBEHHbIX KOOpAMHAT.

Usn-an = Z(Ui(xi,yi,zi))

Kputepumn oueHuBaHusA:

10 6annoB: NpaBUIbHO OTPaXKeHa CyTb OL4HO3NIEKTPOHHOrO NPUBAMXKEHUA N HanUcaH onepaTtop
OTTankKMBaHWs 3NEKTPOHOB

5 GannoB: NpaBUIIbHO OTPaXeHa CyTb OOHO3MEKTPOHHOro MNPUBMMXKEHUS, HO HEe HanucaH
orneparop OoTTankuBaHUs 3NEeKTPOHOB

3 ©Ganna: HanucaH onepatop OTTaNkUBaHUA 3NIEKTPOHOB, HO He OTpaXeHa CyTb
OAHO3NEKTPOHHOro NPUBAMKEHNS

0 6annoB: gaH HeBepHbIN OTBET

OnK-3

1. Kakomy ycnosuto JOmKHa ya0OBNETBOPATb AfMHA BOMHbI CBeTa A, nagarowero Ha
NOBEPXHOCTb MeTarnna, 4Tobbl Hayanock ABneHne poToaddekra?

A — paboTa BbIxOAa 3MEKTPOHa;

h — nocToaHHas NnaHka;

V — 4acToTa;

Ek — aHeprua anekTpoHa.

1. A=A/h;

2. A<hc/A;
3. A>Evh;
4. A >hc/A.

2. Ha kakom 13 npuBeaeHHbIX rpaddMKoB NpaBUibHO OTpaXeHa 3aBUCMMOCTb MakcuMaribHOM
KMHeTu4eckon aHeprum (Ex) anekTpoHa, BblfneTaroLwero ¢ NoBepXHOCTU MeTanna, ot 3Heprnm
doToHa (E), nagatoLiero Ha noBepxHOCTb MeTanna?
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3. Kakoe 13 nepeymcneHHbIX HUXKe ONTUYECKUX SSBNEHUIN NOMYy4Ynno o6 bAacHEHNEe Ha OCHOBE
KBaHTOBOW Teopumn ceeTa?

1. audpakuus;

2. [Oucrniepcus;

3. doToadhdekT;

4. wHTepdepeHuuns.

4. MpuHumn HeonpegenéHHocTu NenseHbepra B KBAHTOBOW MeXaHWKe yCTaHaBnMBaeT npeaen
TOYHOCTU OOQHOBPEMEHHOrO ONpeaerieHns napbl XapakTepu3yoLWmMx CUCTEMY HabnoaaemblX
BENUYNH, ONNCbIBAEMbIX. ..

1. TOKOM M HanpsikeHuew;

2. CUNoBbIMU MNONAMY;

3. HEeKOMMYTUPYIOLMMKU oriepaTopamu;

4. KoopAMHaTOM N UMMYNbCOM.

5. 'vnotesa Jlyn ge Bpownrnsg cocTouT B TOM, 4TO ...
1. Bce yvacTuubl obnagaT BOSIHOBbIMW CBOMCTBaMMU;
2. CBET npeacTaBnsieT cobor COBOKYMHOCTb YacTuL, (KBAHTOB, (POTOHOB);
3. CBeT — 3TO 3MEeKTpOMarHuTHas BOJHa;
4. KaxOoWn BOSIHE MOXHO NMOCTaBUTb B COOTBETCTBME BUPTYalbHYIO YacTuly.

6. BonHoBas pyHKUNA faeT BO3MOXHOCTD ...

1. npepnckasatb, Kakue 3Ha4YeHUs Bcex namepsieMblx BennumH byayT Habngatbes Ha
OMbITE U C KaKO BEPOSATHOCTbLIO;

2. onucaTtb TPaAeKTopUIO OBMKEHUS YacTULb;

3. nony4nTb MHOPMAaLMIO O 3HAYEHUM KoopAMHAT U UMNYSbca YacTuLbl;

4. nonyYuTb HOPMAaLNIO O 3HAYEHUAX KUHETUYECKOW N NOTEHUNaNnbHOW 3Heprum
YyacTuubl.

7. Mpwn n3amepeHnn usmyeckon BenndmHbl ByaeT nonyy4atbCs OQHO U TO XKe 3HaYeHne, ecnu ...
1. onepatop 3ToN pM3NYECKoln BENMNYMHBI KOMMYTUPYET C orepaTopoM [aMUnbTOHa;
2. cucTeMa HaxoauTcs B CTaUMOHAPHOM COCTOSIHUW;
3. CWUMoBble NONS HE 3aBUCAT OT BPEMEHM;



4. BonHoBasi PyHKUUNA ABNAETCS COBCTBEHHOW PyHKLMEN onepaTopa 3Ton hm3nyeckom
BENNYMHDI.

Kntoum k Tecty OlNK-3

Bonpocebl 1 2 3 4 5
OtBertbl 2 4 3 3 1
Bonpocebl 6 7
OTBeTbl 2 4

Bonpocbl, Tpebylowme KOpoTKOro oreeta (0O4HO CIOBO)

1. Kak n3aMeHnUTCs MakcumanbHasi 3Heprust oTO3NEKTPOHOB, €CMN, HE MEHSIst YacTOTbl
nagaroLlero CBeTa, yBenmynTb ero MHTEHCUBHOCTL B ABa pasa?
OTBeT: HEe nsmeHuUTCAa

2. Ins HabnogeHus cnekTpanbHbIX NIMHUIA aToMa BoAopoAa, HaxoasaLmMxcs B BUAUMON YacTu
cnekTpa, HeobxoaMM nepexon 3MeKTPOoHa C BblLLeNexallnx 3HepreTudeckmx ypoBHe! Ha ...
ypoBeHb. [1o6aBbTe NponyLleHHOE CMOBO - NOPSAKOBbLIA HOMEP YPOBHSI.

OTBET: Ha NepBbIi

3. YKaxnTte OCHOBHYIO XapakTepucTtuky and NoTEeHUManbHON QHEeprnm 4acTtTuubl, Ll,BM)KyU.leVICFI B
LeHTparibHOM norie.

OTBeT: NoTeHUunanbHas AHeprud ,D,BI/I)KyLU,eIZCFI YyacTuubl 3aBUCUT TOJTbKO OT paCCTOAHNA OO0
CUJTOBOIo LIeHTpa

Bonpochl, Tpebylowme pa3BepHyTOro orBeTa

1. YKécTKknm potatop HaxXoAUTCHA B COCTOSIHUM C OpbuTanbHbiM KBAHTOBbIM Yncnom | = 2. KakoBa
KPaTHOCTb BbIPOXAEHMS OAHHOIMO COCTOAHMA? YeMy paBHbl BO3MOXHbI€ 3HAYEHUS MPOEKLNU

MOMEHTa nMnyribca Ha OCb z?

JTanoH oTBeTa:

KpaTHOCTb BbIpOXaeHNa paBHa 5.

BO3MOXHbl€ 3HA4YEHUS NPOEKLUN MOMEHTa nMNysnbca Ha ock z: —2h, —h, 0, h, 2h.

Kputepumn oueHnBaHus:

10 GannoB: npaBUNbLHO onpedesieHa KPaTHOCTb BbIPOXOEHUA W BO3MOXHble 3HA4YeHUS
NPOEKLMN MOMEHTA MMMYIbCa Ha OCb Z

5 6annoB: NnpaBuIIbHO onpeaerieHa KPaTtHOCTb BbIPOXAEHMWS, HO HE onpeaeneHbl BO3MOXHbIE
3Ha4YeHUs NPOEKLUM MOMEHTA MMMYNbCa Ha OCb Z

0 6annoB: gaH HeEBEPHbLIN OTBET



2. YacTtuya maccon m HaxoguTca B TPEXMEPHOW Kybuyeckom noTeHunanbHom ssMe ¢ abCcosntoTHO
HenpoHuuaemMbIMy CTeHkaMu. Kak onpenenntb, kakas KoMOrHaumsa KBaHTOBbBIX YMcen N1, N2 U N3
COOTBETCTBYET 3Hepretmdeckomy ypoBHio Ne k?  Onpepnenute KpaTHOCTb BbIPOXOEHUS

3HepreTmnyeckoro ypoBHst Ne 7 n ero ksaHToBble Yncna.

JTanoH oTBeTa:

UtoObl onpegenutb KOMOWHALMIO KBAHTOBbIX 4YMCEN Ni, N2 M N3, COOTBETCTBYOLLYHO
SHepreTudeckomy ypoBHto Ne k, Heob6xoanmo HanTh K-yio No BennymHe CyMMy UX KBaaparos.
KpaTHOCTb BbIpOXaeHNa aHepreTnyeckoro ypoBHst Ne 7 paBHa 3.

Bo3amoxkHble kKoMOMHaLUunM KBaHTOBbIX Yucen: 2,2,3; 2,3,2; 3,2,2.

Kputepumn oueHnBaHus:

10 6GannoB: nNpaBWibHO ONWCaH METOoL oOnpeaeneHus KoMOMHauuM KBaAHTOBbIX 4ucen,
COOTBETCTBYIOLLNX 3HEpreTmyeckomy ypoBH0 Ne k, onpegerneHa KpaTHOCTb BblpOXAEHUSI 7-TO
YPOBHSI 1 KOMOMHALMN KBAHTOBbIX YMCET.

5 ©GannoB: npaBWNbHO ONMUCaH METOh onpefeneHnss KomOMHauMn KBAHTOBbIX uYuMCern,
COOTBETCTBYIOLLNX SHEPreTn4eckomy ypoBH0 Ne k, HO He onpeaeneHa KpaTHOCTb BblpOXAEHMS
7-ro ypOBHSA U KOMBUMHALMM KBAHTOBbLIX YNCen

0 6annoB: gaH HEBEPHbIN OTBET

3. Kak nonyynTb SIBHbIN BUA onepaTtopa 3aaHHON (PU3NYECKON BENUYUHBI? [lonyynte siBHbIN
BMA onepaTtopa NpoekLMmn CKOPOCTU Ha OCb X.

JTanoH oTeBeTa:

UTobbl nonyuYnTb 4HABHLIA  BWO onepatopa 3adaHHOM  (PU3NYECKOW BESMYMHbLI,  HYXHO
MCNOrb30BaTb COOTHOLWIEHUA MexXay (PU3NYECKUMU BENTMYMHAMWN U3 KNacCUYECKON MEXaHUKU u
nepBUYHbIE ONepaTopbl, ABHbIN BUA KOTOPbIX NOCTYNNPOBaH.

CooTHoLeHne Mexay NpoekUnssMmM CKOPOCTU U UMMYNbCa Ha OCb X U3 KNAaCCUYECKOM MEeXaHMUKK
Vx = Px/m.

Onepatop Vx = —ih/m-9/0x

Kputepumn oueHnBaHus:

10 6annoB: npaBwWibHO onucaH cnocob nonyvyeHUss SIBHOroO Buaa onepatopa 3agaHHOou
PU3NYECKON BESNYMHDLI, HAaUAEH ornepaTop NPOeKL MM CKOPOCTU Ha OCb X.

5 6annos: npaBuWNbHO OMNUCaH CNOco6 MONy4YeHUs SBHOrO BuAa onepatopa 3agaHHOW
P13n4eckomn BernYmHbI, HO He HardeH onepaTop NPOeKL N CKOPOCTU Ha OCb X

0 6annoB: gaH HeEBEPHbLIN OTBET



20.2. NpomexyToyHaa atrecTauus

lMpoMexyToyHas aTTecTauusi NpoBOAUTCH B COOTBETCTBUU C [lonoXeHuem O MpoMeEXyTOYHON
arTectaumm obyvarLmxcsa no nporpaMmam BbicLLero obpasoBaHusA. KOHTPOMbHO-U3MepuTenbHble
mMatepuarnbl NPOMEXYTOYHON aTTecTauun BKOYalT B cebs TeopeTuyeckue BOMpPOChl, MO3BOMsoLme
OLEHUTb YPOBEHb MOSTYYEHHbIX 3HAHWUN U CTerneHb CPOPMMPOBAHHOCTM YMEHUA N HaBbIKOB B o6nacTtu
dusnyeckon xvmumn. pu oueHMBaHUM UCMOMb3YHTCS KONMMYECTBEHHbIE LKanbl OUEHOK. KpuTepum
OLEHMBaHUA NPUBELEHbI BbiLLE.

Mpn peanusaumMm OUCUMNAMHBLI C MPUMEHEHMEM OUCTaHUMOHHbLIX OBpasoBaTenbHbIX TEeXHONOormm

OLIEHKM 3a 3K3ameH/3a4yeT MoryT OblTb  BbICTaBMNEHbI

no pesyrnbTaram TeKyLLl,eIZ arrectaumm

obyyaroLerocs B cemecTpe.

MpomexyTouHasa aTTecTauusa no AUCLUNIMHE OCYLLIECTBNAETCS C NOMOLLbIO CrieayoLLMX OLEHOYHbIX
cpencrTs:

=

BPOONoO WD

17.
18.
19.
20.
21.

22.
23.

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

30.

31.
32.
33.
34.
35.
36.
37.

I'Iepequb BOMPOCOB K IK3aMEeHY.

AOnemeHTapHasa KBaHTOBas Teopus cBeTa IMHLLTENHA. BONHOBO-KOPMYCKYNAPHLIA Oyann3am ans
cBeTa.

BornHa ge bponns. ®dusnyeckoe TonkosaHme BofHbl e bponns.

[MoHATWE COCTOSHMS B KBAHTOBOW MEXaHUKe.

lMoHATHE BONHOBOM (pyHKUMK. CBOMCTBA BOSTHOBOWN (PYHKLMMW.

YpaBHeHue LLpegnHrepa kak noctynat KBaHTOBOW MexaHuKn. OCHOBHbIE CBOMCTBA YpaBHEHWS.
MpyHLKMN cynepnosnuumn COCTOAHNIA.

MoHATMe oneparopa. JInHenHble camoconpsiXXeHHbIe onepaTopsl.

Anrebpa oneparopos (onpegeneHne OCHOBHbBIX MOHATUR).

CobcTBeHHble (DYHKUUKM 1 COBCTBEHHbIE 3HAYEHWsT OnepaTopoB (onpeaeneHne NoHATUN).

. Teopema 0 cOBCTBEHHbIX 3HAYEHNAX CaMOCONPSIKEHHBLIX ONepaTopoB.

. TeopemMa 0 cOBCTBEHHbIX PYHKLNAX CaMOCOMPSXKEHHOro oneparopa.

. Teopema o nonHoTe cobCTBEHHbIX (DYHKLMI onepaTopa.

. TeopeMbl 0 COBCTBEHHbIX PYHKLNSAX KOMMYTUPYHOLLMX ONepaTopoB.

. CpegHue 3Ha4YeHns AuHaMU4ecknx nepemMeHHblx. MocTynar o cpegHem.

. BeposiTHOCTb onpegeneHHoro 3Ha4eHnsa AUHaAMUYECKO NepeMEHHON B U3MEPEHUM.

. Ycnosue, nNpu KOTOPOM HECKOMNBbKO ANHAMUYECKNX NEPEMEHHBLIX MOTYT ObITb M3MEPEHDI

ogHoBpeMeHHO. MoHAT1e nonHoro Habopa hr3NYECKNX BENUYMH.

CooTHowweHne HeonpeaeneHHocTen. NpuHumn HeonpeaeneHHocTu ennseHbepra.

Oneparopbl OCHOBHbIX AUHAMWYECKMX NEPEMEHHbIX. MPUHLMM COOTBETCTBUS.

®dyHkuma MamuneToHa. Onepatop MamunbToHa. Onepatop NOMHOM SHEPTUN.

lMoHATMe cTaumoHapHoro coctodaHnd. YpasHeHue LWpeauHrepa onga ctaynoHapHbIX COCTOSHUN.
YpaBHeHue LLpegnHrepa n 3akoH coxpaHeHus vymcna vyactuy,. Bektop nnoTHoCcTM noTtoka
BEPOATHOCTW.

OpHomepHoe cBoboaHoe aBwxkeHne. BonHa ae bponns.

[BmxeHne yacTuubl B OAHOMEPHON NOTEHUMANbHON siMe C OECKOHEYHO BbICOKMMMU
BEPTUKANbHbIMU CTEHKaMMU.

[BWKeHne YyacTuLbl B TPEXMEPHOM NOTEHLMANTbHOM «SALLMKEY.

MpoxoxaeHne YacTuubl Yepes NPsIMOYrorbHbIA NOTeHUManbHbln 6apbep. TyHHeNbHbIN 3deEKT.
OnemeHTapHasi KBaHTOBasi TEOPUSi FAPMOHNYECKOro OCUUInsaTopa.

O6LLas xapakTepucTnka ABWXKEHMS B LIEHTParbHOM Mnose.

KBaHTOBas Teopus KECTKOro potatopa 1 ee 3Ha4eHne ans oruany4eckon XMMmn.

YpasHeHue LLpeaguHrepa ana atoma Bogopoaa. NpuHumn peleHns. QHepreTu4ecknii CnekTp
aToma Bogopoaa.

BonHoBble yHKUMKM anekTpoHa atoma Bogopoaa. PacnpeaeneHme anekTpoHHOW NIIOTHOCTY B
aTome Bogopoaa.

HenctentenbHble opbutann atoma Bogopoaa.

dusnyecknin CMbICn KBAHTOBOrO Yncna | B atome Bogopoaa.

dn3nYecknii CMbICI KBAHTOBOMO YnMcia M B aTomMe Bogopoaa.

Toku B atome Bogopoaa. N'MpomMarHMTHOE OTHOLLIEHME.

CnvH MykpoyacTuubl. Onepatop cnvHa anekTpoHa. CnnHOBbIE OYHKLIMW 3NIEKTPOHaA.
BonHoBas dyHKLMA cucTembl YacTumu,. MNpUHLMN TOXAECTBEHHOCTU YacTuL.

BonHoBasi chyHKLMA CUCTEMbI TOXKAECTBEHHbIX YacTuy, Anst 6030HOB 1 ANs hepMUOHOB.



38. YpaBHeHue LpeguHrepa ana monekynbl. Agnabatnyeckoe npubnmkeHune.

39. MNoHsTMe 06 ogHo3NeKTpoHHOM NpubnxkeHun. Metog CCI XapTpu 1 ero HegocTaTku.

40. BonHoBasi oyHKLUMS MHOrO3SIEKTPOHHOM CUCTEMbI B OAHO3MNEKTPOHHOM MPUBAKEHNN.
HetepmuHaHT CnaTepa.

41. SHeprns MHOro3NeKTPOHHOM CUCTEMbI B OLHO3MEKTPOHHOM NPUBIMKEHUMN.

42. BapyaunoHHbIN NPUHLMM B KBAHTOBOW MeXaHWKe.

43. Metog CCI1 XapTtpu-®oka. YpasHeHne XapTpu-doka s 3aMKHYTbIX NEKTPOHHbIX 060M0Yex.

44. OCHOBHblE NOMNOXeHNss MeToda MonekynspHblix opbutanen. MNpubnmwkenne MO JIKAO.

45. Bblbop 6a3ncHbIx yHKumn B metoge MO JIKAO. dyHkumm CnaTtepa n doyHKumm Maycca.

46. YpaBHeHusi CCI1 Ha koHeuHoM B6a3nce. Metog PyTtaHa.

47. lMoHATME O NONYy3MMUPUYECKNX METOAAX KBAHTOBOW XMMUKW. BaneHTHoe npubnukeHne.
PacLumpeHHbIn MmeToq XoKKers.

48. ToHATME O NONY3IMMMPUYECKNX METOAAX KBAHTOBOW XUMUUN. T-ONEKTPOHHOE NpUbnmkeHne.
Mpocton metop Xiokkensa (Metog MOX) 1 ero BO3MOXHOCTH.

49. N'mbpuamsaunsa atoMHbix opbutanen B metoge MO.

50. Teopema NenbmaHa-®enHMaHa 1 KpUTEPMIN NPOYHOCTUN XUMUYECKOMN CBA3W.

Komnnekt KUM

YTBEP>XIOAIO:

3aBeayowmn kadegpon huanyeckon XMmmm
O.X.H., Aol O.A. Kosagepos
20

HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 GI1X
OucunnnmHa KeaHtoBast xumus

dopma o0byyeHns o4yHas

Bug KoHTponsa ak3ameH

Bua aTTectauum npoMexyTOYHbIN

KOHTPO/AbHO M3mepuTenbHbit matepuan Ne 1
1. NoHATHe BonHOBOM PyHKLMKN. CBONCTBA BONHOBOMN PYHKLMUMN.

2. dr3nyecknii cMbich KBaHToBoro uncaa l B atome BoAopoAa.

MNpenogasatensb Heuaes U.B.
YTBEPXJAIO:

3aeepyowmi kadenpon ranyeckon XmMMmmm

O.X.H., o, O.A. Kosagepos

20

HanpaeneHue nogrotosku / cneynansHocTe 04.05.01 ®I1X
OucumnnuHa KBaHToBas xmmus

dopma 0byyeHusa oyHas

Bua koHTponst ak3ameH

KOHTpO/IbHO u3meputenbHbii matepuan Ne 2
1. MpuHUMN cynepno3numm COCTOSHUNA.
2. BaprauMOHHbIN NPUHUMM B KBAaHTOBOM MeXaHUKe.
MNpenogaBaTtenb Heuaes 11.B.




YTBEP>XXIAIO:
3aBeayowmn kadegpon huanyeckon XMmmm

O.X.H., Aod,. O.A. Kozagepos

20

HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 dI1X
OucunnnuHa KeaHtoBasi xumus
dopma 0byyeHns oyHas
Bug KoHTponsa ak3ameH
KoHTponbHO uameputenbHbii matepuan Ne 3

1. YpaBHeHue LLpeauHrepa Kak noctynar KBAaHTOBOM MexaHWKN. OCHOBHble CBOMCTBA YpaBHEHUA.
2. O6Ll.l,aﬂ XaPaKTEPUCTUKA ABUKEHUNA B LLEHTPA/IbHOM MONeE.

IIpenonaBarens Heuaes 1.B.
YTBEPXIOAIO:

3aeegyowmin kadenpon ranyeckon XMmmm

O.X.H., Ao, O.A. Kosagepos

20

HanpaeneHue nogrotosku / cneynansHocTe 04.05.01 ®I1X
OucumnnuHa KBaHToBas xmmus
dopma 0byyeHus oyHas
Bua koHTponst 3k3ameH
KOHTPO/bHO u3meputenbHbit matepuan Ne 4

1. CobcTBEHHBbIE GYHKLUMM U COBCTBEHHbIE 3HAYEHMA ONEPaTopPOB (onpeaeneHne NOHATUN).
2. YpaBHeHusa CCIM Ha KoHeyHoMm ba3uce. MeTog PyTaHa.

MNpenopasaTtensb Heuaes W.B.
YTBEPX[JALIO:

3aBeayowmn kadegpon huanyeckon XMmmm

O.X.H., Aol O.A. Kosagepos

20

HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 GI1X
OucunnnmHa KeaHtoBast xumus

dopma 0byyeHns oyHas

Bug KoHTponsa ak3ameH

KoHTponbHO uameputenbHbii matepuan Ne 5
1. Teopema 0 cOBCTBEHHbIX 3HAYEHUAX CAMOCOMNPAMXKEHHbIX ONEepPaToOpPOoB.
2. [OetictBUTeNbHblE OPOUTANN aTOMa BOAOPOAA.
MNpenogasatensb Heuaes U.B.




YTBEP>XXIAIO:
3aBeayowmn kadegpon huanyeckon XMmmm

O.X.H., Aod,. O.A. Kozagepos

20

HanpaeneHue nogrotosku / cneyuanbHocTb 04.05.01 GI1X
OucunnnuHa KeaHtoBasi xumus
dopma 0byyeHns oyHas
Bug KoHTponsa ak3ameH
KoHTponbHO uameputenbHbii matepuan Ne 6

1. CpegHue 3HayYeHMA AMHAMUYECKMX NepeMeHHbIX. [1ocTynaT o cpeaHem.
2. Toku B aTome Bog0poAa. TMPOMarHMTHOe OTHOLLEHME.

MNpenogasatensb Heuaes U.B.
YTBEPXOAIO:

3aeepyowmi kadenpon ranyeckon XmMMmmm

O.X.H., Ao, O.A. Kosagepos

20

HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 GI1X
OucunnnmHa KeaHToBas xumus
dopma 0byyeHnsa o4yHasn
Bua koHTponst 3k3aMeH
KOHTpOo/IbHO u3meputenbHbii matepuan Ne 7

1. BepoATHOCTb ONpeaeneHHOro 3Ha4eHns AMHaAMUYECKON MepeMeHHON B U3SMEPEHUN.
2. dn1eMeHTapHan KBaHTOBaA TEOPUSA FaPMOHNYECKOTO OCLMANATOPA.

MNpenogasaTtensb Heuaes W.B.
YTBEPX[AIO:

3aeepyowmi kadenpon ranyeckon XmMmmm

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

20

HanpaeneHue nogrotosku / cneuynanbHocTb 04.05.01 PI1X
OvcuunnnmHa KBaHTOBasi xumusi
dopma 0byyeHnsa o4yHas
Bua KoHTpons ak3ameH
KOHTpOo/bHO u3meputenbHbli matepuan Ne 8

1. YcnoBue, Npn KOTOPOM HECKO/IbKO AMHAMMWUYECKMX NEPEMEHHbIX MOTYT 6bITb MU3MEpPEHbI
oAHOBpeMeHHO. lNMoHATUE NOAHOro Habopa GU3NYECKUX BENUYMH.
2. YpaBHeHue LpeanHrepa gna atoma sogoposa. MpuHumn peweHua. IHepreTUYeCKnii CNeKkTp aToma
BOZOPOAA.
Mpenogasatennb Heuyaes U.B.




YTBEP>XIAIO:
3aBeayowmn kadegpon huanyeckon XMmmm

O.X.H., Aod,. O.A. Kozagepos

20

HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 OI1X
OucunnnuHa KeaHtoBasi xumus
dopma 0byyeHnsa oyHas
Bug KoHTponsa ak3ameH
KoHTponbHO uameputenbHbii matepuan Ne 9

1. CooTHoweHMe HeonpegeneHHocTen. MNpuHUMN HeonpeaeneHHocTH ei3eHbepra.
2. MpoxoxKaeHMe YacTULbl Yepes NPAMOYro/ibHbIN NOTeHUMaNbHbIN 6apbep. TYHHEeNbHbI 3P dEKT.

MNpenogasatensb Heuaes U.B.
YTBEPX[JAIO:

3aeegyowmi kadenpon ran4eckon XmMMmmm

O.X.H., Ao, O.A. Kosagepos

20

HanpaeneHue nogrotosku / cneynansHocTe 04.05.01 ®I1X
OucumnnuHa KBaHToBas xumus
dopma 0byyeHus oyHas
Bua koHTponst 3k3ameH
KOHTpo/bHO u3ameputenbHbii matepuan Ne 10

1. OnepaTopbl OCHOBHbIX AMHAMMYECKNX NepemeHHbIX. [TPpUHLKNN COOTBETCTBMUA.
2. Metopa CCIN XapTpu-®oka. YpaBHeHue XapTpu-PoKa ANA 3aMKHYTbIX 3/1EKTPOHHbIX 060104€EK.

MNpenopasaTtensb Heuaes U.B.
YTBEPXIOAHO:

3aeegyowmi kadenpon ranyeckon XmMMmmm

O.X.H., Ao, O.A. Kosagepos

20

HanpaeneHue nogrotosku / cneuynanbHocTb 04.05.01 GI1X
OvcuunnuHa KBaHTOBas XMmus
dopma 0byyeHnsa o4yHas
Bug KoHTpons ak3ameH
KOHTpOo/IbHO uameputenbHbi matepman Ne 11

1. dyHKuMA FTamunbToHa. OnepaTtop NammabToHa. ONepaTop NOAHON SHEPTUN.
2. MNoHsaTMe 06 04HO03NEKTPOHHOM NpubankeHnn. Metog CCIM XapTpu n ero HeaoOCTaTKM.
MNpenogasatennb Heuaes W.B.




YTBEP>XXIAIO:
3aBeayowmn kadegpon huanyeckon XMmmm

O.X.H., Aod,. O.A. Kozagepos

20

HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 PI1X
OucunnnuHa KeaHtoBasi xumus
dopma 0byyeHns oyHas
Bug KoHTponsa ak3ameH
KoHTponbHO nameputenbHbii matepman Ne 12

1. MoHATMeE CTaLMOHAPHOro cocToaHMA. YpaBHeHue LLpeamHrepa ansa ctauMoHapHbIX COCTOAHMINA.
2. BonHoBaa GpyHKUMA cUCTeMbI YacTuL,. MPUHLMN TOXKAECTBEHHOCTM YacTuL,

MNpenogasatensb Heuaes U.B.
YTBEPXIOAHO:

3aBeayowmn kadegpon puanyeckon XMmmm

O.X.H., Ao, O.A. Kosagepos

20

HanpaeneHue nogrotosku / cneynansHocTb 04.05.01 ®I1X
OvcuunnuHa KBaHTOBas XMmus
dopma 0byyeHus oyHas
Bug KoHTpoOns ak3ameH
KOHTpobHO uameputenbHbii matepuan Ne 13

1. YpaBHeHue LLpeanHrepa 1 3aKOH COXPaHEHUs YMcaa YacTuLl,. BeKTop N1OTHOCTU NOTOKA BEPOATHOCTM.
2. Bbibop 6a3ucHbIx pyHKUM B meToge MO JIKAO. ®dyHKumn Chatepa u dyHKumnm Maycca.

Mpenogasatennb Heuaes U.B.
YTBEPX[JAIO:

3aBeayowmn kadegpon huanyeckon XMmmm

O.X.H., Aodl. O.A. Kosagepos

20

HanpaeneHue nogrotosku / cneynansHocTb 04.05.01 ®I1X
OucunnnmHa KeaHtoBast xumus
dopma o0byyeHns oyHas
Bug KoHTponsa ak3ameH
KoHTponbHO uameputenbHbit matepuan Ne 14

1. OgHomepHoe cBoboaHOoe asuKeHne. BonHa ae bpoiina.
2. CnnH MmuKpoyacTuubl. OnepaTtop cnmHa anekTpoHa. CnMHoBble GYHKLWM 3/1EKTPOHA.
Mpenogasatennb Heuaes U.B.




YTBEP>XXIAIO:
3aBeayowmn kadegpon huanyeckon XMmmm

O.X.H., Aod,. O.A. Kozagepos

.20
HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 PI1X
OucunnnuHa KeaHtoBasi xumus
dopma 0byyeHns oyHas
Bug KoHTponsa ak3ameH
KoHTponbHO uameputenbHbii matepman Ne 15

1. BUKEHME YaCTULLbl B OAHOMEPHOMN NOTEHUMANbHOMN AMe C 6@ CKOHEUYHO BbICOKMMU BEPTUKANbHbBIMM

CTeHKamu.
2. YpaBHeHue LpeanHrepa gna monekynbl. Aguabatnyeckoe npubaunxeHue.
Mpenogasatennb Heuaes W.B.
YTBEPX[JALIO:
3aBeayowmn kadegpon puanyeckon XmMmmm
O.X.H., o, O.A. Kosagepos
20

HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 dI1X
OucunnnuHa KeaHtoBas xumus
dopma 0byyeHnsa oyHasi
Bug KoHTpons ak3ameH
KOHTpO/NbHO M3meputenbHbii maTtepuan Ne 16

1. ABUKEHME YacT1LLbl B TPEXMEPHOM NMOTEHLMNAIbHOM «ALLUKEY.
2. JHeprua MHOro3N1eKTPOHHOM CUCTEMbI B O4HO3/1EKTPOHHOM NPUBAUKEHUN.

lNpenogasatenb Heuaes U.B.
YTBEPX[JAIO:

3aeegyowmin kadenpon ranyeckon XMmmm

O.X.H., o, O.A. Kosagepos

20

HanpaeneHue nogrotosku / cneynansHocTb 04.05.01 ®I1X
OuncumnnuHa KBaHToBas xmmus
dopma 0byyeHusa oyHas
Bua koHTponst ak3ameH
KOHTpOo/IbHO u3meputenbHbii maTtepuan Ne 17

1. BosiHOBble GYHKLMKN 3N1E€KTPOHa aToma BoAopoaa. PacnpeseneHne aneKTPOHHOM NN1OTHOCTU B aTOMe
BOZOPOAA.
2. OCHOBHblE NOJIOXKEHNSA METOAA MONEKYNAPHbIX opbutanei. MpubnmkenHne MO JIKAO.
MNpenogasatensb Heuaes U.B.




YTBEP>XXJALIO:
3aBeayowmnn kadeapon pusnyeckon xummm

O.X.H., Aod,. O.A. Kozagepos

.20
HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 PI1X
OucunnnuHa KeaHtoBasi xumus
dopma 0byyeHnsa oyHas
Bug KoHTponsa ak3ameH

KOHTpONbHO M3meputenbHbii maTtepuan Ne 18
1. BonHoBasA GyHKLMA MHOr03/1€KTPOHHOM CUCTEMBI B OAHO31EKTPOHHOM NpUbANNKEHUN.

JetepmuHaHT CnaTepa.
2. Tnbpmnausauma aTomHbIx opbutaneit 8 metoge MO.

Npenopgasatenb Heuaes U.B.
YTBEPXJAIO:

3aeegyowmin kadenpon ranyeckon XMmmm

O.X.H., Ao, O.A. Kosagepos

20

HanpaeneHue nogrotosku / cneynansHocTe 04.05.01 ®I1X
OvcuunnuHa KBaHTOBas XMmus

dopma 0byyeHus oyHas

Bua koHTponst 3k3ameH

KOHTpOo/IbHO u3meputenbHbii maTtepuan Ne 19
1. NMoHATHE O NONYIMNUPUYECKMX METOAAX KBAHTOBOM XMMUU. BaneHTHoe npubankeHue.

PaclmnpeHHbIh meToa XtOKKens.
2. Teopema lenbmaHa-PetHMaHa U KpUTEPUIA MPOYHOCTU XMMUYECKOM CBA3M.

Mpenogasatennb Heuaes U.B.
YTBEPX[JALIO:

3aBeayowmn kadegpon huanyeckon XMmmm

O.X.H., Aol O.A. Kosagepos

20

HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 GI1X
OucunnnmHa KeaHtoBast xumus

dopma o0byyeHns oyHas

Bug KoHTponsa ak3ameH

KoHTponbHO uameputenbHblit matepuan Ne 20
1. KBaHTOBaA TeopumA KeCcTKoro poTtaTtopa.

2. MoHATUE O NONYIMNUPUYECKMX METOAAX KBAHTOBON XMMUU. T-DNEKTPOHHOE NPUBANKEHNE.

MpocTtoii metoa Xtokkena (MOX) 1 ero BO3MOMXKHOCTMU.
MNpenopasaTtensb Heuaes U.B.




YTBEP>XXIAIO:
3aBeayowmn kadegpon huanyeckon XMmmm

O.X.H., Aod,. O.A. Kozagepos

20

HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 OI1X
OucunnnuHa KeaHtoBasi xumus

dopma 0byyeHnsa oyHas

Bug KoHTponsa ak3ameH

KoHTponbHO nameputenbHbii maTtepuan Ne 21
1. Teopema o cobcTBEHHbIX PYHKLMAX CAMOCONPAXKEHHOro onepaTopa.

2. BonHoBas GyHKLMA CUCTEMbI TOXKAECTBEHHbIX YacTUL, Ana 6030HOB U AnA GepMUOHOB.

MNpenopasaTtensb Heuaes U.B.
YTBEPX[JALIO:

3aBeayowmn kadegpon huanyeckon XMmmm

O.X.H., Aol O.A. Kosagepos

20

HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 GI1X
OucunnnmHa KeaHtoBast xumus

dopma o0byyeHns oyHas

Bug KoHTponsa ak3ameH

KOHTPO/IbHO u3meputenbHbii matepuan Ne 22
1. TeopeMbl 0 COBCTBEHHbIX QYHKLMAX KOMMYTUPYHOLLMX ONepaTopos.
2. BosnHOBasA PpyHKLUMA CUCTEMBI TOXKAECTBEHHbIX YacTuu, 4na 6030HOB U Ana GepMMUOHOB.

MNpenopasaTtensb Heuaes W.B.
YTBEPX[JALIO:

3aBeayowmn kadegpon huanyeckon XMmmm

O.X.H., Aol O.A. Kosagepos

20

HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 GI1X
OvcuunnuHa KsaHTOBas xmmus

dopma 0byyeHnsa oyHasi

Bua koHTponst 3k3ameH

KOHTpobHO uameputenbHbit matepuan Ne 23
1. Teopema o nonHoTe cobcTBEHHbIX GYHKLUKUI onepaTopa.
2. Tnbpunamnsauma aTomHbix opbutanen B metoge MO.

MNMpenogasatennb Heuaes W.B.




YTBEP>XXIAIO:
3aBeayowmn kadegpon huanyeckon XMmmm

O.X.H., aou,. O.A. Kozagepos

.20
HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 PI1X
OucunnnuHa KeaHtoBasi xumus
dopma 0byyeHns oyHas
Bug KoHTponsa ak3ameH

KoHTponbHO usmeputenbHbit matepuan Ne 24
1. Teopembl 0 cobCcTBEHHbIX PYHKLMAX KOMMYTUPYIOLLMX ONepaTopoB.

2. ®U3NYECKUI CMbICT KBAHTOBOrO YMCNa M, B aTOMe BOA40pOAa.

MNpenopasaTtensb Heuaes U.B.
YTBEPX[JALIO:

3aBeayowmn kadegpon huanyeckon XMmmm

O.X.H., Aol O.A. Kosagepos

20

HanpaeneHue nogrotosku / cneynanbHocTb 04.05.01 GI1X
OucunnnmHa KeaHtoBast xumus

dopma o0byyeHns o4yHas

Bug KoHTponsa ak3ameH

KoHTponbHO usmeputenbHbit matepuan Ne 25
1. dyHKUMA FammabToHa. Onepatop MamunbToHa. OnepaTop NONHON SHEPTUK.
2. KBaHTOBas Teopus XeCcTKoro poraropa u ee 3HadyeHve Ans pusnveckon XmMmmm.

MNpenopasaTtensb Heuaes U.B.

Kputepun oueHMBaHUA KOMNETEHLMA NPU NPOMEXYTOYHOWN aTTecTauum

YpoBeHb
KpuTepun oLleHUBaHUS KOMNETEHLNIA cchopmmpoBaH Llikana oueHok
HOCTHU
KOMMETEHLMI

O6yvatouminca B MNOMHOM Mepe BrnageeT MOHATUMMHLIM annapaTom | [MoBbILEHHbIN OTtnnyHo
KBAHTOBOM MEXaHWKW W KBaHTOBOW XWUMWW; YMEET MbICIUTb B YPOBEHb
TEpMUHAX KBaHTOBOW Hayku; CMocobeH  unmcTpupoBaTb OTBET
npumepamu, dakramv, AaHHbIMW HayYHbIX UCCregoBaHnI; NPUMEHSITb
TEOpEeTMYECKME 3HAHMSA ONsl PeLLeHns NpakTu4eckux 3agady B obnactum
KBAHTOBOW XMMWW.
OTBET Ha KOHTPONbHO-U3MEPUTENBHBLIN MaTepuan He COOTBETCTBYET baszoBbliii XopoLuo
TONbKO OOHOMY W3 MepeyvMClIEHHbIX MokasaTtenemn, HO obyvarowmincs YpOBEHb
JaeT  npaBufbHble OTBETbI Ha  [OMOSIHUTENbHbIE  BOMPOCHI.
Copepxartca oOTAenbHble HeaodeTbl NpU  pelleHMM  3agady  Ha
BbluMcneHne (anddepeHunpBaHMe, MHTErpupoBsaHue).
OOyyalowmica  4acTMYHO BriageeT TEeOpeTUYECKMMM  OCHOBaMMu MoporoBbIn YpoBneTBopu-
OVCUMMNIMHBI, NOKa3biBasi (pparMeHTapHOe BrnageHue nporpammon YPOBEHb TEnbHO
Kypca. HeyBepeHHO NpUMEHSET TEOpETUYECKNE 3HAHMSA ONsl PeLleHus
npakTM4ecknx 3agady B obracTu KBaHTOBOW xumun. He ymeeT pewatb
33a4a4u Ha BbIYUCIIEHUS.




O6yvatommnca  OEeMOHCTPUPYET  OTPbIBOYHbLIE, dparMeHTapHbIe - HeynosneTBopu-
3HaHWA, gornyckas npu oTBeTe rpydble ownbkn. K ocBoeHnto yuebHom TenbHO
ancumnnvHel « CTpoeHne BelecTBa» He MOAroTOBIEH.

3agaHua pasgena  20.1.4 pekoMeHOYTCA K  WUCMNOMb3OBaHUMIO MNpU  NpoBeAEeHUn
ANarHOCTMYECKMX paboT C Lenbl OUEHKM OCTaTOYHbIX 3HAHWW MO pes3yrbTartaM OCBOEHUS
AaHHOW AUCLUMMUHBI
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