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PABOYASA NPOrPAMMA YYEEHOW AUCLUUNITUHDI

B1.0.19 KBaHTOBaA MexaHMKa U KBaHTOBasA XMMUsA

1. Koa n HaumeHoBaHMe cneunanbHOCTH:

04.05.01 ®dyHaameHTanbHasa 1 NpuknagHast Xmmus

2. Cneumanusauma: dyHgameHTanbHasa xummsi B npodeccmoHanbsHoM obpa3oBaHnm
. Keanudmkauma BbinyckHuka: Xvmuk. [penogasatenb XMuMnm

3

4. ®opma oby4yeHus: OyHas

5. Kacdbegpa, oTBevarwas 3a peanmsaumio aUCUUNNnHbI: PU3nyeckon xmmmm
6

. CoctaButenu nporpammbl: Heyaes Nropb BnagummpoBuy, K.X.H., JOLUEHT

N

. PekomeHpoBaHa: Hay4Ho-meToamnyeckum CoBeTOM XMmmUYeckoro dakynbrteTa
oT 11.04.2024, npoTtokon Ne 4

8. YueOHbIN ron: 2026/2027 CemecTtp: 5



9. Uenu n 3apaum y4ye6HOM AUCLUNIIUHDI

Llensimu oceoeHusi y4ebHoU OucyurniiuHbl 6515 MmcCs:

- MO3HAKOMUTb 06y‘-IaPOLLlI/1XCF| C OCHOBHbIMW/ NpUHUMNAMN N MaTeMaTU4ECKAM annapaTtomMm
KBaAHTOBOW MeXaHWKN LIJpe/J,MHrepa;

- PpacCKpbITb NPUHLUNMbI KBAHTOBO-XUMWNYECKOIo OnnMcaHnAa CTpoeHnAa XmMmn4eCcknx 4actumy (aTOMOB,
MOneKyrn, NonMvepos);

- HAY4NUTb MHTEPNPETUPOBATb Pe3yribTaTbl KBAHTOBO-XUMUYECKUX paCcHeTOB XMMNYECKNX HaCTUL,

- AaTb npeacrtaBneHne o BO3MOXHOCTAX KBAHTOBO-XUMNYECKOIro MoaernmpoBaHnA.

3adayu y4ebHoU OuCyUrnIUHbI: NO3HAKOMUTb 0BYy4YatoLLMXCS

- C OCHOBaMn n HpI/IGJ'II/I)KeHHbIMI/I MeTogamMmun KBaHTOBOW MeXaHUKN;

- C peweHnem I'IpOCTeI7ILIJI/IX KBAHTOBO-MeXaHN4YeCKNX 3aaa\;

- C OCHOBaMM MeToda n MmateMaTu4eCKMmM annapaTtoMm Metoaa MONEeKYInApHbIX op6MTane|?1;

- C nonyaMmnmpnyeckmmmn metogamu KBaHTOBOW XUMUMN,

- AaTb NOHATNE O KBAHTOBO-XMMWYECKOM MOAENNPOBaHNN Kak MeToge XMMN4eCcKnx MCCﬂe,D,OBaHMVI.

10. MecTo yyebHOM AncuunnuHbl B cTpyKType OOI: o6ga3aTensHas Yactb 6roka 1

11. MnaHupyeMble pe3ynbTaTbl OOYy4YeHUA MO AUCLUNIMHE/MOAYNIO (3HAHUS, YMeHMUS,
HaBbIKU), COOTHECEHHbIe C NNaHUpyeMbIMU pe3yribTaTaMu OCBOEHUS obpa3soBaTeNnbLHOWM
nporpamMmmbl (KOMNeTeHLMSIMA) U UHAUKATOPAMU UX AOCTUXKEHUS:

Kog

HasBaHue
KoMMNeTeHLUn

Kog(bl)

WugmkaTtop(bl)

MnaHvpyemble pe3ynbTaTbl 06y4eHus

OflIK-
1

CnocobeH
aHanusMpoBarTb,
WHTEeprnpeTnpoBaTb
1 obobLaTh
pesynbTaThbl
3KcrnepuMeHTanbH
bIX U pacyeTHO-
TEOPETUYECKNX
paboT XxmMmMmyeckom
HanpaBneHHOCTH

OrK-1.1

Cucrematuaunpyet n
aHanusupyet
pesynbTaThl
XUMUYECKNX
3KCNEPUMEHTOB,
HabnogeHun,
n3mMepeHni, a
Takke pesynbTarhbl
pacyeToB CBONCTB
BELLECTB U
mMaTepuanoB

OlK-1.2

Mpepnaraet
WHTepnpeTauunto
pesynbTaToB
COBCTBEHHbIX
3KCMEePUMEHTOB U
pacyeTHo-
TEOPETUYECKUX
pabot ¢
NCMOoJib30BaHNeM
TEOPETUYECKUNX
OCHOB
TpaaULMOHHBIX U
HOBbIX pa3gernos
XUMUU

OlK-1.3

dopmynupyet
3aKII0YEHNs U
BbIBOAbI MO
pesynbTaTam
aHanusa
nuTepaTypHbIX
[JaHHBbIX,
CODCTBEHHbIX
aKCnepuMeHTanbHbI

3HaTb: OCHOBHbIE 3aKOHbI U hopMyIbl
KBaAHTOBOW XMMUW.

YMeTb: NPUMEHSITb OCHOBHbIE €CTECTBEHHO-
Hay4YHble 3aKOHbl NMPU OCYXKOEHWM
3KCMepUMeHTarnbHbIX Pe3ynbTaToB.
CucrteMaTnampoBaTb M MHTEPNPETUPOBATL
pes3ynbTaThl 3KCNEPUMEHTA, a Takke pesynbTaThbl
pacyeTHbIX 3a4ay.

BnapgeTb: HaBblkaMi UCNONb30BaHUSA 3HAHWUN
TEOPETUYECKUX OCHOB KBAHTOBOW XMW B
NPUMEHEHNM K NOMYYEHHbIM pe3ynbTaTam.




X U pacyeTHo-

TeopeTU4ecKnx
paboT XMMUYECKOW
HanpaBneHHOCTH
Or1K- | CnocobeH OrIK-3.1 | MNMpumeHseT 3Hatb: [MpuHumnbl  (NocTynaTbl)  KBAHTOBOW
3 NpYMEHHATb TeopeTnyeckme n MeXaHWKM; OCHOBHblE NpuBnmKeHus,
pacyeTHo- nonyamnupuyeckne | Ucnonb3yemble B KBAHTOBOW XUMUW; MeTOL
TeopeTueckme mMoaenu npu CaMOCOrnacoBaHHOrO MO U ero NPUIOXEHUsT K
MeToabl ans pelueHun 3agad 3ajayaM  KBaHTOBOW  XMMWM;  BO3MOXHOCTU
M3y4YEeHWUsl CBOWCTB XUMUYECKON OCHOBHbIX METOJOB  KBaHTOBOW XUMUW WU
BelllecTs " HanpaBneHHOCTH KBaHTOBO-XMMWYECKOrO MOAENNPOBAHMS.
MPOLECCOB C WX OlK-3.2 | WcnonbayeT YmeTs: Pewartb HecnoxHble KBaHTOBO-
yuacTviem c cTaHgapTHoe MexaHu4eckne  3ajadun;  MHTeprnpeTupoBaTb
CHONL30BAHMEM nporpammHoe pe3ynbTaTbl KBAaHTOBO-MEXaHWYEeCKUX pacyeToB
COBPEMEHHOI obecrneyeHe npu | ABUXKEHMS YacTuL, B 334aHHLIX CUMOBLIX MOMSX;
BLIUNCTIATENBHOI pelleHMn  3aday | MHTEPNpeTMpoBaTL  PEsynbTaThl  KBAHTOBO-
TEXHUKA. XUMUYECKON XUMUYECKUX pacyeToB MOMeKyn B
HanpaBneHHOCTU obLLeXMMNYECKUX TepMuHax; [fgenaTb BbIOOp

ONTMManbHOro MeToda KBaHTOBOWM XumMun Ons
pacyeTa 3NeKTPOHHOro CTpOEeHUA KOHerTHOI7I

MOMEKynbI;

Brnagetb: nporpammHbiM - obecrnevyeHnem npwm
pelueHne KBaHTOBO-XUMUNYECKMX 3agau,
HaBbIKamu npakTn4ecKoro NCnosb30BaHus

3aKOHOB KBAHTOBOW MEXaHWKU U pe3ynbTaTtoB
KBAaHTOBO-XMMWUYECKNUX pacHeToB MOJeKkyn ansa

NnpeackasaHusi  MaKpPOCKOMUYECKUX  CBOWCTB
XUMUNYECKMNX BEeLLEeCTB.
12. O6bem gncumnnuHbl B 3a4eTHbIX eamHuuax/yac. — 5/180
Popma NpoMeXyTOHYHOMN aTTecTauum aKk3ameH
13. TpyAROEeMKOCTb No Buaam y4eoHoun paboTbl
TpyaoemMKkocTb
Bug yuebHon paboTbl Bcero o cemectpam
5 cemecTp Ne cemecTpa

AyOuTopHbIE 3aHATUS, 108 108
B TOM YuChe:;

nekumm 36 36

npakTnyeckmne 72 72

B TOM YMChe: nabopartopHble

KypcoBas paboTta
CamocTosTensHas paborta 36 36
lMpomexxyToyHasi atTTectaums 36 36

Wroro: 180 180
13.1. CopepxaHue QUCLUNIINHBI
n/n Peanunsauyusa

pasgena
HavnmeHoBaHue pasgena C AVCLUMNIWHBI C
ofepXxaHve pasaena ANcuUmnivHbl
ONCUMNINHBI MOMOLL{bO
OHMamrH-Kypca,
QYMK




1. Nlekuun

1.1

dunsnyeckmne oCHoBbI
KBAHTOBOW MEXaHUKMW.

Knaccunyeckas u KkBaHTOBasi MexaHuka. KBaHToBas
MexaHuka — Bblgatouleecs OTKpbiTMe XX Beka.
KBaHTOBass xumusi. OKcnepuMMeHTarnbHble OCHOBbI
KBAHTOBOM  MEXaHUKW. BorHOBO-KopMyCKynNApHbIv
ayanusm — OCHoBonofnarawowas uaes KBaHTOBOW
MexaHukn. BonHa pge bBponna. Cratuctudeckoe
TonkoBaHue BoniH ae bpowns. OcHoBHblIE NOCTynaThl
KBaHTOBOM MexaHuku. YpaBHeHue LpeawnHrepa.
TpakToBKa NPUYNHHOCTM B KBAHTOBbIX CUCTEMAX.

1.2

MaTtemaTnyeckme oCHOBBbI
KBAHTOBON MeXaHWKK
WpeauHrepa.

Onepatop — KBaAHTOBbIA aHanor AuMHaMU4ecKoun
nepemeHHon un onepatopa (Odupak). Anrebpa
onepatopoB. CobcTBEeHHbIE PYHKUMU U COBCTBEHHbIE
3Ha4yeHus onepaTopos. [locTynaTt o cnekTpe KBaHTOBO-
MexaHudeckux onepaTtopoB. CpegHue 3HayeHus
OUHaMUyecknx nepeMeHHbIX. [locTynat o cpeaHeMm.
BbluncneHue BEpPOATHOCTEN pe3ynbTaToB
3KCNEPUMEHTanNbHbIX ~ U3MEPEHUA  OUHAMUYECKUX
nepemMeHHblX. YcnoBsue, Mpu KOTOPOM  HECKOSNbKO
OWHAMUYECKMX MNepeMeHHbIX MOryT ObiTb W3MepeHbl
ogHoBpemeHHO. COoTHOLEeHWe HeonpeaeneHHoOCTeN 1
cneacteus m3 Hero. [loHATMEe O nonHOM Habope
OWHaMMyeckmx nepemeHHbIx. OnepaTtopbl OCHOBHbIX
OVHamMM4ecknx nepemeHHbix. OnepaTtop MamunbToHa.
Ceonctea ypaBHeHus LlpeauwHrepa. YpaBHeHue
LWpeaonHrepa u 3akoH COXpaHEHUs 4ucra 4YacTu.
YpaBHeHve  LUlpeguHrepa  gna  cTauMoOHapHbIX
COCTOSIHW.

1.3

MpocTeniwne npumeHeHus
annapara KBaHTOBOM
MEXaHMKM.

OpgHomepHoe cBobogHoe pfBwxkeHune. [BmkeHne B
none KYCOYHO-MOCTOSIHHbIX NoTeHLMarnos.
MpoxoxaeHne  4yactTuy  4epe3  MpPsIMOYrOfbHbIN
noteHumanbHbii  G6apbep. TyHHENbHbIN  3dEKT.
OcobeHHocTH OBWXEHNs npwm HanM4Yum
NMOTEHUWAanbHOM CTEHKM W NOTEeHUManbHON SMbl.
[BkeHne B OOHOMEPHOW MOTEHUManbHOM sme C
0ECKOHEYHO BbICOKMMW BepTUKamNbHLIMU CTEHKaMMW.
[BmkeHne B noTeHUManbHOM «sWMKe». KeaHTOBas
Teopusi rapMoHuMYeckoro ocuunnsTopa. KsaHToBas
TEeOopUsl }KECTKOro poTarTopa.

1.4

Cratuctunyeckoe
TOSIKOBaHWe KBaHTOBOM
MEXaHUKH,

lMpousBogHasi onepaTopa MO BpeMeHW. Teopembl
OpeHdecta ©  CBA3b  MeXOy Kaccudeckom U
KBaHTOBOM  MexaHukon. KBaHTOBble  MHTerpanbl
OBWXKEHUS.

1.5.

[B/XeHne B LeHTpanbHOM
none. ATom Bogopoaa

O6uiee paccMOTpeHVME [OBWXKEHUA B LEHTparibHOM
none. lMonHbIn Habop AMHAMUYECKUX MEPEMEHHbIX.
Teopus XecTKOro poTtatopa M ee 3HayeHune pAns
dumsmyeckon xumumn. YpasHeHue LpeaunHrepa ans
BOAOPOJOMNOA0OHOMO aToma. PagnanbHbie n
chepuyeckne yHkumm. KeaHtoBble yucna n, | u m.
OHepreTuyecknini crnekTp atoma Bogopoda. ATOMHble
opbuTtanu. OnekTpuyeckuii TOK B aToMe BOAOpOAA.
[MoHsATME O MPOCTPaHCTBEHHOM KBAHTOBAHUMW.

1.6

CnuH 3rnemMeHTapHbIX
yacTtuu,. ToXXgecTBEeHHOCTb
yacTtuu,.

CnuH 3nekTpoHa, NPoToHAa, HEMTpoHa, oToHa. CnuH-
opbuTanbHoe B3aMMOOENCTBME M €ro NpPOSIBIIEHNS.
MpuHUMN  TOXOECTBEHHOCTW 4acTul. bBo30oHbl K
depmMmnoHbl. OnepaTop cnvHa anekTpoHa. CnunHoBble
PYHKLMN. BonHoBas dPyHKLMA CUCTEMBbI
TOXOECTBEHHbIX YacTULL.

1.7

MpubnmkeHHbIe MeToabI
KBAHTOBOW MeXaHWKMU.
OpHoanekTpoHHas Moaenb

O6wwmin Bua ypaeHeHus LUpeauHrepa anst Monekynbl.
MpoGnema MHOIMX Ten. AnvnabaTtuyeckoe
npubnmkeHne.  OQHOSMNEKTPOHHOE  MpUONMXKEHMe.
MeToa camocornacoBaHHOrO nonsi XapTpy W €ero
HegocTaTkn. BonHoBas  dyHKUMA UM 3Heprus
MHOTO3MEKTPOHHON CUCTEMbI B O4HO3NEKTPOHHOM

IYMK
KBaHTOBas
XUMUS
(PrX)
https://edu.vs
u.ru/course/vi
ew.php?id=9
893
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npubnmkeHnn. BapnaunoHHbI NPUHLUMN B KBAHTOBOW
MexaHuke. YpaBHEHUSI CaMOCOrnacoBaHHOro Moss
XapTpu-®oka Anst MOneKyn ¢ 3aMKHYTOW 3NeKTPOHHOM
obonoykoh n MeToq Wux peweHus. [pegensl
npumeHnmMoctTn mMetoga Xaptpu-®oka. [MoHATHE O
MeToAe KOH(pUrypaLnoHHOro B3aMMOAENCTBUS.

1.8 MeTon MonekynsapHbIX Cnocobbl  peweHns npobrnembl MHorux Ten B | JQYMK
opbuTtanen c NpMMEHEHNEM | KBaHTOBOW XUMUN. Heamnupuyeckne | KaHTOBag
MeToda nonyamnupuyeckne MeTodbl. OCHOBHblE MOMOXEHUA |y vns
camocornacoBaHHoro nons. | metoga MO. lMpubnwkeHne JIKAO. Bbibop 6asmcHbIx _(GJI'IX)

dYHKUMIA Onga pacyeTa. YpaBHeHus XapTpu-doka Ha httos://edu.vs
koHeuyHoM 6a3snce: metog CCI MO JIKAO (K.PytaHh). MPS./ECU.VS
Mpegensl NPYMEHUMOCTH mMeToaa. OHeprus w
koppensumm MpUHLMNbI YNPOLLEHWS BbIYUCIUTENbHOM ew.php?id=9
npoueaypbl B metoge MO. BaneHTHOe npubnvkeHue. 893
T-ONEeKTPOHHOoE npubnuxeHve. MpubnmkeHue
Hyneeoro  AauddepeHumanbLHOro nepeKpbiBaHNs
(HArM). NMoHaTtue o nonyamnupuyecknx metodax CCll
MO JIKAO " NonyaMnuprUYecKmx
HecamMocorfiacoBaHHbIX MeToaax MO JIKAO.
PacwupeHHbin metog Xiokkens (PMX) u npocTou
metog Xtokkenst (MOX). BO3MOXHOCTM 1 OrpaHnU4eHus
NPYMEHEHNsT NOMNYy3MNUPUYECKMX METOAO0B KBaHTOBOWM
XUMUN. MoHsiTMe o KBAHTOBO-XMMMWYECKOM
MOZENMPOBaHUN N €ro BO3MOXHOCTAX. CoBpeMeHHoe
nporpamMmHoe obecnevyeHne KBaHTOBO-XUMUYECKUX
pac4yeToB.

2. NpakTn4yeckue 3aHATUA

2.1 dunanyeckmne ocHoBbI PeweHne 3agay no teme (onvHa BonHbl ae bponna | QYMK
KBAHTOBON MEXaHWUKN Ona 9nekTpoHa U MakpocKonuyeckux  Ten, | KeaHToBad

dotoadppekt, ypaBHeHus H.Bopa Ans ABUXKEHUA | ypumuns
3MEeKTpOHa aTomMa Bo4opoaa). 7(<DI'IX)

2.2 Anrebpa onepaTtopos. MoHaTne oneparopa. O3sHakomneHne c https://edu.vs
JInHenHble MaTteMaTud4eckuMmn OencTBUsiIMM Hapg onepatopamu. u ru/(.:ourse./vi
CaMOCONPSKEHHbIE OT60p NUHENHBIX CaMOCONPSKEHHbBIX ONepaToOpPOB. —elw hn2id=9

. H —
onepaTopbl. EW.php Ad=2

2.3 CobcTBEHHBbIE PYHKLNN U PeweHnne 3apay Ha HaxoxgeHne CcoObOCTBEHHbIX 893
COBCTBEHHbIE 3HAYEHUsI YHKUMIN N COBCTBEHHBIX 3HAYEHUI ONepaTopoB.
onepaTopoB.

2.4 OnepaTtopbl OCHOBHbIX O3HakomneHune c onepaTopamm OCHOBHBbIX
OVNHaMUYeCKMX OVNHaMUYEeCKMX nepeMeHHbIX. MpakTuyeckoe
nepeMeHHbIX. onpegeneHne KOMMYTaLVNOHHBIX COOTHOLLEHUA mexay
Cdepuyeckasa cuctema onepatopamn, B T. 4. B cdepunyeckon cucteme
KoopauHar. KoopguHar.

2.5 BornHoBas dyHKUMA 1 ee O3HakoMneHne C MOHATUEM BOMHOBOM  (DYHKUMM
CcBOMCTBA. yactuupl. lonyyeHne npocTenwen WHopmauun ns

BOJTHOBOW byHKUMK (rpadhmnyeckue paboThbi).

2.6 MNpocTenwmne 3agayn PaccmoTtpeHue pelleHus ypaBHeHus LWpeguHrepa ans
KBaHTOBOWN MEXaHUKU. NpoCcTenLMX 3agavy KBaHTOBOM MexaHuku. lNMonyveHue

dumanyeckon nHoOpMauMM U3 pelleHUss ypaBHEHUS
LWpeguHrepa (rpaduyeckune paboThl).

2.7 [BmxeHne yactmubl B PaccmoTtpeHue pelleHus ypaBHeHus LpeauHrepa ans

LleHTpanbHOM norne. XecTkoro  poTtaTtopa. MonyyeHve  cusmdeckomn
WHopmauun mn3 peweHnsa ypasHeHus LpeaunHrepa
(rpacpnyeckme paboTbl).

2.8 ATom Bogopoaa. PaccmoTtpeHue pelleHus ypaBHeHus LWpeauHrepa ans
atoma BogopoAaa. Mony4yeHue domsmyeckon
uHdopmauum 13 pelweHus ypaBHeHus LpeguHrepa
(rpacpnyeckme paboTbl).

2.9 Opbutann atoma OnpegeneHne CTPYKTypbl 3MNEKTPOHHbIX  OOMakoB

Bogopoaa.

aToMa BoJopoda Ansi OCHOBHOMO M BO30YXXOEHHOro
COCTOsIHWI (rpacpmnyeckme paboThl).
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2.10 MonekynsipHoe ypaBHeHue | [ocTpoeHne monekynsipHoro ypasHeHus WpeauHrepa | 3YMK

WpeaunHrepa ana Manblix Monekyn. [poGnema wMHorMx Ten. | KpaHTOoBas
MonekynspHoe ypaBHeHuWe WpeaunHrepa B| xyumus
agmabaTtnyeckom NPUBNMKEHNUN. MoHsATHe (PIX)

OAOHOJ3J1EKTPOHHOIO np|/|6n MXEeHUA.

https://edu.vs

211 CamocornacoBaHHoe norne | BapuaunoHHbIM MPUHUMN B KBAaHTOBOW MEXaHMKe.
YpaBHeHus XapTpu-doka, oOWMIN MeTon peLleHus. ho?id=9
ToYyHOCTb  pacyeTa  MHOFOSMEKTPOHHbLIX  CUCTEM EW.pNp F1d=Y

u.ru/courselvi

MeTogoMm XapTpu-Poka. 893
2.12 | Heamnupwnyeckue u PaccmoTpeHne pacuyeta npocToli MOneKyrnbl METOAOM
nonyamnupuyeckue metodbl | PytaHa. PaccmoTpeHue pacdeTa  opraHu4eckomn
KBAHTOBON XMMUK mornekynsl (C2Hs, CH20)

paclwmpeHHbIM  MeTogoMm  Xwokkena wnu  MIAMN/2.
MNMpobnema BO3MOXHOCTW MOCTPOEHMS KNacCUYECKOM
dopmynbl (rpacgpmyeckune paboThbl).

13.2. Tembl (pasgenbl) AUCUUNIIMHBLI U BUAbI 3aHATUN

Buabl 3aHATUIA (KONMYECTBO YacoB)

Ne HanmeHoBaHue TemMbl

CamocTtosTenbHas
n/n (pasgena) gueumnnuHel | Jlekummn Mpaktuyeckne | JNlabopaTopHble

paboTta Beero

dusnyeckmne ocHoBbI

v 4 4 8 16
KBAHTOBOW MEXaHWKM.

MaTemaTtnyeckme ocHOBbI
2 | KBAHTOBOW MeXaHUKU 8 12 16 36
LpeauHrepa.

MpocTenwne npumeHeHns
3 | annapata KBaHTOBON 8 12 16 36
MEXaHMKM.

Cratuctmnyeckoe
4 | TonkoBaHWe KBaHTOBOMN 2 - 4 6
MeXaHUKN

[BmkeHuve B
5 | ueHTpanbHOM none. ATom 6 12 12 30
Bogopoaa

CnuH anemMeHTapHbIX
yacTtuu,.
ToXaecTBEHHOCTb
yacTuu,.

MeToa MonekynspHbIX
opbuTanen c

7 | npumeHeHnem meToaa 4 32 8 44
CaMOCOrnacoBaHHOro
nons.

NToro: 36 72 72 180

14. MeToau4yeckue ykasaHuUA Ans o6yyarolmxca N0 OCBOEHUIO AUCLMMIIUHDI

[na ocBOeHMs1 Kypca Iekumi HeobxoaMMO O3HAaKOMUTLCA C MPe3eHTaUMOHHbIMU
mMaTepvanamum no paHHomy kypcy. OHuM pasmelleHbl Ha canTe www.edu.vsu.ru. Tam xe
NPeACTaBrieH NnaH NPaKTUYECKUX 3aHSATUN.

HeobxoommMo umeTb xOTA Obl OCHOBHYK PEKOMEHAZYeMyl nutepaTypy, a M3 4ducna
AOMoNHUTENbHON nNutepaTypbl - COOPHMK 3a4ay NO KBAHTOBOM MEXaHWKe : Ana CTyad. 2 Kypca
a/o n 4 kypca B/o xum. dak. / cocT. : E. M. ABepbax, B. 0. KoHgpaiwwmH, B. P. MNwecTtan4nk. —
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 WU [OONONIHUTENLHOW nUTepaTypbl, PECYpPCOB WHTEpPHeT,
HeobXoAUMbIX ANl OCBOEHUSI AUCLMUNIIUHDI

a) OCHOBHas nutepaTtypa:

Ne n/n McTouHUK

EpmakoB A.W. KBaHTOBasi MexaHuka u kBaHToBas xumus / A.. EpmakoB : y4eb. ans
CTyd. XuM. dak. yH-TtoB. — M.: KOpawnt, 2010. — 555 c.

1

6) AononHuTenebHaa nuTepaTypa:

Ne n/n NcToYHUK

BapaHoBckuii B.W. KBaHTOBas mexaHuka u kBaHToBas xumus : y4eb. MNocobue / B.W.
BapaHosckuin. — M. : Akagemus, 2008 .— 382 c.

MuHkuH B.A. Teopusa cTpoeHus monekyn : y4eb. nocobue onsa ctyq. By3oB /

3 B.N.MuHkuH, 6.A.CumknH, P.M.MuHseB .— 2-e uag., nepepab. n gon. — PocTtoB H/[] :
deHunke, 1997 .— 557 c.

CtenaHoB H.®. KBaHTOBas MexaHuka 1 KBaHTOBas XMMus : y4eb. ons ctya. Xxum. dak.
yH-ToB / H.®.CtenaHoB .— M. : Mup, 2006.— 518 c.

MenewwnHa A.M. Kypc KBAHTOBOW MeXaHWKX ANst XMMUKOB : y4eb. nocobue ansa crya.
XuMm. dak. yH-toB. — / A.M. MenewwHa . — M. : Beicw. wk, 1980. 215 c.

2

B) MHPOPMALMOHHbIE SNEKTPOHHO-00pa3oBaTeNbHbIE pecypchbl (0uLmanbHble PECYpPChbl MIHTEPHET)*:
Ne n/n Pecypc
6 | 3oHanbHas Hay4yHas bubnnoteka www.lib.vsu.ru
AYMK KaHtoBas xummusa (Prix)
https://edu.vsu.ru/course/view.php?id=9893

7

16. MNepeyeHb y4eOHO-MeTOAMYECKOro obGecne4vyeHUs ANA CaMOCTOATEeNIbHOM paboTbl
(y4ebHo-memoduyeckue pekomeHOAauuu, nocobusi, 3adayHuKu, MemoOUYeCKUe yKa3aHusli MO 6bIMOSTHEHUIO
npakmu4eckux (KOHMPOIbHbIX), Kypcoabix pabom u dp.)

Ne n/n NcTouHmMK

1 OeanTt I'.6. Tabnunubl nHTErpanoB u gpyrue matematudeckme opmynel / I.6. [iBanT.
— M. : Hayka, 1966. — 228 c.
C6opHuK 3agay No KBAHTOBOW MexaHuke : And cTyq. 2 Kypca g/o u 4 kypca B/o Xum.
2 dak. / cocT. : E. M. ABepbax, B. 0. KoHgpaluvH, B. P. MNwecTtaHunk. — BopoHex,
2001. — 41 c.

17. OOpasoBaTenbHble TEeXHOJNIOMMU, MUCNONb3yeMble nNpu peanusauum y4yebGHOMU
OUCUMNNNHBI, BKNOYaAs [AOUCTaHUMOHHbIe obpa3oBaTenbHble TexHonorum (OOT),
3neKTpoHHoe oby4yeHue (30), cMelwaHHOe OOy4YeHue:

lMpoBeneHne BBOAHOM M OB30PHLIX NEKUMW, peLleHne 3agady No OCHOBHbIM pasgenam
Kypca. [logrotoBka K Tekyllen U NpOMEXYyTOYHOW aTtTecTtauum C  UCMNOSIb30BaHMEM
pekoMeHayeMon nuTepaTtypsbl.

Mpn peanusaauumn y4ebHOM AUCUMMAMHBI UCMNOMB3YOTCA 3NEMEHTbl 3NEKTPOHHOIo
obyyeHnsa wn pasnuyHble OUCTaHUMOHHbIe obpas3oBaTteribHble TEXHOMOorMM, MO3BONAoLWNeE
obecneunBaTtb OMNOCPeOOBaHHOE B3aMMOAEWNCTBME (HA paccTosHUM) npenogaBsaTtenen wu
oOy4arowmxcs, BKIOYass WMHCTPYMEHTbl 3MEKTPOHHOW MH(OpMaLMOHHO-06pa3oBaTeNbHON
cpegbl BIY «3nektpoHHbin yHuBepcuteT BIY» (https://edu.vsu.ru) w/vnn “MOOK BIYy”
(https://mooc.vsu.ru), npoBeaeHne BeOMHApPOB, BUOEOKOHMEPEHUMA (B TOM 4uUcrne C
npumeHeHnem cepsucoB Zoom, Discord u ap.), B3aMmogencrene B COLCETSX, NOCPEACTBOM
9NEKTPOHHOM NMOYThl, MECCEHXEPOB

18. MaTepuanbHO-TEXHUYECKOE obecneyvyeHMe AUCLUNIIUHDI:
YyebHasa aygmtopusa. KOMNbOTEPHbIN KNacTtep, 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. OueHOYHbIe cpeacTtBa AOnA npoBeAeHUsA TeKywero KOHTpoONA ycneBaemMoCTuU

I'IpOME)KyTOLIHOﬁ aTtTectTaunum

nOpFI,D,OK OLEHKMN OCBOEHUA O6y‘-IaPOLL|,I/IMI/ICFI y‘-le6HOFO MaTtepuarsna onpeagendercd
coeprXaHmem cneayrwmnx pasgenos ANCUUMNITNHDBLL

HaumeHoBaHue Wuamkatop(bl)
,.’,\},%, pasgena AMCLMNAMHSI KO“&';?;?” AOCTVKEHMS OueHouHele cpepcTBa
(moayns) 5 KoMneTeHunn
®usmyeckme oCHOBbI
L | (BaHTOBOM MEXaHMKM Or1K-3 OnkK-3.1 MpakTnyeckoe 3agaHune
MaTemamqecmev OnK-1 OMK-1.1-1.3
2. | OCHOBbI KBAHTOBOW OMK-3 OMK.3.2 MpakTnyeckoe 3agaHve
mMexaHukm L peanHrepa. :
MpocTenwune OlnK-1 OlK-1.3
3. | npMMeHeHusa annapaTta OrlK-3 OrK-3.1 KoHTponbHasi pabota Ne1
KBaHTOBOW MEXaHVKM.
CraTtuctmnyeckoe
4. | TONKOBaHWe KBaHTOBOW OnK-1 OlK-1.1-1-3 MpakTuyeckoe 3agaHve
MeXaHMWKM
Rewxetive o OrK-1 OMK-1.1-1.2
5. LeHTpanbHOM norne. OnK-3 onK-3.1 MpakTnyeckoe 3agaHve
AToMm Bogopoaa )
CnuvH aneMeHTapHbIX
YyacTuul.
6. TOXIECTBEHHOCTD OrlnK-3 OlK-3.1 MpakTuyeckoe 3agaHve
YyacTuLl.
MeTon MonekynsapHbIX
opburanei ¢ OrlK-1 OrlK-1.3 MpakTnyeckoe 3agaHvne
7. | MvmeHEHMEM METOAA | oy 3 OrK-3.2 KoTponbHast pa6ota Ne2
camMocornacoBaHHOro ’ P P N
nons.
MpomexyToyHas aTTecTaums MepeyeHb BOMPOCOB
dopMa KOHTPONS - 9K3aMeH MpakTuyeckoe 3agaHne

20. TunoBble OLeHOYHbIe CpeaAcTBa U MeToAuYecKue Matepuansl, onpegensiowme
npoueaypbl OLeHUBaHUSA

OueHka 3HaHWW, YMEHWA W HaBbIKOB, XapakTepuaylowas aTtanbl (opMMPOBaHMS
KOMMEeTEeHUMA B paMKax W3ydeHUs OUCLUMNIMHBLI OCYLLEeCTBISeTCa B Xode Tekywen u
NPOMEXYTOYHOM aTTecTauun. Tekywas aTrectaums npoBOAMUTCS B  COOTBETCTBUM C
[MonoxeHnem o0 Tekyllen aTTecTauumn obyyaroLlmxca no nporpamMmmam BbiCLIero obpasoBaHus
BopoHexckoro rocyaapcTBeHHOro yHmBepcuTeTa. Tekyllas atrectaunsa npoBoantcsa B oopmMax
yCTHOro onpoca (cpoHTanbHas 6ecega) M NUCbMEHHbLIX PaboT (BbIMOMHEHME MPAKTUKO-
OPMEHTUPOBAHHbIX 3a4aHNA N KOHTPOSbHbIX PaborT).

MopsiqoK OLEHKM OCBOEHMs1 obyvarowmmmucst yd4ebHOro MaTepuana onpepgensietcs
cogepkaHneM crneayowmnx pasgenos AUCUUNIUHGIL

20.1. TeKyLWwMN KOHTPOJb yCNeBaeMoCTn

KoHTponb ycneBaemocTu no AUCLMMIIMHE OCYLLECTBMSETCS C MOMOLLbIO CeayHLLMX OLEHOYHbIX
cpencTs:

20.1.1. NepeyeHb TeOpeTUHECKUX 3aAaHUN

. HasBaTb 0CHOBHbIE NOCTYNaTbl KBAHTOBOW MEXaHUKM.
. BblumcnuTb nponsseaeHne AByX 3aAaHHbIX ONepaTopoB.
. BblumcnuTb kommyTaTOp ABYX 3ajaHHbIX ONepaTopoB.
. YCTaHOBUTb hakT 3pMUTOBOCTM NN HE3PMUTOBOCTM 3aaHHOro onepaTopa

AWN =



5. Hantun cob6cTBEHHBbIE PYHKLUMM M COBCTBEHHbIE 3HAYEHNA 3a4aHHOro oneparopa.

6. HasBaTb NonHbIn HAbop PU3NYECKNX BENNYMH B NPEOSIOKEHHOW KBAHTOBOW CUCTEME.

7. Hantn koo dpuumeHT HOpMUPOBKN 3a0aHHON BOMHOBOW (PYHKLMWM NpY 3a4aHHbIX TPaHUYHbIX
YCNOBUSAX.

8. MN3Bne4yb unanyeckyro MHopMaLuio U3 NpeasioXKeHHOW BOTHOBOW (OYHKLMUN.

9. BanucaTtb ypaBHeHue LLpeanHrepa ons ogHoM YacTuupbl, ABUXKYLLENCA B 3a4aHHOM CUTOBOM Mone

(cTaumoHapHble COCTOSIHUS).

10. BbluMcnnTb 3HEPIUO YacTULbl, ABMXKYLLENCA B 3a4aHHOM CUITOBOM NOJS1e, HA OCHOBE BOSTHOBOW
PYHKUMN.

11. NOACHWTb CMbICI NPOCTPAHCTBEHHOIO KBAaHTOBAHUSA BEKTOPA MOMEHTA UMMNYIbCa 3NEeKTPOHa,
OBVXYLLErocs B LleHTpanbHoOM none.

12. [loka3aTb OTCYTCTBME INEKTPUYECKOro TOKa BAONb MepyavaHa B aToMe BOAOpOoAa.

13. BbluMcnnTb BENMMYNHY MMPOMarHMTHOrO OTHOLLEHUS NS SNeKTpOHa aToMa BOAOPOAa.

14. [laTb YacTU4HOE UK NOSIHOE UCCreaoBaHNe CTPYKTYpbl 3NEKTPOHHOIo obriaka atoma Bogopoaa no
npeanoXxeHHoOn aToMHON opbutanu

15. N306pa3unTb rpacdmyeckn pyHKLMN NNOTHOCTM BEPOATHOCTN HAXOXAEHMS 3NEKTpoHa aToma
Bogopoda: |u(r, ©, o), r*R*(n,l) n [Yim(6, ¢)S.

16. 1306pasnTb aHepreTMyeckyo agnarpammMy arekTpoHa B aToMe BO4OpOAA C YY4EeTOM KpaTHOCTU
BbIPOXOEHNS AHEPreTUYECKNX YPOBHEWN.

17. BelumcnuTb cpegHue 3HaudeHust NOTEHLNANbHOW U KNHETUYECKON SHEPIUIA ANIEKTPOHA B aTOMe
BOAOpOAA.

18. MNocTponTb AnarpaMmmy NPOCTPaHCTBEHHOIO KBAHTOBaAHUSA BEKTOPA MOMEHTAa MMMyNbCa 3NeKTPoHa
aToma Bogopoaa.

19. N306pasnTb aHEpreTMyeckyo guarpammy MHOrO3MEKTPOHHOIO aToMa C y4eTOM KpaTHOCTU
BbIPOXAEHNS AHEPreTUYECKNX YPOBHEN 3NEKTPOHOB.

20. 3anncaTb ypaBHeHue LLpeanHrepa ans npennoXeHHOW MOoneKyrbl.

21. 3anncaTb getepMuHaHT Cnatepa ans anekTpoHHOM 000I04YKN MOSMEKYIbI.

22. 3anncaTb hopmyny A5t 3HEPTMN MHOTOSMEKTPOHHOM MOSEKY bl B OOHOSMEKTPOHHOM NPUBAMKEHUM.

23. 3anncaTb ypaBHeHne XapTpu-doka ans NpeanoxxeHHoM MHOrO3NIEKTPOHHON MOMEKYNbI.

24. 3anncaTb ypaBHeHus PyTaHa onsi npeanoXeHHOW MHOrO3MEKTPOHHOW MOMNEKY b,

25. Ha ocHoBe cnvcka MonekynspHbIX opbutanen ByxaTOMHON MOMEKY bl yCTaHOBUTb TUM CUMMETPUN
Kaxxgon opburtanu.

26. NpeobpasoBaHnem getepmmnHaHTa Cnatepa nonyunTtb gns Monekynel CH, nokanusoeaHHbIe
MoOIeKynsipHble opbutanu.

27. Ha ocHoBe cnvcka MonekynsipHbIX opbutanen HECIOXHOM MOJSIEKYNbl MOKa3aTh BO3MOXHOCTb (MUIn
HEBO3MOXHOCTb) MOCTPOEHNS €€ KIacCUYEeCKon CTPYKTYPHOMN hopMyIibl.

28. YkasaTb UCTOYHMKM OLUIMBOK pacyeTa NoMHOM SHEPrn MONeKynbl N0 MeTody PyTaHa.

29. Ucnonb3ysa crneacteue n3 teopembl enbmaHa-deriHMaHa, cpaBHUTb MPOYHOCTb CBA3M B OBYX
ABYXaTOMHbIX MOMeKynax.

30*. BbickazaTb coobpaXkeHnsi M0 KBAHTOBO-XMMUYECKOMY pacyeTy reoMeTpUYECKON CTPYKTYpbI
aKTMBMPOBAHHOIO KOMMJIEKCA B peakumMm Mexay ABYMS NPOCTbIMU BELLECTBaMMU.

20.1.2. Nepe4vyeHb NpakTM4eCKMX 3agaHun

1. BoseecTn B KBagpaT npeasioXKeHHbINn onepartop.

2. Bblumcnutb KOMMyTaTOp ABYX NPEaSIOKEHHbIX OnepaTopoB.

3. [lokasaTb, ABNSETCA N 3agaHHbIA onepaTop SpMUTOBBIM.

4. Hantu cobCcTBEHHbIE DYHKUMN N COBCTBEHHbIE 3HAYEHMS NPEeaoXeHHOro onepaTtopa.

5. Hantn koadpmuneHT HOpMMUPOBKM 3a4aHHO BOSTHOBOW QOYHKLINMK.

6. Bblumcnmtb BEpOATHOCTb NpebbiBaHUSA YacTuULbl B YKa3aHHOM MPOCTPAHCTBE HA OCHOBE U3BECTHOM
BOMHOBOW (PyHKLNN.

7. Bbl4ncnnTb NANOTHOCTb NOTOKA BEPOATHOCTU YacTuLbl HA OCHOBE M3BECTHOW BOSTHOBOW GOYHKLINM.

8. BbluMcnmTb NAOTHOCTb BEPOSATHOCTM HAXOXAEHNS YacTULbl B YyKa3aHHOW TOYKE NPOCTpaHCTBa
(B DEKapTOBOM M B ChepUYECKOM CUCTEME KOOpAUHAT).

9. PaccuntaTb cpegHee 3HayeHne guHaMN4eckon nepeMeHHon B 3a4aHHOM KBAHTOBOM COCTOSIHUM.

10. HasBaTb NonHbIi HAGOP PM3MYECKMX BENMNYNH B 3a4aHHOM KBAHTOBOM COCTOSHUM.

11. MNMpoBecTn nonHoe uccnegoBaHWe NPOCTPaHCTBEHHOIO pacnpeaeneHns arneKTPoHHOW NIIOTHOCTU B

BO30Y)XOEHHOM COCTOSIHMM aToMa Bogopoaa (40 N = 3 BKIOUYMTENBHO).



12. Ha ocHoBe BMaa BONTHOBOW OYHKLIMM SNEKTPOHA aTtoMa BOAOPOAa, HAaXOAsLWEeroca B BO36yXaAeHHOM
COCTOSIHUW, yKa3aTb HanpaBfieHne BHYTPUATOMHOIO SNEKTPUYECKOro Toka.

13. YkasaTb 3Ha4YeHUs BCeX ANHAMUYECKUX NepeMEHHbIX, XapaKTepu3syloLnX COCTOAHNE 3NeKTPOoHa
aToMa BoZopoaa B 3ajaHHOM 9HEPreTUYECKOM COCTOSHUN.

14. BbibpaTb npuemnembii NonyamMnupuYeckuin Metoq ansa pacyeTta SHepreTUYecKMx ypoBHEN 1 (Mnn)
MOIEKYNAPHbIX opbuTanen npeanoXeHHON MoneKynbl.

15. OnpeaennTb NCTOYHWUKM OLIMOOK N OLLEHUTb TOYHOCTb pacdeTa 3NEeKTPOHHOM 3HEPTUN MOSEKYIbI MO
meTtoay PytaHa.

16. Ha ocHoBe npeanoXeHHbIX MONeKynsipHbIx opbutanen npocton monekynsl (CH20, C,H4) 3anucatb
€€ KIacCU4eCKylo CTPYKTYPHYHO hopMyny.

17. NpoBecTn nccnegoBaHme CMMMETPUKN NGoN MoneKkynsapHoM opbutanmn AByxaToMHON roMosgepHoOn
MOMEKysbl.

18. Ha ocHoBe NpeasnioxXeHHbIX MONEKYNAPHbIX opbuTanen ABYXaTOMHOW rOMOSOEePHON MOMEKYbI
BbIYNCNNTB KPATHOCTb XMMUYECKON CBSA3MN.

19. MNMpogemoHCcTpMpoBaTh NpuMeHeHne TeopeMsbl 'enbmaHa-PeritHMaHa K oLeHke NPOYHOCTH
XUMMYECKOWN CBA3U B ABYXaTOMHOW MOMEKyne.

20. MNpuBecTn npuMep NPakTUYECKOro UCNonb3oBaHUsa Teopembl AHa-Tennepa.

20.1.3. NMpumepsbl 3aaaHU ANA KOHTPOSIbHBLIX paboT
KoHTponbHasa paboTta Ne 1

1. [JlokasaTb KOMMyTaTOpPHOE COOTHOLLEHNe Ansa onepaTopos A, B, C:
[A, BC] =[A, B]C + B[A, C].
2. HanTtu cobcTBEHHbIE OYHKLIMM U COBCTBEHHbIE 3HAYEHUS ONepaTopPOB:

. d . .d ;s . d
X+1—:  iX+i—:; X+ 1—.
dx dx dx

3. HenocpenctBeHHbIM BbIMUCMEHWEM YCTAHOBWUTb, OPTOrOHAsNbHbI NN COBCTBEHHbIE  (OYHKLMK
oneparopa

A=1— +1,
dx
anHa,qnemau.Me pa3HbIM CO6CTB€HHbIM 3HA4YeHNAaAM. OTBeT KOMMeHTVIpOBaTb.

KoHTponbHasa paboTa Ne 2

1. L"|aCTl/|LI,a HaxognTcAa B OCHOBHOM COCTOAHUN NMHEeNHoro rapMoHMn4eCcKoro ocuunnatopa:
v(X) = (Moo/mh)Y4exp(— mwox?/2h).

HaiiTn BeposiTHOCTb 0GHapY>XeHWUsi YacTuLbl B 06nacTy, 3anpeLLeHHON A KNacCu4Yeckoro ABMKEHUS.

2. Yactvua HaxoauTcs B COCTOSHUM, OMMCHLIBAEMOM BOMHOBOI dyHkumein \Y(X). PasnoxeHue

y(X) no cobecTBEHHBIM OyHKUMSM onepaTopa A nmeeT BuA;

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

Kakue 3HayeHuMss OUHaMU4eCcKOW rnepemMeHHonm A MOryT MOSIBUTLCS MpU ee U3MEePEeHUn N C
KakMMu BEPOATHOCTAMMN?

2. [laHa napa KoMMnneKcHbIX opbutanen atoma Bogopoaa:



Y = Arle3asin?@-et2®,
a — pagunyc nepor 60poBCKon OpoOUTHI.
a) lNpoBecTn NnonHoe nccregoBaHne o0gHON N3 3TUX opbuTanen, NOCTpomB Heobxoanmble
nnnrcTpauumn B acknsHon opme: Wy (r), Wim(®), «cpoTorpacdmio» anekTpoHHOro obnaka.

6) MepeiTu kK 4eNCTBUTENbHOM aTOMHOW op6uTanm ' 3242 M NOBTOPUTL €€ UccrefoBaHe.
B) YCTaHOBUTb 3HaKN AENCTBUTENBHON aTOMHOM opbutanun B NpoCTpaHCTBE.

20.1.4 TecTOBbIE 3aAaHUs

OlK-1

1. OnpenenuTe UMNynbC OTOHA (KrM)/c, ANvMHa BonHbl kKoToporo 3,01:1078 m?
(h=6,62-10"34x-c)

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

2. 1se cuanyeckme BENNYNHbI MOTYT ObiTb OHOBPEMEHHO N3MEPEHbI B OOHOM 3KCNIEPUMEHTE C
TOYHOCTbH, OrpaHMYEHHON NLLIL BO3MOXHOCTbIO M3MEpPUTENbHbIX NPUBOPOB B TOM cry4yae,
ecnm ...

1. wux onepaTopbl KOMMYTUPYIOT C onepaTopom FaMuUnbTOHa;

2. NonHas 3Heprnsi CUCTEMbI NMOCTOSIHHA;

3. cunoBble NOMs He 3aBUCAT OT BPEMEHMU;

4. unxonepaTopbl KOMMYTUPYIOT MeXay coboM.

3. BblpoxgeHune coCToAHUM CBA3AHO C ...

CBOWNCTBOM HeENPepPbIBHOCTU BOSTHOBOW (PYHKLNN;

rPaHNYHbIMUK YCITOBUAMMU, HaKNagbiBaeMbIMN Ha BOSTHOBYHO (DYHKLMIO;
CUMMETPUEN peLllaeMon 3aaun;

CBOWNCTBOM HENPEPbLIBHOCTU MPOU3BOAHON BOSTHOBOMW (PYHKLINN.

PwbdPE

4. Ina ogHOMEPHOro rapMOHNYECKOro ocuunnaTopa pasHuua B 3HEPrn MeXay CocegHUMU
YPOBHAMU ...

1. pacTér c yBenM4eHneM aHepruu;

2. TMOCTOSAHHA;

3. nagaet C yBennU4YeHUeM aHepruu;

4. paBHa HYNH.

5. TyHHenbHbIN 3PdekKT 37O ...

1. npeoponeHve MukpoyacTuLen noTeHunansHoro 6apbepa B cny4vae, Korga eé nonHas
3Heprnsa paBHa BbicoTe 6apbepa;

2. npeojoneHne MuKpoyacTuLen noTeHumanbHoro 6apbepa B cnyyae, korga e€ nonHas
3Heprusa 6onblue BbICOTbl 6apbepa;

3. npeojorieHMe MMKpovacTuuen noteHumaneHoro 6apbepa B criyyae, koraa eé nosnHas
9Heprns MeHbLUe BbiCOTbl Bapbepa;

4. oOTpaxeHue MMKpoYacTuLbl OT NOTeHUnanbLHoro 6apbepa.

6. OcobeHHOCTb BapnaynoHHoOro metoga Putua B Tom, 4ToO ...
1. B nNpoBGHy0 dyHKUMIO f BBOOAT HECKOMNBKO HE3AaBMCUMbIX MAapaMeTpoOB;



2. NoriHas 3Heprusi CUCTEMbI NoSTy4yaeTCcsa Npu peLleHnn BEKOBOrO ypaBHEHUS,
3. npobHasa pyHKums f GepéTcs B BUAE NMHENHON KOMOMHALUMM HE3ABUCUMbIX (OYHKLNIA;
4. wnHTerparsbl NepekpbiBaHNA CYNTAKOTCA PaBHbIMWU HYTHO.

7. OcobeHHocTb MeToaa XapTpu-doka B TOM, 4TO ...
1. OOHO3MEKTPOHHbIE YPaBHEHNSA peLlatnTcs BapuaLMOHHbIM METOO0M;
2. [ON4 pelleHns 3aayun UCNonb3yrT MeTo nocnegoBaTtesnbHbIX NPUGKEHUN;
3. nony4YeHHble NOSHble BOSTHOBbIE (DYHKLUN MOTYT ObITb TONBKO aHTUCUMMETPUYHbBIMU;
4. 'y OOHO3MNEKTPOHHBIX (PYHKLMI HE MOrYT coBnagaTh BCe YeTblpe KBAHTOBbIX YMCra.

Kntoun k Tecty ONK-1

Bonpockl 1 2 3 4 5
OTBeTbl 1 4 3 2 3
Bonpocbl 6 7
OTtBeTbl 3 2

Bonpochl, Tpebyrowme KOpoTKkoro oteeta (04HO CrOBO)

1. B kakux egmHuuax namepsietcs noctosiHHasa NnaHka?
OtBeT: Ix-C

2. CoBCTBEHHbI MOMEHT UMMYJSIbCa 3NIEMEHTAPHOM YacTuLbl - 3TO...
OTBeT: cnuH

3. Hem obycnoBneHo KBaHTOBaHWE (PUNYECKNX BENNYNH?
OTBET: rpaHMYHbIMK YCINOBUSAMU, HAKNaAbIBAEMbIMWN Ha BOSTHOBYHO (OYHKLMIO

Bonpockl, Tpebylowme pasBepHyTOro oTBeTa.
1. B 4ém cyTb agmabaTtnyeckoro npubnmxeHnsi B KBAQHTOBOW XMMUK? Hanuwmte ctaunoHapHoe

ypaBHeHwue LLpéauHrepa ans monekynbl B agnabaTnyeckoM npubnvmkeHuu.

dTanoH oTBeTa:

Apunabatnyeckoe npubnmxKeHMe B KBAHTOBOW XuUMUM NpeacTaBnseTr cobon pasgeneHue
CUCTEMBbI Ha TSXKEnNble U NErkme Yactuubl — Sapa v AnekTpoHbl. [lockonbKy macca nioboro apaa
3Ha4YnTENBbHO BOMbLUE Macce ANeKTPOHA, OKa3blBAETCH YTO ANIEKTPOHbI — 3HauYuTeNnbHO Bonee
ObicTpass noacuctema, 4em agpa. MOXHO cuuTaTb, YTO SMEKTPOHbl ABWXKYTCSA B None
HenoaBWXHbIX saep.

(Ton — Usnag + Usnon)W = (E — €)W

Kputepun oueHuBaHus:

10 GannoB: npaBWfbHO OTpaxeHa CyTb aguabaTudeckoro npubAMXKEHUs W HanucaHo

ypaBHeHue LLpéanHrepa



5 GannoB: npaBunbHO OTpaxeHa CyTb aavabaTnyeckoro NpUBNMXKEeHUs,, HO He HamnucaHo
ypaBHeHue LLpéanHrepa

3 Ganna: HanucaHo ypaBHeHue LUpéanHrepa, HO He OTpaxeHa CyTb aauabaTnyecKkoro
NpnbnmKeHns

0 6annoB: AaH HEBEPHbIN OTBET

2. B 4ém cyTb OAHOANEKTPOHHOro NpubnuxkeHust B metoge Xaptpu-doka? Kak npegcraBnaercs

onepartop oTtarikuBaHUA 3J1IEKTPOHOB B AAHHOM I'IpI/I6J'IM)KeHMVI?

JTanoH oTBeTa:

N3 Bcero KkonnektnBa 3SMEKTPOHOB BbIAENSETCA OAMH M CYMTaeTCsl, YTO [OeWCTBUE BCeX
OCTalnbHbIX 3MNEKTPOHOB Ha 3TOT BbIOPAHHBLIA MOXHO NPUBNMKEHHO onucatb AeNncTBuemM
yCPeOHEHHOro CWUMOBOro Nofs, B KOTOPOM MOTEHUManbHas 3Heprust BbIOpaHHOro 3rekTpoHa
3aBMCUT TONbKO OT ero CO6CTBEHHbIX KOOPANHAT.

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

Kputepuu oueHnBaHus:

10 6annoB: NpaBUNbHO OTPaXKeHa CyTb OAHOINEKTPOHHOrO NPUONMKEHNSA U HanMcaH onepaTop
OTTarnkuBaHUs 3NeKTPOHOB

5 GannoB: npaBWNbHO OTpaXeHa CyTb OAHOJNMEKTPOHHOro NPUONMKEHUSI, HO He HanucaH
onepartop OTTanknBaHus 3reKTPOHOB

3 ©Ganna: HanucaH onepaTtop OTTanNKMBaHUS OfIEKTPOHOB, HO He OTpaxeHa CyTb
O HO3NEKTPOHHOIo NPUBNMKEHUSN

0 6annoB: AaH HEBEPHbIN OTBET

OrnK-3

1. Kakomy ycrnosuo JOMmKHaA yO0OBNETBOPATL AMNIMHA BOSTHbI CBETA A, NajatoLlero Ha
NOBEPXHOCTb MeTanna, 4tobbl Ha4Yanock sBrneHne otoaddexTa?

A — paboTa BbIXxO4a 9NeKTPOHa;

h — noctosaHHasg MNnaHka;

V — 4acToTa;

Ex — 9Heprus anekTpoHa.

1. A=2A/h;

2. A= hc/A;
3. A>Eih;
4. A\ >hc/A.

2. Ha kakom 13 npuBedeHHbIX rpadmKoB NpaBUIibHO OTpaXXeHa 3aBUCMMOCTb MakCUMarnbHOM
KnHeTnyeckon aHeprumn (Ex) anekTpoHa, BbineTalLero ¢ NOBEPXHOCTN MeTanna, OT SHepruu
doToHa (E), nagatoLiero Ha NnoBEpPXHOCTb MeTanna?
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3. Kakoe 13 nepeyvncrieHHbIX HKE ONTUYECKUX SIBIEHUI NOMy4Ynsio 06bsiCHEHME Ha OCHOBE
KBaAHTOBOW Teopun cBeTa?

1. andppakums;

2. oucnepcus;

3. GOoTOahdEKT;

4. wnHTepdepeHuUs.

4. MpuHUMn HeonpegenéHHocTn ["enseHbepra B KBAHTOBOW MeXaHWKe ycTaHaBnNuBaeT npenen
TOYHOCTW O4HOBPEMEHHOIO onpeaeneHnsa napbl XxapakTepuayoLmx cMctemMy HabnogaeMbix
BENWNYNH, ONMUCbIBAaEMBbIX. ..

1. TOKOM M HanpsXXeHuew;

2. CUNoBbIMU NOSIAMU;

3. HEeKOMMyTUPYHLLMMUK OnepaTopamu;

4. KOOpAWHATOM U UMMNYNbCOM.

5. 'vnoTtesa Jlyn ge bponna coctouTt B TOM, 4TO ...
1. BcCe yacTuubl 06nagaT BOTHOBbLIMU CBONCTBaAMY;
CBET npeacraBnsaeT cobom COBOKYNHOCTb YacTuL, (KBAHTOB, (DOTOHOB);
3. CBeT — 3TO 3neKTpoMarHMTHas BOSHa;
4. Kaxgown BOSIHE MOXHO NMOCTaBUTb B COOTBETCTBME BUPTYarbHYO YacTuLy.

6. BoriHoBast oyHKUMS AaeT BO3MOXHOCTbD ...

1. npenckasaTtb, Kakme 3HauYeHusi BCEX N3MEpPSIEMbIX BENMYMH ByayT HabnogaTbca Ha
ONbITE U C KaKOW BEPOSITHOCTbLIO;

2. onucaTb TPAEKTOPUIO ABMXEHNSA YacTULbl;

3. nony4YnTb MHPOPMAaLIMIO O 3HAYEHUM KOOPAMHAT U NMNYbCa YacTuubl;

4. nonyyYnTb MHAOPMALMIO O 3HAYEHUSX KUHETUYECKOWN N NOTEHLMANbHON 3HEPTUA
yacTuubl.

7. lNpun n3amepeHnn ursnyeckon BennimnHbl bygeTt nonyyaTbCs OAHO U TO XKe 3HaYEeHne, ecnu ...
1. onepaTop aTon PU3NYECKON BENMNYNHBI KOMMYTUPYET C onepaTopom raMunbToHa;
2. cucTemMa HaxoguTcs B CTauMOHAPHOM COCTOSIHUM;
3. cunosble Nons He 3aBUCAT OT BPEMEHMU;



4. BonHoBas PyHKUMA ABNAETCA COOGCTBEHHON (PyHKUMEN onepaTopa aTON (OU3N4ECKOn
BEJTUYUHbI.

Krtoum k Tecty OlMK-3

Bonpockl 1 2 3 4 5
OTBeTbl 2 4 3 3 1
Bonpocsl 6 7
OTBeTbl 2 4

Bonpochl, Tpebyrowme KOpoTKkoro oteeta (04HO CrOBO)

1. Kak nasmeHutca makcmmarbHas QHEeprmnAa (bOTOSJ'IeKTpOHOB, eClin, He MeHAA YacCTOThbl
nagarwuwlero ceeta, yeeJsindntTb €ro MUHTEHCMBHOCTL B Ba pa3a?
OTBeT: HE N3MeHUTCA

2. Ana HabnogeHns cnekTpanbHbIX JIMHWIA aToMa BOAOPOA4A, HAXOOALWNXCH B BUAUMOW YacTu
crnekTpa, Heobxoanm nepexom ANEeKTPOHA C BblLLEneXalnx 3HEPreTUYECKNX YPOBHEN Ha ...
ypoBeHb. [lobaBbTe NponyLeHHOE COBO - MOPSAKOBLIA HOMEP YPOBHS.

OTBeT: Ha NepBbIf

3. YKaxnte OCHOBHYIO XapaKTepUCTUKY AN NOTEHUMaNbHON SHEPTrMM YacTuLbl, OBUXKYLLENCS B
LeHTpanbHOM norne.

OTBeT: NnoTeHuManbHasa aHeprus ABMXYLLENCS YacTULbl 3aBMCUT TOSBbKO OT PacCcTosHMSA 00
CUNOBOrO LIEHTPA

Bonpocsl, Tpebylowme pasBepHyTOro oTeeTa

1. XKECTKMI poTaTop HAaXOAUTCS B COCTOSIHUM C opbuTanbHbIM KBAHTOBbIM Ynucnom | = 2. KakoBa
KPaTHOCTb BbIPOXOEHUA OAHHOIO COCTOSAHUA? Yemy paBHbl BO3MOXHblE 3HAYEHWS MpoeKuuu

MOMEHTa nMnysibCca Ha OCb z?

dTanoH oTeBeTa:

KpaTHOCTb BbIpOXAEHUS paBHa 5.

BO3MO>XHbl€ 3Ha4YeHMda NpoeKkLMn MOMeHTa uMmnyrbca Ha ocb z: —2h, —h, 0, h, 2h.

Kputepun oueHuBaHus:

10 6Gannos: npaBWUNbHO oOnNpegeneHa KpaTHOCTb BbLIPOXKOEHUA W BO3MOXHbIE 3HAYeHUs
NPoeKLMM MOMEHTa NMMNYIbCa Ha OCb Z

5 6annoB: NpaBWMbHO onpeaeneHa KpaTHOCTb BbIPOXAEHWUSA, HO HE onpeaerieHbl BO3MOXHbIE
3HaYeHUs NPOEKL MM MOMEHTA MMMNYNbCa Ha OCb Z

0 6annoB: AaH HEBEPHbIN OTBET



2. Yactmua maccom m HaxoamTcsa B TPEXMEPHOM Kybuyeckom noTeHunanbHOm ssme ¢ abConoTHO
HenpoHMUaemMbIMn cTeHkamun. Kak onpegenuTb, kakas KOMOMHALMSA KBAHTOBbIX YACEN N1, N2 U N3
COOTBETCTBYET 3HepreTnyeckomy ypoBHio Ne k?  Onpepenute KpaTHOCTb BbIPOXOEHWUSA

SHEepreTn4eckoro ypoBHA Ne 7 1 ero KBaHTOBblE YMCna.

JTarnoH oTeBeTa:

YToObl onpegenutb KOMOWHAUMIO KBAHTOBbLIX 4YMCen Ni, N2 W N3, COOTBETCTBYIOLLYIO
3HepreTnyeckomMy ypoBHo Ne k, Heo6xoauMo HanTK K-yio Mo BENUYNHE CYMMY UX KBagpaToB.
KpaTHOCTb BbIpoXaeHUs aHepreTndeckoro yposHsa Ne 7 paBHa 3.

Bo3moxkHble kKoMOMHaUMK KBAHTOBbIX Yncen: 2,2,3; 2,3,2; 3,2,2.

Kputepuu oueHmBaHus:

10 6annoB: npaBWNbHO ONWCaH MeToa onpeferneHuss KOMOWHaUMW KBaHTOBbLIX 4YuUcen,
COOTBETCTBYIOLLMX 3HepreTudeckomy ypoBHo Ne k, onpegeneHa KpaTHOCTb BbIPOXAEHUS 7-ro
YPOBHS M KOMBMHAUUN KBAHTOBbIX YMCen.

5 6annos: npaBWMbHO ONUCaH MeTo4 onpedeneHns KoMOuHauuW KBAHTOBLIX 4YuUcen,
COOTBETCTBYIOLLMX aHepreTudeckomy yposHo Ne k, HO He onpeaeneHa KpaTHOCTb BbIPOXAEHUSA
7-ro ypoBHS 1 KOMOMHaLMWN KBAHTOBbIX YNCEN

0 6annoB: AaH HEBEPHbIN OTBET

3. Kak nonyuntb 9BHbIV BUA, onepatopa 3agaHHOW dMU3MYEeCKOon BESNMYUHBI? [lonydnte SBHbIN
BMUA onepartopa NpoeKLnn CKoOpoCcTn Ha OCb X.

JTanoH oTeBeTa:

Utobbl nonyunutb $BHbLIM BWA oOnepaTopa 3adaHHONW (OU3MYECKOW BENUYUHBI, HYXHO
NCNOJSIb30BaTb COOTHOLLEHUSA MeXAY (PU3MYeCKUMU BENMYNMHAMU N3 KNACCUYECKON MEXAHUKU U
nepBUYHbIE OMepaTopbl, ABHbIN BUA KOTOPbIX NOCTYNMPOBaH.

CooTHOLLEeHNe Mexay NPOoeKLMs MU CKOPOCTU U MMMNYbCa Ha OCb X U3 KIMacCU4YeCKON MeXaHWKu
Vyx = Px/m.

Onepartop Vx = —ih/m-9/ox

Kputepun oueHuBaHus:

10 6annoB: npaBWNbHO OMNUcaH crnocob nony4YeHus SBHOrO BuAa onepaTtopa 3adaHHOW
doM3n4eCKon BENUYMHBI, HANAEH ornepaTop NPOEKLUM CKOPOCTU Ha OCb X.

5 6Gannos: npaBunbHO onucaH cnocob nonyYeHuMs SABHOMO BMAa onepaTopa 3a4aHHOM
don3nyeckon BenninHbl, HO He HanZeH ornepaTop NPOeKUUn CKOPOCTU Ha OCb X

0 6annoB: AaH HeBEPHbI OTBET



20.2. MpomexyTo4yHaa aTrecTauus

npOMe)KyTO‘-IHaFl aTtrTectauna npoBoaAUTCA B COOTBETCTBUU C MonoxeHnem o I'IpOMe)KyTO‘-IHOI7I
artrecrtauunmn 06yqa+ou_l,wxc;| no nporpaMmmamM BbICLUEro 06pa3OBaHMF|. KOHTpOJ'IbHO-MSMepVITeJ'IbeIe
mMaTepuarnbl I'IpOMG)KyTOHHOVI atrectaunn BKIKO4YakOT B cebs TeopeTn4eckme BOMpPOCHI, Nno3sondrLwine
OUEeHUTb YpOBEHb MNOJTyYEeHHbIX 3HaHUN U CTeNeHb Cd)OpMI/IpOBaHHOCTVI ymean7| N HaBbLIKOB B obractu
Cbl/l3|/|‘-leCKOIZ XUMUn. I'IpM oueHnBaHNN WCMNOJNb3YKTCA KOJIMYECTBEHHbIE LUKallbl OLUEHOK. KpI/lTepI/II/I
oueHnBaHUA NpmBeaeHbl Bbille.

I'Ip|/| peannsaumnn ancumniinibl ¢ nNpMMeHeHnem AOUCTaHUMOHHBLIX O6paSOBaTeJ'IbeIX TEXHOMOrNN

OLEHKN 3a 9K3aMeH/3ayeT MOTyT OblTb  BbICTaABMNEHLI

no pesynbtatamMm TeKyLLI,eIZ aTtrTectaunn

obyuyaroLerocs B cemecTpe.

MpomexyToyHas atTecTaums no AUCLMUMNIIMHE OCYLLIECTBSAETCA C MOMOLLBIO CreayoLIMX OLEHOYHbIX
CPEeacCTB:

=

CoNOTrWN

10.
. TeopemMa 0 coO6CTBEHHbIX (PYHKLIMSIX CAMOCOMPSXKEHHOTO ornepaTopa.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.

22

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

30.

31

I'Iepequb BOMPOCOB K 3K3aMeHY.:

OnemeHTapHas KBaHTOBasi TeOpus cBeTa ONHLITENHA. BOMHOBO-KOPNYCKYNAPHbIA Ayann3m onsg
ceeTa.

BonHa ge bponna. dusmnyeckoe TonkoBaHWe BOMHbI Ae bponns.

lMOHATME COCTOSAHUA B KBAHTOBOW MEXaHUKE.

MoHATne BonHOBOM hyHKUMK. CBOMCTBA BOSTHOBOW (DYHKLNN.

YpaBHeHue LLpegmHrepa kak noctynaTt KBAQHTOBOW MexaHUKN. OCHOBHbIE CBONCTBA YpPaBHEHMS.
MprHUMN cynepnosnummn COCTOSIHUN.

MoHaTne onepartopa. JInHeHble camoCoNpPsiXeHHbIE onepaTopbl.

Anrebpa onepaTopoB (onpeaeneHne 0CHOBHbIX MOHATUI).

CobcTBeHHbIEe  (DYHKUUM 1 COBCTBEHHbIE 3HAYEHMSA onepaTopoB (onpeaerieHne NoHATUN).
Teopema 0 COBCTBEHHbBIX 3HAYEHUSIX CAMOCOMNPSXEHHbIX ONEepPaToOpPOB.

Teopema 0 NofHoTE COBCTBEHHbIX DYHKLMI onepaTopa.

TeopeMbl 0 COBCTBEHHBIX (PYHKUUAX KOMMYTUPYIOLLIMX OMepaTopos.

CpefHue 3Ha4YeHus AnHaMmn4ecknx nepeMeHHbIX. lNoctynaT o cpegHem.

BepoaTHOCTb onpeaeneHHoro 3HayeHust AMHaMM4eckon NepemMeHHoOn B U3MepeHni.
Ycnosue, Npy KOTOPOM HECKOSTbKO AUHAMUYECKMX NepPEMEHHBbIX MOTYT BbiTb U3MEpPEHbI
ofHoBpeMeHHo. MoHATne nonHoro Habopa PU3nYeCcKNX BEMUYNH.

CooTHoweHne HeonpeaeneHHocTen. MNpuHunn HeonpegeneHHocTn NenseHbepra.
OnepaTopbl OCHOBHbIX AMHAMUYECKMX NepeMeHHbIX. MpuHUMN cooTBeTCTBUS.

dyHKuma MamunbToHa. Onepatop MNamunbToHa. OnepaTop NOMHOW SHEPTUN.

lMoHATHe cTaunoHapPHOro cocTosHUA. YpaBHeHue LpeanHrepa ans craumMoHapHbIX COCTOSTHUN.
YpaBHeHue LLpeanHrepa n 3akoH coxpaHeHnsa vmcrna vyacTtuu. BekTop nnoTHOCTM NOTOKa
BEPOSATHOCTW.

. OgHomepHoe cBoboaHoe aswxeHue. BonHa ae Bponns.
23.

[BmxeHne Yyactuubl B 0OAHOMEPHOW NOoTeHUManbHOM sme ¢ 6€CKOHEYHO BbICOKMMMU
BEPTMKaNbHbIMU CTEHKaMMU.

[BmxeHne YacTmubl B TPEXMEPHOM NOTEHLUMANbHOM «SILLMKEY.

MpoxoxaeHne YyacTuubl Yepes NPSIMOYTONbHbIN NOTEHUManbHbIA 6apbep. TYHHENbHbIM 3OEKT.
OnemeHTapHas KBaHTOBas TEOPUS rapMOHNYECKOro ocumnnnaTopa.

O6wan xapakTepucTnka ABUXKEHNS B LEHTParibHOM More.

KBaHTOBasi TEOpUS XKECTKOro potatopa 1 ee 3HavyeHne ans onsmnyeckon XMMmnu.

YpaBHeHue LpegunHrepa ans atoma sogopoda. lMNpuHumn pelueHns. QHepreTMYEeCKnin CNekTp
aToma BoaopoAa.

BonHoBble hyHKUUM aneKkTpoHa atoMa Bogopoaa. PacnpeaeneHne anekTpoHHON NIIOTHOCTU B
aTome BogopoAa.

. DenctBntenbHblie opbuTanyu atoma Bogopoaa.
32.
33.
34.
35.
36.
37.

dunsnyeckmn cMmbicrn KBaHTOBOro yicna | B atome Bogopoaa.

dn3anyecknin CMbICI KBAHTOBOIO YMcra m; B aTtome Bogopoaa.

Toku B aTome Bogopoaa. N'MpomMarHMTHOe OTHOLLEHME.

CnvH MukpodacTmubl. Onepatop cnuHa anekTpoHa. CnMHOBbIE (PYHKLMN SMEKTPOHA.
BonHoBas gyHKUMSA cucTeMbl YacTuL,. NpUHUMN TOXXAECTBEHHOCTH YacTul,

BonHoBas yHKUMS CMCTEMbI TOXOECTBEHHbIX YacTuL, Ansg 6030HOB 1 411 PEePMUOHOB.



38. YpaBHeHue WpeanHrepa ansa monekynol. AgnabaTtudeckoe npnbnmxexme.

39. NoHAaTre 06 ogHoanekTpoHHoM npubnmxkeHnn. Metog CCI XapTpu n ero HegocTaTKy.

40. BonHoBas pyHKLUMA MHOrO3SIEKTPOHHOW CUCTEMbI B O4HO3MEKTPOHHOM NPUBKEHNN.
OeTepmuHaHT Crniatepa.

41. QHeprus MHOro3MeKTPOHHOM CUCTEMbI B OAHOINEKTPOHHOM MPUBMKEHUN.

42. BapaunOHHbIA MPUHLMN B KBAHTOBOW MEXaHUKe.

43. Metog CCI1 XapTpu-®Poka. YpaBHeHne Xaptpu-Poka Anst 3aMKHYTbIX 3NEKTPOHHbIX 060M04ek.

44. OcHoBHble NOMOXeHMA MeToaa MonekynapHbix opbutanen. MNpubnumkeHne MO JTIKAO.

45. Bbibop 6a3uncHbix pyHkumin B metoge MO JIKAO. dyHkumm Cnatepa mn dyHkummn Maycca.

46. YpaBHeHus CCI1 Ha koHe4yHOM Gasnce. MeTtog PyTtaHa.

47. loHATME O NONY3MNUPUYECKNX METOAAX KBAHTOBOM XMMnn. BaneHTHoe npubnmkeHue.
PaclumpeHHbIn MeToq XioKKens.

48. NoHATNE 0 NONY3IMNUPUYECKMX METOAAX KBAHTOBOW XUMUWN. TT-ONEKTPOHHOE NpubnumxeHue.
Mpocton metog Xiokkensa (metoq MOX) 1 ero BO3MOXHOCTW.

49. ['mbpuansaums atomHbix opbutanen B metoge MO.

50. Teopema NenbmaHa-®enHMaHa 1 KPUTEPUIN NPOYHOCTU XUMMUYECKON CBA3N.

Komnnekt KUM

YTBEPXOAHO:

3aBepytoLmii kadhegpon prnsmyeckon Xmmmm
0.X.H., Aou,. O.A. Ko3agepos
20

HanpasneHnune noarotoBku / cneumanbHocTb 04.05.01 ®IMX
OucumnnuHa KeaHTOBas MexaHuKa U KBaHTOBas XUMUS
dopma 0byueHusa oyHas
Bua kKOHTpONS 3Kk3aMeH
Bug atTectaummn npomexxyTOYHbIN
KoHTponbHO n3ameputenbHblii matepuan Ne 1

1. MoHATMEe BONHOBOM GYHKUMMK. CBOMCTBA BOHOBOW PYHKLMMN.
2. dusnyeckuii cMbica KBaHToBOro ymcna | B aTome Bogopoaa.

MNpenogasatenb Heuaes W.B.
YTBEPXIOAIO:

3aBenytoLumi kadpegpovt hnsnyHecKkon Xummm

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

20

HanpaeneHune noarotoBku / cneumanbHocTb 04.05.01 X
OucunnnuHa KBaHTOBasi MexaHuKa U KBaHTOBasi XMMUS
dopma obyyeHnsi ouHas

Bua KOoHTpons ak3ameH

KoHTponbHO n3ameputenbHblii matepuan Ne 2
1. MpuHUMN cynepnosnumm coOCTOAHMIA.
2. BapnauMOHHbIM NPMHLUMM B KBAHTOBOW MeXaHUKe.

MNpenoaasartenb Heuaer U.B.




YTBEPXXIOALO:
3aBenytoLumii kadeapovt hnanyeckon Xummm

0.X.H., O0Ll. O.A. Ko3agepos

.20
HanpasneHune noarotoBku / cneumanbHocTb 04.05.01 ®IMX
OucumnnuHa KeaHTOBasg MexaHuka 1 KBaHTOBast XUMUSA
dopma obyyeHnsi o4Has
Bua koHTpoONs ak3ameH

KOHTpO/IbHO u3mepuTenbHbli matepuan Ne 3
1. YpaBHeHue LLpeauHrepa KaKk nocTy/iaT KBAHTOBOM MexaHUKN. OCHOBHbIE CBOMCTBA YPaBHEHMUSA.
2. O6LWan xapaKTePUCTMKA ABUKEHMUA B LLEHTPAIbHOM MoJe.

[Ipenonasareins Heuaes U.B.
YTBEPXOAIO:

3aBepytoLmii kadheapon pmnsmyeckomn Xmmmm

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

20

HanpasneHune noarotoBku / cneumanbHocTb 04.05.01 ®IMX
OucumnnuHa KeaHTOBas MexaHuKa 1 KBaHTOBas XUMUS
dopma 0byueHusa oyHas

Bua kKOHTpONS 3Kk3aMeH

KOHTpO/IbHO uamepuTenbHbii matepuan Ne 4
1. CobcTBEHHbIE PYHKLMM M COBCTBEHHbIE 3HAYEHWUA ONEPATOPOB (ONpeaeneHne MNOHATUIA).
2. YpaBHeHua CCIM Ha KoHeyHoM 6a3uce. MeTog PyTaHa.

MNpenogasaTtenb Heuaes W.B.
YTBEPXIOAIO:

3aBenytoLmi kadpegpont hnany4eckon Xummm

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

20

HanpaeneHune noarotoBku / cneumanbHocTb 04.05.01 ¢IMX
OucumnnuHa KBaHToBas MexaHuKa U KBaHTOBas XUMUS
dopma obyyeHnsi ouHas

Bua koHTpons ak3ameH

KoHTponbHO nameputenbHblii matepuan Ne 5
1. Teopema 0 cobCTBEHHbIX 3HAYEHUAX CAMOCONPANKEHHbIX ONEPaTOPOB.
2. [encTtButenbHble opbutanm atoma Bogopoaa.
MNpenogasaTtenb Heuaes W.B.




YTBEPXKOALO:
3aBenytoLumin kKadeapon hnanyeckon Xummm

0.X.H., O0Ll. O.A. Ko3agepos

.20
HanpasneHune noarotoBku / cneumanbHocTb 04.05.01 X
OucumnnuHa KeaHTOBasg MexaHuka 1 KBaHTOBast XUMUSA
dopma oby4eHnsi o4Has
Bua koHTpoONs ak3ameH

KOHTpO/IbHO n3meputenbHbii matepuan No 6
1. CpegHune 3HaYeHUA ANHAMMYECKMX NepeMeHHbIX. [1ocTynaT o cpegHem.
2. Toku B aTOme BoAOpoOAa. [MPOMArHUTHOE OTHOLUEHME.

MNpenopgasaTensb Heuvaes W.B.
YTBEPXIAIO:

3aBepytoLmii kadheapon prnsmyeckomn Xmmmm

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

20

HanpasneHune noarotoBku / cneumanbHocTb 04.05.01 ®IMX
OucuunnuHa KBaHToBas MexaHuKa U KBaHToOBast XMMUs
dopma obyueHusa oyHas

Bua kKOHTpONS 3Kk3aMeH

KOHTpO/IbHO u3mepuTenbHbIi matepuan Ne 7
1. BepoAaTHOCTb onpeaeneHHoro 3Ha4yeHua JMHaMMUYECKON NepeMeHHOM B USMePEHUN.
2. dnemeHTapHaA KBAHTOBAA TEOPUA FAPMOHUYECKOro oCcLLUANATOpa.

MNpenogasaTtenb Heuaes W.B.
YTBEPXOAIO:

3aBegytoLumi kadpegpovi hnanyHecKon Xummm

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

20

HanpaeneHnune noarotoBku / cneumanbHocTb 04.05.01 ®IMX
OucunnnuHa KBaHTOBasi MexaHuKa 1 KBaHTOBasi XMMUS
dopma obyyeHnsi ouHas

Bua KOoHTpons ak3ameH

KoHTponbHO n3ameputenbHblii matepuan Ne 8
1. Ycnosue, Npu KOTOPOM HECKOIbKO AMHAMMYECKUX NepeMeHHbIX MOTyT BbiTb U3MepeHbI
OfHOBPEMEHHO. MoHATHE NONHOro Habopa GU3NYECKUX BENIUUUH.
2. YpaBHeHue LLpeanHrepa gna atoma sogopoaa. MpuHUmMn peleHns. IHepreTMY4eCcKMn CNexkTp aToma
BOAOpoOAa.
MNpenogasaTtenb Heuaes U.B.




YTBEPXXOALO:
3aBenytoLumin kadeapont hnanyeckon Xummm

0.X.H., O0Ll. O.A. Ko3agepos

.20
HanpasneHune noarotoBku / cneumanbHocTb 04.05.01 X
OucumnnuHa KeaHTOBasg MexaHuka 1 KBaHTOBast XUMUSA
dopma oby4eHnsi o4Has
Bua koHTpoONs ak3ameH

KOHTpO/IbHO u3mepuTenbHbli matepuan Ne 9
1. CooTHOlWEHNe HeonpeaeneHHocTen. MpuHUMN HeonpeaeneHHoctn lenseHbepra.
2. TpoXoXAeHUe YacTULbl Yepes NPSIMOYro/IbHbIM NOTEHUMA/bHbIN 6apbep. TYHHENbHbIN 3G dEKT.

MNpenopgasaTensb Heuvaes W.B.
YTBEPXXOAIO:

3aBegytowmii kadheapon prnsmyeckon Xmmmm

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

20

HanpasneHnune noarotoBku / cneumanbHocTb 04.05.01 ®IMX
OucumnnuHa KeaHTOBas MexaHuKa 1 KBaHToBas XUMUS
dopma 0byyeHusa oyHas

Bua kKOHTpONs 3Kk3aMeH

KoHTpO/IbHO uameputenbHbii matepuan Ne 10
1. OnepaTopbl OCHOBHbIX AMHAMUUYECKUX NepemeHHbIX. [pMHUMN COOTBETCTBUA.
2. MeTtopg, CCIM XapTtpu-®okKa. YpaBHeHUe XapTpu-PoKa gna 3aMKHYTbIX 3/1EKTPOHHbIX 060104YEK.

MNpenogasaTtenb Heuaes W.B.
YTBEPXIOALO:

3aBegytomi kadegpovt hnanyHecKkon Xummm

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

20

HanpaeneHune noarotoBku / cneumansHocTb 04.05.01 X
OucunnnuHa KBaHTOBasi MexaHuKa U KBaHTOBasi XMMUS
dopma obyyeHnsi ouHas

Bua KOoHTpons ak3ameH

KoHTponbHO nameputenbHblii matepuan Ne 11
1. dyHKumMA NamumnbToHa. Onepatop NamunbToHa. Onepatop NOMHOM 3HEPrUMn.
2. MNoHsTHe 06 0AHO3/EKTPOHHOM NpunbankeHnn. Metog CCI XapTpu 1 ero He4ocTaTKu.

MNpenogasaTtenb Heuaes W.B.




YTBEPXKOALO:
3aBenytoLumin kadeapont hnanyeckon Xummm

0.X.H., O0Ll. O.A. Ko3agepos

.20
HanpasneHune noarotoBku / cneumanbHocTb 04.05.01 ®IMX
OucumnnuHa KeaHTOBasg MexaHuka 1 KBaHTOBast XUMUSA
dopma oby4eHnsi o4Has
Bua koHTpoONs ak3ameH

KOHTpO/bHO uameputenbHbii matepuan Neo 12
1. MoHATME CTaUMOHAPHOrO COCTOAHMUA. YpaBHeHue LpeanHrepa ansa cTauMoHapHbIX COCTOAHWUINA.
2. BonHoBas ¢pyHKUMA cucTembl YacTuu,. MpUHLMN TOXKAECTBEHHOCTU YacTuL,

MNpenopgasaTensb Heuvaes W.B.
YTBEPXIAIO:

3aBepytomii kadhegpon prnsmyeckomn Xmmmm

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

20

HanpasneHune noarotoBku / cneumanbHocTb 04.05.01 ®IMX
OucumnnuHa KeaHToOBas MexaHuKa 1 KBaHToBas XUMUS
dopma 0byueHusa oyHas

Bua KOHTpONS 3Kk3aMeH

KOHTpO/IbHO uamepuTenbHbIi matepuan Ne 13
1. YpaBHeHue LpeaunHrepa 1 3aKOH COXpPaHEHMA YMCNA YacTUL,. BeKTOp NNOTHOCTM NOTOKA BEPOATHOCTU.
2. Bblbop 6a3uncHbix pyHKUmn B metoge MO JTIKAO. dPyHKumn Cnatepa u pyHKumnm Maycca.

MNpenogasatenb Heuaes W.B.
YTBEPXIOAIO:

3aBegytoLmi kadegpovt hnsnyHecKkon Xummm

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

20

HanpaeneHnune noarotoBku / cneumanbHocTb 04.05.01 ®IMX
OucunnnuHa KBaHTOBasi MexaHuKa U KBaHTOBasi XMMUS
dopma obyyeHnsi ouHas

Bua KoHTpons ak3ameH

KoHTponbHO n3ameputenbHblii matepuan Ne 14
1. OgHomepHoe cBob6OAHOE ABUXKEHME. BonHa ge bponns.
2. CNuH MUKpoYdacTuubl. OnepaTop CNMHa 31eKTPoHa. CNUHOBbIE PYHKLUKN 3N1EKTPOHA.

MNpenogasaTtenb Heuaes W.B.




YTBEPXKOALO:
3aBenytoLumin kadeapont hnanyeckon Xummm

0.X.H., OOLl. O.A. Ko3agepos

.20
HanpasneHune noarotoBku / cneumanbHocTb 04.05.01 X
OucumnnuHa KeaHTOBasg MexaHuka 1 KBaHTOBast XUMUSA
dopma oby4eHnsi o4Has
Bua koHTpoONs ak3ameH

KOHTpOo/bHO uameputenbHbii matepuan Ne 15

1. 1BUXKeHUe YacTuLbl B 04HOMEPHOM NOTEHLMANIbHOM iMe C 6E@CKOHEYHO BbICOKMMU BEPTUKANbHbBIMU
CTEHKaMMU.
2. YpaBHeHue LpeanHrepa ana monekynbl. Aonabatuueckoe npubaunxeHue.

MNpenopgasaTensb Heuvaes W.B.
YTBEPXKOAIO:

3aBepytowmii kadhepon prnsmyeckomn Xmmmm

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

20

HanpasneHune noarotoBku / cneumanbHocTb 04.05.01 ®IMX
OucumnnuHa KeaHToBas MexaHuKa U KBaHTOBas XUMUS
dopma 0byyeHusa oyHas

Bua kKOHTpONS 3Kk3aMeH

KOHTpO/IbHO uamepuTenbHblii matepuan Ne 16
1. [IBurKeHMe YacTmLbl B TPEXMEPHOM MOTEHLMANBHOM «ALLUKEY,
2. DHeprua MHOro3/IeKTPOHHOM CUCTEMbI B O4HO3NEKTPOHHOM NPUBANNKEHUN.

MNpenogasaTtenb Heuaes W.B.
YTBEPXIOAIO:

3aBegytomi kadegpon hnandHecKkon Xummm

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

20

HanpaeneHune noarotoBku / cneumanbHocTb 04.05.01 ¢IMX
OucunnnuHa KBaHTOBasi MexaHuKa U KBaHTOBasi XMMUS
dopma obyyeHnsi ouHas

Bua KoHTpons ak3ameH

KoHTponbHO n3amepuTtenbHblii matepuan Ne 17
1. BonHoBble pyHKLUMM 3NEeKTPOHA aToMa BOA0poAa. PacnpeseneHne sneKTpoOHHOM NIOTHOCTM B aTOMe
BOAOpOAa.
2. OCHOBHble NONOXKEHNSA METOAA MOJIEKYNAPHbIX opbuTanei. MpubauxkeHne MO JIKAO.

MNpenogasaTtenb Heuaes W.B.




YTBEPXKOALO:
3aBenytoLumin kadeapont hnanyeckon Xummm

0.X.H., O0Ll. O.A. Ko3agepos

.20
HanpasneHune noarotoBku / cneumanbHocTb 04.05.01 X
OucumnnuHa KeaHTOBasg MexaHuka 1 KBaHTOBast XUMUSA
dopma obyyeHnsi ovHas
Bua koHTpoONs ak3ameH

KOHTpO/bHO nameputenbHbii matepuan Neo 18
1. BonHoBaA GyHKLUNA MHOTO3/1IEKTPOHHOMN CUCTEMbI B OAHO3/IEKTPOHHOM MPUBSTNNKEHUN.

JetepmunHant Chatepa.
2. Tnbpuamnsauma aTomHbIx opbutanen B metoge MO.

MNpenopgasaTensb Heuvaes W.B.
YTBEPXIAIO:

3aBepytoLwmii kadhegpon prnsmyeckomn Xmmmm

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

20

HanpasneHune noarotoBku / cneumanbHocTb 04.05.01 ®IMX
OucumnnuHa KeaHTOBas MexaHuKa 1 KBaHTOBas XUMUS
dopma obyueHusa oyHas

Bua KOHTpONS 3Kk3aMeH

KOHTpO/IbHO uamepuTenbHbii matepuan Neo 19
1. NMoHATME 0 NONYIMMNUPUYECKUX METOAAX KBAHTOBOW XMMUKN. BaneHTHoe npubankeHue.

PacwmpeHHbI meTog, XIOKKens.
2. Teopema lenbmaHa-®enHMaHa U KPUTEPUIA MPOYHOCTU XMMUYECKOM CBA3M.

MNpenogasatenb Heuaes W.B.
YTBEPXIOAIO:

3aBegytoLumi kadegpont hnanyHecKkon Xummm

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

20

HanpaeneHune noarotoBku / cneumanbHocTb 04.05.01 ®IMX
OucunnnuHa KBaHTOBasi MexaHuKa U KBaHTOBasi XMMUS
dopma obyyeHnsi ouHas

Bua KOoHTpons ak3ameH

KoHTponbHO n3ameputenbHblii matepuan Ne 20
1. KBaHTOBaa TeopuA XKeCcTKoro potaTtopa.

2. MoHATME 0 NONYIMNUPUYECKUX METOAAX KBAHTOBON XMMUKN. TT-DNEKTPOHHOE NpUBAMNKEHME.
Mpocton metoa Xtokkensa (MOX) 1 ero BO3MOXKHOCTU.

MNpenogasaTtenb Heuaes W.B.




YTBEPXKOALO:
3aBenytoLumin kadeapont hnanyeckon Xummm

0.X.H., O0Ll. O.A. Ko3agepos

.20
HanpasneHune noarotoBku / cneumanbHocTb 04.05.01 X
OucumnnuHa KeaHTOBasg MexaHuka 1 KBaHTOBast XUMUSA
dopma oby4eHnsi o4Has
Bua koHTpoONs ak3ameH

KOHTpO/bHO nameputenbHbii matepuan Ne 21
1. Teopema o cobcTBEHHbIX QYHKLMAX CAMOCOMNPAKEHHOrO onepaTtopa.

2. BonHOBasA GyHKLMA CUCTEMbI TOMKAECTBEHHbIX YacTUL, ANA 6030HOB U ANA GEePMMUOHOB.

MNpenopgasaTensb Heuvaes W.B.
YTBEPXIAIO:

BaBepytoLmii kadhegpon prnsmyeckomn Xmmmm

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

20

HanpasneHnune noarotoBku / cneumanbHocTb 04.05.01 ®IMX
OucumnnuHa KeaHTOBas MexaHuKa U KBaHTOBas XUMUS
dopma obyueHusa oyHas

Bua kOHTpONS 3k3aMeH

KOHTpO/IbHO uamepuTenbHbIi matepuan Neo 22
1. TeopeMbl 0 COOCTBEHHbIX QYHKLMAX KOMMYTUPYHOLLMX ONEPaToOpOB.

2. BonHoBasA GyHKUMA CUCTEMbI TOMKAECTBEHHbIX YacTUL, ANA 6030HOB U AN GEPMMOHOB.

MNpenogasatenb Heuaes W.B.
YTBEPXIOAIO:

3aBegytoLmi kadpegpovt hnanyHecKkon Xummm

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

20

HanpaeneHune noarotoBku / cneumanbHocTb 04.05.01 ¢IMX
OucunnnuHa KBaHTOBasi MexaHuKa U KBaHTOBasi XMMUS
dopma obyyeHnsi ouHas

Bua KOoHTpons ak3ameH

KoHTponbHO nameputenbHblii matepuan Ne 23
1. Teopema 0 nonHOTe cOBCTBEHHbIX PYHKLUMI onepaTopa.
2. Tnbpuamnsauma aTomHbIx opbutanei B8 metoge MO.

MNpenogasaTtenb Heuaes W.B.




YTBEPXKOALO:
3aBenytoLumin kadeapont hnanyeckon Xummm

0.X.H., O0Ll. O.A. Ko3agepos

.20
HanpasneHune noarotoBku / cneumansHocTb 04.05.01 ®IMX
OucumnnuHa KeaHTOBasg MexaHuka 1 KBaHTOBast XUMUSA
dopma oby4eHnsi o4Has
Bua koHTpoONs ak3ameH

KOHTpO/IbHO u3mepuTenbHbii matepuan Ne 24
1. Teopembl 0 cOBCTBEHHbIX QYHKLMAX KOMMYTUPYIOLLMX ONEPaToOpPOB.

2. ®n3nYecKknii cMbiC KBAaHTOBOIO Yncaa Ny B aTOMe BogopoAa.

MNpenopgasaTensb Heuvaes W.B.
YTBEPXIAIO:

3aBepytoLmii kadhegpon prnsmyeckomn Xmmmm

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

20

HanpasneHune noarotoBku / cneumanbHocTb 04.05.01 ®IMX
OucumnnuHa KeaHTOBas MexaHuKa 1 KBaHTOBas XUMUS
dopma o0byueHusa oyHas

Bua kKOHTpONs 3Kk3aMeH

KOHTpO/IbHO uamepuTenbHbIi matepuan Ne 25

1. dyHKuua FammunbToHa. OnepaTop FamuabToHa. OnepaTop NOAHON SHEPrUun.
2. KBaHTOBas TeOpMs XXECTKOro poTatopa u ee 3HadeHune ansg omsnmy4eckon XMMmnn.

MNpenogasaTtenb Heuaes W.B.

KpuTepuun oueHMBaHUA KOMNEeTEHLUMIA NPU NPOMEXYTOYHOM aTTecTauum

YpoBeHb
Kputepumn oueHnBaHnsa KoMneTeHumm cchopmmpoBaH LLikana oueHokK
HOCTHN
KOMMeTeHUUN
OOyvarowmnca B NOMHOW Mepe BrnageeT MOHATUMHBLIM annapaToM | [oBbILEHHbIN OT1nn4yHo
KBAHTOBOM MEXaHUKM W KBAHTOBOW XMMWUW; YMEET MbICIIUTL B YPOBEHb
TEPMUHaxX KBAHTOBOW Hayku; CMOCODEH  WMMCTpUpoOBaTb OTBET
npuMepamu, aktamu, JaHHbIMU HAYYHbIX UCCNEAO0BaHNI; MPUMEHSITb
TeopeTUYeckue 3HaHus O pelleHns NpakTUYeckux 3agad B obnactu
KBAHTOBOW XUMUW.
OTBET Ha KOHTPOSbHO-U3MEPUTENbHbIA MaTepuarn He COOTBETCTBYyET BasoBbIi Xopouo
TONMbKO OOHOMY M3 MEPEYUCNEHHbIX MOoKasaTenen, Ho oby4atoLmics YPOBEHb
JaeT npaBuibHble OTBETbl HA  OOMOMHUTENbHbIE  BOMPOCHI.
CopepxaTca OTAENbHble HeOo4YeTbl MpU  pelleHun 3agady  Ha
BbluMcreHne (G depeHLMpBaHNe, MHTErPUPOBAHME).
OOyvaowmnca  4acTMdHO BriageetT  TeopeTMdeckMMM  OCHOBaMu MoporoBbi YnoeneTeBopu-
OVCLUMMIIMHBI, NoKa3blBasi (pparMeHTapHOe BrageHue mnporpammMon YPOBEHb TEnbHO




Kypca. HeyBepeHHo NPpUMEHAET TeopeTn4eckme 3HaHUA Ona pelleHusa
NpakTn4eCKnx 3agad B obnactn kBaHTOBOW XxuMun. He YMEET pellatb
3agayvun Ha BblMUCINEeHnA.

OOGyvalolmniica  OEeMOHCTPUPYET  OTPbIBOYHbIE,  (oparMeHTapHble - Heynosneteopu-
3HaHuWA, gonyckasa npu oTeeTe rpybble ownbkn. K ocBoeHWo y4eBHol TenbHO
avcumnnuHel « CTpoeHWe BELLECTBa» HE NOATOTOBIEH.

3apaHua pasgena 20.1.4 pekoMEHAYTCA K  WUCMOMb30BaHWO Npu  NPOBEAEHUU
AMarHOCTMYeCKUX paboT C Lenbl OLEHKNM OCTaTOUYHbIX 3HaHWWA MO pes3yrbTaTaM OCBOEHUS
JaHHOW ANCLMNMUHBI
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