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1. HammeHOBaHMe JUCHUIIINHBI
KBanToBas Teopus

2. MecTo IMCHHUILIMHBI B CTPYKTYpeE 00pa30BaTeIbHOM NMPOrpaMMBbI

JlucuuniauHa BXOAUT B BapHaTUBHYIO yacTh biioka « b.1 » obpa3oBaTenbHOil mporpaMMbl IO HAITPABIEHUSM
MOATOTOBKH (CMEIUATBLHOCTSIM):

Hamnpasnenue: 03.03.01 IIpuknagapie MaTeMaTuka u puU3NKa

HamnpalieHHOCTh [IporpamMma mupokoro npoguis



3. [lnanupyembie pe3y/ibTaThl 00y4eHUs M0 AUCHUILINHE

B pesynbrare ocBoeHuUs IUCHUILTHHEI KBaHTOBast Teopust y 00ydaromerocs JoHKHbEI ObITh CPOPMUPOBAHBI
CIIEYIOIIHAE KOMIIETCHIINHN:

03.03.01 IpuxmanHabie MaTeMaTHKa U (pr3nka (HarpaBiIeHHOCTS : [Iporpamma mmpokoro mpoguis)

OIIK.7 crtocoOHOCTB UCIOJIB30BATh 0A30BbIC TCOPETUUCCKUE 3HAHUS (QyHIAMEHTAIBHBIX pa3/IesioB o0men u
TeopeTudeckor (GU3HUKU 7S pelieHHs MPOoPeCcCUOHANBHBIX 3a/1a4

OIIK.8 crtocoOHOCTB UCIOJIB30BATh B MTPOPECCUOHAITBHON AEATEIHFHOCTH 0a30BbIC 3HAHUS
(GyHIaMEHTaJIbHBIX pa3esioB MaTEMAaTHUKH, CO3aBaTh MAaTEMaTHUYECKHE MOIENU TUIIOBBIX TPO(ECCHOHATIBHBIX
3aJ1a4 U UHTEPIIPETUPOBATH MOTYUYEHHbIE PE3YIbTAThI C YUETOM I'PaHMI] IPUMEHUMOCTH MOJeIen

IK.1 crtocoOHOCTb TPUMEHSTH B CBOEH PO EeCCHOHATBHON IEATENFHOCTH 3HAHUS, TTOJTyYeHHBIE B 00JacTH
(UBHYECKUX U MATEMATHUYECKUX JTUCIIUTUTHH



4. O0beM U coJepkaHue TUCHUTITHHBI

HanpaBﬂeHm[ MNOATr0TOBKH

03.03.01 Ilpuknanusie MaTeMaTHKa U (U3MKa (HAIIPABICHHOCTD:
[Iporpamma mupokoro npouss)

¢opma o0yuenus

O4YHasin

NeNe TpumecTpoB,
BbIJICJICHHBIX /151 H3y4YeHUs!
AUCHHUILINHBI

8

O0beM AUCIHUILIMHBI (3.€.)

O0beM JUCHUILIMHBI (AK.YaC.)

144

KonTakTHasi padora ¢
npenoaaBartesieM (aK.4ac.),
B TOM YHCJIE:

56

IIpoBenenue JeKIUOHHBIX
3aHATHH

28

IIpoBeneHne NpakKTHYECKHUX
3aHATHI, CECMHMHAPOB

28

CamocTrosiTesbHast padoTa
(ak.4ac.)

88

@®opMBbI TeKyl1ero KOHTPOJIS

Bxonnoe tectupoBanue (1)
HtoroBoe koHTposbHOE MeponpusTue (1)
ITuceMeHHOE KOHTpOIbHOE MeponpusTue (2)

DopMbI IPOMEKYTOUHOM
arrecTaumu

Ox3aMmeH (8 TpumecTp)




5. AHHOTI/IPOBaHHOC OonmucaHue CoaAcpKanusd pasacjaoB U TEM TUCHUIIJIHHBI

KBanToBas Teopus.llepBblii cemecTp
DyHIaMeHTAJIbHbIE H1eH KBAHTOBOI QU3NKHU

Pa3BuTHe npeacraBieHnii 0 npupoae MUKPpOMHUpa
I'unoTesa kBanToB nois M.Ilnanka. I'unoresa JIyn ne bpoiina. Bonna ne bpoitns. CootHomenus ae bpoitns.
Ynpyroe paccessHue BOJTH-YACTHI] HA KPUCTAIITNYECKON pelIeTKe.

KopnyckyasipHo-BosiHOBO#M xyaan3M. CTaTHCTHYECKHH CMBICJ BOJIH MATEPUH
OnbITH ¢ TUQPAKIIEH STEKTPOHOB HAa MIENSIX U KpucTauiax. KopmycKyspHbIle CBOHCTBA CBETA.
KopmyckysipHo-BoTHOBO# nyanu3mM. BomHoBas ¢yHkiws. [ToTok muoTHOCTH BeposSTHOCTH. CTaTHCTUYSCKUH
CMBICJI BOJIH MaTEpHH.

IMpunuun coorBercTBUs. COOTHOIIEHUS HeoNpPeaeJeHHOCTel
[TpuHIMIT COOTBETCTBUSA KJIACCUYECKON U KBAHTOBOM MexaHUKU. COOTHOIIEHUS HEOTpeAeIeHHOCTEH
Ieiizenbepra i KOOPAUHATH U UMITYJIbCa, BpeMeHH U SHepruu. OLEHKH JTOKATH3aI[MH YaCcTUIl, BpeMEHU
JKU3HU METAaCTaOMILHBIX KBAHTOBBIX COCTOSIHUH.

HpI/IHIII/IHLI-l'[OCTy.]'I aTbl KBAHTOBOI1 TECOPpHUH

I'mab0epTOBO MPOCTPAHCTBO
dopmanu3M ruibOepTOBBIX TPOCTPAHCTB. Teopusi KBAaHTOBBIX U3MEPEHUI.

KBanToBasi MexaHHKAa CHUCTEM, HMCIOIIUX KJIACCUYCCKYI0O aHAJIO0THIO

IIpaBujia KBAHTOBAHUA
[TpuHuMI K1accuyeckoi aHanoruu (coorBeTcTBus). CEKTp COOCTBEHHBIX 3HAUEHUH NMPOEKLIUN KOOPAUHATHI U
uMmnyJibsca. Teopema pasnokeHus i (pU3NUeCKUX BEJIUYUH C HEPEPHIBHBIM CIIEKTPOM. Y CIOBUS
OPTOrOHAJILHOCTH U HOPMUPOBKU COOCTBEHHBIX BEKTOPOB JJIs1 PU3HMUECKUX BEITHUUH C HEMPEPHIBHBIM
ciekTpoM. dusznyeckuii cMbIca KOA(GGUIMEHTOB Pa3IokKeHUs U cpeliHee 3HaueHne (PU3NUECKO BETUUNHBI.

KoopannatHoe npeacraB/ieHue
OU3NYECKUI CMBICIT U TEOMETPUYECKast MHTEPIIPETAIMsI BOTHOBON (QYHKIIMH (aMIUTUTYIBI BEPOSITHOCTH).
OmnepaTop KOOPIMHATHI B KOOPJIMHATHOM TPEACTABICHUH U €r0 cOOCTBeHHBIC (DyHKIMH. COOCTBEHHBIN BEKTOP
orepaTopa UMITyJIbca B KOOPAMHATHOM MPECTaBICHUH . BrIuucienrne BepoaTHOCTEH U3MEpEHUS UMITYJIbCa B
KOOPJMHATHOM IPECTaBICHUU.

IIpocTeitinne Moge I KBAHTOBBIX CHCTEM
OmnepaTopbl OCHOBHBIX (PM3NYECKUX BEIIMYMH B KOOPIWHATHOM MpeacTaBieHnu. CTalmoHapHOE YpaBHEHUE
[Ipenunrepa. YpoBHU 3HEPTUM U CTALIMOHAPHBIE COCTOAHUS. [[0TEHIIMANbHBIE SMBI.

NmnyabcHoe nmpeacraBieHne
Omnepatopbl UMITYJIbCA U KOOPAUHATHI B UMITYJILCHOM TpezcTaBieHuu. CoOCTBEHHbIE (PYHKIINN OTepaTOpPOB
KOOPAMHATHI U UMITYJIbCA B UMITYJIbCHOM IpeacTaBieHun. PopMyIibl IEPEX01a OT UMITYJILCHOTO
NPEJCTaBICHNUS K KOOPAUHATHOMY U 00paTHO. [IpuMepsl COCTOSHUI B UMITyJIbCHOM U KOOPAWHATHOM
MPEACTABIIEHUAX.

OnHoBpeMeHHas1 H3MEPUMOCTh (PU3HYECKUX BeJIUYUH U COOTHOIIEHUSI Heolpe/aeJJeHHOCTeil
Du3NUeCKuil CMBICII KOMMYTAaTUBHOCTH oniepatopoB. [TomHbii Habop Pusnueckux BenuuuH. [TpuHIIMI
nornonHuTenbHocTH bopa.



KBanroBast fTmHAMHKA

IIpaBuia kBanToBanus Jlupaka
Hexotopsie cBoiicTBa cko6ok [lyaccona u koMmmyTaTopoB pusnueckux BeanuuH. [IpuHIUI COOTBETCTBUS
Jlupaka KJIaCCHUECKUX U KBaHTOBBIX cK0OOK [lyaccoHa.

MartpuyHasi MeXaHUKa
MaTtpuyHoe Ipe/icTaBIeHHE ONIEPaTOPOB U BEKTOPOB COCTOSIHUM. CBOMCTBa MaTpHULl. Y HUTApHBIE
npeoOpa3oBaHMs U X CBOMCTRA.

I'eiizen0eproBckasi KApTUHA ABUKEHUS
Ou3nYeCcKil CMBICI SBOJIIOIMH KBAHTOBOW CUCTEMBI BO BpeMeHU. Y paBHeHus [ 'elizenOepra ass onepaTopos
¢buznueckux BenmuuuH. OnepaTop 3BOJIOIUU BO BpEMEHHU U €T0 CBOMCTBA.

HIpeanHrepoBcKkas KAPTHHA IBHKECHUSA
[lepexox k mIpeaMHIepOBCKON KapTuHE NBKeHUs. Y paBHeHue llpeaunrepa u ero GuU3N4ecKuii CMBICIL.
O6mue cBoiicta ypaBHeHus lpenunrepa. 3akoH coxpaHeHus IUIOTHOCTU BEPOSATHOCTH. [110THOCTH TOKa
BeposATHOCTH. [IpenenbHblil mepexo 0T KBAaHTOBBIX YpaBHEHUH K KiaccuueckuM. Teopema DpeHdecTa.
KBasuxiaccuueckoe npubnmxenue. Meroq BKb.

IIpeoOpa3oBanusi cMuMMeETPUH
VYcnoBus cuMMeTpun. 3aKOHBI COXpAaHEHUS! B KBAHTOBOM Teopun (MHTErpassl ABrkeHMs ). X MareMaTtuueckas
¢dbopmynupoBka U pusnueckuit cMbicii. CHUMMETpHsI KBAaHTOBOM CUCTEMBI (OIIEPATOPbl CUMMETPHUH) U 3aKOHBI
coxpaHeHHus. ['eHepaTopbl OECKOHEUHO MaJbIX MpeoOpa3oBaHUi (IIpU TPAHCISALMH, BPALLICHUHN).

KBanToBasi Teopusi rapMOHMYECKHX KOJIeOAHUI

Oneparopsl poKAeHUS M YHHYTOKEHHUS
OmnepaTopsl pokaeHHs b+ ¥ YHUUTOXKEHHSI b- M IX CBOMCTBA.

CnexTp 3Hepruu
CrniexTp 3Hepruu rapMOHUYECKOro ocuiuiaTopa. KoopamnatHoe npeacraBieHue.

[onunombl YeOblmeBa-IpMura
[Tommuombl YebbImeBa-OpmuTta. OCHOBHOE COCTOSIHUE TAPMOHUYECKOTO OCHIIIISTOPA U €r0 CBOMCTBA.

Teopm[ MOMEHTA KOJIHYECCTBA IBUKCHU. Coun

CoOcTBeHHBbIE 3HAYEHNS U COOCTBeHHbIe QYHKIMUA MOMEHTA UMILYJIbCa
OrnepaTopbl MPOEKIIMI MOMEHTA MPOU3BOJILHON KBAHTOBOM CUCTEMBI U UX CBOMCTBA. CleCTBUE
MEePECTAaHOBOYHBIX COOTHOIICHUM JIJIsl OTIEPaTOPOB MOMEHTA (BeKTOpHast MOJieJib). CBOMCTBA MOBBIIIAIOIIUX U
MOHIKAIOIUX oneparopoB. CoOCTBEHHbIE 3HAUEHUS KBaJIpaTa MOMEHTA U €ro MPOECKIUH.

MartpuuHoe npejacTaBjieHue MOMEHTA
MatpuyHoe mpeicTaBlIeHHEe ONepaTOPOB MPOESKIIMU MOMEHTa UMIyJibca. [IpoonpHas KOMIOHEHTA U MOTHAS
BenM4rHa MOMeHTa. JlecTHUUHBIE onepatopbl. OTOOp KBAHTOBBIX MEPEXOIOB.

CnnH. MarHuTHbI MOMEHT 3JIEKTPOHA
Cnun vactui. Matpuisl [laynu u ux cBorictBa. Onucanue COCTOSHUS KBAHTOBOM YaCTHIIBI C TTOJTYIEIBIM
criuHoM. [losHbIi HAObOp ¢ yueToM criiHa. MarHUTHBIM MOMEHT 3JIEKTPOHA.

Cnoxenne ABYX KBAHTOBbLIX MOMECHTOB



OnepaTopsbl MOJHOI0 MOMEHTA CUCTEMbI, COCTOSIIIEH U3 IBYX MOACUCTEM
OmepaTopsl MOJTHOTO MOMEHTA CHCTEMBI, COCTOSIIEH NX ABYX YacTel, MX NepecTaHOBOYHbBIE COOTHOIICHUS 1
coOcTBeHHBIE 3HaYeHNUs. [|Ba Oa3rca cOOCTBEHHBIX BEKTOPOB, XapaKTEPH3YIOIINX MOMEHT BCEH CHCTEMBI.
Koadduuuentsr Knebma-I'opaona.

TeopeMa 0 CJI02KCHHHU IBYX MOMCHTOB
TeopeMa O CJIOKCHHU ABYX MOMCHTOB. MakcuMalrbHOE€ ¥ MUHHUMAaJIbHOE 3HAUSHHE MOJIHOIO0 MOMEHTA.

Caoxenue aByx cnnHoB. Cii0:keHHEe OPOUTAIBHOIO U CIUHOBOI0 MOMEHTOB
CrnoxxeHue IByX CIUHOB. TPHUIJIETHOE ¥ CHHTIIETHOE COCTOSIHUS U UX CBOMCTBA OTHOCHTEIIBHO MEPECTAHOBKH
cnuHoB. Koaddunuents Knebma-I'oprona. CrnoxkeHne opOUTaIsHOTO MOMEHTA U CIIMHA.

JIBu:KeHNe KBAHTOBBIX YACTHII B chepHUeCKH CHMMETPUYHOM MOTEHIIHAe. ATOM BOJ0pPOaa

HNurerpasnsl 1Bu:kenns. Paznenenne nepemennbix B ypasHenuu lllpeaunrepa
Wnrerpans! npwxkenus. [lomupiii Habop pU3NUYECKUX BETUYHH U UX 00IIKMe COOCTBEHHBIE (DYHKIIUU.
CranmonapHoe ypaBaenue llIpenunrepa ans paguanbHON COCTaBISIONIEH BOJTHOBON (YHKIIUH. ACHUMIITOTHKA
ypaBHEHUS HA MAJIBIX U OOJBIINX PACCTOSHUSX.

DJIEKTPOH B KYJOHOBCKOM moJie. CoOcTBeHHbIE 3HAYEHUs U COOCTBEHHbIE (PYHKIIUM IHEPruu
JIBr>KeHUE AJIEKTPOHA B KYJIOHOBCKOM TOTeHITHae. CIIEKTp SHEPTUM U CBOMCTBA CTAIIMOHAPHBIX COCTOSHUH.
Panuanbueie BomHOBBIE GyHKIMH. [TonmnHomer Jlarrepa.

OpOuTagbHbIil MOMEHT UMIYJbca. Chepuueckue rapMOHUKHU
OpOuTanbHbIil MOMEHT KonnyecTBa IBmkeHus. Cheprueckre rapMOHUKU U UX CBOMCTBA. 3aKOH COXPaHEHUS
YETHOCTH.

MaTtpuubl IJIOTHOCTH
Hucroe u cmemanHoe coctosiHud. [Ipumepsl. MaTpuiia NiI0THOCTH JUIsl YUCTBIX COCTOSIHUM U €€ CBOMCTBA.
OuU3nYEeCcKUil CMBICI JUAroHAJIBHBIX 3JIEMEHTOB MaTPHULIbI INIOTHOCTH, CPEIHEE 3HaUCHHE (PU3UUECKIX
BEJIMYMH.

Teopus BO3MyLIECHUS

CraumoHapHasi Teopusi BO3MYIIIEeHU
CranuoHapHas Teopusi BO3MYILIEHUI TPU OTCYTCTBUU BBIPOXKICHUA. Bpruucienue nomnpasok 1-ro u 2-ro
nopsiika. Y cloBre NpUMEHUMOCTH MeToa. JIByxypoBHeBoe npudmnkenne. D¢ ¢ext lTapka s
IBYXYPOBHEBOTO aTroma. Teopusi BO3MYIICHUH ITPH HATMYHH BBIPOXKICHHUS.

Hecranuonapuasi Teopusi BO3MYILIeHU I
Hecranuonaphnas teopusi Bo3myieHui. Teopusi KBaHTOBBIX IEPEXOIOB U 33/1a4l pacCcesiHuA. Y paBHEHHUE
[IpeauHTepa B MpeACTaBICHUN B3aMMOICUCTBHS U B HHTErpalbHON hopme. Meron utepanmii. Oneparop
ynopsiioueHus Bo Bpemern. OmnpeielieHne U CBOMCTBA S - MATPUIIBI U (PU3HUECKUN CMBICIT €€ MaTPHUHBIX
2JIEMEHTOB. BEpOATHOCTh KBAaHTOBBIX IIEPEXOI0B B 1-M nopsake reopun Bo3MyuieHui. [lepexons! mox
BO3JIEUCTBUEM NEPUOJNYECKOTO BO3MYILIEHHs. KBaHTOBBIE MepeX0/Ibl MO/ BIUSHUEM IIOCTOSSHHOTO BO BPEMEHU
Bo3MyIIeHHUs. [[TOTHOCTH KOHEYHBIX cOCTOSIHUM. "300TOE npaBuio" depmu.

IIpuHIMN TOKAECTBEHHOCTH YACTHIL H €T0 CJIeICTBUSA

Hepa3JIH‘lHMOCTb KBAHTOBbIX YaCTHIL



YacTulibl Kak KBaHTHI (3J€MEeHTapHbIe BO30YX AeHH) Mo, HepaznuunuMocTh YacTHI] ¥ IPUHITHIT
HeornpeaeneHHocTH. HepasnuuanmocTs yacTui u uHTepdepeHnns Gu3ndecku Hepa3InuuMbIX aJlbTePHATHB.
CI/IMMeTpI/ISI CHUCTCMbI OTHOCUTCIIbHO MCPECTAHOBKU OAWMHAKOBBIX YaCTHII. 3aKkoH COXPAaHCHUSA YCTHOCTHU.
[Toctynat cummetpuu.

Cratuctuka ®epmu-upaka. llpuauun [aynu
Craructuka ®epmu-J/upaka. Depmuonsl. AHTHCUMMETpUYHast BoiaHoBas GyHknus. [Ipunnmmn 3anpeta [laynn.
[IpencraBienue yncen 3anoaHeHUs. DIEKTPOHHBIN ra3. CBepXTEKy4eCTb.

Cratucruka bo3e-JiiHTeiiHAa
Cratuctruka boze-Oumreiina. ['a3 6030H0B. CuMMeTpruHast BOJIHOBasE QyHKIUs. DOTOHHBIN ras3.
boze-konpaencar. Kyneposckue napel. CBEpXIpOBOIUMOCTb.

MHoro3neKTpoHHbIE aTOMBbI
Wneanuzanusa u npubimkenus. MeTo caMocoriacoBaHHOTO 1outst - mpubmkenue Xaptpu. [lonstue
ANEeKTPOHHOU KoHurypanuu. Uaterpans! npmwkenus. Atom renus. [laparenuit u oprorenuii. 3aBUCUMOCTb
SHEPrUH OT CYMMAapHOTO CIIMHA ITOJIHOI'O OpOMTAILHOTO MOMEHTA (MpaBuiia XyH/a).

PeasituBMCTCKAsA TEOPHS JJIEKTPOHA
Wneanuzauus HepenaTUBUCTCKON Teopuu. PenstuBucrckas kBantoBas Teopus. COOTHOIIEHUS
HEONpeIeIeHHOCTEH, 3aTparuBatoniue BpemMs. Y pasaenue Kielina-I'opona u ero ocooeHHoctr. BeiBos
PENATUBUCTCKOIO YPaBHEHNUs IEPBOT0O NOPAAKA BO BpeMeHU. Martpuisl Jlupaka u uX CBOMCTBA. Y paBHEHUE
HeNpepsIBHOCTU. Pemenne crannonapHoro ypasHenus [{upaka. HepenstuBucrckuii npenen ypasHeHus [{upaka
- ypaBHeHue [laynn. MarauTHblli MOMEHT U cliiH. Pu3nyYecKas MHTEPIPETALNs PEIICHHN ¢ OTPULATEIBHON
sHeprueit. Teopus npipok [upaka. YacTHIBI M aHTHYACTULBI (JIEKTPOHBI M IO3UTPOHBI).



6. MeToanueckue YKa3aHus /151 00yYaIOUIMXCH 10 OCBOCHHIO JUCIHUIIIHHBI

OcBoeHme JUCIUIUIMHBI TPeOYeT CUCTEMATHYECKOT0 U3YUEHHUs BCEX TEM B TOM IOCIIE0BATEIBHOCTH, B
KaKoW OHM yKa3aHbl B paboueil mporpamme.

OcCHOBHBIMU BUAAMH y4€OHOU pabOTHI ABJISIOTCS ay IUTOpPHBIE 3aHATUA. VX 1ensb - pacmmputh 6a3oBbie
3HaHUA 00yYaIOIIKXCs 10 OCBAMBAEMOM AUCLHUIIIIMHE U CUCTEMY TEOPETHUECKUX OPUEHTHPOB IS
HOCJIEAYIOIEro 6osee riry00Koro OCBOSHHUs IIPOrpaMMHOT0 MaTepualia B X0/1€ CaMOCTOSATEIbHOM PaboOTHI.
OOyuaronieMycst BAXKHO IOMHHUTb, YTO KOHTaKTHas1 paboTa ¢ mpernoaBaTeneM 3(h(HEeKTUBHO TOMOTAET eMy
OBJIa/IETh MMPOTPaMMHBIM MaTepUaioM Ojarogaps pacCTaHOBKE HEOOXOIUMBIX aKLIEHTOB U yAECPIKaHUIO
BHUMAaHMS MHTOHAIIMOHHBIMH MOJTYJISIIIUSIMH TOJIOCA, A TAKXKE MOAKIIIOUYCHUEM ayAHO-BH3YalbHOTO MEXaHU3Ma
BOCIIPUATHS HHPOPMALIUY.

CamocrodTenbHas paboTa MpecienryeT ClIeAyIoHe Heu:

— 3aKpEeIUIEHNE U COBEPIIEHCTBOBAHUE TEOPETUUECKUX 3HAHHUM, TIOTYYEHHBIX Ha JIGKLIMOHHBIX 3aHATHAX;

- (hopMupoBaHKE HaBBIKOB MOATOTOBKU TEKCTOBOW COCTABIIAOLIEH HHpOpMALUK y4eOHOTO U HAy4YHOTO
Ha3HAYEHUs JUIsl pa3sMELCHHs] B PA3JINYHBIX MH(POPMALMOHHBIX CUCTEMAX;

- COBEPIIIEHCTBOBAHUE HABBIKOB [TOMCKA HAYYHBIX MyOIMKaluil 1 00pa30BaTENIbHBIX PECYPCOB,
pa3MeleHHbIX B cetn HTepHeT;

- CAMOKOHTPOJIb OCBOEHUS IIPOrPaMMHOI0 MaTepHaa.

Ooyuatomiemycst HEOOXOAUMO MOMHUTB, YTO PE3YJIbTAaThl CAMOCTOSTENIFHON paOOThl KOHTPOIUPYIOTCS
MIPEeroIaBaTeNIeM BO BPEMSI IIPOBEICHHSI MEPOTIPUSATHIA TEKYIIETO KOHTPOJIS M YUUTHIBAIOTCS TIPH
IIPOMEKYTOYHON aTTECTaLUN.

Ooyuatonmmces ¢ OB3 1 nHBaNMMI0B MPEIOCTaBIAETCS BO3MOXKHOCTh BbIOOpa (popM nmpoBeeHust
MEPONPUATHIA TEKYIIIETO KOHTPOJIS, aTbTEPHATUBHBIX (OpMaM, MPEAyCMOTPEHHBIM pabodel MporpaMMoii
aucuuIuinHel. [IpegycmarpuBaeTcss BO3SMOXKHOCTD YBEJTMUEHUS B Ipejienax | akaJeMHUuecKoro yaca BpeMeHH,
OTBOJIMMOTO Ha BBIIIOJIHEHUE KOHTPOJIBHBIX MEPOIIPUATHI.

ITponetypa onieHMBaHUS Pe3yJIbTATOB 00YUEHHS MHBAJIUAOB U JIUI C OTPaHUYEHHBIMU BO3MOXKHOCTSAMU
3JI0POBbsI [0 JUCLUIUIMHE MPEeIyCMaTPUBAET MPeA0CTaBIeHUE HHPOpMaLH B (popMax, aTanTHPOBAHHBIX K
OIPaHUYEHUSM UX 310pPOBbS U BOCIIPUATHSA HHPOPMALIUY.

ITpu npoBeieHNH TEKYyIEro KOHTPOJI IPUMEHSIOTCS OLIEHOUHBIE CPEACTBA, 00eCIeUnBaroLIe nepeaavy
nH(popMalnu, OT 00yyaroLIerocs K IpernoaaBaTesio, C y4eToM ICUX0(PU3N0IOTHYECKUX 0COOEHHOCTEN
3I0POBBST O0YJAFOIITIXCS.

7. llepedyeHb y4eOHO-MeTOAMYECKOT0 00ecTiedeH s AJIsl CAMOCTOSAITEIbHOM PadoThI
o0y4aromuxcs o JUCIUIINHE

[Ipu camocTosTeNbHON paboTe 00yUaIOMIUMCS CIETYET UCIOIB30BaTh!

— KOHCIIEKTHI JIEKITHIL,

— JINTEPATypy U3 MEePEYHSI OCHOBHOU U JOTOJTHUTEIHHOM Y4eOHOH TUTEpaTyphl, HEOOXOIUMOMN ISt
OCBOCHMS TUCIUIUIUHBI (MOJTYJIST);

— TEKCT JIEKIUN Ha SJIEKTPOHHBIX HOCUTEISX;

— pecypchl HH()OPMAITMOHHO-TEIIEKOMMYHHUKAITMOHHOH ceTn "MHTepHeT", HEOOXOAMMBIE JIIST OCBOCHUS
JTUCIUTUIUHBL,

— JIMIIEH3UOHHOE U CBOOOIHO pacpOCTpaHIEMOE MPOrpaMMHOE 00eCTIeUeHNEe U3 TIEPEUHSs
MH(OPMALIMOHHBIX TEXHOJIOTHH, UCIIOJIb3YEMbIX IIPHU OCYIIECTBICEHUH 00pa30BaTeIbHOrO MpoIecca mno
JUCIUIUINHE;

— METOAMYECKHE yKa3aHUs i1 00y4arOIIUXCs 0 OCBOSHUIO AUCIUILTUHBIL.



8. [lepeyeHb OCHOBHOM M IONOJHUTEIbHON YUeOHOM JIUTEPATYPbI
OcHoBHas:

1. MarasuaaukoB A. JI. BBeneHue B KBaHTOBYIO MEXaHHUKY: Y deOHOe mocoorne/MarasuHHuKoB A. JI..-
Tomck: ToMckuli TOCY1IapCTBEHHBIN YHUBEPCUTET CUCTEM YIIPABJICHUS U paauodiekTpoHnku,2012, ISBN 978-5-
4332-0046-3.-112. http://www.iprbookshop.ru/13860

2. Jlanpay JI. JI.Teopetnueckas pusnka.yueOHOE TOCOOHE ISl CTYACHTOB (PU3MYECKHUX CIIEHUAIBbHOCTEH
yausepcureTos : B 10 1. T. 3.KBanToBast Mmexanuka (HepenstuBuctckas teopus)/JI. 1. Jlannay, E. M. JIn¢mmn
; pen. JL. I1. ITutaeBckuii.-5-e u3n., crep..-Mocka: OM3MATJINT,2004, ISBN 5-9221-0530-2.-800

3. Xennep B. K.,llu6epkun K. b.,Kpay3un I1. B. KBanToBas Teopus: oiHOMEpHbIE 3a/1aun:ydeOHoe nmocooue/B.
K. Xennep, K. b. Hub6epkun, I1. B. Kpay3usn.-Ilepmp,2018, ISBN 9785-7944-3188-9.-124.-bubnuorp.: c. 123-
124

JdomosHuTeIbHAS:

1. JaBeimoB A. C. KBantoBast Mmexanuka:yaeOHoe nocooue/A. C. JlaBbinoB.-MockBa: @uzmarrus,1963.-748.-
bubnuorp.: c. 741-744

2. Kucenes B. B. KBanroBas mexanuka. Kypc nexnuii. (YaeOnoe nocooue) — M.: MITHMO, 2009. — 560 c.
— ISBN 978-5-94057-497-2. — TekcT : 3NeKTPOHHBIH // DeKTpoHHO-0nOnroTeuHas cucrema bubmmoTex :
[caiiT]. https://psu.bibliotech.ru/Reader/Book/4962

3. bnoxunues /l. 1. KBanTOBasi MexaHHKa:JIEKLIMH 110 U30paHHBIM BOIPOCaM : yueOHOe OocoOue /Ui CTYACHTOB
¢uznueckux cnenuanbHocTel By3os//l. W. bioxunnes.-Mocksa:M3naTenscTBoO MOCKOBCKOTO
yHuBepcutera,1988.-113.



9. Ilepeuenn pecypcoB cetu UHTEpHET, HEOOXOAUMBIX /IJII OCBOCHHUSA TUCIUILINHBI

library.psu.ru/node/738 Pecypcel Hayunoit 6ubaunorexu [II'HUY
http://elis.psu.ru DnexTpoHHas MyJbTUMenuiiHas oudnuoreka ELiS
10. Ilepeuenb uHGPOPMAITUOHHBIX TEXHOJIOT Ui, HCIOJIb3yeMbIX IIPH OCYIIECTBJICHUMN
00pa3oBaTeJHLHOI0 Mpouecca Mo JUCIHHIINHE

O6pasoBarenbHblii mporecce no aucuumiuie KBanToBasi Teopusi pemnonaraeT UCIOIb30BaHUE
CJICAYIOIIETO MPOTPaMMHOT0 obecrieueHust U HHPOPMALIMOHHBIX CIIPABOYHBIX CUCTEM:
- JOCTYII B pexxuMe on-line B DnekTpoHHyto 6ubnuoreunyto cucremy (3bC)
- IOCTYTI B 3JIEKTPOHHYIO HH(OPMALIMOHHO-00pa30BaTeIbHOM Cpely YHUBEPCUTETA.
- lnTepHeT-CepBUCHI U 3JIEKTPOHHBIE PECYPCHI (TOMCKOBBIE CHCTEMBI, 3JIEKTPOHHAS 1104YTa U T.1.)

[TepeyeHr HEOOXOIUMOTO JTUIIEH3UOHHOTO U (MIJIM) CBOOOJHO PacCIpOCTPAHSIEMOTO TPOTrPAMMHOTO
o0ecrieyeHus:

- MPUJIO’KEHHE, TTO3BOJIsAIONIee MpocMaTpuBaTh PDF-daitnbt

- oducHsbI nakeT npunoxkeHuii «LibreOfficey.

- [TakeTsl aHATUTUYECKUX M YMCIIEHHBIX BBIUHACIEHNH Maxima;

- I'padmueckue nmakerst GNUplot, Origin;

Z[OHOJ'IHI/ITGHLHHﬁ MEPCUCHb UCITIOJIB3YCMbIX I/IH(I)OpMaI_II/IOHHBIX TEXHOJIOTUH U nporpaMmMHOIO obecrieueHUs
OIMPEACIIACTCA NPpCIOAaBaATCIIAMA JUCHUIIIINHBI.

[Tpu ocBoeHMM MaTepHalia U BHIITOJHEHHS 3aJaHHI TT0 JUCIUIUINHE PEKOMEHIYETCsI HCTIOIh30BaHNE
MaTepuasoB, pa3MemeHHbIX B JImunbix kabuHeTax ooyuaromuxcss ETUC [ITHUY (student.psu.ru).

[Ipu opranuzanuu AUCTaHIIMOHHOM paOOThI U MIPOBE/ICHUU 3aHATUI B pEeXKUME OHJIAWH MOTYT
WCTIOJIb30BAThCS:

cuctema BHIcoKoH(epeHIICBsA3H Ha ocHOBE Tuiatdopmel BigBlueButton (https://bigbluebutton.org/).

cucrema LMS Moodle (http://e-learn.psu.ru/), koTopast moaiep>KkuBaeT BO3MOKHOCTh HCIIOJIb30BAHHUS
TEKCTOBBIX MaTEPUAIIOB U MPE3CHTALINH, ayJHO- U BUJICOKOHTEHT, a TaK )K€ TECThI, IPOBEPSEMbIC 3a1aHMUs,
3aJaHus Uil COBMECTHOM pabOTHI.

cuctema tectupoBanus Indigo (https://indigotech.ru/).

11. Onucanue MaTepuaJIbHO-TEXHUYECKOH 0a3bl, HEOOXOAUMOM IJIl OCYLIECTBJICHUS
00pa30BaTeJIbHOIO MPOLECcCa M0 JUCUUILIHHE

JlJis TeKIUOHHBIX 3aHATUN TpeOyeTcs ay IMTOpusl, OCHAIIICHHAs [TPE3EHTAlIMOHHON TEXHUKOU (IIPOEKTOp, IKPaH,
KOMIIBIOTEP/HOYTOYK) C COOTBETCTBYIOLIUM MPOTrpaMMHBIM 00€CIIEYeHUEM, MEJIOBOM (1) UIIM MapKepHOM
JOCKOH.

JUig mpoBeieHUs NPAKTUYECKUX 3aHATHH - ay ITUTOPHS, OCHAILIEHHAs IPE3EHTALlMOHHON TEXHUKOH (TIPOEKTOP,
9KpaH, KOMITBIOTEP/HOYTOYK) C COOTBETCTBYIOIIUM IPOrPaMMHBIM 00€CIIeUeHUEM, MEJIOBOH (M) HITU MapKEPHOM
JOCKOH.

Jlist TpyNIOBBIX (MHIMBHLYaTbHBIX ) KOHCYJIBTAIIMN - 8y IUTOPHS, OCHAIIIEHHAs! TPE3CHTAIMOHHON TEXHUKOU
(IpoeKkTop, 3KpaH, KOMIBIOTEP/HOYTOYK) C COOTBETCTBYIOIIMM IMPOTPAMMHBIM 00€CTICUCHHEM, MEJIOBOH (1) WITH

MAapKEPHOM JOCKOM.

Jyst mpoBeieHrst TEKYIIEro KOHTPOJIS - ay IUTOPHS, OCHAIIIEHHAS MEJIOBOH (M) UJIM MapKEPHOU JTOCKOM.



CamocrodrenbHas paboTa CTyJI€HTOB: ayJUTOPUs, OCHAILICHHAs KOMIIbIOTEPHON TEXHUKOH ¢ BO3MOKHOCTBIO
NOJKIIOUEHUs K ceTu «HTepHeT», ¢ 00ecredeHHbIM JOCTYIIOM B 3JIEKTPOHHYIO HH()OPMaIIMOHHO-
o0Opa3oBaTenbHYyI0 cpeay YHUBepcuTeTa, noMmenenus Hayunoit oubnuorexu [ITHUY.

[Tomemenust nayunoi 6uomuorexku [ITHUY mist oGecniederHust caMoCTOSITEIbHON PaboThl 00yYarOIINXCS:

1. Hayuno-Oubnuorpaguueckuii otaen, kopm.l, aya. 142. OGopynoBaH 3 nepcoHaibHbIMU KOMIIBIOTEPA C
JIOCTYTIOM K JIOKaJIbHOM U T7100aIbHONW KOMIIBIOTEPHBIM CETSIM.

2. YuranpHblil 321 TyMaHUTApHOU JIUTEPATYphl, KopIl. 2, aya. 418. O0opyaoBaH 7 nepcoHalbHbIMU
KOMIIBIOTEpPAMH € JOCTYIOM K JIOKaJbHOW U T7100a1bHON KOMIIBIOTEPHBIM CETSIM.

3. YnTanbHbIN 3a]1 €CTECTBEHHON IUTEpaTyphl, KopI.6, aya. 107a. O6opyaoBaH 5 nepcoHaIbHbIMU
KOMIIBIOTEPAMH C IOCTYTIOM K JIOKaJIbHOH U I7T00AIbHOM KOMIIBIOTEPHBIM CETSIM.

4. OTnen nHOCTpaHHOU NIUTEPaTyphl, Kopi.2 aya. 207. O6opyaoBaH 1 nepcoHaIbHBIM KOMIBIOTEPOM C
JOCTYIIOM K JIOKQJIBHOM U II100aJIbHOM KOMITBIOTEPHBIM CETSIM.

5. bubnmnoreka ropuanyeckoro ¢akynpTera, Kopn.9, aya. 4. O6opyaosana 11 nepcoHaabHBIMU
KOMIIbIOTEPAMH C IOCTYIIOM K JIOKaJbHOM U INT00ANbHOM KOMIIBIOTEPHBIM CETSM.

6. UutanbHbIi 3a1 reorpadudeckoro dakynprera, kopn.8, aya. 419. O6opynoBan 6 mepcoHaIbHBIMU
KOMIIbIOTEPAMH C JOCTYIIOM K JIOKaJIbHOM U INT00AIBHOM KOMIIBIOTEPHBIM CETSM.

Bce koMInbroTephl, yCTaHOBJIEHHBIE B TOMEUIEHUAX HAyUYHOU OMOJINOTEKH, OCHAILEHBI CIICAYIOIINM
MIPOTrpaMMHBIM 00€CTICUeHUEM:

Omneparnmmonnas cuctema ALT Linux;

OducHerii naker Libreoffice.

CnpaBouno-nipaBoBast cucrema «Koncynprantlnocy»



DoH/IbI OLIEHOYHBIX CPEACTB JJIsl ATTECTAIMHU MO TUCHHUILIHHE
KBanToBas Teopust

HﬂaanyeMue Pe3yJIbTaThbI oﬁyqul/m o AMCIMIIIINHE 1A (l)OpMHpOBaHHH KOMIICTCHIIMHU U
KPUMTECPUHA UX OLICHUBAHUSA

Komnerenuus IInanupyemble pe3y/bTaThl Kputepun oneHuBanus pe3yibTaToB
o0y4eHust o0y4eHust
OIIK.7 3HaTh: METO/IbI TEOPUU HeynosierBopure
CHOCOOHOCTD BO3MYILIEHUH, TPUHIUIT He 3naeT meTop1 TEOpUM BO3MYLICHUH,

HCIIOJIh30BaTh Oa30BbIC
TEOPETUICCKUE 3HAHUS
dbyHIaMEHTATBHBIX
pazzenoB oOuiei u
TEOPETUYECKON (PU3UKU
JUTSL pEIICHUS
npodeccuoHaTbHBIX
3a1aq

TOKJIECTBEHHOCTH YaCTHII,
OCHOBBI TEOPUH
MHOT'O3JIEKTPOHHBIX aTOMOB.
YMeTh: HaXOAUTh MPUOTUKEHHBIC
pELICHUS 3a/1a4 B CJIIOKHBIX
MOTCHIIANAX,
MHOT'O3JIEKTPOHHBIX 3a1a4.
Bnanets: HaBpIKaMu ¥ IpUEMaMU
MOCTPOEHUSI TEOPUH BO3MYILICHUI
JUISI KBAHTOBO-MEXaHUYECKUX
3ajad4.

MIPUHIINI TOKIECTBEHHOCTH YaCTHUI], OCHOBBI
TEOPUU MHOTO3JIEKTPOHHBIX aTOMOB. He ymeer
HAXOJUTh NMPUOIMKEHHBIE PELICHUS 3a/1a4 B
CJIOKHBIX NMOTEHIIMANIaX, MHOTOJIEKTPOHHBIX
3agad. He Binajmeer HaBBIKAMU TIOCTPOCHUS
NPUOIMKEHHBIX PEIICHUH B CIOKHBIX
MOTEHIIMAJIaX, PEIIEHUS] MHOTO3JICKTPOHHBIX
3ajad.

YnoBaerBopuTebH
OO01ue, HO HE CTPYKTYPUPOBAaHHbBIE 3HAHUS
METOOB TEOPUU BO3MYIIEHUH, MPUHITUTIA
TOKIECTBEHHOCTH YacTHUI], OCHOB TEOPUHU
MHOTOJIEKTPOHHBIX aTOMOB. JleMOHCTpHpyeT
YaCTUYHO C(HOPMUPOBAHHOE YMEHHE
MIPOU3BOJIUTH Pacu€Thl, 1aBaTh HHTEPIPETALHIO
pe3yabTaToB. ViMeeT nmpeacTaBieHue o mpuémax
MOCTPOCHUS TPUOIIMKEHHBIX PEIICHUH B
CJIOKHBIX MMOTEHIIMAaX, PeIICHUS
MHOT02JIEKTPOHHBIX 3a]1a4.

Xopomuo
CdhopmupoBaHHbIe, HO COJEpKAILUE OT/IEIbHbIC
po0OeIbl 3HAHUSI METOI0B TEOPUU
BO3MYIIICHUHN, IPUHIIUIIA TOXKIECTBEHHOCTH
YacTHUIl, OCHOB TEOPHH MHOTOAJIEKTPOHHBIX
aTOMOB. B 11e510M ycneninsle, HO cofepxKaline
OTAENbHBIE MPOOEITHI YMEHUS TIPOU3BOIUTH
pacu€Thl, TaBaTh HHTEPIPETALNIO PE3YIIHTATOB,
KOHTPOJIMPOBATH NPAaBUIIBHOCTD BEIYUCIICHHIH,
CaMOCTOSITENIEHO TPUOOPETaTh HOBBIC 3HAHMSL.
BrnaneeT 0CHOBHBIM MOHSATHIHBIM alllapaToM
TEOPHH BO3MYIIICHUI M MHOTOYAaCTUYHBIX 33J1ad,
HO C OTAETBHBIMH NPOOeTaMH.

Otiamn4Ho
CdhopmupoBaHHbIE CHCTEMAaTHUECKUE 3HAHUS
METOIOB TEOPUH BO3MYIICHUH, MPUHIIUTIA




KoMnerennus

IInanupyemble pe3y/ibTaThl
o0y4ueHust

Kpurepun oneHuBanus pe3yibTaToB
o0y4eHust

OT1an4yHO
TOXJIECTBEHHOCTH YaCTHUll, OCHOB TEOPUU
MHOT03JIEKTPOHHBIX aTOMOB. ChopMupoBaHHOE
yMEHHUE MIPOU3BOAUTH PACUETHI, 1aBATh
WHTEPIPETAINIO PE3YIHTATOB, KOHTPOJIUPOBATH
MPaBUILHOCTH BBIYUCIEHUN, CAMOCTOSTEIILHO
MpuoOpeTaTh HOBBIC 3HAHUS. Y CIIEIITHOE U
CHUCTEMAaTHYECKOE IPUMEHEHHUE amnmapara
TEOPHUH BO3MYIICHHUHN B PEIICHUS
MHOIOYaCTUYHBIX 3a7a4.

OIIK.8

CIIOCOOHOCTh
UCIIOJIb30BaTh B
npoQecCuOHAIbLHON
JIESITEIIbHOCTH 0a30BbIC
3HAHUSA
(byHIaMeHTaIbHBIX
pa3aenoB MaTeMaTHKH,
CO3/1aBaTh
MaTeMaTHYeCKUe MOJIETN
TUTIOBBIX
poeCCHOHATBHBIX
3aj1a4 u
HHTEPIPETHPOBATH
MOJTyYCHHBIC PE3yJIbTAThI
C YUETOM TPaHUI]
IIPUMEHUMOCTH MOJIEIIeH

3HaTh: OCHOBHBIE MPEACTABICHUS
0 MPUPOJE MUKPOMHUpA, IIpaBUiIa
KBaHTOBAHUS, COOTHOIIIEHHE
HEOIPENAETIEHHOCTEN, CBOMCTBA
OIIepaTOPOB MOMEHTA, METO/IbI
TEOPUHU BO3MYILEHUH.

YMeTh: IpOBOAUTE NEPEXO]T
MEXY KIaCCUYECKUMU U
KBAaHTOBBIMHM IIPECTABICHUAMU,
pelaTh 3aJa4u O AMHAMUKE
OJTHOMEPHBIX KBAHTOBBIX CHCTEM,
HaXOJUTh CIIEKTPbI COOCTBEHHBIX
YHCesl U COOCTBEHHBIX (PYHKIIMIA
OIepaTOpOB MOMEHTA, COBEPILIATh
HEPEX0JIbl MEXKAY PA3IUYHBIMU
IPEJICTaBICHUSAMHU.

Bnagers: MeTogaMu 1 paBUiIaMu
KBAaHTOBAHUS, PELICHUS
OIHOMEPHBIX 3aJa4 U
chepruiecKu-CUMMETPUYHBIX
3aja4, NpueMaMu OLEHKU
IPUMEHUMOCTH KBAaHTOBBIX
HO/JXO/10B.

HeynoBiierBopured
He 3HaeT 0OCHOBHBIX MPEACTABICHUN O IPUPOJIE
MHKPOMHPA, IPABUIIAX KBAHTOBAHUS,
COOTHOIIIEHUHU HEOPEAEIEHHOCTEN, CBOMCTBAX
OIIepaTopOB MOMEHTA U METOAAX TEOPHUH
BO3MYILICHUM.
He ymeeT npoBoauTh iepexo Mexay
KJIACCUYECKUMU U KBAHTOBBIMU
MpEeACTaBICHUSAMU, PEIIaTh 3a/1a4u O IUHAMHKE
OJIHOMEPHBIX KBAHTOBBIX CUCTEM, HAXOIUTh
CHEKTPbI COOCTBEHHBIX YMCEN U COOCTBEHHBIX
GbyHKIUI OrepaTopoB MOMEHTA, COBEPIIIATh
MEePEXO/Ibl MEXK]TY Pa3IMUHBIMU
MPEACTABICHUSIMU.
He Brmageer metonamu u npaBuiaMu
KBAaHTOBAHUS, PEIICHHS OJJHOMEPHBIX 3a7a4 U
chepuIeCKu-CHMMETPUIHBIX 33]1a4, PUEMaMH
OIICHKH MTPUMEHUMOCTH KBAaHTOBBIX TIOJIXOJIOB.

YnoBiaerBopuTebH
O61ue, HO He CTPYKTYPUPOBAaHHBIE 3HAHUS O
MIPUPOJIE MUKPOMUPA, MPABHJIaX KBAHTOBAHUS,
COOTHOIIIEHUU HEOMPEAEIEHHOCTEN, CBOMCTBAX
OIIepaToOpOB MOMEHTA U METOAAX TEOPHUH
BO3MYULIEHUN. [[eMOHCTpHpPYET YaCTUYHO
c(hOpMUPOBAHHOE YMEHUE MPOBOIUTH TIEPEXO]]
MEXy KIACCHUYECKUMHU U KBAaHTOBBIMU
MpEeACTABICHUSAMU, PEIIaTh 3a/1a4u O TUHAMHKE
OJIHOMEPHBIX KBAHTOBBIX CUCTEM, HAXOIUTh
CHEKTPbl COOCTBEHHBIX UMCEN U COOCTBEHHBIX
GbyHKIUI orepaTopoB MOMEHTA, COBEpIIATh
MEePEXO/Ibl MEXKTY Pa3IMUHBIMU
npeacraBieHusMuU. Mimeer npencrasienue o
METOJax U MpaBUjIaX KBAaHTOBAHMUSI, pELICHUS
OJTHOMEPHBIX 33J1a4 U ChEePUICCKU-
CUMMETPUYHBIX 3a]1a4, IPUEMaMH OLICHKH




KoMnerennus

IInanupyemble pe3y/ibTaThl
o0y4ueHust

Kpurepun oneHuBanus pe3yibTaToB
o0y4eHust

YnoBj1eTBOPUTEbH

MIPUMEHUMOCTHU KBAaHTOBBIX MOJIXO0JIOB.

Xopoio
CdhopmupoBaHHbIE, HO COJIEPKAIIUE OTIETbHbIC
poOeITbl 3HAHUS O IPUPOJIE MUKPOMUPA,
MpaBUjaX KBAaHTOBAHUSI, COOTHOLLIEHUH
HEOIPENEIEHHOCTEN, CBOMCTBAX ONIEPATOPOB
MOMEHTa U METO/IaX TEOpUHU BO3MYIlleHui. B
LIEJIOM YCIIELIHBIE, HO COJIep Kalllhe OTACIIbHbIC
poOeIIbl YMEHUS IPOBOIUTH NEPEXO0]] MEXTY
KJIACCHYECKUMH U KBAaHTOBBIMU
MPEACTABICHUAMU, PEIIATh 3a/1a4U O IUHAMHKE
OJIHOMEPHBIX KBAHTOBBIX CUCTEM, HAXOUTh
CHEKTPbI COOCTBEHHBIX YHUCET M COOCTBEHHBIX
(GbyHKIH ortlepaToOpoB MOMEHTA, COBEPIIAThH
MePEX0/IbI MEKTY Pa3IMUYHBIMU
IpeJicTaBIeHUSIMU. B 11e710M ycnenHo, Ho ¢
OTJIENBHBIMU MpoOeIamMu BlIaJieeT METOIaMu U
MpaBUjaMU KBaHTOBAHUS, PEILICHUS
OJTHOMEPHBIX 337124 U CHEPUIECKHU-
CUMMETPUYHBIX 33]1a4, IPUEMAMH OLIEHKHU
MIPUMEHUMOCTHU KBAaHTOBBIX MOJIXOJIOB.

Otim4yHo
CdhopmupoBaHHBIE CUCTEMATUYECKUE 3HAHUS O
MIPUPOJIE MUKPOMUPA, IPABUIJIaX KBAaHTOBAHUS,
COOTHOILIEHUU HEOIPEAEIEHHOCTEN, CBOMCTBAX
OMepaTopoB MOMEHTA U METOAAX TEOPUH
Bo3MytieHuid. ChopMupoBaHHOE yMEHUE
MIPOBOJIUTH MEPEXO] MEXKAY KIIACCHUECKUMU U
KBaHTOBBIMH MPEJICTABICHUAMHU, peliaTh 3a1a4K
0 IMHAMHKE OJTHOMEPHBIX KBAHTOBBIX CHUCTEM,
HaXOJIUTh CIIEKTPHI COOCTBEHHBIX YHCEII U
COOCTBEHHBIX (PYHKIIMI OIIepaTOPOB MOMEHTA,
COBEPIATH MMEPEXOJIbI MEXY PA3TUUHBIMU
MIPEJICTAaBICHUSIMU. Y CIIEIIHOE U
CUCTEMATUYECKOE MPUMEHEHUE METOJIOB
KBAaHTOBAHUSI, PEILICHUS] OJJHOMEPHBIX 3aa4 U
chepuuecKu-CUMMETPUYHBIX 3a/1a4, IPUEMaMH
OLICHKH MTPUMEHUMOCTH KBAHTOBBIX MOJIXOJIOB.

IK.1

CIIOCOOHOCTH MPUMEHSITh
B CBOEH
npodeCCHOHAIBHON
JIeSITEIIbHOCTH 3HAHMUS,
MOJIyYEHHBIC B 001aCTH

3HaTh: CBOMCTBA ONEPATOPOB
MOMEHTA, OTIePaTOPOB POKACHUS
U YHUYTOXECHUS, TOHATHUS
OpOUTATLHOTO MOMEHTA U CITMHA,
MpaBujIa KBAaHTOBAHUS U
CJIO’)K€HUSI MOMEHTOB.

HeynosierBopureJ
He 3naer cBoiicTBa orepaTropoB MOMEHTA,
OIIEPAaTOPOB POKACHUS U YHUUYTOKEHHUS,
MOHATHUS OPOUTATILHOIO MOMEHTA U CIIHHA,
IIpaBWJIa KBAHTOBAHUS U CJIOKEHUS MOMEHTOB.
He ymeer npon3BoauTh pacueTsl, HAXOIUTh




Komnerenuust IInanupyemble pe3y/ibTaThl Kpurepun oneHuBanus pe3yibTaToB
o0y4ueHust o0y4eHust
buznyecKux u YMeTb: HaXOAUTh CIEKTPHI HeynosiierBopuren

MaTEMaTHYECKUX
JTUCLIUILINH

COOCTBEHHBIX 3a7a4 U
COOCTBEHHBIX (DYHKITHI
OIepaToOpOB MOMEHTA,
OTIPENIeNATh UHTETPAJIbI
JIBY)KEHUS, BEIYUCIIATH
SHEPreTUIECKUE M ONITUICCKHE
CHIEKTPBI aTOMOB.

Buiazners: MeTogamMu peleHust
3a1a4 Ha COOCTBEHHbIE 3HAYCHHUS
OTIepPaTOpPOB, YPOBHH SHEPTUU
3JIEKTpOHA B chepryecKu-
CUMMETPUYHBIX OTEHIHAJIaX.

CHEKTPBI COOCTBEHHBIX 3a/1a4 M COOCTBEHHBIX
GyHKIUI OnepaTopoB MOMEHTA, ONPEACTISATh
WHTErpaJibl IBMXKEHUS, BBIUUCIISATD
SHEPTreTUYECKHUE U ONITUYECKHUE CIIEKTPbI
atomoB. He Biaieer MeTogamu pemeHus 3aaad
Ha COOCTBEHHBIE 3HAYEHHSI OIIEPATOPOB,
HaBBIKAMU pacuyéTa ypOBHEW SHEPTUU
3JIEKTPOHA B c(hepruuecKr-CUMMETPUYHBIX
MOTEHITATAX.

YnoBaerBopuTebH
OO61ue, HO HE CTPYKTYPUPOBAaHHBIC 3HAHUS
CBOMCTB ONIEPATOPOB MOMEHTA, ONIEPATOPOB
POKIICHUSI U YHUUITOXKEHUS, TOHATUN
OpOUTATFHOTO MOMEHTA ¥ CIIMHA, PABHJI
KBAaHTOBAHUS U CJIOKEHUSI MOMEHTOB.
JleMOHCTpHpYET YaCTUYHO C(HOPMUPOBAHHOE
YMEHHUE MPOU3BOIUTH PACUETHI, 1aBaATh
WHTEpIpEeTaLnio pe3yibTatoB. NMeer
MpeACTaBICHUE O METOAAaX PEIICHUS 3a]a4 Ha
COOCTBEHHBIC 3HAYEHUS OMEPATOPOB, pacuéTa
YPOBHU DHEPTUHU AJIEKTPOHA B chepuiecku-
CUMMETPUYHBIX OTCHIIHAJIAX.

Xopomuro
CdopmupoBaHHbIe, HO COJIEPKAIIHE OTACTbHBIC
poOeIbl 3HAHUS CBOWCTB OMEPaTOPOB
MOMEHTA, OIIEPaTOPOB POXKJICHUS U
YHUYTOXXEHUS, TOHATUNA OpOUTAIEHOTO
MOMEHTA U CIIMHA, IPABUJI KBAHTOBAHHUS U
CJIO’KE€HUsI MOMEHTOB. B 11es10M ycrenssie, HO
coJiepKallre OTACIbHBIC TPOOEThl YMEHUS
MIPOU3BOJAUTH PACUETHI, TaBATh HUHTEPITPETAIHIO
pe3yIbTaTOB, KOHTPOIUPOBATH MPABUILHOCTh
BBIYMCIICHHM, CAMOCTOSITEILHO MPUOOpETaTh
HOBBIE 3HaHUA. Biianeer MmeTonamu perieHus
3aJ1a4 Ha COOCTBEHHBIC 3HAUEHUS ONEPATOPOB,
HaBBIKAMU pacuéra ypOBHEU SHEPIUU
AJIEKTPOHA B c(hepruiIecKr-CUMMETPHYHBIX
MOTEHIIMajIax, HO C OTJEIbHBIMU MpoOeTamu.

OT1iu4HO
CdhopmupoBaHHBIE CUCTEMATUICCKUE 3HAHUS
CBOMCTB OIIEPATOPOB MOMEHTA, OIIEPATOPOB
POXJIEHUSI U YHUUTOKEHUS, TOHATUI
OpOUTATFHOTO MOMEHTA U CITUHA, TPaBUII
KBAHTOBAHUS U CJIOKEHUSI MOMEHTOB.




Komnerenuust IInanupyemble pe3y/ibTaThl Kpurepun oneHuBanus pe3yibTaToB
o0y4ueHust o0y4eHust
OT1iu4HO

CdopmupoBaHHOE yMEHHE MTPOU3BOIUTH
pacuéTbl, HAXOAUTH CIIEKTPBI COOCTBEHHBIX
3aJja4 ¥ COOCTBEHHBIX (DYHKIIMN ONEepaTopoB
MOMEHTA, ONIPEAEIATh UHTETPAIIBI JBUKCHMUS,
BBIYHCIIATh DHEPTETUYECKUE U ONITUYECKUE
CIIEKTPBI aTOMOB. Y CIIETHOE U
CUCTEMATUYECKOE IPUMEHEHNE HABBIKOB
peleHus 3a4a4 Ha COOCTBEHHbIE 3HAUCHUS
OIEepaToOpoOB, pacy€Ta YpOBHEN SJHEPTUU
AJIEKTPOHA B CPEPHUUCCKU-CUMMETPUIHBIX
MOTEHIMANIAX.




OueHoYHbBIE CPEACTBA TEKYIIEr0 KOHTPOJISI M IPOMEKYTOUYHOM aTTecTanun

Cxema npoctaBgu : CYOC

Buja meponpusiTus NPOMeKYTOYHOM aTTeCTANMH ¢ DK3aMEH
Cnoco0 npoBeieHUs MEPONPUATHS MPOMeKYTOUHOI aTTecTannu : OlEHKa M0 JUCIUIUIMHE B paAMKax
MIPOMEKYTOUHOM aTTEeCTAIlH ONPEENSIeTCS Ha OCHOBE 0a/ioB, HAOpaHHBIX 00YYArOMIMMCS Ha KOHTPOJIbHBIX
MEPOTPHUITUSIX, TPOBOJIUMBIX B T€UEHHE YUYEOHOTO TIEpUO/Ia.
MaxkcuMajabHoe KoJmuecTBo 0ayiioB : 100

KonBepranusi 6a/U10B B 0TMETKH

«oTianyHo» - ot 81 1o 100
«xopowmo» - ot 61 1o 80

«YJOBJIETBOPUTEJBbHO» - 0T 50 10 60
«HeYI0BJIETBOPUTEIbHO» / «He3auTeHo» MeHee 50 Oaa

KoMmnerenuus

Meponpusitue
TeKYyLIero KOHTPOJIA

Koutposmpyemblie 3jieMeHTbI
pe3yJibTAaTOB 00y4eHHsI

BxoaHoii KOHTPOJIb

PazButue npencraBienuit o
MPUPOJE MUKPOMHUpPA
BxoaHoe TecTHpoOBaHHe

HaBbiku nuHeliHoOM anreOpsl U
MaTeMaTHYeCcKOn (pu3NKu

OIIK.7

CIIOCOOHOCTH MCIOJIb30BaTh
0a30BbIE TEOPETUUECKUE 3HAHUS
(dyHIaMEHTAIBHBIX Pa3ciioB
o01eit 1 TeopeTudecKoi (PU3UKU
JUTSI peIIeHUs TPO(heCcCHOHATBEHBIX
3a1au

[IIpenuHrepoBcKas KapTUHA
JBKEHUS

ITncbMeHHOE KOHTPOJIbHOE
MeponpusaTHe

3HaHue 6a30BBIX MPEICTABICHUN O
IPUPOJE MUKPOMHUPA, OCHOBHBIX HOHSATHIHA
KBaHTOBOW TEOpUH, BIaJCHUE
MaTeMaTHUYECKUM aIapaToM KBaHTOBOM
TEOPHH, IPABUIIAMH TIepexo/ia K
KBAHTOBBIM IIPE/ICTABIICHUSIM.

OIIK.8

CIIOCOOHOCTH UCHOJIB30BATh B
npoecCHOHaNBHOM NeSTEIbHOCTH
0a30Bble 3HAHUS
(GbyH1aMEHTaJIbHBIX pa3esioB
MaTeMaTHKH, CO3/1aBaTh
MaTeMaTHIECKUE MOJIEITH TUTIOBBIX
PO eCCUOHABHBIX 33724 U
MHTEPIPETHPOBATH TOTYICHHBIC
Pe3ybTATHI C YIETOM I'PaHUII
IIPUMEHUMOCTH MOJIEIIEH

OpOuTanbHBIIT MOMEHT
nMmiyibca. Chepudeckue
rapMOHUKHU

ITncbMeHHOE KOHTPOJIbHOE
MeponpusiTue

BJIAACHUC MMPEACTABICHUAMUA O 06H_II/IX u
JaCTHBIX CBOMCTBAX OrepaTopoB MOMCHTA,
QJICMCHTApHBIMU ITPABUJIAMH BTOPUYIHOT'O
KBaHTOBaHHUA, METOAaMHU CJIOXKCHHA
MOMCHTOB, YMCHUC aHAJIM3UPOBATH 3ada4Nn
O IBMXXCHHH 4YaCTHII B
C(bepI/I‘IeCKI/I-CI/IMMeTpI/I‘IHLIX NOoTCHINaJIax

MnK.1

CIIOCOOHOCTH MPUMEHSTH B CBOCH
poecCHOHANEHOM e TEIIbHOCTH
3HAHMS, TTOJTyYCHHBIE B 00J1aCTH
(U3MYECKUX U MATEMAaTHUECKIX
JTMCITUTIITHH

MHOTr031€KTPOHHBIE aTOMBI
HTOorosoe KOHTPOJIbHOE
MeponpusTHe

BJIQJICHHUE IPUEMaMHU MTOCTPOCHHUS
MPUOJIMKEHHBIX PEIIeHN, 0a30BBIMU
MOHSITUSIMA KBAHTOBOW CTATHCTUKH H
TEOPUH MHOTHX YaCTHI]




Crnenudukanuss MeponpMATHI TeKylIero KOHTPOJIA

Pa3BuTHe npeacTaBIeHUIl 0 MPUPOIEe MUKPOMHPA

[TpoaomKUTENTEHOCTD MIPOBECHUS MEPOTIPUATHS IPOMEKYTOUHOM aTTEeCTAllNH: .5 yaca
Y coBUs TPOBEICHUS MEPOTIPUATHSA: B YACHI CAMOCTOSITEIbHOI PadoThI
MaxkcuMaibHBIN 0aJl1, BRICTABIIIEMBIH 32 MEPOTIPUATHE TPOMEKYTOUHOM aTTecTanuu: )
[TpoxoxHoii 6amt: 0

Iloxa3aTesn oeHMBaHUSA Banast
3anucatrh peleHUue YpaBHEHUS ISl OAHOMEPHOM IIOCKOM BOJIHBI 5
Pemuts 3apauy lltypma-JInyBuinis 3
Boeruncnuts onpenenutens MaTpuLbl 3x3 2
IHIpeanHrepoBckasi KAPTUHA IBUKEHU S
IIpoaomKUTENPHOCTD IPOBEAEHUS MEPOIIPUATHUS IPOMEXKYTOUHOM arTecTanuu: 1 9aca
VYcnoBus IpoBeAEHUS MEPONIPUATHUSA: B YAChI ay/INTOPHOM PadoThI
MakcumanbHBIH 0ajll, BRICTABISEMBIN 32 MEPOTIPUITHE MMPOMEKYTOUHOM arTectanun: 30
[Tpoxoanoii 6amt: 15
IToxa3aTen oeHMBaHUSA Banasbt
3HaHue OOLIMX CBOWCTB OJJHOMEPHOTO JBM)KEHUS, YMEHHUE aHATM3UPOBATH OJJTHOMEPHBIC 331auH, 10
HAaXOJIUTh SHEPre€TUUECKUE CIIEKTPhI YaCTULIBI B TOTEHIIUAIBHON sIME
Bnanenue MeronaMu onrcaHus KBAHTOBBIX SIBIICHUH B TipeacTaBieHuu [ eiizenbepra u 8
[Ipénunrepa
3HaHue 0a30BBIX MPUHLUIIOB COOTBETCTBHS KJIACCUYECKON M KBAHTOBOW MEXaHUKH, PABHII 7
BBIUMCJICHHS Ha0II01aeMbIX BETUYHUH
3HaHHE COOTHOIICHUS HEOMPEACTEHHOCTEH, MTOHATHS BOJTHOBOUN (DYHKIIMH 5
OpoOuranbHblii MOMeHT uMIyJabca. Cepuyeckne rapMOHUMKH
IIpoaomKUTENPHOCTD IPOBEAEHUS MEPOIIPUATHUS IPOMEXKYTOUHOM arTecTanuu: 1 9aca
VY caoBust poBeIEHNS] MEPOIIPUATHUS: B 4aChl AyAUTOPHOH PadoThI
MakcumanbHBIH 0ajll, BRICTABISEMBIN 32 MEPOTIPUATHE MPOMEKYTOUHOM arTecTanun: 30
[Tpoxoanoii 6amt: 15
IToxa3aTesn oeHMBaHUSA Banasbt
Brnanenue 6a30BbIMH MOHATHUSMHU TEOPUH MOMEHTA, 3HAHHE OIEPaTopa yriioBOIO MOMEHTA, 9
CIIMHA, YMEHHUE HaXOJUTh UX COOCTBEHHBIE YUCIIa U BEKTOPbI
YMeHue aHaTu3upoBaTh 3a/1a41 O JBM)KEHUH YaCTULl B CPepUIECKU-CUMMETPUYHOM MOTEHIHAIE, 9
CTPOUTH CIEKTPbI U3ITYUEHUS BOAOPOA U BOJOPOIONIOOO0IHBIX HOHOB, ABYXaTOMHBIX MOJIEKYI
YMeHue POBOAUTD pa3zciICHUE NIEpEMEHHBIX B ypaBHeHUuH LlIpénunrepa B TpEXxmMepHOM 6
MIPOCTPAHCTBE, CTPOUTDH PEIICHUE C MPUMEHEHHEM CPEpUUECKUX TaAPMOHUK
3HaHue MPaBUJI CIOKEHHUSI MOMEHTOB, YMEHHUE BBIUUCIIATE K03 dunmentsr Knebma-I'oprana 6

MHOr03/1eKTPOHHBbIE ATOMBI

[TpoomKUTENTEHOCTD MTPOBEICHUS MEPOTIPUATHS IPOMEKYTOUHOM aTTeCTallMy: .5 yaca
YcnoBus mpoBeaeHUS MEPOTIPUATHUS: B YAChl ayIMTOPHOI padoThI




MaxkcuManbHbIi 0aJu1, BEICTABIIIEMBIH 32 MEPONIPUATHE IPOMEKYTOUHON aTTecTauuu: 40
IIpoxoaHoii 6a: 20

IToxa3aTeIu onleHUBAHUS Baaasl
3HaHWE METOJO0B CTAllMOHAPHOW U HECTAIIMOHAPHOW TE€OPUU BO3MYILECHHUM, YMEHUE CTPOUTD 12
MpUOJIKEHHBIE PEILICHHUs], BJIaJICHUE TPUEMaMU BBIYUCIICHHS TIOTIPABOK K YHEPTETUYECKOMY
CHEKTpPY YaCTHI] B CIIOKHBIX MOTEHIIMATaX
3HaHne 0a30BBIX METOJIOB aHAIM3a MHOTOYACTHYHBIX 33]1a4, BJIaJICHUE HABBIKAMH MTOCTPOCHUS 12
HHEPreTHYECKUX CIIEKTPOB MHOTO3JIEKTPOHHBIX aTOMOB.
Branenne oCHOBHBIMM MOHATUSIMU KBAHTOBOM CTATUCTUKH, 3HAHWE MPUHIIUIIA 8
TOXIeCTBeHHOCTH, puHimna [Taynu, cratuctuku ®epmu-Jlupaka u boze-OlHiTeitHa
3HaHHE METOJIOB TIOCTPOSHUST OpOUTANICH MHOTORJIEKTPOHHBIX aTOMOB, OCHOB TEOPHH 8

XUMHUYECKOU CBSA3HU




