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Cnucox AOKYMEHTOB 1 MaT€pHuaJjioB

1. IlepeueHp IUTAHUPYEMBIX PE3YJIbTATOB OOYYEHHUS 10 TUCIHMIUIMHE, COOTHECEHHBIX C

TUTAHUPYEMBIMU pe3yJIbTaTaMU OCBOCHHSI 00pa30BaTeIbHON MPOTPAMMEI

2. llens 1 MECTO AMCIUILUIMHBI B CTPYKTYpE 00pa30oBaTeIbHON MPOrpaMMbl

3. Conepxanne pabodeld mporpammbl (00BEM JWCHMILIMHBI, THIBI M BUABI y4eOHBIX
3aHATUH,  y4eOHO-METOJMUYECKOe  OOecleYeHHe  CaMOCTOATENBbHON  paboTHI

00yJaromuxcs)

4, CDOHI[ OLCHOYHBIX CPCACTB 10 JUCHUIIIIMHE

4.1. IlepeueHnb KOMIIETEHIIMI C yKa3aHUEM 3TanoB MX (OPMHUPOBAHMS B Ipoliecce
OCBOEHMs 00pa3zoBaTenbHON mporpammbl. OnMcaHue NOKas3aTened U KPUTEPHEB
OIICHMBAHMsI KOMIIETEHIINN Ha Pa3JIMYHbIX 3Tanax ux (OpMHpPOBAHUS, ONIMCAHUE IIKAJ

OIlCHUBaHUA

4.2. TumoBble KOHTPOJIbHBIC 3aJaHUSl WM HWHBIE MaTepHaNIbl, HEOOXOJUMBIC s
OIIEHKH 3HAHWM, YMEHHI, HABBIKOB U OTBITA JICATEITLHOCTH, XapaKTEPUIYIOIIUX ATAIIbI
(hopMuUpOBaHUS KOMIIETCHIIMI B MPOIIECCE OCBOEHHUS 00pa30BATEIBHOU MPOTPAMMEL.
Metonuyeckie MarepHualbl, OINpEAESIONIMe MPOLEAypbl OLICHUBAHUS 3HAHUH,
YMEHMI, HaBBIKOB U OIbITa JIEATEIBHOCTH, XapaKTePU3YIOIINX ATarbl (POPMUPOBAHUS

KOMIIETEHIINI

4.3. Peiimune-nian OucyuniuHvl (npu Heobxooumocmu)

5. YuebHO-MeTomuYecKkoe U HHGOPMAIIMOHHOE 00eCTIeueHUE UCITUTLTHBI

5.1. IlepedeHb OCHOBHOM M JAOTIOJTHUTEIBHON y4eOHOH JINTEpATyphl, HEOOXOIUMOM IS

OCBOCHHA AUCLHHITIINHBI

5.2. Ilepeuenp pecypcoB HH(POPMALIMOHHO-TEIEKOMMYHHKAITMOHHOU ceTH «HTepHeT»

H IIporpaMMHOIO O6CCHC‘ICHI/I${, HeO6XOI[I/IMBIX JJIs1 OCBOCHUA JUCHUITIINHBI

6. MaTepI/IaJ'ILHO-TCXHI/I‘IeCKaSI 6333, HeO6XOI[I/IMaH JIIA OCYIICCTBJICHU

O6paSOBaTeJ'II>HOFO npounecca 1o AMCuUIlInHe




1. IepeyeHb NJIAHNPYEMBIX Pe3yJIbTATOB 00yUYeHUs 10 JUCHUILIHHE,
COOTHECEHHBIX C IVIAHMPYEMBbIMHU Pe3yJIbTATAMHU OCBOEHHS
o0pa3oBaTeJIbHOM IPOrPaMMBbI

(c opuenmayueii Ha Kapmul KOMREMeHYulL)

[Ipy wu3yyeHUH [UCLUILIMHBI

«KBaHToBasg TeopuUsI»

(hopMHPOBATHCS CIEAYIONINE KOMITICTCHIUH:

y oOydamomerocs IOJIKHBI

OIIK-3 - crmocoOHOCTh HCHOJB30BATh 0a30BbIE TEOPETHUYECKHE 3HAHUS (YHIAMEHTATbHBIX
paszesioB o01Ieit 1 TEOpPEeTHIECKOH (PU3UKH VIS peleHNs TPo(hecCHOHATIBHBIX 3a1a4
[1K-1 - ctocoGHOCTH MCTIONB30BATH CIICIIUATTN3UPOBAHHBIC 3HAHUS B 00JIaCTH (DPU3HUKH ISt

OCBOEHUS MPODUIBHBIX PUINUECKUX AUCLUTIIINH

i hopMupoBaHMs yKa3aHHBIX KOMIETEHLIMH U OCBOEHHsI 00pa30BaTEIbHOM MPOTrpaMMBbl
00yyaroUIuIiics T0KEH M0Ka3aTh CIEIYIOLINE Pe3YIbTaThl 00YUEHHS 10 JUCHUIUINHE:

Pe3ynbTarsl 00yueHus

dopmupyemas
KOMTIETEHIIHS (C
yKa3aHHEeM Kojia)

[Tpumeuanue

3HaHuA 1. 3Hath cuctemy 00pa3oB, MPEACTABICHUI U IPUHIIUIIOB, OIlK-1

JIe)KAIlUX B OCHOBE KBAHTOBOM TEOPUH, POJIb TAKUX ITOHITHM

KaK «BOJHOBas QYHKIMY, «(HU3NUECcKast BEIUUNHAY,

«COCTOSIHHE CHCTEMBD», «HAOIIIOMaeMbIe U HEHAO IO JaeMbIe

BEIUYMHBD) U T.JI.

2. 3HaTh MaTEeMaTHYECKHUi anmapar KBAHTOBOW TEOPHH, OIIK-1,0I1K-3 Kpome KBaHTOBOI TEOPHH, 3TH

0COOEHHOCTH METOOB OMHUCAHUS, O0BEKTOB SIBICHU, BOIPOCHI BXOJISIT B

HMEIOLIMX MECTO B MUKPOMHPE, Pa3IMYHbIC PECTABIICHUS

KBAHTOBEIX CHCTEM, 00JIACTH UX HCIIOJIB30BAHUS U CIIOCOOBI KOMICTCHIINIO CACAYIOMNX

Tepexoia OT OJJHOTO MPECTABJIEHHUS K APYTOMY. AUCLIMIUINH: CTATUCTHICCKAs
(bu3MKa, KBAHTOBAsI TEOPHUS
TBEPAOTO TCJIa, KBAaHTOBAA
TEOpUA Mara€Tuisma,
KBAaHTOBAs 3JICKTPOHHKA,
HesuHelHble BoaHbl (OITK-1)

3. 3HaTh OCHOBHBIE YPaBHEHHS KBAHTOBOM TEOPHH, OIIK-1,0IIK-3,IIK-2

ONMCHIBAIOIINE CTAIIMOHAPHBIE COCTOSHIUS KBAHTOBLIX CHCTEM

U MX 3BOJIOLHUIO B HEPENSITUBUCTKOW U PEIISITUBHCTKON

TEOpUH, MPUOIMKEHHBIE METO/IbI PACUETA KBAHTOBBIX CHCTEM

C YYETOM PEJSITUBUCTCKHX MOMPABOK M TPAHUILY UX

MIPUMEHUMOCTH, OCHOBHbIE MOJI0XKEHHSI TEOPUH KBAHTOBBIX

MePEeXO0JI0B U €€ MPUMEHEHUE K IPOCTSHIIINM KBAHTOBBIM

CHCTEMaM, KBAHTOBBIE MIPE/ICTABICHUS O BaKyyMe, O

CTPOEHHUHU aTOMOB, MOJICKYIL.

VYMenus 1. [Tonp30BaTHCSI MATEMATUIECKIM aIapaToM KBaHTOBOMH OIIK-1,0IIK-3

TEOPUH U PEIIaTh KBAHTOBBIC 33/[a4K HE TOJIBKO JJISl CUCTEM, TIK-1

COCTOSIIIMX U3 OJHOM YaCTHIIBI, HO 1 MHOT'OYaCTHYHEIE

3a7a4u.

2. AHanu3upoBaTh KBAHTOBBIC MPOIECCHI, KBAHTOBBIC OIIK-1,0I1K-3 DTH BOIIPOCHI BXOJAT TAKXKE B

TIEPEX OBl OT OHOTO COCTOSIHUS B IPYTO€, OOBSICHATH TIK-2 KOMIIETEHIIUA KBAaHTOBOU

MPUPOY KBAHTOBBIX 3()(EKTOB U SBICHUHA MUKPOMHUPA. JJIEKTPOHUKH, KBAHTOBOH TEOpUH
marrermma (ITK-1)

3. OneHnBaTh BKJIAJ] KBAHTOBEIX A((EKTOB B OIIK-1, Takue BOnpochl Kak

COOTBETCTBYIOIINE SIBICHUSI MAKPOMHUPA. OIIK-3 CMHUHOPOUTATBHOE B3aUMOICHCTBHE,

TIK-2 TEOpUs BAJICHTHOCTH UMEET BKHOE

3HAYEHHMS JUTSI IOHUMAHUS 1
00BSICHEHUS TIPHPOIEI heppo-
aHTudeppo-heppn
MarHeTH3Ma, XUMHYECKOHN CBSI3U




Bnanenus
(naBbIKH /
OITBIT
JIeSITeIIEHO
CTH)

1. Bna;:[eT}, MOHATUHHBEIM U MaTEeMaTHIECKUM armapaTomMm
KBaHTOBOI TCOpHHU.

OIIK-1

2. Bnagers HaBBIKAaMH U METOJAMHU PELIEHUS MPOCTEHIINX OIIK-1 Takue MeTobl Kak Teopus

KBaHTOBOMEXHUUYECKUX 33]1a4 HEPENATUBUCTCKON U OIIK-3 BTOPHUYHOI'0 KBAHTOBAHUS U TEOPHUS

PENATUBUCTKOIN TEOPHH. [K-2 YHUTapHBIX NPeoOpa30BaHUiA, TEOPHS
MIPEJCTaBICHUHN TaKKe BXOIAT B
KOMIIETEHIIMIO KBAHTOBOI
AIIEKTPOAMHAMUKHU B (PU3UKH
aneMenTapHbiX yactuil.([1K-1)

3. BriageTs HaBbIKaMHM TIOMCKA aHAIIM3a U 00pabOTKH OIlK-1

nH(popMannK U3 Pa3IMYHBIX UCTOYHUKOB (KHHUTH, XKYpHAJIbI, OIIK-3

HWHTEPHET-PECYPCHI)




2. Ileb ¥ MeCTO TUCHUIJIMHBI B CTPYKTYpe 00pa30BaTebHON MPOrpaMMbl

Jucuuminna «KBaHTOBasi TEOPHUs» OTHOCHTCS K BADHATUBHOM 4aCTH.
JucnunmuHa nzydaercs Ha 3,4 kypce(ax) B 6-7 cemectpe(ax).

Jannbiii Kype npeanazHadeH i cryaeHToB Hanpasienns: 03.03.02 — ®dmsuka. Kype «KBaHToBas teopusi»
SIBJISICTCSI OJIHOM W3 LEHTPAIBHBIX IUCIMIUIMH CICIMATH3aHN CTYICHTOB-(U3UKOB Pa3NYHbBIX CICIHATbHOCTEH.
OHa siBsieTcst 6a30BBIM KYPCOM IPH PACCMOTPEHUH SBJICHUN aTOMHOTO MaciuTaba u TpeOyeT [UIsi CBOETro U3ydeHHS
MPUBJICYCHHS 3HAHUH CTYICHTOB M3 PA3IMYHBIX PA3JIeNOB OOIIeH U TEOPETHICCKON (H3UKH, a TAKKe MATEMATHKY,
Croco0CTBYs HOPMUPOBAHHUIO LIETOCTHOTO MUPOBO33PEHHS HA MUKPOMUD.

By3oBckast yueOHas mucimiuinHa «KBaHTOBass —Teopusl» MpelycMaTpUBaeT CHCTEMHOE H3YYCHHE
OCHOBOIOJIATAIONINX TMPHUHIUIOB KBAaHTOBOM MEXaHHKH, OCBOCHHE MAaTeMaTHYeCKOTO armapaTta JIHHEHHBIX
CaMOCOTPSDKEHHBIX OMEPAaTOPOB, aHAIN3a PELICHUI YpaBHEHHUIL, OMPENENSIONINX COCTOSHIS 00bEKTOB MUKPOMHPA,
MOCTPOCHHE MOJeNel KBAHTOBBIX CHCTEM W KBAHTOBBIX MPOIIECCOB M AHANN3 COOTBETCTBYIOIIMX YypaBHEHHH,
OMPENIEISIFONIMX UX COCTOSHHS M 3BOMOIMI0. COOTBETCTBEHHO MaHHAS AUCHHUIUINHA COCTOUT M3 HECKOJIBKHX
pas3zenoB, u3ydeHHE KOTOPHIX OOYCIABIMBACT MNPUBICUCHHE 3HAHUI CTYACHTOB U3 pPa3lIHYHBIX Pa3lesioB
MaTEeMaTHKH, a TaKKe 00lIei U TeopeTHIeCKON HU3HKU.

3aja4a u3ydeHus: TUCIUILTHHBL «KBaHTOBas TEOPHs» 3aKITFOUACTCS MPEXK/IC BCErO B OCBOCHHH HOBBIX 00Pa30B,
HOBBIX ITOHATHII U MIPEACTABICHUIT KBAHTOBOW MEXaHUKH, a TAK)Ke HOBOr'0 MaTeMaTHIecKoro ammapara. KpoMe Toro
OHA 3aKJII0YaeTCsi B TOM 4TOOBI pa3BUBaTh W COBEPLICHCTBOBATH Y CTY/ACHTOB HABBIKA HX MPAKTHYECKOTO
NPUMHHEHUS TIPU OMKCaHUsI OOBEKTOB U SIBJICHUH MHKPOMHpA, BBIPA0OTAaTh YMEHHE CO3HATEIHHO U 0E€30IIMO0YHO
YIOTPEOIISTh N3y4aeMy0 TEPMHUHOJIOTHIO, Pa30UpaThCsl B OCHOBHBIX YPABHEHHUSX KBAHTOBOW TEOPUHM M METOIAX UX
aHajIM3a, TEM CaMbIM IOAHHMAsT YPOBEHb TCOPETUYECKOTO0 U MPAKTUYECKOrO BJIaJACHUS H3JIara€MbIMH BOIIPOCAMH,
paciupssa U yKperuisist KapTUHY MUPOBO33PEHHUS.

Jlnst  OCBOGHHWsI JAaHHOW MUCIMIUIMHBI CTYJACHTY HEOOXOOMMO OCBOHTH MPEIBAPHTEIBHO CIICAYIONIHE
JUCLIUITIJIMHBI. 0611135[ q)I/I3HKa: MCXaHHKa, JSJICKTPUYCCTBO, MAr"e€TU3M, OITHUKA, aTOMHasd W sAJACpHas ¢)H3I/IK3,;
TeopeTHueckass (PU3MKa: TEOPETHUYECKas MEXaHWKa, DIICKTPOJMHAMHKA;, MATEMATHKA: MATEMAaTHUCCKHH aHAIu3,
aHAJMTUYECKasi TEOMETPHsl, JIMHEIHAs anreOpa, BEKTOPHBIA M TEH30PHBIN aHAU3, TeOpHs QYHKIMHA KOMILUIEKCHOTO
nepeMeHHoro, quddepeHranbHble YpaBHEHHs, B TOM YUCJIe TeOpHs JIMHEHHBIX MuddepeHnnanbHbIX onepaTopos,
TEOpHs BEPOSATHOCTEH, MHTErpaJIbHbIe YPaBHEHHS U BAPHALIMOHHOE HCYMCIICHHE, METOIbl MaTeMaTHYECKOH (DU3HMKH.

Hucuunnuua «KBaHTOBas Teopus» CHOCOOCTBYeT OBJIAJACHUIO 3HAHMSAMH, YMEHHEM U HaBBIKAMHU,
HEOOXOJMMBIMH Ul M3Y4eHUs IUCHMIUIMH «CTaTthcTHueckas (uinka», «KBaHTOBas Teopus TBEpLOro Tenay,
«KBaHToBast Teopus Marmerusma», «KBaHTOBas dneKTpoguHaMuKa», «HenuHelinble BomHb, «KBaHTOBas
JJIEKTPOHUKA», & TAaKXKe MPU IMPOBEICHUH HayYHO-HCCIEIOBATENIbCKOM paboThl M B YaCTHOCTH JUISl BBHIIIOJHEHUS
BBIITYCKHON KBaMM(UKaMOHHON paboTHI (B TOM YHCIIE MPH YHUCICHHBIX BBIYUCICHHUAX C UCIOIb30BAHHEM ITAKETOB
[porpaMM, OCHOBAaHHBIX Ha MEPBOIPHUHIHITHEIX PAaCcIeTax).

3.Conep:xanue padoueii mporpaMmepl (06beM JTUCHHMIUINHBL, THNBI U BU/IbI Y4eOHBIX 3aHITHIl, y4eOHO-
MeTouYecKoe ofecrieyeHne cCaMOCTOSITEeIbHOI padoThI 00y4YaloLIIXCs)

Conepxanue pabouei mporpaMMBI npeactasieHo B [Ipumoxennn Ne 1.



2. ®Dona OLeHOYHBIX CpeacCTB IO TUCHUILTHHE

4.1. IlepeyeHb KOMIIETEHIUH ¢ YKa3aHUEM ITANOB UX (opMHUPOBaHNS B MpoLecce OCBOCHHUs 00pa30BaTeIbHOM NporpaMMel. Onucanue nokasarteJjied U KpUTepnes
OLICHNBAHNS KOMIIETCHIMI HA Pa3THYHBIX ITanax uX ()OPMHUPOBaHNS, ONMCAHNE IIKAJ OLeHUBAHUS

Kon 1 hopMynrpoBKa KOMITETEHIINH:

OIIK-3- crmocoOHOCThIO MNPUMEHATH OCHOBBI METOAOB UCCIICIOBAHUA, aHAIN3a, TUAarHOCTUKHU U MOJCITIMPOBAHUA

Oran [Tnanupyemble pe3yabTaThl 00ydeHUs Kpurepun olileHnBaHus pe3ynbTaToB 00ydYeHUsI
(ypoBeHb) (TmokazaTenu JOCTHXKEHUS 3aIaHHOTO 2 («He
OCBOEHHUS YPOBHS OCBOCHHSI KOMIIETEHIIN) 3 («Y IOBIETBOPUTEIHHOY) 4 («Xoporoy) 5 («OTnraHO»)
YIIOBJIETBOPHUTENHHO))
KOMIICTCHIIMH

IlepBsiii aTan

3HaTh 0COOEHHOCTH METO0B
omnucaHusi, 00bEKTOB, SIBICHUIA,
UMEIOIINX MECTO B MUKPOMHDE,
pa3iuYHbIC MPECTABICHNUS

He 3HaeT ocoOeHHOCTH
METOJIOB OIMCAHMS,
00BEKTOB, SIBJICHUH,
HMMEIOIINX MECTO B

3HaeT B LIEJIOM 0COOEHHOCTH
METOJI0B OITUCAHUS,
00BEKTOB, SIBJICHUH,
HMMEIOIIHIX MECTO B

3HaeT 0COOEHHOCTH
METOJI0B OIUCAHUS,
00BEKTOB, SIBJICHU,
HUMEIOILUX MECTO B

3HaeT 0COOEHHOCTH METOJIOB
OMHCaHusI, 00HEKTOB, SIBIEHUH,
HMEIOIIUX MECTO B
MHUKPOMUpE, Pa3IuuHbIC

KBaHTOBBIX CUCTEM, 00JIaCTh UX MHKpPOMHpE, MHUKpPOMHUpE, Pa3INIHbIC MHUKpPOMHUpE, Pa3IUIHbIE MPE/ICTABICHUS KBAHTOBBIX
UCIOJIB30BaHUS U CIIOCOOBI IEpexXoaa | pa3IndHbIe MPE/ICTABIICHUS] KBAHTOBBIX | IPEICTABICHUS CHCTEM, 00J1aCTh UX

OT OJIHOI'O TIPECTaBJICHUS K MPEICTABICHUS cHCTeM, 00JIacTh UX KBaHTOBBIX CHCTEM, UCIIONIb30BaHMS U CIIOCOOBI
JIpyromy. KBaHTOBBIX CHCTEM, UCIIOIb30BaHUs U CIIOCOOBI 00nacTh X Hepexozia OT OHOTO

3HaTh OCHOBHBIC YPaBHEHUS 005acTe UxX Hepexoza OT OIHOTO UCTIONIb30BAHUA U MPEICTABICHUS K JPYroMy, HO

KBaHTOBOH TEOPHH, OIUCHIBAIOIIHE
CTallMOHAPHBIE COCTOSHUS KBAHTOBBIX
CHCTEM, U UX HBOJIOIHUIO B
PENATUBUCTKON TEOPUH,
MIPUOIMKEHHBIE METO/IBI pacueTa
KBAHTOBBIX CHCTEM C YIETOM
PENSTHBUCTKUX MOTIPABOK, OCHOBHBIE
MTOJIOKEHUS TEOPUH KBAHTOBBIX
TepexoJIoB U €€ MPUMEHEHHE K
MIPOCTEHTIINM KBAaHTOBBIM CHCTEMaM,
TPaHUILY UX TIPUMEHUMOCTH,

HCIIOJIb30BaHUA 1
CIOCOOBI TIepexoia oT
OJHOT'O TIPE/ICTaBICHHS
K IpyroMy.

He 3HaeT ocHOBHBIE
YpaBHEHHS KBaHTOBOU
TEOPHH, OIKCHIBAIOIIUC
CTallOHAPHbBIC
COCTOSIHHUSI KBAHTOBBIX
CHCTEM, U UX
SBOIIIOLIAIO B

MPEACTaBICHUS K IPYrOMY,
HO JOMyCKaeT rpyobie
OIIINOKH.

3HaeT B LIEJIOM OCHOBHEIE
YpaBHEHHS KBaHTOBOM
TEOPHH, OITUCHIBAIOIIIHE
CTaITMOHAPHBIE COCTOSTHHS
KBaHTOBBIX CUCTEM, Ml HX
JBOJTFOIHIO B
PENSTUBUCTKON TEOPUH,
TPUOITVKEHHBIE METOTBI

CIOCOOBI TIepexo/ia oT
OJTHOT'O TIPEJICTABIICHUS K
JIPYromMy, HO JOIyCKaeT
HE3HAYHUTEILHBIE
OIIIHOKH.

3HaeT OCHOBHEIE
YpaBHEHHS KBAHTOBOM
TEOPHH, OIUCHIBAIOIIINE
CTallOHAPHBIE COCTOSTHUS
KBAaHTOBBIX CHCTEM, U UX
SBOJIIOLMIO B

JIOIyCKaeT rpyOble OInOKH.
3HaeT OCHOBHBIE YPaBHEHUS
KBaHTOBOM TE€OPHH,
OTHCHIBAIOIINE CTAIIMOHAPHBIC
COCTOSTHUSI KBAaHTOBBIX CHCTEM,
1 X SBOJTIOIHIO B
PETSITUBUCTKON TEOPHH,
MPUOTMKEHHBIE METOIBI
pacdera KBaHTOBBIX CHCTEM C
YYETOM PEIATHBUCTKUX
TTONPaBOK, OCHOBHBIC

KBAHTOBBIC IPEJICTABIICHUSA O pCHﬂTHBHCTKOﬁ pacdy€Tra KBAaHTOBBIX CUCTEM pCJIHTI/IBPICTKOﬁ TEOpHUH, TIOJIOKCHUA TCOPHUH KBAHTOBBIX
BaKyyMe€, O CTPOCHUHU aTOMOB U TEOpHUH, C YYCTOM PECIATHBUCTKUX HpI/I6JII/I)KeHHbIe MCTOBI nepexoa0B U eé IPHUMCECHCHHUEC K
MOJICKYII. HpI/I6J'II/I)KeHHLIe morpaBOK, OCHOBHBIC pacdeTa KBaHTOBBIX HpOCTCﬁHIPIM KBAaHTOBbBIM

MCTOABI pacucTa
KBAaHTOBBIX CUCTEM C
YYETOM PEIIATUBUCTKUX

IMMOJIOXKCHHS TCOPUHA
KBAaHTOBBIX IIEPCXOJ0B U eé
NPUMCHCHHUC K HpOCTefIIIIPIM

CHUCTEM C YUCTOM
PEIATUBUCTKUX
TMOMpPAaBOK, OCHOBHBIC

CHUCTEMaM, I'paHUIy UX
MNPUMCHHUMOCTH, KBAHTOBBIC
NPEACTABIICHUS O BAKYYME, O




MTOTPaBOK, OCHOBHBIC
TTOJIOXKEHUS TEOPHH
KBAHTOBBIX ITEPEX0JIOB
1 e€ MpuMeHEeHNe K
MIPOCTEUIIINM
KBAHTOBBIM CHUCTEMaM,
TPaHUILY UX
MPUMEHUMOCTH,
KBaHTOBBIC
MpeJICTaBICHHUS O

KBaHTOBBIM CHCTEMAM,
rPaHMIy UX TPUMEHUMOCTH,
KBaHTOBBIE TIPEICTABICHUS
0 BaKyyMme, O CTPOCHHU
aTOMOB M MOJICKYII, HO
JIOITyCKAET TPYObIC OIUOKH.

TIOJIOXKEHUST TEOPUH
KBaHTOBBIX MEPEXOJIOB U
€€ MPUMEHEHHE K
MIPOCTEH MM KBAaHTOBBIM
CcUCTeMaM, TPaHMIly UX
MPUMEHUMOCTH,
KBaHTOBBIE
MpEeACTaBICHUS O
BaKyyMe, O CTPOCHUU
aTOMOB U MOJIEKYJI, HO

CTPOCHUHN aTOMOB U MOJICKYJI.

BaKyyMe, O CTPOCHUHU JIOITyCKAeT
aTOMOB U MOJIEKYIL HE3HAauYUTEIIbHbIE
OIINOKH.
Bropoii atant | YMeTh aHaIM3UpOBaTh KBAHTOBBIE He ymeer ‘YMeer nonb30BaThCs YMeeT nonb30BaThCsl YMeeT nonb30BaThCsl
IIPOLIECCHI, KBAHTOBBIE IIEPEXOMBI OT aHaJIU3UPOBATh MaTeMaTH4YECKUM MaTeMaTHYECKUM MaTeMaTUYECKUM aIllapaTom

OIIHOT'O COCTOSIHUSI B JIPYTO€,
OOBSICHATH IPUPOIY KBAHTOBBIX

3¢ HEKTOB U SIBICHUI MUKPOMHPA.
YMeTh OLIeHUBATh BKJIa/l KBAHTOBBIX
3¢ PEKTOB B COOTBETCTBYIOIIUE
SIBIICHUS] MAKPOMHUDA.

YMeThb Moab30BaThC
MaTeMaTHYECKUM alapaToM
KBAaHTOBOM TEOPUH U PELLAThH
KBaHTOBBIC 33]1a4d HE TOJBKO VIS
CHCTEM, COCTOSIINE U3 OTHOM
YaCTHIBI, HO U MHOTOYaCTUYHBIE

KBaHTOBBIE MIPOLIECCHI,
KBaHTOBBIE TIEPEXO/IBI
OT OZIHOI'O COCTOSIHUSI B
JIpyroe, OOBACHATDH
HPUPOIY KBAHTOBBIX
3¢ HeKTOB U sIBIICHUI
MHUKpPOMHpA.

He ymeer ouenuBats
BKJIaJl KBAHTOBBIX

3¢ peKToB B
COOTBETCTBYIOIINE
SIBIICHUS] MAaKPOMHMPA.
He ymeer
TIOJTb30BATHCS
MaTEMaTHYECKUM
arnmnapaToM KBaHTOBOM
TEOpUH U peraThb
KBAaHTOBBIC 331291 HE
TONBKO JUISl CHCTEM,
COCTOSIIINE U3 OTHOMI
YacTHIBI, HO U
MHOTOYaCTHYHBIE

arnapaToM KBaHTOBOH
TEOpUH U peraThb
KBaHTOBBIC 33J]aull HE
TOJBKO JUIsl CUCTEM,
COCTOSIIINE U3 OJHOMN
YacTHLBI, HO U
MHOT04aCTHYHbIE

YMeer aHanu3upoBaTh
KBaHTOBBIE MIPOLIECCHI,
KBaHTOBBIE IIEPEXOAIBI OT
OITHOT'O COCTOSIHUS B IPYTOE,
OOBSICHATH TIPUPOLTY
KBAaHTOBBIX Y(PPEKTOB 1
SIBJIGHUH MUKpPOMUpaA, HO
JIOITyCKAeT TPYObIe OIHUOKH.
YMeeT olieHuBaTh BKIIA]
KBAaHTOBBIX d(PEKTOB B
COOTBETCTBYIOIINE SBICHHA
MaKpOMHpa, HO AOITyCKaeT
rpyOBIe OMIIOKH.

arnapaToM KBaHTOBOM
TEOPUH U pelaTh
KBaHTOBBIE 33J]a4 HE
TOJIBKO YISl CUCTEM,
COCTOSIIIIME U3 OJHOMN
JaCTHIIBI, HO U
MHOT04aCTUYHbIE
YMeer aHanu3upoBaTh
KBaHTOBBIE MIPOLIECCHI,
KBaHTOBBIE MIEPEXOBI OT
OJJHOT'O COCTOSIHHS B
ZIpyroe, OObACHITH
MPUPOIY KBAaHTOBBIX

3¢ eKTOB U SIBICHUIA
MHKpPOMHpA, HO
JIOITyCKaeT
HE3HAYHUTEIbHBIC
OIINOKH.

‘YMeeT oLieHUBaTh BKJIA
KBAaHTOBBIX dP(PEKTOB B
COOTBETCTBYIOIINE
SIBJICHUSI MAaKPOMHPA, HO
JIOITyCKaeT
HE3HAYHUTEIIbHbIE

KBaHTOBOM TEOPUHU U pelIaTh
KBaHTOBBIC 33J]a4 HE TOIBKO
JUISL CUCTEM, COCTOSIILIUE U3
OJITHOM YaCTHIIBI, HO U
MHOI04aCTUYHbIE

YMeeT aHaIn3upOoBaTh
KBaHTOBBIE MIPOLIECCHI,
KBaHTOBBIE MIEPEX OBl OT
OJJHOT'O COCTOSIHUS B JIPYTO€,
OOBSICHSITH IPUPOAY
KBAaHTOBBIX d(P(PEKTOB 1
SIBJICHUH MUKPOMHUDA.
VYMeeT oLleHHUBATh BKJIAI
KBAaHTOBEIX 3((PEKTOB B
COOTBETCTBYIOIIUE SIBICHUS
MakpoMupa.




OLINOKH.

Tpertuii sTan

Biiagets HaBBIKAMU M METOAAMHU
PELIeHHS TPOCTEHUIITHNX
KBaHTOBOMEXHHMYECKUX 337124
PEISTUBUCTKOM TEOPHH.

BiiageTs HaBbIKAMU MMOMCKA aHAJIH3a
1 00pabOTKH HH(pOPMAIINU U3
Pa3IMYHBIX HCTOYHUKOB (KHHTH,
JKYpHAJIbI, HHTEPHET-PECYPCHI)

He Bnaneer HaBbikamu
U METOJIAaMH PEIICHHUS
MPOCTEHIIINX
KBaHTOBOMEXHHUECKUX
3aj1a4 peISATUBUCTKON
TEOPHH.

He Bnaneer HaBbIKaMu
TIOMCKA aHau3a u
00paboTKH
uHpopmanmu u3
pa3InyHbIX
HCTOYHHUKOB (KHUTH,
JKYPHAJIbI, UHTEPHET-

pecypchl).

Bnaneer HaBbIKamMu U
METOJJaMH PeIleHUs
MPOCTEHIIINX
KBaHTOBOMEXHHUYECKUX
3a71a4 PeISATUBUCTKON
TEOPUH, HO JIOTTYCKAET
rpyoObIe OMIMOKH.

Braneer HaBbIkaMH TIOKMCKa
aHaJm3a u 00paboTKu
HH(POPMAIIUH U3 Pa3TMIHBIX
HCTOYHHUKOB (KHUTH,
YKYpHAJIbI, UHTEPHET-
pecypchl), HO JIOTYyCKaeT
rpyOBbIe OIMINOKH.

Brnaneer naBbikaMu u
METOaMH PEIICHUS
MpOoCTEHIINX
KBaHTOBOMEXHHUCCKUX
3a71a4 PENSTUBUCTKON
TEOPHH, HO JIOIYCKACT
HE3HAYUTEIILHBIC
OIITHOKH.

Brnaneer naBbikaMu
TIOMCKa aHaJi3a u
00paboTku HHpOPMALTUH
13 pa3JINYHbIX
HCTOYHUKOB (KHUTH,
JKYpHAJIbI, UHTEPHET-
pecypcsl), HO IOMyCKaeT
HE3HAYUTEIIbHBIC
OLINOKH.

Brnaneer naBbikaMu u
METOJIAMH PEIICHUS
MPOCTEHIINX
KBaHTOBOMEXHHYECKHUX 3a/1a4
PETSTUBUCTKON TEOPHH.
Brianeer HaBbIKaMu MTOMCKA
aHaiM3a u 00paboTKH
nH(pOpPMALINK U3 PA3THIHBIX
HUCTOYHUKOB (KHHTH, )KYPHAJIbI,
HHTEPHET-PECYPCHI)

I1K-1- criocoGHOCTBIO UCHONIB30BATh CHIEHUAIN3UPOBaHHbBIC 3HAHUS B 001aCTH (PU3MKHU U1 OCBOCHHS MPOMUILHBIX (PU3MIECKHUX AUCLIUIIIMH.

Ortan (ypoBEHb)
OCBOCHUS
KOMIIETECHIIUH

[Tnannpyemele pe3yabTaThl 00y4eHUS
(moxazarenu JOCTHKEHUS 3aJaHHOTO
YPOBHSI OCBOCHUsI KOMIIETEHIIUH)

«He 3auteHo»

«3a4yTeHo»

IIepBrlii 3Tan

3HaTh 0COOEHHOCTHA METOIOB
OIMCaHus OOBEKTOB, SIBJICHMIA,
HMEIOIIHUX MECTO B MUKPOMHPE,
00J1aCTh UX UCIIOJIb30BaHU.

3HaTh OCHOBHEIE YPaBHEHHS
KBAaHTOBOI MEXaHUKH, OIUCHIBAIOILIHE
COCTOSTHHS KBAHTOBBIX OOBEKTOB,
MPUOJIMKEHHBIE METO/IbI PacyueTa
KBAHTOBBIX CHCTEM U IPAHHUILY UX
MIPUMEHUMOCTH, OITUCHIBAIOIIHX
JIBIDKCHUE HEPEISTUBUCTCKUX YACTHII.

He 3HaeT 0CHOBHBIX NOHATUI KBAHTOBOW TEOPUH,
METOJIOB OITHCAHUS SBIICHUH, IMEIOINX MECTO B
MHUKPOMHpE, 001aCTh UX Hcnonb30Banus. He 3Haer
OCHOBHBIC YPaBHEHHS KBAHTOBOI MEXaHHKH,
OITMCBHIBAIOIINE COCTOSTHUS KBAHTOBBIX OOBEKTOB,
MIPUOIKEHHBIE METO/IBI PAcieTa KBAHTOBBIX CHCTEM
Y TPAaHUILy UX TIPIMEHUMOCTH, OMHCHIBAIOIINX
JBIDKCHUE HEPENITUBUCTCKUX YACTHII.

3HaeT OCHOBHBIX MTOHATHI KBAaHTOBON TEOPHH, METOAOB
OMMCAHUS SIBJICHHH, HMEIOIINX MECTO B MUKPOMHUDE,
00J1acTh UX KCHOJIb30BaHusA. He 3HaeT OCHOBHBIE
YpaBHEHHS KBAHTOBOH MEXaHUKH, OIUCHIBAIOIIINE
COCTOSTHUSI KBAHTOBBIX OOBEKTOB, MIPUOIMKEHHBIE METOBI
pacdeTa KBaHTOBBIX CHCTEM W TPAaHUIY UX MPUMEHIUMOCTH,
OIMMCHIBAOIIIX JIBIKCHUE HEPENMSTHBUCTCKUX YaCTHIIL.

Bropotii stan

YMeTh OlleHNBATh BKJIAJ KBAHTOBBIX
3((eKTOB B COOTBETCTBYIOIIHE
SIBIICHUSI MAKPOMHUPA.

He YMECT OLCHUBATL BKJIaJl KBAHTOBbBIX 3(1)(1)€KTOB B
COOTBCTCTBYIOLINEC ABJICHUSA MaKpOMHUpa.

yBCpCHHO OLCHUBACT BKJIaJ KBAHTOBBIX 3(1)(1)€KTOB B
COOTBCTCTBYIOLINEC ABJICHUS MAaKpOMHpaA.

Tperuii sTan

BJ'Ia,I[CTB HaBBIKAMH U MCTOJaMH

He BJIAZICCT HABBIKAMHW 1 MCTOJJAMU PCHICHUA

BJ'Ia)ICCT HABbIKAMHU W MCTOAAMU PCIICHUA HpOCTefIIIIHX




peaICHUA HpOCTefIHII/IX
KBaAaHTOBOMCXHHNYCCKHUX 3a1a4,
ONMCBIBAIOIHUX CTAIIMOHAPHLBIC
COCTOSAHUA IJIs HpOCTeﬁmHX
KBAaHTOBBIX CUCTCM.

HpOCTeﬁmHX KBaAaHTOBOMCXHHNYCCKHUX 3aaa4,
ONMCBIBAIOIHNX CTAIIMOHAPHBIC COCTOSIHUA JIA
HpOCTeﬁmHX KBAaHTOBBIX CUCTCM.

KBAaHTOBOMCXHHYCCKHX 3aJa4, OITMChIBAIOIIUX
CTallMOHAPHBIC COCTOSIHUA 1A HpOCTeﬁmHX KBAaHTOBBIX

CUCTEM.

TTK-2 crmocoOHOCTBIO MCIIONB30BaTh Ha MMPaKTUKE COBPEMEHHBIC MPEACTABIICHHUA HAYK O CBOMCTBaAx BEHICCTB U MATCpHAJIOB MPHU NEPEXOAC UX B HAHOPASMEPHOE COCTOSIHUC

(HOJIb, OJTHO U IBYXMEPHOE), O BIHMSHHUU pa3Mepa Ha CBOMCTBA BEIIECTB M MaTEPHAJIOB, B3aMMOACHCTBIM HAHOMATEPHAJIOB M HAHOCHCTEM C OKpY)KalOIIeH cpenoi

Ortan
(ypoBeHb)
OCBOCHHS

KOMIICTCHIIH
71

[Tmanupyemblie pe3yabTaThl
00y4eHUs
(TIoKazarenu JOCTHXKECHHS
3aJIaHHOTO YPOBHS OCBOCHHUS
KOMITETEHITIH)

Kpurepun onieHrBanus pe3yapTaToB 00ydeHUsI

2 («He
YIOBJIETBOPUTEIHHOY)

3 («Y 1OBIETBOPUTEITHHO)

4 («Xopo1oy)

5 («OTaHOY)

[IepBblii 3Tan
(ypoBeHb)

. 3HaTh OCHOBHBIC YPaBHECHHS
KBaHTOBOM TCOpHUH, OIIMCHIBAIOIINEC
CTaIFOHApHbIE COCTOIHUSA
KBaHTOBBIX CHCTEM H HX
JBOITIOLIMIO B HEPEIIATUBUCTKON U
PENSATUBUCTKON TEOPUH,
pUOIIKEHHBIE METOIBI pacdeTa
KBaHTOBBIX CHCTEM C YIE€TOM
PENATUBUCTCKUX MOMPABOK H
TPaHUIy WX TPHUMEHUMOCTH,
OCHOBHBIE TIOJIOXKEHHS TEOPUHU
KBaHTOBBIX TIEPEXOJIOB U €
MPUMEHEHHNE K TPOCTEHIINM
KBaHTOBBIM CHCTEMaM, KBaHTOBHIE
MIPEJICTABIIEHUS O BaKyyMe, O
CTPOGHUU aTOMOB, MOJIEKYIL.

HE 3HaeT OCHOBHBIE
YpaBHEHUS] KBAHTOBOM
MEXAHUKH
HEpEIATUBUCTKON 1
PENSATUBUCTKON TEOPHH,
MPHUOIKEHHBIE METO/IBI
pacyera KBaHTOBBIX
CHUCTEM C YYETOM
PENATUBUCTKUX
MONPABOK U I'PaHULly UX
MIPUMEHUMOCTH,
OCHOBHBIE TIOJIOXKEHHUS
TEOPUU KBAHTOBBIX
IepeX0a0B.

3HAEeT B IEJIOM OCHOBHBIE
ypaBHEHUSI KBAHTOBOM
MEXaHUKH HEpPEeNITHBUCTKOM
Y PEISITUBUCTKON TEOPHH,
MpHOIKEHHBIE METO/IBI
pacuera KBaHTOBBIX CHCTEM C
YYETOM PENSTUBUCTKUX
TIONIPABOK U TPAHUILY UX
MPUMEHUMOCTH, OCHOBHBIE
TTOJIOKEHHSI TEOPUH
KBAHTOBBIX IIEPEXOJIOB. HO
JIOITyCKaeT rpyOble OMMOKN

3HAaE€T OCHOBHBIE
YpaBHEHUSI KBAHTOBOM
MEXaHUKH
HEPEISTUBUCTKON U
PEISATUBUCTKON
TEOPUH,TPUOITIKEHHBIC
METOJIpI pacyera
KBaHTOBBIX CHCTEM C
YYETOM PENSTUBUCTKUX
MIONIPABOK ¥ TPAaHUILY UX
MPUMEHUMOCTH, OCHOBHBIE
TTOJIOXKEHISI TEOPUH
KBaHTOBBIX TIEPEXOJIOB, HO
JIOITyCKaeT
HE3HAYHUTENbHEIE OIMOKH

3HAET OCHOBHBIE
YpaBHEHUSI KBAaHTOBOM
MEXaHUKH
HEPEISTUBUCTKON U
PENSTUBUCTKON TEOPUH,
MPHUOIKEHHBIE METO/IBI
pacyera KBaHTOBBIX
CHCTEM C YYETOM
PENSATUBUCTKUX MOMPABOK
Y FPaHULLY UX
MIPUMEHUMOCTH,
OCHOBHBIE MTOJIOXKECHUS
TEOpUH KBAHTOBBIX
MEePEXO0B.

Bropoii oran
(ypoBeHb)

VYMeTs MoNIb30BaThLCS
MaTeMaTHYECKIM arapaToM
KBaHTOBOW TEOPHH U PelIaTh

KBAaHTOBBIE 3314 HE TOJBKO IS
CHCTEM, COCTOSIIIINX M3 OTHOM
YaCTHIIBI, HO 1 MHOTOYaCTHYHBIE
3a7a4d. YMeTh aHAJIM3UPOBAThH
KBAHTOBBIE MTPOLIECCHI, KBAHTOBBIC

He ymeer nonp3oBatbcs
MaTeEMaTHYECKUM
anmapaToM KBaHTOBOH
TEOPHUH U pPeaTh
KBAHTOBBIE 3aJaUH
COCTOSIIIINX W3 OJHOH
YaCTHIIBI, HO U
MHOI'0YaCTUYHEBIC

B nenom ymeer
MOJIBb30BaThCS
MaTEeMaTUYECKHM aIllapaToM
KBaHTOBOW TEOPHH U PEIIaTh
KBaHTOBBIE 337a4X HE TOJIBKO
JUISI CHCTEM, COCTOSIIINX U3
OJTHOM YAaCTHIILI, HO K

MHOI'O4YaCTUYHBIC 3aJa4u. B

yYMEeT IOITb30BaThCS
MaTeMaTHYECKUM
armapaToM KBaHTOBOH
TEOPHUH U pPelIaTh
KBaHTOBBIE 3a/1aU1 HE
TOJIBKO JUIST CUCTEM,
COCTOSIIMX U3 OJHOH
YaCTHIEI, HO B

YMEET IOIIb30BaThCS
MaTeEMaTHYECKUM
anmapaToM KBaHTOBOH
TEOPUH U pPelIaTh
KBaHTOBBIE 3aJaUX HE
TOJIBKO JUIST CHCTEM,
COCTOSIIHNX U3 OJTHOH
YaCTHIIEI, HO B
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MepEexXo/Ibl OT OJJHOTO COCTOSIHUS B
Ipyroe, 00bIICHATH MPUPOITY
KBaHTOBBIX 3((eKTOB U sABICHHIHA
MHUKpPOMHUpPA. YMETh OIL[EHUBAThH
BKJIa/I KBaHTOBBIX 3()(EKTOB B
COOTBETCTBYIOIIIUE SBIICHUS
MaKpOMHpa.

3anauun. He ymeer
aHaJIU3UPOBAThH
KBAaHTOBBIE IPOLIECCHI,
KBAHTOBBIE TIEPEXO/IbI
OT OJIHOT'O COCTOSTHUS B
Jpyroe, OObsCHSITH
MPUPOIY KBAHTOBBIX
3(hdexToB U sIBIICHMI
Mukpomupa. He ymeer
OLIEHUBATh BKJIA]l
KBAaHTOBBIX 3(PPEeKTOB B
COOTBETCTBYIOIIIHE
SBIICHHS] MAKPOMHPA.

L[EJIOM YMEeT aHaIU3UPOBaTh
KBaHTOBBIE IIPOLIECCHI,
KBAHTOBBIE TIEPEXO/IbI OT
OJTHOTO COCTOSIHUS B JIPYTO€,
OOBSICHITH NIPUPOLY
KBaHTOBBIX () (eKToB 1
SIBJICHUA MUKpomupa. B
I[EJIOM YMEET OIIEHUBATh
BKJIa/T KBAHTOBBIX 3 (PEKTOB
B COOTBETCTBYIOIIIHE
SIBIICHUS] MAaKPOMHPA.HO
JIOITYCKAET rPyObIe OMMOKH

MHOTOYaCTUYHEIE 3a]auu.
YMeer aHanM3upoBaTh
KBaHTOBBIE TIPOLIECCHI,

KBaHTOBBIC TIEPEXOJIBI OT

OJTHOTO COCTOSIHUSI B
JIpyroe, oObSCHSTh
MPUPOTY KBAHTOBBIX
3¢ (}HEKTOB U SIBICHU
MHKpOMHDA . Y MeeT
OLIEHMBATh BKJIA]l
KBaHTOBBIX 3¢ dexToB B
COOTBETCTBYIOIIUE SIBIICHUS
MaKpOMHpa., HO JIOMYCKaeT
HE3HAYUTENbHBIE ONTHOKU

MHOI'O4aCTUYHBIC 3aJa4H.

YMeer aHanu3upoBaTh
KBaHTOBBIE TIPOLIECCHI,
KBAaHTOBBIEC TIEPEXOJIBI OT
OJTHOTO COCTOSIHUS B
Jpyroe, OOBSICHATH
MPHUPOAY KBAHTOBBIX
3¢ (}HEKTOB U SIBJICHHIA
MHKpoMupa. YmMmeer
OIIEHUBATh BKJIA]l
KBaHTOBBIX 3(dekToB B
COOTBETCTBYIOIINE
SIBIICHUSI MAKPOMUPA.

Tpetuii stan
(ypoBeHb)

Bnaners HaBBIKAMU U METOAAMU
pelleHUs TPOCTEUIIINX
KBaHTOBOMEXHHYECKHUX 3aJ1ad
PENSATUBUCTKON TEOPHH.
Bnagers noHATEHHBIM U TUHEHHBIM
MaTeMaTHYECKAM aIllapaToM

He Bnaneer
IMOHSATCHHBIM U
JIMHEHHBIM
MaTeMaTHYECKUM
arnrmapaToM KBaHTOBOM
teopuu. He Bnageer

B nenom Bmageer
MMOHATCHHBIM M JTUHCHHBIM
MaTeMaTHICCKUM aImapaToM
KBAHTOBOW TEOPHH, a TAKKE
BJIaJiceT HaBBIKAMH U
METOJIaMH PEITICHHS

BJIAJICCT ITIOHATCHHBIM U
JIMHEHHBIM
MaTeMaTHYECKUM
anmnapaToM KBaHTOBOU
TEOPHH, a TAKXKE
HaBBIKAMH M METOAAaMH

BJIaJiceT ITIOHATCHHBIM B
JIMHCHHBIM
MaTeMaTHYeCKUM
armapaToM KBaHTOBOM
TEOpPHH, a TAaKKe
HaBBIKAMHM M METOAAMH

KBaHTOBOW TEOpUU HaBbIKAMU U METOJIAMU MPOCTEUIINX pelIeHus TPOCTEUIINX pelIeHus TPOCTEUIINX
perIeHus MpoCTeHIIMX KBaHTOBOMEXHHUYECKUX KBaHTOBOMEXHHYECKUX KBaHTOBOMEXHHYECKUX
KBaHTOBOMEXHUYECKUX 3a/1a4 PeNATHBUCTKON 3a/1a4 PeATHBUCTKON 3a/1a4 pensITUBUCTKON
3a/1a4 peNITUBUCTKON TEOPHH HO JIOMYCKAET TEOPUH HO JIOMTYCKAeT TEOpUHU
TEOPHH. rpyObIe OMMOKH. HE3HAYHUTENbHEIE OIMOKI

INoka3arenu copMUPOBAaHHOCTH KOMIIETEHIMN:
KpurepusiMn orieHMBaHUS SBISAIOTCS OalTbl, KOTOPBHIE BBICTABISIFOTCS MPENOAABATEIEM 3@ BHIbBI JCATEIBHOCTH (OLIEHOYHBIE CPEACTBA) MO WTOraM HM3YYEHHS MOIyJeH

(pa3menoB MUCIUILTHHEI), TIEPEUNCIICHHBIX B PEHTHHT-IUTAHE AWCIUIDINHEL (071 5K3aMeHa: TEKYIMA KOHTPOIb — MakcuMyM 40 0ainioB; pyOeHBIH KOHTPOIs — Makcumym 30
0aJUIoB, MOOMIPHUTENBHBIE 0TI — MakcUMyM 10; 07157 3auema. TEKyIH KOHTPOIb — MakcuMyM 50 0aitoB; pyOeXHBIH KOHTPOIb — MaKCHMYM 50 0ayiioB, MOOMPHUTETbHEIE OaTUTHI —
MakcumyMm 10).

IIIkasb! OIleHUBAHUS:

(0122 ox3aMena:

ot 45 10 59 6anI0B — «yAOBIETBOPUTEIHHON;

ot 60 10 79 6a7I0B — «XOpOIION;

ot 80 6ayuIoB — OTIMIHON.

ons 3auema:
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3auTeHo — oT 60 10 110 pelTHHrOBBIX OamtoB (BKIIOYast 10 MoompuTenbHBIX 0ayuioB),
He 3a4TeHO — OT 0 10 59 peHTHHTOBBIX OANIIOB).

4.2. TunoBbie KOHTPOJIbHBIE 3aJaHUS] MJIM UHbIE MAaTepPHaJbl, HEO0X0AUMBbIE ISl OLlEHKH 3HAHUI, YMEHUIl, HABLIKOB M ONbITA /IeSITeJIbHOCTH, Xap AKTEPU3YIOIIUX ITANBI
¢opmupoBaHus KoMIleTeHUMI B Mpolecce 0CBOeHUsI 00Pa30BaTeILHOI NporpaMmbl. MeToanuyecKue MaTepUAJIblL, oNpeaesonme Npoueaypbl OlleHMBAHUS 3HAHUI,

yMeHHﬁ, HABBIKOB H ONBITA ACATCJIBHOCTH, XapPAKTCPU3YIOIIUX 3TAIlbI q)OpMPIpOBaHPISI KOMHeTeHIII/lﬁ

DTansl
OCBOEHUSA

Pe3ynbraTel 00y4deHust

Komnerenuus

OlLieHOYHbBIC Cpeacraa

1-#1 sTan

3Hauus

1. 3HaTh cucTemy 00pa3os,
MIpE/ICTaBICHUIN U PUHIIUIIOB,
JISKAIIUX B OCHOBE KBAHTOBOW TEOPHH,
POJIb TaKHUX MOHATHUM KaK «BOJIHOBas
byHKIMD), «pU3nUecKas BETUUUHAY,
«COCTOSIHUE CUCTEMBI»,
«HabronaeMple U HEHAOII01aeMble
BEJIMYUHBI» H T.]I.

OIIK-1

2. 3HaTh MaTeMaTHYECKUN ammmapar
KBaHTOBOH TEOPHHU, OCOOEHHOCTH
METO/IOB OITMCaHMsl, OOBEKTOB
SIBJICHHH, UIMEIOLIUX MECTO B
MHKPOMHUDE, Pa3InIHbIC
NpeNCTaBJICHUS KBAaHTOBBIX CHUCTEM,
00J1aCTh MX UCIIONB30BAHUS U CIIOCOOBI
nepexoza OT OJHOTO MPEICTaBICHHS K

Jpyromy.

OIIK-1,0I1K-3

KOHTPOJIbHBIC paGOTLI; TCCTHI,
pCIICHUEC 3a/1a4 Ha
CEMHMHAPCKUX 3aHATHUAX

3. 3HaTh OCHOBHBIE ypaBHEHHS
KBAaHTOBOH TEOPHH, ONUCHIBAIOIIHE
CTaI[IOHAPHBIE COCTOSHHS KBAHTOBBIX
CHCTEM U HX HBOJIOLHIO B
HEPENSTUBUCTKON U PENSATUBUCTKON
TEOPHH, TPUOIKEHHBIC METO/IBI
pacyera KBaHTOBBIX CHCTEM C YIETOM
PENSTUBUCTCKHX MONPABOK U TPAHUILY
MX IPUMEHHMOCTH, OCHOBHBIC
MOJIOKEHHS TEOPUU KBAHTOBBIX
NIEPEXO0B U €€ IPUMEHEHUE K
MIPOCTEUIINM KBAaHTOBBIM CHUCTEMAM,
KBAHTOBBIE NIPEJICTABIICHHS O BAaKYyMe,

OIIK-1,0I1K-
3,I1K-2
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0 CTPOCHUH aTOMOB, MOJICKYIJI.

2-11 oTan 1. ITonmp30BaTHCSI MATEMATHIECKIM OIIK-1,0I1K-3 KOHTPOJIbHBIE PaOOTHI; TECTHI;
annapaToM KBaHTOBOH TEOpUH 1 [K-1 pelieHne 3a1ad CeMUHApCKUX
Ymenust pemars KBaHTOBBIE 33/1a41 HE TOJIBKO 3aHATHAX
JUISL CUCTEM, COCTOSIIIIMX U3 OJHOM
YaCTHIIBI, HO U MHOT'OYaCTUYHBIE
3a/1aun.
2. AHamU3MPOBaTh KBAHTOBEIC OIIK-1,0I1K-3
IIPOLIECCHI, KBAHTOBBIE IIEPEXOBI OT [K-2
OJIHOT'O COCTOSIHUSI B JIPYTO€,
OOBSCHATH MIPUPOY KBAHTOBBIX
2 PEKTOB U SIBICHUI MUKPOMHPA.
3. OuenuBaTh BKJIaJl KBAHTOBBIX OIIK-1,
3¢ PEKTOB B COOTBETCTBYIOINE OIIK-3
SBJICHHUS MaKpOMHpa. I1K-2
3-i aTan 1. Bnanetb MOHATHHHBIM U OIIK-1 KOHTPOJIbHBIE PabOThI; TECTHI,
MaTeMaTHYECKUM alapaToM peleHue 3anaq
Bnaners KBaHTOBOU TEOpHUHU.
HaBBIKAMU 2. Bnanets HaBBIKAMH U METOJAMHU OIIK-1
peLIeHHS TPOCTEUIIINX OIIK-3
KBaHTOBOMEXHNYECKUX 3a/1a4 [K-2
HEPENSITUBUCTCKOM U PENATUBUCTKON
TEOpHH.
3. Bnagers HaBbIkamu noucka aHanmza | OIIK-1
1 00paboTku uHpGopMmaluu u3 OIIK-3
Pa3IMYHBIX UICTOYHHUKOB (KHUIH,
JKypHAJIBl, HHTEPHET-PECYPCHI)
2.3. Peiimune-nnan oucyuniunsl

Peiituar—1man AUCIHUIUUINHBI IPEACTABIICH B IPWJIOXKECHUN 2.

(npu neobxooumocmu)
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JK3aMeHAIHOHHDbIE OMJIETDI

[TpumepHbIe BONPOCH AJ1sl pyOEKHOT'O M MPOMEKYTOUYHOTO KOHTP OIS

BoOoo~Nooo~wbhE

NRPRPRRERRERRRRE
CLVoo~NoUkwWNDEO

21
22.
23.

24.
25.
26.
27.

28.
29.
30.
31.

Teopus Bo3MyIIeHUI B CTAIMOHAPHBIX COCTOSHUSIX C TUCKPETHBIM CIIEKTPOM.

Teopus Bo3MyIIeHUI IPU HATUYIUK BBIPOXKICHUS.

Teopust kKBaHTOBBIX HIepexoa0B. OOIIee BeIpakKEeHHE ISl BEPOSITHOCTH MEPeX0/ia U3 OHOTO COCTOSIHUS B JIPYTO€.

AnnabaTHyecKoe ¥ BHE3AITHOE BKIIIOYEHHE B3aUMOJICHCTBHSI.

BCpOHTHOCTb MepEXO0A0B 1O BJIUAHUEM BOSMyUleHHﬁ, 3aBUCAIINX OT BpEMCHU.

BeposTHOCTE Iepexona B €AMHUALY BpeMeHU. [lepexoipl B ciiyyae HENPEPBIBHOrO criekTpa. Ilepexoas! nox AecTBUEM NEPUOANUYECKOIO BO3MYLICHMUS.
[Tornomuienue u u3nydeHue ceera. BeposTHOCT Tiepexosa.

CrnioHTaHHOE W MHAYIMpOBaHHOE n3nydeHue. Koaddunmentsr SiHmTEHA.

[Tonstue o kBaHTOBOM panuodusuke. Jlazepsl 1 Mazephl.

ITpuHuun coorBeTcTBUSI. BEpOATHOCTE CIIOHTaHHBIX U BBIHYKICHHBIX 1epex0/10B. IHTCHCUBHOCTD U3JIydEHUSL.

[paBuina or6opa. [IpaBuna or6opa ocrmmsitopa. IHTEHCUBHOCTD M3JTydEHUSL.

INpaBuia oTGopa A1 ONTHYECKOrO JIEKTPOHA B BOIOPOIONOI00HOM aTOME.

OneMeHTapHbIE YaCTHLBI B KBAHTOBOW MexaHuke. Y paBHeHnue Kieitna-I'opaona. PensTuBucTCKHE ypaBHEHUS C HYJICBBIM CITMHOM.

PenstuBucrckoe ypaBHenue Jlupaka.

Pemenue ypaBHenus Jlupaka aisi CBOOOTHOM YaCTHIIBL.

CocrostHue ¢ OTpUIATeNbHOM SHepruei. [ToHsTre 00 3MeKTPOH-TO3UTPOHHOM BakyyMme. YacTHIIbI U aHTHYACTHIIBI.

MoMeHT KonrdecTBa ABIKEHHUS deKTpoHa B Teopun Jupaxa. CruH. [10MHBIM MOMEHT KOJTHMYECTBA JBMKEHHS.

PenstuBucTCKIE OMPABKH K IBIDKEHHUIO 3JEKTPOHA B 3JICKTPOMArHUTHOM 1mioinie. Y papHeHue [laymu. CIMHOBBIA MarHUTHBIM MOMEHT.
CrimH-0opOHTaIbHOE B3aUMO/ICICTBIE.

ATOM BOZIOpOZIa C YIETOM CIIMHA 3JIEKTPOHA. DHEepreTudeckre ypoBHH. [IpaBuia otOopa ¢ ydeToM CIIiHA 3JIeKTpoHa. TOHKas CTpyKTypa aTomMa Bogopona. JIsmOoBckuii
capur. CBEpXTOHKASI CTPYKTYpa.

KoBapuanThas ¢popma ypaBHenus J{upaxka.

3apsinoBoe conpspkeHne. YacTHIlsl 1 aHTHYACTHUIIBL.

VYpaBuenus dupaka Ay 4aCTUIBI C HYJIeBOH Maccoid mokos. Helirpuro. CrimpansHocTh. IHBapHaHTHOCTh HEUTPHUHO OTHOCHTEIEHO KOMOMHUPOBAHHON HHBEPCHH.
CPT-uHBapHaHTHOCTD.

ATOM BO BHEIITHEM MAaTHUTHOM TOJIe. AHOMAIIbHBIN 1 HOpMalbHBIN 3(dekTsr 3eeMaHa.

D¢ dexr INamena-baka.

O¢ddexr HlTapxka.

KBaHTOBBIE CHCTEMBI, COCTOSIINE U3 OIMHAKOBBIX JacTull. YpaBHeHue [lIpenunarepa s cucremsl yacTum. [IpHHIMIT TOXAECTBEHHOCTH MUKpodacTull. Oneparop
nepectaHoBoK. CructeMbl 603e-4acTull 1 pepmu dactuil. [Ipuanum [Maymu.

BonHoBbIe GyHKINY 17151 cucTeMbl acTul, ¢pepmu U 603 yacTii. CHMMETpHYHbIE M aHTHCHMMETPHUYHBIE BOIHOBEIE (yHKIMH. Cxema FOHTra.
Teopust OCHOBHOTO COCTOSIHHSL aTOMOB C IBYMsI 3JI€KTPOHAMH.

Bos0yxnennsie cocrosuust aroma renus. Ilapa u oprorenuii. O6MenHas sHeprus. OOMeHHOE B3auMO/ICHCTBHE.

Bapuanuonnsie meroapsl. Meronsl Xaptpu-doka.
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32. Merox Tomaca depmu.

33. 3amonHeHHe 3JIEKTPOHHBIX 000I0ueK aroMa. [lepuoanydeckas cucrema MenzeneeBa. PenkozemenbHble MeTalluTbl. 3aypaHOBbIE 3JIEMEHTHI.

34. CriekTpaibHbIE M PEHTTEHOBCKUE TEPMBI CIIOXKHBIX aTOMOB L-S-cBsi3b. J-J-CBs3b.

35. OcCHOBHBIE BHIbI XUMHYECKOH CBS3H. AnrabaTiuueckoe npuommkeHue. [ omeononspHble aTOMHBIE MOJIEKYJIBI.

36. Teopwust BaJICHTHOCTH.

37. Cunel Ban-nep-Baanbca.

38. DHepreTnueckue ypoBHH JBYXaTOMHBIX MOJIEKYIL.

39. Teopwus ynpyroro paccestHusi. AMIUTUTYa U ndQepeHanbHoe ceueHHe paccesHus. bopHOBCKoe NPHOIIMKEHHE U YCIOBUSI €r0 IPUMEHHUMOCTH.

40. BopHOBCKOE MpHUOIMIKEHNE TS PA3IMYHBIX CIIy4aeB PacCEUBAIOIINX TOJIeH, IKpaHUPOBaHHOE KYJIOHOBCKOE I10JIe, oTeHIuan ['aycca, ceprdeckas moTeHIManIbHast
siMa.

41. Paccesinue OBICTPO 3apsHKEHHBIX YaCTHI[ aTOMaMU. ATOMHBIN (hopM-(aKTop.

42. OCHOBBI KBAaHTOBOW TEOPHH TBEPJIOTO Tella. DIEKTPOHBI B MEPHOIMYECKOIN CUCTEME.

43. OcHOBHBIE TIOHSTHUS 30HHOH TEOPHUH.

O0pa3el 5K3aMeHalMOHHOrO OuIleTa:
[IpuBeneH B mpUIOKEeHUH 3.

[epeBox ouenku u3 100-6ayu1bHOI B 4eThIpeX0aIbHYIO IPOU3BOIUTCS CIACAYIOIIUM 00pa3oM:
- omnuHO — ot 80 10 110 GasuioB (Bxirouasi 10 MoompuTEIbHBIX 0AJLIOB);
- xopotio — ot 60 10 79 6aoB;
- YJIOBJIETBOPUTENBHO — OT 45 10 59 6asios;
- HEyJIOBJICTBOPUTEIHHO — MeHee 45 6asuioB.

Kpumepuu ouenxu (6 6annax):

(30 6ana10B)

OTBer Ha BOIPOC JODKEH MTOKAa3aTh TIIyOOKHE, IPOYHBIE 3HAHUS CTyAeHTa. OTBET JOIDKEH OBITh JIOTHYHBIM U JToKa3aTelbHbIM. CTyIeHTy He00OX OJUMO 3HATh OCHOBHBIE ITOHATHS,
TEPMHUHBI, Pa3BEPHYTHIE OMPEACICHNUS, HCIIOIB30BATh COBPEMEHHBIE TaHHbIE HAYKH. CTyIEHT JOIDKEH YCTaHABIUBATH IPHYUHHO-CIIEACTBEHHEBIE CBS3H, IPUMEHTH 3HAHUS B HOBOM
curyarmu. CTyIeHT TOJDKEH IPOIEMOHCTPUPOBATh YMEHHUE JIENIaTh apIrYMEHTHPOBAHHBIE BEIBOBI.

(20 6ans10B)

OTBer cTymeHTa JOIDKeH T0Ka3aTh TIyOOKHe, podHble 3HaHWA. OTBET MOJKEH OBITh JIOTMYHBIM W J0Ka3aTenbHBIM. CTyIeHTY He0OXOIUMO 3HATh OCHOBHEIC MTOHSATHS, TEPMUHEI,
pa3BepHYTHIE ONpENeNCHHs, UCIOIh30BATh JaHHBIE COBpPeMEHHON Haykd. CTyaeHTy HEeOOXOIWMO yCTaHAaBIMBATh MPUYUHHO-CICACTBEHHBIC CBS3W, M3JaraTh MAaTepUal C YIeTOM
TIPUHITUIIOB OOBEKTUBHOCTH M HAYYHOCTH. B OTBETE JOMyCKArOTCS OTIEIBHBIC HECYIIECTBEHHBIE HETOYHOCTH.

(10 6ansioB)

OTBer Ha BOMPOCH! JTOMKCH MOKA3aTh 3HAHWS TOCTABJICHHBIX BOIMPOCOB. HeoOX0auMMOo 3HATH OCHOBHBIC TOHSTHS, TSPMHUHEI, pa3BEPHYTHIC ONpEIeIeHus, PaKTHICCKU MaTepHal,
WCTIONB30BaTh TaHHBIE COBPEMEHHON HAyKU. B OTBETE MOT'YT JAOIMYCKAThCS CYIICCTBEHHBIE OMTMOKHI U HETOYHOCTH.

(0 6an10B)
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OTBeT Ha IMOCTaBJICHHBIC BOIIPOCHI TIOKA3bIBACT HE3HAHKE Cr0 COJICPKAHNS, OCHOBHBIX TMOHITHI, TePMHUHOB. CTYJICHT HE YMEET YCTAHABIIUBATh IPHYMHHO-CIICICTBCHHBIC CBSI3H,
M3JIaraTh MaTEPUAIT C YICTOM IPUHIIAIIOB HAYIHOCTH U O0ObEKTUBHOCTH, aHAIM3UPOBATh YKa3aHHbIC HCTOYHHKH. OTBET CTYJCHTa HE COOTBETCTBYET BOIPOCY, a TAKKE PH
OTCYTCTBUH OTBETa U MPH OTKA3¢ OT OTBETA.

[IpemomaBaTens MOXET TOOMIPUTH CTYJICHTOB 3@ YUACTHE B HAYYHBIX KOH(P)EPEHITHIX, KOHKYpCaX, OJMMITHAIAX, 32 aKTHBHYIO pa00Ty Ha ayJJUTOPHBIX 3aHATHUSIX, 3
MTyOJIMKAIUK CTaTeH, 3a paOOTy CO MIKOIHHIUKAMH, BHITIOHCHUE 3aJaHUH TOBBIIIICHHOH CJI0KHOCTHU B BHJIC TIOOIIPUTENBHBIX 0ayutoB (1o 10 0awioB 3a ceMecTp).

3aueTHas KOHTPOJIbHAs padoTa.

VY4eOHpIM T1aHOM MO aucuuIuiMHe «KBaHTOBast Teopus» JUis NPOBEPKU YPOBHSI YCBOEHHS HEOOXOAMMBIX KOMIETEHIMM IperycMOTpeHa
KOHTpOJIbHAsl paboTa, KOTOpas UIMEET CTaTyC UTOrOBOM, 3aU€THOM KOHTPOJILHOM pabOThI O MPAaKTUYECKUM 3aHATHAM (peuieHue 3aia4). BeimoaHenue
3TOM KOHTPOJILHOW pabOThI ABJIAETCS 00s13aTeNIbHBIM YCIIOBUEM JIOITyCcKa K 3k3ameHy. KoHTponpHas paboTa coaepKuT 5 3a1a4, BpeMs BbIoJHeHUS 90
MUHYT. Pemenue onHo 3agaun onennBaetcs B 20 6awios.

[Ipumep BapuaHTa 3a4€THON KOHTPOJIBHOUN pabOTHI.

A

1) Haiitu AT, A*, A* st A pasroro L, ,roe L= fxp.

2 2

d

2) Haiitu pe3ynbraT IeiiCTBHS OTIEpPaTOPOB —% (d— N X] na Qyuxumo f(X) =e® u cpaBHHUTH UX.
dx X

3) BbIUMCIUTH IEPECTAHOBOYHOE COOTHOIIEHUE l(, P, F(X)Py .

AN A
4) Haiitn KOMMYTaTOp BH/IA kp ,/H ,rae H -oneparop M'amunbrona wactuipl, Haxoasmelica B notenmmansHoM none U (F) .

5) Omnepatopsl A u B yrnosnerBopsroT KOMMYTaTHBHOMY COOTHOILIEHHIO P«, B =1. Haiitu B, B" .

Kpurepun onieHnBaHus 3a71a4 3a4€THOW KOHTPOJIBHON PabOTHI:

- 16-20 0am1oB BEICTABIIAETCS CTYACHTY, €CJIN MPCACTABJICHO IMOJIHOC PCIICHUEC 3aJaul, KOTOPOC MOKET COACPKATb MCJIIKHUC HCTOUYHOCTU HUIIN
HEAOCTATOYHYIO apTYMCHTAIIUIO HIAroB peLICHU:,

- 11-15 OanoB BLICTABIAETCSA CTYACHTY, €CJIN IIpU BEPHOM PCILICHUU B O6I_I_ICM BUJC NOITyIICHA OIINOKA B YHCJIOBBIX pacucTax Uju npu npaBuJIbHOM
OTBCTC OITYIICHBI HCKOTOPBIC ITPOMEKYTOUHBIC 3TAllbl pPCHICHUA WJIN JOMYHICHA HCIIPUHIUITHAIIbHAA oIINOKa B HCXOAHBIX YPABHCHUAX,

- 6-10 Oay10B BBICTABIIIETCS CTYACHTY, €CJIN OTCYTCTBYCT OJHO U3 HCO6XOILI/IMLIX HCXOOHBIX ypaBHeHI/Iﬁ WK JOMyHICHA NPpUHIUIINAJIbHAs oInOKa B
HUCXOJHBIX YPABHCHUAX, HO IPUCYTCTBYIOT IIPABHUJIbHBIC PACCYKJACHUA U HeﬁCTBHH, HaITpaBJICHHBIC HA IMOJIYYCHUC OTBETA

- 1-5 Ga10B BBEICTABIIIETCS CTYACHTY, €CJIKM BECPHO 3alrcaHa TOJbLKO YaCTb HCO6XOIII/IMBIX HCXOJHBIX ypaBHeHnﬁ, IIpu 3TOM OTCYTCTBYIOT KaKue-JI100
MaTEMATHYCCKHUC Hp606p3.30BaHI/I$I, HAaITpaBJICHHBIC HA MOJYYCHHUEC OTBCTA UJIX OHU OIITMOOYHEI.

- 0 6amIoB cTaBUTCSA IIpU OTCYTCTBHUU OTBCTA UJIU IPU TOJHOCTBIO HEBCPHOM OTBCTEC UJIM KOT'ZId pCHICHUC HE COOTBCTCTBYCT YCIIOBHIO 3aa1H.
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Kpurepun oueHuBaHusI OCBOCHHSI KOMIIETEHIMI MO 3a4€THON KOHTPOJIbHOU padoTe

3ananus 711 KOHTPOJIBHBIX pabOT
Kpome utoroBoit 3a4eTHO KOHTPOJIBHOM PaObOTHI B KA4E€CTBE OI[CHOYHBIX CPEJICTB OCBOCHHSI KOMITCTEHITUH TIPUMEHSIOTCS TaKXKe KOHTPOJIbHBIC
paboTHI IO OTJEIHHBIM MOJTYJISIM U TEMaM MPOTPAMMBI.

OTarnsl Pe3ynbrarel oOyueHus Komnerenmusa | Kpurepun
OCBOCHUA OILICHUBAaHUA
«HE «3a4YTEHO
3a4YTCHO» »

1-# sTan 1. 3HaTh cucTeMy 00pa3oB, NPECTaBICHUN 1 OIIK-3 He 3HaeT 3HaeT
IMPUHIMXIIOB, JIC)KAIIUX B OCHOBEC KBaHTOBOM TCOpHUHU,

3 POJIb TaKMX MOHITUH KaK «BOJHOBAs (PYHKIUSY,

HaHM5 «(u3nUecKas BETUYUHAY, «COCTOSHUE CUCTEMBIY,

«HaOJr0/IaeMble ¥ HEHAOJI0IaeMbIe BEJTMYMHBD) U
T.J.

2-# sTam 2. 3HaTh OCOOCHHOCTH METOIOB Oonucanus, o0bekToB | ITK-1 He ymeer | Ymeer
SIBIICHUI, UIMEIOIIUX MECTO B MUKPOMHUDE,

v pa3IMYHbIE MPECTABICHUS KBAHTOBBIX CHCTEM,

MEHHA 00J1aCTh MX MCIOJIb30BAHUSI U CIIOCOOBI Mepexo/a ot

OJTHOT'O MPE/ICTABIICHUS K IPYTOMY.
1. YMerb nons3oBaThcst MateMatiuueckuM armaparom | OITK-3 He ymeer VYMeeT
KBAaHTOBOM TEOPHH M PEIIaTh KBAHTOBBIE 3a]]a4H HE
TOJIBKO JIISI CHCTEM, COCTOSIIINX U3 OJIHON YaCTHIIBL,
HO ¥ MHOTOYaCTHUYHbIE 33/[a4H.
2. YMeTh aHAJIM3UPOBATh KBAHTOBEIE MIPOIIECCHI, IIK-1 He ymeer | Ymeer
KBaHTOBBIE [IEPEXOJIbI OT OHOTO COCTOSHHUS B
Ipyroe, OOBSACHATH MIPUPOAY KBAHTOBBIX 3PPEKTOB U
SIBJICHUH MUKPOMHDA.

3-# sTan 1. Bnaneth MOHATUHHBIM U MaTeMaTHICCKUM OIIK-3 He Bnaneer
annapaToM KBaHTOBO MEXaHHKH. BIACET

Bmagers 2. Bnagers HaBBIKAMU U METOJAMH PEIICHUS TK-1 He Bnaneer

HaBbIKaMy | MPOCTEHIINX KBAHTOBOMEXHHUCCKHX 3a/1a1 BIACET
HEPESITUBUCTCKON U PEISITUBUCTKON TEOPHUHU.

KpuTtepun ouieHuBaHusi 0CBOEHUSI KOMIIETEHIIUI 110 32a4€THON KOHTPOJbHOM padoTe
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Kpurtepusimu o1ileHUBaHUS OCBOCHUS KOMITETCHIIUH CITy>KaT Oaibl, TOJTydYeHHBIE 32 BHITIOJHEHHUE 3a4€THONW KOHTPOJIBHOM padoThl. Kaxknoe u3 nstu
3a/aHui olieHnBaeTcs B 20 6ayui0B, MakcuMalbHas CyMMapHas OlIeHKa 3a KOHTPOJIbHYI0 padoty -100 6amios.

[Ikana nepeBoia cyMMapHOTro 0ajiia B ABYXypOBHEBYIO OLICHKY:

- 0-59 GamnoB — «He 3a4TEHO»

- 60-100 6amIoB — «3a4TEHOY.

Onucanne KOHTPOJIbLHOH padoThI

[Tpumep BapuaHTa KOHTPOJILHOM pabOTHI:

1. Haiit koMMyTaTop Ly , rae L, -k — kommnonenta oneparopa Momenta ummynbca L =[rp].

YR
2. Opmutos onepatop | ymoenersopser coornomenmo: f © =af ,rae @ — BemectBenHoe umcT0. KakoBbl COBCTBEHHbIEC 3HAUCHUS TAKOrO ONEpaTopa’?
2,2

Mo*“X . . A
3UX)= — (rapMonnyeckuii ocumuisTop). Halitu ciektp oneparopa ['amunsrona H .
% S+ o
4. Jlano L L™ . Haitru C3.
5. B cocTosiHuy, OnKchiBaeMOoil BOJHOBOM (hyHKIUEH MPOCTPAHCTBEHHBIN POTATOP UMEET OINpEACICHHOE 3HAUeHHE MOMEHTa M ero MpoeKiuu Ha ock O;.
Haiitu cpenaue 3HaueHus B 3TOM CUCTEME.

Pemienue 3agau

Kpurepuu ouenxu (B 6aj1/1ax)

HpPlBeZleHO MMOoJIHOE npaBuJbHOE peuienue, BKJIIOYaKo1Iece l'lpaBHJ'leblﬁ OTBET H 1 6ann
HCYepnbIBaOIINe BEpPHbIC pPacCCyKACHHs C NMPAMBIM YKa3aHUEM Ha0/II0AaeMbIX SIBJIEHHI U
3aKOHOB

Jlan mnpaBUIbHBIH OTBeT, M NPHUBEAEHO OObSICHEHWE, HO B PpeLICHHH HMeIOTcs oauH wiau 0,5 6annos
HECKOJIbKO HE0CTATKOB
HeT npaBHjIbHOT0 0TBETA 0 6annos

IIpumMepHBIe BONPOCHI VISl TECTHPOBAHHSA
1. Bo3MoOXHa 71 B pEISITUBUCTCKON KBAHTOBOM MEXaHMKE JIOKAIM3aIUs YaCTUIIBI B CKOJIb YTOAHO MaJioi 0071acT MpOCTpaHCTBa?
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1) [la BO3MOXKHa, MHAYE 3aBHCUMOCTH BOJTHOBON (DYHKITUH PEISTHBUCTCKON YaCTHIIBI OT KOOPJMHATHI (KOOPIUHATHOE MIPECTABICHUE)
Tepsiyia Obl CMBICT;
2) HEBO3MOXKHA B MPOCTPAHCTBE, JIMHENHBIE pa3Mepbl KOTOPOro MeHbmie 7i/4MC, T.K. B IPOTHBHOM Cily4ae, B CHIY COOTHOLIECHHUI

HEOIPeICIEHHOCTEe!, YacTulle OyIeT cO00IIaThCs IHEPTUS p*/ 2m>2m002 , KoTopas HeoOxoIuMa Jijisi 0Opa3oBaHUs Maphl YACTHII,

3) 1a BO3MOKHA, HO B CHJIy COOTHOIICHHS HEOMpeaAeaCHHOCTH [ ei3eHOepra, HEONPeAeIEHHOCTh B UMITYJIbCE YaCTHIIBI, OyIET CKOJIb
YTOJIHO BEJIUKA,

4) HEeBO3MOXKHa, T.K. corjacHo e bpoiito, yacTuia - 9T0 €cTh BOJHA, a JIJISl BOJHBI MOHSATHE JOKAIHM3AlMU B OMPEICICHHON TOYKE
MPOCTPAHCTBA OTCYTCTBYET.

Kakue koHKpeTHBIE COOOpakeHHMsI JIEKAT B OCHOBE (JOPMAJILHOTO BBIBOJIa PEISTUBUCTCKOTO ypaBHeHUs Jupaka?

1) YpaBHEeHHME HOMKHO YIOBIETBOPSITH IPUHITUITY CYTIEPIIO3UIINH, 3aKOHY COXPaHECHHMS YK CIIa YACTHUIl U 3apsijia;

2) ypaBHEHHUE JOJKHO OBITh TUHEHHBIM U JIOJHKHO OMUCHIBATH COCTOSIHUSL BCEX YACTHIL, ABMKYIIMXCS C PEISTUBUCTCKUMU CKOPOCTIMH
3) ypaBHEHHE JIOJIKHO ONUCHIBATH B3aUMO/ICUCTBUE BCEX AIEMEHTAPHBIX YACTUIl U UX B3aWMHBIE MIPEBPAILICHHUS,

4) ypaBHEHHE JOJDKHO ObITh ypaBHeHHEM | TmoOpsaKa OTHOCHUTEIBHO BPEMEHH, PEIATHBHUCTCKA WHBAPUAHTHBIM M JIOJIKHO
YIOBJIETBOPATH MPUHIUITY CYEPIIO3ULINH;

PenstuBucrckoe ypaBuenue Jlupaka ajsi CBOOOAHON YaCTUIIBI UMEET BUL:

1) E=c,p*+myc?; 2) ®_&, Ik 3) in 2~ (ca +m,c* By
dt ot inh ot
ZaZW
CTEZ[hZVZ—mOCZ]q};

BolpaxkeHue Uil MIOTHOCTH MOTOKA BEPOSTHOCTH | IUIs PENATHBUCTCKOW YaCTHIBI C BOJHOBOWM (QyHKIHEH \y (B paMKax TEOpHH
Jlupaka) UMEET BU:

1) j=cyray; 2)j=y ay ;3) j=cyay”; 4) j=y py.

Kakoe M3 NEpEeuYMCIIEHHBIX INPENIOKEHUN SABISAETCS CIEICTBHEM DEIICHHS DEISTUBMCTCKOTO ypaBHEHMs Jlupaka st CBOOOJHOTO
JBW)KCHUS MUKPOYACTHIL?

1) nIpu ABMKEHMH C PEISTUBUCTCKUMU CKOPOCTSIMM CYIIECTBYET OTJIMYHAS OT HYyJIsS BEPOATHOCTH TOTO, YTO YACTHUIA IPOUIET CKBO3b
norennuanbHbii 6apeep U (X) > E .

2) nnst 00OMX pelIeHni JBe KOMIIOHEHTHI BOJTHOBOW (DYHKIIMHU BCETa Majibl, a JIBE APYTHe — BCeraa OOJbIINE;
3) HanmM4Me COUH-OPOUTATEHOTO B3aUMOICHCTBHUS;
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o 2 2.2
4) cymecTByeT Ba THIIA PENIEHUH, COOTBETCTBYIONINE TIONIOKHUTENLHBIM M OTPHIIATENFHBIM 3HAUEHHAM dHeprun E =C./p°+m,C”;

6. MoryT J11 peITUBUCTCKHE YAaCTUIBI B KBAHTOBOM MEXaHUKE B COCTOSIHUM CBOOOJHOTO JIBUKEHUS UMETh OTPULIATEIbHYIO SHEPTUIO?

1) MoryT, T.K. yacTHIla ¢ OTPULATEIbHON SHEpruell NPUHIUINAILHO HUYEM HE OTJIMYAETCS OT YaCTHULbI C MOJIOKUTENbHON SHEPIHEH;

2) 1a MOTYT, T.K. BOJIHOBbIC (DYHKI[HHM COCTOSHHI C MOJIOKUTEIIBHOMN dHEPrucii He 00pa3yroT MOJHYI0 CUCTEMY (YHKIIHIA;

3) He MOryT, T.K. B COCTOSHUM CBOOOJHOTO JBMXKEHHS YacTHUIIbl OOJaJar0T TOJIbKO KHMHETHYECKOW H3Hepruei, a OHa Bcerja

MOJIOXKUTEITIBHA;

4) He MOTYT, T.K. YacCTHIIa C OTPULIATEIbHON SHEPrUeil Moria Obl CIYKUTh OECKOHEYHO OOJIBIINM UCTOYHUKOM PabOTHI.

7. Kakue u3 nepeuncieHHbIX (AaKTOB MOTYT ObITh OOBSICHEHBI Ha OCHOBE MpeicTaBieHui Jlupaka 00 3JE€KTPOHHO-TIOZUTPOHHOM
BaKyyme?

1) Hanuuue cnupaibHOCTH Y HEUTPUHO;

2) HanM4Me BHYTPEHHEH cTerneHn cBOOOAbl YaCTUIIBI - CIIMHA;

3) BO3MOYKHOCTb B3aUMOIpPEBpAILEHUI IPOTOHA B HEUTPOH U OOPATHO C UCITYCKAaHUEM U MOTJIOIIEHUEM IO3UTPOHOB U JIEKTPOHOB;

4) BO3MOXHOCTb IOJI JICHCTBUEM DIICKTPOMATHUTHOTO IMOJSI 00pa30BaHUs Maphl «AJIEKTPOH-TIO3UTPOH», €CiH dHeprus (oroHa A

6ombie, uem 2MC°, T.e. i>2m,C°.

8. Uemy paBHBI COOCTBEHHBIEC 3HAYECHHS ONIEPAaTOPa MPOESKIUH OJIHOTO MOMeHTa J | ?

1) J,=rm, m=m, £1/2, m =0,£1,+2,43,....; 2) J,=am, m=0,£1,+2,£3,....;
3) J,=nj(j+)), =112, 1=0,£1,%2,....;4) J, =#s, s=+1/2.

9. Kak BbIpaxkaeTcs ornepaTop CIHHOBOTO MATHUTHOTO MOMEHTa M ?

)= L; 2) h=—8 3)f=——E+120); 4) f=pus.
2m,C m,C m,C
10. YTo mpencraBiisieT OO0 orepaTrop KOHTAKTHOTO B3aUMOICHCTBUS?
1) OH ompenensieT B3auMOJICHCTBHE IEKTPOHA C HYJIEBBIMH KOJICOAHUSIMHU BaKyyMa;
2) oH 00YCJIOBJIEH PEJIITUBUCTCKOM 3aBUCHMOCTBIO MAacChl YaCTUIIBI OT CKOPOCTH;
3) oH ompezenseT JONOIHUTEIbHYIO SHEPTHIO B3aUMOACHCTBHUS JIEKTPOHA C SIPJIOM B S-COCTOSIHUSX;
4) oH 00yCIIOBJIEH B3aUMO/ICHCTBUEM MArHUTHBIX MOMEHTOB JIEKTPOHA U A/pa.
11.Yem 00ycCIIOBICHO CIMH-OPOUTATBHOE B3auMO/IeiicTBHE?
1) OHO onuchIBaeT B3aMMOAEHCTBUE CIIMHOBOTO MOMEHTA C OPOUTAIbHBIM MarHUTHBIM MOMEHTOM;
2) oHO 00YCJIOBICHO PEIATUBUCTCKON 3aBUCUMOCTBIO MacChl OT CKOPOCTHU
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3) OHO ONMCHIBAET B3aUMOJICHCTBHE MArHUTHOI'O MOMEHTA 3JIEKTPOHA C MArHUTHBIM IOJIEM;

4) 0HO ONUCHIBAET B3aUMOJICHCTBUE MAarHUTHOI'O MOMEHTA JIBUKYILIEHUCS YACTHUIIBI C DJIEKTPUUECKUM TIOJIEM;.

12.K 4eMy NPUBOIMT yUeT PENSTUBHCTCKUX monpaBok mopsamka (V/C)? B omepaTtope ['aMHIbTOHA IS BOAOPOJOIOI0GHOT0 aTOMa?

1) K nonHoMy CHSTHIO BBIPOXKIEHUS 2n° — KPaTHOT'O BBIPOKIECHHOTO YPOBHS;

2) K YaCTHYHOMY CHSITHIO 2N° — KPATHOTO BBIPOXKICHHOTO YPOBHS;

3) K MOSIBIEHUIO CBEPXTOHKOM CTPYKTYpbI JHEPT€TUUYECKUX YPOBHEH 3JIEKTPOHA;

4) K OpHEeHTAalMK CIIMHA JIEKTPOHA OTHOCUTENILHO CIIMHOB SIJIEP.

13.Kakue sHepreTHueckre YpPOBHM TOHKOW CTPYKTYpPhl BOJOPOAONOJOOHOTO aroMa JaXke MpPU y4eTe PEISITUBUCTCKUX MOMPABOK
OCTarOTCS BBIPOXKICHHBIMU?

1) Yposuu, y kotopbix N—u | — oxuHakoBsie, a KBAHTOBBIE Ykcna | U M, — pasHble

2) ypoBHH, y KoTopbix |,| U M,— oaunakoBbie, a N — pasHeie;

3) ypoBHH, y KOTOPBIX N U M — oauHakoBele, a | u | — pasubie;

4) ypPOBHH, y KOTOPBIX N U ] — OJIMHAKOBBIE.

14. Hanumure IIpaBHIIO 0T6opa JJIA Op6I/ITaJ'II>HOI‘O KBaHTOBOro yucna | B ClIydac OUIIOJIBHOI'O HM3JIYYCHHA JIA aTOMa BOAOPOda C
YUCTOM PCIIATHBHUCTCKHUX ITOIIPABOK.

1) Al=0,£1,+2; 2) Al=0,£1; 3) Al=%1; 4) Al=%1,+2.
15. Bug ypaBaenus Jlupaka B KoBapHaHTHOU dopme:
A A g A
Dy, b, —ime)y =0:2)Q 7, b, +ime)y =0:3) 3 —* =0i4) 7, p, +ime)y” =0.
u° u° u u°

U
16. BosMOXXHEIE CIIOCOOBI OnpeaeneHust Marpun Y, =(y,Y,) Ans 3anucy ypaBHeHus Jlupaka B KOBapHaHTHON dopme:

1) Isa crioco6a: 1-y=—ifa, v,=p; 2-y=a, v,=P;

2) 3TUX MAaTPHIl MOXKHO BBIOpaTh JIOCTaTOYHO MHOIO, HO OHHM JOJDKHBI NEPEXOJUTh IPYyr B JApyra ¢ MOMOIIbIO YHHUTapHOTO
peoOpa3oBaHys U yI0BIETBOPATH COOTHONICHUIO: Y, Y, +Y,Y, =20 ,;

3) MaTpHIBl Y, ONPEICNeTCs ¢IMHCTBEHHBIM criocobom: y=—ifa, y,=0;

4) BBIOOp 3TUX MATPHIl OTPAHUYEH, T.K. OHU JOJKHBI YIOBJIETBOPSATH JKECTKUM TPEOOBAHUSM: OHU 3PMHUTOBBI, YHUTAPHBI M HUX
COOCTBEHHBIEC 3HAUEHUS TOJIKHBI OBITH MOJIOKUTEITHHBIMHU.
17.Yto npencrasisieT codoi onepanus 3aps10BOro CONpsKeHns?
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1) Mensier HanpaBjIeHHe HMITYJIbCA YACTHIBI HA TPOTUBOIIOIOKHBIN ¢ OJHOBPEMEHHBIM M3MEHEHHEM 3HAKA YACTHUIIbI;

2) COOTBETCTBYET IEPEXOAY OT ONMHCAHMS COCTOSHHUS YAaCTHIIBI C MpOeKimel cnimHa S =1/2, K ONHMCAaHUIO COCTOSIHMS TOW XK€ YACTHIIBI
npoekuueit comaa S, =—1/2;

3) COOTBETCTBYET MEPEXOY OT OIMUCAHKS COCTOSHMS 3IEKTPOHA K OIMCAHUIO COCTOSHUS IPOTOHA,;

4) COOTBETCTBYET MEPEXO/Ay OT YACTHUIIHI K AHTHYACTHUIIE.
18. Kakum 00pa3oM OCyIIECTBIIAETCS IEPEX0, OT BOJIHOBOM (QyHKIMU \J K 3aps0BO CONPSKEHHON BOJHOBOW QyHKIUU Y/ ?

1)y, =S'yS; 2) y.=cy; )y =Cy ; 4) y =y'y,.

19. Kak npeobpazyeTcsi BpeMeHHasi 3aBUCUMOCTh BOJIHOBBIX (DYHKIIMIA TP OTEepaIiy 3apsiIOBOTO COMPSIKEHUS ?

1) ECJ'II/I BpGMCHHaH 3aBUCUMOCTD COCTOSIHI/If/'I COOTBGTCTByeT OTpI/IHaTGJ'IBHI)IM pCHICHI/IHM BpeMCHHOFO ypaBHGHI/ISI lalaKa, TO
BpeMCHHaH 3aBUCUMOCTDb 3ap;1)10B0 COprDKGHHBIX COCTOHHI/Iﬁ COOTBGTCTByeT ITOJIOXKUTCIbHBIM pGHICHI/IHM

2) BOJIHOBAsA 3aBUCHUMOCTH BOJIHOBBIX (bYHKHI/Iﬁ HE MCHACTCA,

3) cCJIn BpeMeHHaﬂ 3dBUCHUMOCTH COCTOSIHI/Iﬁ COOTBGTCTByeT OTpI/II_IaTeJ'II:-HI)IM peH_IeHI/I}IM, TO BpeMeHHaﬂ 3dBUCHUMOCTDb COHp}I)KeHHBIX
COCTOHHHP'I COOTBCTCTByeT ITOJIOKUTCIIBbHBIM peHIeHI/IHM, B3ATBIM C HpOTI/IBOHOJ'IO}KHBIM 3HAKOM,

4) cClIn BpeMeHHaﬂ 3dBUCHUMOCTDH COCTO}IHI/Iﬁ COOTBeTCTByeT OTpI/II_[aTeJ'II)HBIM peI_HeHI/IHM, TO BpeMeHHa}I 3aBUCHUMOCTH 3ap;m0130
COHpH)KeHHI)IX COCTOHHI/Iﬁ COOTBCTCTByeT ¢)YHKI_II/II/I, Hpe,Z[CTaBJ'IHIOH_Ieﬁ cynepn03numo BOJIHOBBIX (i)YHKHPII)'I, COOTBeTCTBYIOH_II/IX KaK

OTPHULATCIbHBIM, TaK U ITOJIOKUTCIIbHBIM PCHICHUAM \V:()(,l\v(_) +OL2\|/(+) .

20.Yto Ha3bIBaeTCS COUPATLHOCTHIO YaCTUIIBI?

1) OT0 eAMHUYHBIN BEKTOP, ONPEACISAIONINN HATPABJICHHUE CIIUHA;
2) 510 cobCTBEHHOE 3HaueHue oneparopa (on) ;

3) 3T0 cOOCTBEHHbIE 3HAYEHHMSI OIIePaTOpa MPOSKIMU CITHHA S ;

4) 3TO €IMHUYHBIN BEKTOP, MOKA3bIBAIOIINN HAIPABICHUE UMITYJIbCA.
Kpumepuu oyenusanus

Ilpu npasunsnom omeeme nauucnaemcsa - 0,25 éannos

Ilpu nenpasunvrnom omeeme - 0 d6annoe

Yuacrtue B kKoH(p epeHIUAX, MyOJIHMKALUA CTATEH
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IIyonukanus crareii — 5 6annos

Kpurepun Ornenka (B 6aymiax)
Tun pabotsr PedeparusHas padora 0,1
PaboTa HOCHT HCCIeI0BATEILCKUN XapaKTep 0,3
Pabora siBisiercst nccieqoBaHuEM 0,6
Hcronb30BaHKe H3BECTHBIX He ucnones3yeT HUKaKUX JaHHBIX 0
JIAHHBIX U HAYYHBIX (AKTOB
ABTOp HCIIONB30BAN U3BECTHBIC TaHHBIC 0,4
Hcronb30BaHbl yHUKANBHBIC HAYIHBIC JTAHHBIC 0,6
[TonHoTa IUTHpYEMOH Hcnons3oBaH yaeOHbIH MaTepHan 0,1
JIUTEPATYPHI, CChLIKA Ha YUCHBIX
Hcnonk3oBaHbl crieluain3upoOBaHHbIC U3IaHUS 0,3
Hcronbp30BaHbl HHTEPHET PECYPCHI 0,6
AKTyanbHOCTb PabOThI V3ydenue Bonpoca He SBISETCS aKTyaJbHbIM 0
[pexacraBnenHast paboTa NpUBIIEKAET HHTEPEC CBOEH 0,4
aKTYaJIbHOCTBIO
Pabota conepkUT Hay4YHBINH XapakTep 0,6
CreneHb HOBHU3HBI IOTYYeHHBIX | PaboTta He comep)XUT HU4Ero HOBOro 0
pe3yabTaToB —
B pabote nokaszaH y)xe yCTaHOBJICHHBIH (akT 0,4
B pabote mony4eHbl HOBbIE TAaHHBIE 0,6

YuacTtue B KoH(pepeHIUN- 5 6an106

TBopueckuii moaxo/] kK 0TOOPY U CTPYKTYPHUPOBAHHIO MaTeprala -

HoBu3zHa 1 caMOCTOSITEIBHOCT TIPH ITOCTAHOBKE MPOOIEMBbI -

BeicTynienne He SIBISETCs MPOCTHIM YTEHUEM C 9KpaHa -

B BBICTYMIIEHNH JONOMHSIOTCS M PACKPHIBAIOTCS KIIFOUEBBIC MOMEHTHI, TPECTaBICHHBIC
Ha craiimax -

Bo BpeMs BBICTYIUIEHHS TIOACP)KUBACTCS 3pUTENBHBIN KOHTAKT C ayIUTOPHEH, peub
oTM4aeTcs 60raTcTBOM MHTOHAIMH -

1 6ann
1 6ann
1 6ann
1 6ann

1 6ann
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5. YueOHO-MeTONNYECKOE M HH(POPMALHOHHOE 00ecTiedeHne TUCITHIITHHBI
5.1. IlepeyeHb OCHOBHOM U AONMOJTHUTEIBHON y4eOHOI TUTEPaTypPhbl, HEOOXOAMMOI VIS OCBOCHHUSI IMCIUIIIMHBI

OcHoBHAasl JIUTEPATYpA:

1.

2.

CaBenpeB  M.B.  OcHoBel  Teopermueckoit — ¢usuku.  T.2.  KpanroBas  mexanmmka. W.: Jlams, 2005.- 928 «c. [OnexkTpoHHBIl  pecypc]
http://e.lanbook.com/books/element.php?pll cid=25&pll_id=621

Broxunnes, JI. Y. OCHOBBI KBaHTOBOW MexaHuku : yue0. mocobue / JI. U. Bnoxunumnes .— 7-e wu3n., crep. — CII6.: Jlawb, 2004.- 672 c. [DnEeKTpOHHBIN pecypc]
https://e.lanbook.com/book/619#authors

TIamunkwmit B. M. 3apaun no xBanToBoii MexaHuke : yueOHoe mocodue s ¢pus.cuen.By3os / B. M. anunxuii, 5. M. Kapnaxos, B. U. Koran .— 2-e u3j., epepa6. 1 JI01.
— M. : Hayka, 1992 .— 878 c. : [28 3k3. B Ou0s. baml'VY] win Nanunkuii B. M. 3agaun o kBaHTOBOM MexaHuKe : yued. mocooue / B. M. Tanuikuii,
b. M. Kapnakos, B. . Koran .— M. : Hayka, 1981 .— 648 c. [83 k3. B 6u01. baml Y]

JIOmOJIHUTEJALHAA JUTEePATYpAa:

1. JdaBbuioB, Ajekcanap CepreeBud. KBantoBas MexaHuka : yaeOHoe nmocooue s yH-ToB .— / U3m.2-e,ucp u nepepadb. — M. : Hayka, 1973
— 703c. : [78 7k3. B Oubn.baml VY]

2. 3aauu 10 KBAaHTOBOW TEOPUHU [DJIEKTPOHHBIA pecypc]| : METOAMYECKHUE YKa3aHUs K MPOBEACHUIO MPAKTUYECKUX 3aHIATHH IS CTYJEHTOB 3
kypca ®TU no HanpaBienuro noarotoBku «duszukay. U.1 / bamkupckuii rocynapcTBeHHbIN yHUBEpCcHTET; cocT. P.M. BaxutoB .— VYa : PUIL]
bamIly, 2016 .— DOmnekrtpoH. Bepcus Imed. myonukanmuu .— JlocTym BO3MOXeH dYepe3 OJeKTpoHHyr Oubmuoreky bamly . —
<URL:https://elib.bashedu.ru/dl/local/\Vahitov_sost_Zadachi po kvantovoj teorii_1_mu_2016.pdf>.

3. 3agauu 1o KBaHTOBOW TEOpHUH [ DIEKTPOHHBIN PECYpC] : METOAUYECKHUE YKa3aHUs K MPOBEICHUIO MPAKTHYECKUX 3aHATHH 110 KBAHTOBOM TEOPUH
: U.2 / bamkupckuii rocynapcTBEHHbIH yHuUBepcuteT, cocT. P.M. BaxutoB .— Vda : PUL[ baml'V, 2017 .— DaextpoH. Bepcus Iied.
nyonukaiuu .— JIocTymn BO3MOXKEH yepe3 DiaekTporHyro oudanorexy baml'y .— <URL:https://elib.bashedu.ru/dl/local/\VVahitov_sost_Zadachi
po kvantovoj teorii_mu_Ch2_mu_2017.pdf>.

4.  Baxutos P.M. OnHomepHoe aBukeHue B kBaHToBoM Mexanuke. Y da: PUL| baml'Vy, 2012, 35 c. [80 sx3. B 6ubn. baml V]

5. BaxuroB P.M. J/IBmwxkenue yactui B nosie chepuueckoir cummerpun: Yu. nocodue / P. M. Baxurtos, A.P. IOmary3un; baml'V.- Ya: PUIL]
baml'V, 2011.- 77 c. [53 5k3. B 6ubn. baml'VY]

IlepedeHb pecypcoB HHGOPMAIMOHHO-TeJIeKOMMYHUKAIMOHHOM ceTH "MHTepHeT' (1anee - ceTh «MHTEpPHET»), HEOOXOAUMBIX [IJI151 OCBOEHUS THCIHILTHHBI
Ne HaumenoBanue pecypca Kpartkas xapakrepucTrka
1 http://ru.wikipedia.org WHTepHEeT-3HIMKIIONE AT 00pa30BaTeIbHBIX M3IaHHUi, B KOTOPOH COOpPaHBI
AJIEKTPOHHBIE YICOHHUKH,
CIIpaBOYHHKH, a TAKIKE CTATbU pa3HH‘IHOI>'I TEMATHUKU.
y,Z[O6HLII7[ IIOHUCK ITO KJIIFOUEBBIM CJIOBaM, OTACIIbHBIM
TCMaM, OTpacCJIIM 3HAHUS.
2 QHGKTPOHHLIP'I pecypce SHGKTpOHHaFI CHUCTCMa NJOCTABKH NOKYMCHTOB.
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http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=621
https://e.lanbook.com/book/619#authors
http://ecatalog.bashlib.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=5992&TERM=%D0%93%D0%B0%D0%BB%D0%B8%D1%86%D0%BA%D0%B8%D0%B9,%20%D0%92.%20%D0%9C.%5B1,1004,4,101%5D&LANG=rus
http://ecatalog.bashlib.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=5992&TERM=%D0%93%D0%B0%D0%BB%D0%B8%D1%86%D0%BA%D0%B8%D0%B9,%20%D0%92.%20%D0%9C.%5B1,1004,4,101%5D&LANG=rus
http://ecatalog.bashlib.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=5336&TERM=%D0%94%D0%B0%D0%B2%D1%8B%D0%B4%D0%BE%D0%B2,%20%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%20%D0%A1%D0%B5%D1%80%D0%B3%D0%B5%D0%B5%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus
https://elib.bashedu.ru/dl/local/Vahitov_sost_Zadachi%20po%20kvantovoj%20teorii_1_mu_2016.pdf
https://elib.bashedu.ru/dl/local/Vahitov_sost_Zadachi%20po%20kvantovoj%20teorii_mu_Ch2_mu_2017.pdf
https://elib.bashedu.ru/dl/local/Vahitov_sost_Zadachi%20po%20kvantovoj%20teorii_mu_Ch2_mu_2017.pdf
http://ecatalog.bashlib.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=5760&TERM=%D0%92%D0%B0%D1%85%D0%B8%D1%82%D0%BE%D0%B2,%20%D0%A0%D0%BE%D0%B1%D0%B5%D1%80%D1%82%20%D0%9C%D0%B8%D0%BD%D0%BD%D0%B8%D1%81%D0%BB%D0%B0%D0%BC%D0%BE%D0%B2%D0%B8%D1%87%5B1,1004,4,101%5D&LANG=rus

(http://mars.arbicon.ru).

MAPC [To3BomsieT HAaliTH HYKHBIA JOKYMEHT U IOJY4UTh €ro 10
SJIEKTPOHHOM TOYTE.

3 http:// e.lanbook.com

DnekTpoHHas OMOIMOTEYHAs CHCTEMa U3/IaTeIbCTRA
«Jlanp». TemaTnueckuii maket «Pusuka»

4 http:// www.biblioclub.ru

OJekTpoHHas OMOIMOTEYHAs cUcTeMa «Y HUBEpCUTETCKast OnoiroTeka - onlane»;
CrelaIn3upyeTcst Ha yueOHbIX MaTepuanax aist BY30B 1o Hay4HO-TyMaHUTapHOU
TEeMaTHKe, a TaK K€ COAEPIKUT MaTepHabl IO TOYHBIM M €CTECTBEHHBIM HayKaM

6. MaTepﬂaJIbHO'TeXHl/I‘leCKaH 6333, HeoOXoaumMast st OCYIECTBJICHUSA 06pa30BaTeJII>HOF0 nmpomecca mo IMCIUIINHE

Jist mpoBeieHust JICKIIMOHHBIH 3aHATHH MCIIONIB3YeTCs ayJUTOPHBIA (OHIT (PH3UKO-TEHUYECKOr0 HHCTUTYTA.

HanmenoBanue CIICIUaJIM3UPOBAHHBIX
ayAnTOpUii, KaOWHETOB, JJabopaTopuii

Bup 3aHsTuit

HaumeHoBaHue 000py10BaHMs, IIPOrPAMMHOr0 00eCIIeYeHHU ST

1

2

3

Bonbias ¢usnueckas aynuropus 02

Jlexuun

Jlocka, men

yuebnaa  ayoumopus  Ona  NPOGEOEeHUA
3aHAMUIL CEMUHAPCKO20 MuUna: ayIuTOPUU
Ne 322 wim Ne 323 wmm Ne 224 (dusmar

KOpITYyC)

IIpakTryeckue 3aHATUS

Hocka, Men, COOpHHUKH 3a7a4, KaJIbKYJIATOP

YuraneHeiid 32 Nel (r1aBHBIA KOPHYC,
1 aTax)

CamocrosrenpHas paboTta

Hayunbiii u yueOHbIit GoHA, HaydHas nepuoauka, [IK (MoHOOMOK) - 3
wr, Wi-Fi goctyn s MOOMIBHBIX YCTPOMCTB, HEOrPaHHUYCHHBIN
noctyn k ObC u BJI; koanuecTBO nmocajgo4yHbIX MecT — /6.

Yuraneuseiii 3a1 Ne2 (xoprmyc ¢uzmara,
2 3TaK)

CamocrosTenbHas pa60Ta

Hayunbiii u ydeOubiii Goua, Haydnas nepuoauka, Wi-Fi moctyn mis
MOOWJIBHBIX YCTPOMCTB, HeorpaHuyeHHelii goctyn k OBC u BJl;
KOJIMYECTBO MMOCaI0YHBIX MecT — 50.
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OEJIEPAJIBHOE I'OCYJAPCTBEHHOE BIO/IDKETHOE OBPA3OBATEJIBHOE YUPEXJIEHHWE BBICILEI'O OBPA3OBAHIA

«BAIIIKMPCKUI TOCYJIAPCTBEHHbBIN YHUBEPCUTET

COJIEP)KAHUE PABOYENM ITPOI'PAMMBI

JucHuIuiHbl KBanToBas Teopust Ha 6-7 cemectpax
(HauMeHOBaHME TUCLUITTHHBI)

o4Hadg
dhopma 0Oyuenus
Buja pa6otbl O0BbeM TUCIUTIINHEI
O6mas Tpynoemkocts qucuuminibl (3ET / yacoB) 6/216
Yu4eOHBIX YacOB Ha KOHTAKTHYIO paboTy C IpEenojiaBaTesemM: 121,4
48,2 6 cemectp
AyIUTOpHBIC 3aHSTHSI 73,2 7 ceMecTp
32 6 cemectp
JIEKLIMI 36 7 cemectp
16 6 cemectp
MIPAaKTHYECKUX/ CEeMUHAPCKHUX 36 7 cemectp
11a00pPaTOPHBIX -
CamocrosTenbHas paboTa CTyICHTOB 23,8 6 cemectp
9 7 cemectp
OKP 0,2 6 cemectp
1,2 7 cemectp
VY4eOHBIX 4acOB Ha MOATOTOBKY K 3K3aMeHYy/3a4eTy/tuddepeHIMpOBaHHOMY 3a4eTy 51,8 7 cemectp
(KonTpomns)

®dopma(br) KOHTPOIS:
Kp 6 cemectp
JK3aMeH 7 ceMecTp
3a4er 6 cemecTp

IIpunoxenne Ne 1
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JleKIMOHHBIN U MPAKTUYECKHUI KypC

6 cemecTp
dopma n3ydenus | OcCHOBHas "
MaTCpraloB: JICKIIUH, | AOITIOJTHUTCIIbHAA CDopMa
paKTUYECKUE 3aHATUS, | TUTEPATYPA 3ananus 1o TEKYILIETO
P ’ patypa, CaMOCTOSITEILHO ym
Ne CEMHUHapCKUe 3aHATHUS, | pEKOMEHayeMas | ., KOHTPOJIA
Tema u conepskaHue i pabore
ILIT. nabopaTopHbIS paboTHI, | CTYICHTaM yCIIEBaeMOCT
crynentoB (CPC)
caMmocTosITeNbHasT paboTa u|(HOMepa u3 "
TPYIOEMKOCTH (B Yacax) CITHCKA)
JIK |[TIP/CEM |CP
1 2 3 4 6 7 8 9
Moxyas 1: OCHOBbI KBAHTOBOM MEXAHUKH 2 4 1 1.§1-6, 11.§ 1, Ne 1 MoHuTOpHUHT
du3nyuecKre OCHOBHI KBAaHTOBOW MEXaHHMKH. MaTeMaTHYecKHid ammapar 2.§1-14 permieHus 3a1a4
1 KBaHTOBOW MexaHHWKU. [lOHsATHE O BOJHOBOW ()YHKIMH KBaHTOBO- 4.§1
MEXaHHYeCKuX cHucTeM. [IpuHIiun cymneprno3unmy. BoaHOBOH maker. 5.§1,2 Kommnbrorepaoe
CpenHee 3HaueHUE (HYHKIUH OT UMITYJICOB. TECTHPOBaHHE
9.1.19
JIluneliHpIe CaMOCOIPSDKEHHBIE ONEpaTopbl W H300pakeHHe ¢ ux| 2 4 1 1.§7-8 11.§ 1, Ne 1 MoHuTOpHUHT
nomoiibto  (usnvecknx  BenuuuH. COOCTBEHHBIE 3HAUCHUS U 2. 8§18, 20, 24,27 permeHus 3a1a4
2 COOCTBEHHBbIE (DYHKIMM ONEPaTOPOB U HMX (PU3HUYESCKUI CMBICI. 3.§34
KBauroBanue. 5.§ 15-17, 20,23 KomrsrorepHoe
TECTHPOBAaHHE
9.1.1-15
OcCHOBHBIE CBOWCTBa COOCTBEHHBIX (DYHKIMH (OWCKpETHBIN u| 4 4 1 1.§9-14 11.§ 2, Ne 2.10 MonuTOpHHT
HENPEePHIBHBIA CIeKTpsl). OOmmit MeTon BBIYHCICHUS BEPOSTHOCTEH 2.§75 permieHust 3a1a4
3 |pe3ynbTaToB M3MepeHWH. YCIOBUA, IIPM  KOTOPBIX  HECKOJBKO 3.§ 14
(U3MYECKUX BETMYMH MOTYT UMETH OIpENe/ICHHbIC 3HAUCHUS. B OJHOM Kommroreproe
COCTOSTHUM. MeToIbI ONpeIeNIeHNs] COCTOSIHIH KBAHTOBBIX CHCTEM. TECTHPOBAaHHE
Monyab 2: MaTeMaTH4YeCKHii annmapaT KBAHTOBOH MeXaHUKH 2 4 1 1. § 13, 16-19, 21-23 11.§3 Monyinb 2:
4 |y o
3MEHEHHE COCTOSIHUM € TeYeHHEeM BpeMeHH. BoiaHoBoe ypaBHEHHE 2.§ 15-17,28-33, 35- MaremaTudeck
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pennnrepa. IlnotHocTs mOTOKAa BeposiTHOCTH. CTranmoHapHEBIE 37 nit amnmapar
cocTosiHUSl. VI3MeHeHHe CpeqHUX 3HAaYeHU BETUYMH C TEYEHHEM 3.§ 16,17, 46-48 KBaHTOBOM
BpeMeHu. [IpousBogHast OT omepaTopoB MO BpemeHH. KBaHTOBbIE 4.§ 2 (a1), 5 (a,0), MEXaHHUKHU
ypaBHeHHs1 aBWkeHHA. Teopembl Opendecra. MHTerpansl JBUKEHHS. 6(0)
KBanToBbIi aHajor TEOPEMBI BHpHaa. CoOTHOIIEHHS 5.§6,7,24, 28, 31,
HEOMpeJeNeHHOCTe  Juis  (pu3MuUecKuX  BeawuuH. HepaBeHCTBO 32, 34,39-41
Ieiizendepra. [Ipunnmn nononuurensHocTH bopa.
9.21,2.2,23, 2.7,
211
[IpenenbHbI Tepexoa OT KBAaHTOBOW MEXaHUKU K KIIACCHYECKOM. 1.§21-24 11. § 3 Ne 22-24 | KoMmbloTEpHOE
KBasuknaccuueckoe — mpubmmwkenne  (meron  BKB).  IlpaBuna 2.§35-37; TECTHUPOBaHUE
kBaHTOBaHus bopa-3ommepdenpaa. IlpoxoxaeHue wyacTui uepes 3. §46-48; §50;
noTeHIuaibHeli  Oapbep. TynuenbHbIl 3ddext. Koaddunmenrts: 4.§5(a,0); §5(r-x);
OTPa’KEHHS U MPOXOXKACHUS YACTHII. 5. §39-42
OCHOBBI TEOpUM NPEACTABICHUI. Pa3iinuHble MpencTaBiIeHUs] BEKTOpa 1.§27-29; 11. § 2 Ne 11-15, 19, | Monutopusr
cocTOSIHMH W omepatopoB.  KoopauHaTHOoe, HMMIYJIbCHOE | 2.§38-41; 20, 25 peuieHus 3a1a4
SHepreTudeckoe (MaTpu4Hoe) mpeacraBieHus. OmnpeneneHue cperHero 3.811
3HAYCHHUS M CHEKTpa BEJIMYUHBI, IPEICTAaBISIEMON OIepaTOpoM B 4.§7(r); Kommnbrorepaoe
MaTpUYHOH (opme. 5. §44-48 TECTUPOBaHHE
Monyasb 3: /IBuaeHHe YaCTHI B IEHTPAJIBLHOM M0JIe MoHUTOpHUHT
YuurapHeie npeoOpazoBanus. [IOHITHS O Pa3TUYHBIX MPEICTABICHHIX permieHus 3a1a4
KBAaHTOBBIX CHUCTEM. YHHUTapHbIC MPEoOpa3oBaHUs OT OJHOIO MOMEHTA
BpeMeHH K apyromy: mnpexacraBieHus Llpenunrepa, ['eiizenOepra, KomnerorepHoe
B3aMMOJICHCTBUSI. TECTHPOBAaHUE
OOmme cBoWicTBA ONHOMEPHOro IBIDKeHMs. CBOOOIHAs dacTHIIA. 1.§30, 31; 11.§2Ne 11
Uactuma B MOTEHNMANBHOW  siMe. JIBIKEHHME DIEKTpOHA B 2.843, 44,
MIEPUOIUYECKOM TTOTCHIIMATFHOM IT0jie. 3OHHBIA XapakTep CHEKTpa. 3.813
lapmonmueckuit  ocummrsatop. [loHATHE © MeToAE BTOPHUYHOTO 4.87(n);
KBaHTOBAHUSI. 5.§49
Omnepatop MOMEHTa KOJNUYECTBa IBIDKEHUS dYacTuilpl. CoOCTBEHHBIC 1.§26, 32; 11.§3 Ne 11, 5, 13 | MoHUTOpPHUHT
(GyHKIMU 1 COOCTBEHHBIE 3HAUEHHUs ONEpaTopoB MOMEHTa M KBaJpaTa 2.847, 48, 55; peleHus 3ana4
MOMEHTa KOIWYeCTBa JBW)KEHHUs. Bpamenume TBeproro Tena. 3.§21-23
CHUMMETpUYHBIN BOTIOK. 4.§7(a-B);28(a-B) KomnerorepHoe
5.§ 14, 48, 50 TECTUPOBAHUE
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JlBwkeHne B 1Tone LeHTpaubHBIX cuil. Omnepatop dHeprun B| 2 1 1.§8, 34, 35; MoHUTOpHUHT
chepuueckux koopauHaTax. Paguaneaeie Gyakimu IIpeaunrepa. 2.§25; peuenus 3agaq
10 3. §26-30
4.§7(a-B); Kommnberotepaoe
5.§30 TECTUPOBaHHE
JIB>KeHHE 9JIeKTpOHa B  KYJIOHOBCKOM Toie (AMCKpeTHeIM u| 3 1 1.§34; 11. Tn.3 n.0,1,8 MOoHUTOpHUHT
HenpepbIBHBIA cnekTpbl). CHeKTp M coOCTBEHHbIE (YHKIMHM atoma 2.§26,49; 13. §1 pemeHus 3aaa4
11 |Bomopoma. JIBwKeHHe SJEKTPOHA B OJHOBAJICHTHBIX IIEIOYHBIX 3.§32;
MeTaax. 5.§33 KommsrorepHoe
TECTUPOBaHHE
7 cemecTp
JleKnMOHHBIE 3aHATHS
Tabmuna 3
®dopma n3ydenus | OCHOBHas u
MaTCpHraIoB: JICKIIUH, | AOITOJITHUTCIIbHAsA cDOpMEL
IPaKTUYCCKHUEC 3aHATH, | TUTEpATypa 3aHaHHﬂ 1o TCK €ro
P ’ patypa, CaMOCTOSTENIBHO i
No CEMHUHAPCKHE 3aHATHS, | peKOMEHIyeMast | . KOHTPOJISt
Tema u conepxanue u pabote
ILIL nabopaTopHbBIC paboTHI, | CTYICHTaM YCIIEBaEMOCT
crynentos (CPC)
caMmocTosTeNbHAs paboTa U |(HOMepa u3 u
TPYIOEMKOCTH (B Yacax) CITHCKA)
JIK CP
1 2 4 5 6 7
Monyab 1: Teopust KBAHTOBBIX NEPeX010B 1 1 1. §47-50; 1.TloBroputs Meton | KoHCcymbramms
Teopuss BO3MyIIEHHIT B CTaIlMOHAPHOM COCTOSHUHM C JHCKPETHBIM 2. §66- 70; TEOPHH BO3MYIICHHUI
CHEKTPOM (B OTCYTCTBUE BBIPOXKJICHUS M MIPU €r0 HATNYUH). 3. § 38,39; U YCIIOBHE  €ro
4. § 8(a-n); MIPUMEHUMOCTH.
1 5. § 53,54, 7.§28-31
6. §49 2. Pemuts 3a1a4n
METOJI0M TEOpUH
BO3MYILIEHUH.
14. §5 Ne2,5,12(a,0)
Teopus KBAaHTOBBIX MEPEXOAOB. AnuabaTUUECKOe U BHE3AIHOE 1 1 1.§90-93; 2.§83-85; |Pemuts 3amaun Ha | KommerorepHoe
o | BRIIOHEHI H BEIKIIOYCHHA B3anMmozeicTBus. [lepexonpl Tox BIUSHIEM 3.§40-43; HeCTallnOHapHbIE TECTUPOBaHHE
BO3MYILICHUS, 3aBHUCSIIET0 M HE 3aBHUCSIIETO OT BPEMEHH, a TaKXKe MOJ 4. §8(x); BO3MYIICHUSL.
JIEICTBUEM NMEPUOJUYECKOTO BO3MYIIECHUSI. 5. §55, 56; 14. §6 Nel,7
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7.§33-35

DJieMeHTapHasi Teopus B3aUMOJCMCTBHSI KBAHTOBBIX CHCTEM C 1.§94; 2.§87, O3HaKOMHTBCS ¢ | KomnbrorepHoe
9JIEKTPOMArHUTHBIM U3JTydEHUEM. 7.§61-64 nporeccaMmu TECTUPOBaHUE
W3ITy4eHUS u
TIOTJIOIIEHHSI CBETA.
7. §64
BeposTHOCTH ~ CIOHTaHHBIX M BBIHY)KICHHBIX  IIEPEXOJIOB. 1.95,96; W3yunuth kBaHTOBYIO | KOoMITBIOTEpHOE
Koapouumentsr  DitHmireiiHa. Bpemst  ku3HH  BO30YXKIEHHOIO 2. §88-90, TEOPHIO U3ITYYEHHUS U | TECTUPOBAHUE
cocrosHus. IlpuHimmn — cooTBeTcTBUS. [IpaBwia  orOopa  uis 4. §9(a,0,B,r,1); MOTJIOIIEHHS CBETA.
OCLMJUIATOPa, HWHTEHCHMBHOCTh M3nydeHus. I[lpaBunma otbopa st 5.§101-106 7. 8§65
OIITHYECKOT0 AJIEKTPOHA B ATOME BOJIOPO/JIa.
Monayasb 2: PeqisiTUBHCTCKAS KBAHTOBasl TEOPUA 4. §9(e) O3HaKOMUTHCS ¢ | Kommsrotepaoe
INonsTHe 0 KBaHTOBOW paxuodusuke. Jlazepsl 1 Ma3epsl. MPUHLUIIAMU paboThI | TECTUPOBAHKE
JIa3epoB.
OneMeHTapHBIE YaCTUIBI B KBAHTOBOM MeXaHUKe. PemsTuBHCTCKOE 1.§53,54; 4.§17(a,0); | U3yunts ypaBHenue | KomnbiorepHoe
ypaBHEHHE OJIsl YaCTHUIBI C HYJIEBBIM cIUHOM (ypaBHenue KieitHa- 5.§110, 111 Kneitna-I'oprona. TECTHPOBAaHUE
Topnona). 9. T 16 ¢.205-228
PensaruBuctckoe ypapuenue [upaka s anekrponHa. Matpunsl Jupaka. 1.§60; 4.§18(a, 0); Pemmte 3amaunm Ha | KommbrorepHoe
5.§113.114 MaTpuirsl Jupaka. TECTHPOBaHUE
11. I'n. 10 3a7. Ne2;
14. §7 Nel6
Pemenue ypaBuenus upaxa s cBoOomHON dacTHIBL. COCTOSHHS C 1.§61; 4.§22(a,B,r); | O3HAKOMHUTHCS ¢ | Kommsrotepaoe
oTpunatenbHod »Heprued. I[loHATHe 00 3IEKTPOHHO-TIO3UTPOHHOM 5.§115,116 OCHOBHBIMH TECTHPOBAaHUE
BaKyyMe. HOHSTUSIMH unei
Hupaxka 0
(husnueckom
Bakyyme. 9. I'm. 18,
c.252-254, 270-272
MoMeHT Komu4YecTBa IBIDKEHHs JIIEKTpoHa B Teopum Jmpaka. CrmH 1.§62,63; 1.Pemuts Kommnprorepaoe
anekTpoHa. CoOCTBEHHBIEC 3HAYCHHS U COOCTBEHHBIE ()YHKIIUHU TTOIHOTO 4.§19 (a,6,8,1); 3a/1a4n Ha TECTHPOBaHUE
MOMEHTa KonndecTBa nBwkeHus. LllapoBsie ciuHOpEL. PensTuBucTckue 5.§117, 118 BEIUMCIICHHE
MONPaBKM K JIBIDKEHHWIO D3JIEKTPOHA B JJIEKTPOMATHUTHOM TIOJE. (uzmuecknx
MarHuTHBI MOMEHT 3J€KTpoHa. Y paBHeHue [laymu. BEJIMYMH c
HCIIOIb30BaHNEM
IIapOBBIX

CcuHOpoB. 14,




§7, Ne3,19
2.Hayuurscs
BBIBOJTUTH

ypaBHenus [laymu. 9.
I'n. 18, ¢.259-264

CniH-opOuTaNbHOE B3auMOJECTBIE. ATOM BOIOPOAA C yYETOM CIIMHA 1.§64,67; O3HaKOMUTECS C KommnsrorepHoe
aekTpoHa. TOHKasi CTpyKTypa CHEKTpa aTomMa BOJIOpOJa U MpaBuia 4.§20(a,0,B,r,1), BBIBOJIOM TOHKOM TECTUPOBAHUE
orbopa ¢ yueroM criuHa. JISMOOBCKHiA ciBHT. CBEPXTOHKAS CTPYKTYpA. §21(a,0); U CBEPXTOHKOI
10 5.§119 CTPYKTYpBI
DHEPIETUYECKUX
YpOBHEH aToMa
BOZOpOA. 17.
['n. 10, 1. 7,8
Koapuanthas ¢opma ypaBaenuit J{upaka. 3apsoBoe conpsbkenue. P u 1.§65; 4.§22(n); O3HaKOMUTHCS KommnerorepHoe
C-yeTHOCTD. YacTHIBI ¥ aHTUYACTHLIEI. 5.8116 CO CBOHCTBaMH TECTHUPOBaHUE
YpaBHEHUI
Hupaka B
11 KOBapUaHTHOH
thopme JUIst
JaCTHIL u
agTAyactan. 9.
I'm. 17, c¢.238-
240
VYpaBuenue upaka i 9acTUIIBI ¢ HYJIEBON Maccoil mokos. HeltpuHo. 1.§66; 4.§22(e,x) Uzyuenue Kommnbrorepaoe
Kombunmnposannas nasepcus. CPT-teopema. JIUTEPATYphl 1O TECTUPOBAHUE
12 TEOpHUH
JIByXKOMITOHEHT
HOTO HEUTPHHO.
5.§122,123
ATOM BO BHEITHEM MAarHUTHOM M SJIEKTPHYECKOM TONIAX. AHOMAIBHBINA 1.§69,70; 2.§72-74; |U3yuuthb Kommnprorepaoe
u HOopManbHBIH 3Qdektol 3eemana. Dddexr [lamena-baka. Ddpdexr 3.§76,77,113; 0COOEHHOCTH TECTHPOBaHUE
[rapka (JTMHEWHBIN W KBaIPATUIHBIH). 4.§13(0), §20 (e,x) |BIUSHUS
BHEIITHET O
13 MarHuTHOTO M
3JIEKTPUYECKOT 0
nosnen Ha
ATOMHBIE
CIIEKTPBL. 5.
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§74,75; 7. §58

Monyas 3: IlpunoxkeHusi KBAHTOBOW TeOpHH K PaCCMOTPEHHIO 1.§71,72; 2.§114- Pemmute 3anmaum Kommnsrorepaoe
aTOMOB M MOJIEKYJI 117; Ha TECTHPOBaHUE
KBaHTOBBIE CHUCTEMBI, COCTOSIIINE M3 OAMHAKOBBIX YaCTHUI[. YpaBHEHUE 3. §61,63; CUMMETPU3AIUIO
IpenuHrepa A CUCTEMBI U3 OJMHAKOBBIX YacTUL. CUMMETpUYHBIE U 4.§24(a,0); BOJIHOBOI1
AQHTUCUMMETpUYHblE BONHOBbIe ¢yHKuuH. [lpuanun IMaymn. Cxema 5. §64-66 (hyHKIHH,
14 |IOwura. OIUCHIBAIOLIEH
COCTOSIHHS
cucrembl u3 N
OJJMHAKOBBIX
gactuil. 3. §63
3an. 14. §7 Nel4
Teopust aroma renus. OCHOBHOE M BO30YKAEGHHOE COCTOSHUSI. 1.§73,74; 2.§121- Oznakomutbess  co | KommbroTepHoe
OoOmenHast sHeprus. [1apa- u opro-renuii. 123, CBOMCTBaMU TECTUPOBaHHE
15 4.824(r-e); reMEnom00HbIX
5. §68 aToMoB. 7. §54
Bapunannonnsiif Meron. MeTon caMOCOTIIaCOBAaHHOTO MOJNS XapTpH- 1.§51,75,76; Pemmte 3amaum 1o | Kommbrorepaoe
®oka. Craructuyeckuil Mmerox Tamaca-Depmi. 3.§20, 69,70; pacuery  aTOMHBIX | TECTHPOBAaHHUE
4.§23(r-e); §25(k-n); | cucreM
16 5. §69-71; 6. §55-57 | npuOIMKEHHBIMA
Meromamu. 3. §63.
Bam. Ne2; 11. I'm.6,
3an. 8, 9(a)
3anonHeHne IEKTPOHHBIX 0007049eKk aToMoB. [lepuommaeckas Tabmmma 1.§77; 2.§124; O3HaKOMHTBCS ¢ | Kommerorepaoe
MenneneeBa. PeqkoseMenbHbIe METAILTBL. 3aypaHOBEIE AIIEMEHTHI. 3.§72,73; 4.§25(r,1) | OCHOBHBIMH TECTHPOBAaHUE
17 Ka4eCTBEHHBIMHU
3aKOHOMEPHOCTSIMU
CTPOGHHSI  aTOMOB.
5.§72,73
CreKTpaibHbIC B PEHTTEHOBCKHE CIIEKTPBL, TepMbL. L-S-CBsi3b, j-j-CBSI3b. 1. §78; PazobpaTscst B | Kommeroteproe
3.§74 CHEKTPaNbHBIX U | TECTUPOBaHUE
18 PEHTTEHOBCKHX

CIEKTPax  CIIOXKHBIX
aTomoB 4. §25 (0,B)
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OCHOBHBIE BHIBI XUMHYECKOH CBS3H. AnabaTHUECKOe MPUOIIDKCHHE. 1.§129-131; 2.§125, |H3y4uts Mmeron | KommnbrorepHoe
I'eTepononspHbie ¥ TOMEOTIONAPHEIC (ATOMHBIC) MOJICKYIIBI. OOMEHHOE 126; laittnepa-Jlonona | TecTupoBaHue
19 B3aUMOJICICTBHE. 4.§26(a);§27(a-B); o pacuery
5. §78,79 MOJIEKYJIBI
Bonopona. 7. §59,60;
11.Tn.15, 1. 6
Teopus BanentHoctH. Cunbsl Ban-nep-Baanbca. OHeprernueckue 1. §131, 133, 134; BeusButh cxozactso u | KommnbrorepHoe
YPOBHH JIByXaTOMHBIX MOJIEKYJT 2.8127; pasnuune OoOMEHHBIX | TECTUPOBaHUE
3. §81, 82,89; cun u cun Bau-nep-
4.§27(0, r-¢) Baanbca. 5. §68,80
20
Teopust cromkHoBeHui. OOImIas TEOpUsT YIPYroro paccesHus. 1. §106-109,118; 1. O3nakomutbesi ¢ | KommbrorepHoe
Ammnutyna u audQepeHIanbHoe CeueHnue paccesiHus. bopHOBCKOe 2.§77-80; BopHoBckrM TECTUPOBaHHE
MpUONIMKEHNUE W YCIOBUS €ro MPUMEHUMOCTH. MeToH MapIuaibHBIX 3. §123-130; MpUOIIHKEHNEM B
BOJIH B TeopuH paccesHus. Ontudeckas Teopema. S u T-MaTpuilsi 4.§14(a,B); TEOpHH YIpPYyroro
0q |PaccesHus. Teopemsr Jlunmana-IIBunarepa. IlorsTre o mpocreimmx 5. §83-86, §95-97;  |paccesHus. 7. §66-
rpadukax Deiimana 69, [punoxenue
VILVII
2. PemmuTh 3a1a4yu Ha
paccesHHE  YaCTHIL.
11.Tn.9, 3am.Nel-3
OCHOBBI KBaHTOBOW TEOpHWH TBEPHOTO Tena. [IBIKEHHE DIIEKTpOHA B 2.854; O3HAaKOMHTECS ¢ | Kommerorepaoe
30HE MPOBOJUMOCTH. 4.§28(a-x) OCHOBHBIMH TECTUPOBAHUE
29 TIOJIOKEHUSIMH

KBaHTOBOH  TeOpHH
TBepmoro Tema. 15.

§6
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Bcero yacos:

30 22

Koncynpranms

Tabnuua 4
IpakTHyecKue 3aHATH
7 ceMecTp
®dopma n3ydenus | OCHOBHas u
MaTepuasoB: JICKIIHMH, | TOTIOJTHUTEIbHAS dopma
NPAKTUYECKHUE 3aHATHA, | JTUTEPATYPA 3ananus 1o TEKYIIETO
P ’ ’ CaMOCTOSITEIHLHO i
No CEMHUHAPCKHE 3aHATHS, | peKOMEHIyeMast | ., KOHTPOJISt
Tema u conepxanue u pabote
ILIL. nabopaTopHbIS paboTHI, | CTyICHTaM yCIIEBaeMOCT
crynentoB (CPC)
camocTosTeNbHAs paboTa U |(HOMepa u3 "
TPYIOEMKOCTH (B Yacax) CITHCKA)
ITP/CEM Cp
1 2 3 4 5 6 7
Monyas 1: Teopusi KBAHTOBBIX EPEX010B 4 2 [1]. 3an. 8.2-8.4,8.8 |1. BsiBectn ITpoBepka
BBIPQKCHHS IUIsL | peLeHns 3a1a4
Teopust BO3MYILCHUIA B OTCYTCTBUE BHIPOJKIACHHS HOMPABOK K YHEPIUH
1 n C.®. ¢ TOYHOCTHIO
0 2-T0 TOpsIKa
TCOPUH BO3MYIICHAH
2. Peumrs 3amaum
8.1,8.6u3[1]
Teopust BO3MYIIEHUH IPY HATMYNHA BBIPOXKICHUS 4 2 [1]. 3ax. 8.5, 8.9 1. Paccuuratp [IpoBepka
TuHEHHBIH 3] deKT | pemreHns 3ama4
IIrapka ana atoma
2 Bojopona B 2p-
COCTOSIHHH.
2. Pemmwrs 3amaun
7,8 u3 [4] §5
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Teopust KBaHTOBBIX TIEPEX0I0B. BepOATHOCTH Mepexoa B SAUHUILY 6 2 [1]. 3ax. 8.33 (a,6), |1. Ilomyuurs IIpoBepka
BpPEMEHH TOJI IeHiCTBHEM BO3MYLIECHUs, 3aBUCSIIETO OT BPEMEHH. 8.34 BBIpa)KCHHUE JUISL | pereHns 3a1a4
AMILUTUTY/IBI
BEPOATHOCTU
nepexoia BO 2-OM
TIOpsIAKE TEOpHH
BO3MYILIEHUH.
2. Pemmth 3amauu
5-7 u3 [4] §6
Teopwust nznyueHusi. Bpems sku3HU BO30YKIIEHHOTO YPOBHSL. 4 1 [1]. 3ax. 14.1,14.2 |1. Tlonyuurs [TpoBepka
npaBuiia oTOOpa JUIs | peleHus 3a1a4
El-nepexomos
ONITUY. DJJICKTpOHA B
BOJIOPOJIOTIOTO0HOM
aTome.
2. Peumrs 3amaum
8,9 u3 [4] §6
Omneparop crirHa 3nekTpona. Matpuusl [laymu. Ypasuenus laymu. 6 1 [1]. 3ax. 5.1, 5.2, 5.4, | Pemuts 3agaun 5.3, |IIpoBepka
55 5.6 3 [1], 2-5 u3 [2] |pemieHus 3agadq
§7
VYpasuenne [upaka. Marpunbsl J[upaka. KosapuantHas ¢opma 6 1 [1]. 3am. 15.20 (1-6), | Pemmmts 3amaun ITpoBepka
ypaBHeHu# [{upaxa. 15.22,15.23 15.21,15.24 w3 [1], |peuienus 3aaa4
15,16 u3 [4] §7
BonHoBast (yHKIMS CHUCTEMBI TOXAECTBEHHBIX dacTull. [IpuHIum 4 1 [1]. 3ax. 10.1, 10.4, |Pemmrts 3amaun 1, 7- | IIpoBepka
[Naynmu. DneMeHTH BTOPUYHOTO KBAHTOBAHHS. 10.7 11, 14 w3 [4] §7 permeHus 3a1a4
Bapunannonssie metonsl. Y paBHeHHs XapTpu-Doka. 4 1 [1]. 3an. 11.6 Pewuts 3a1aun 1-6 | [IpoBepka
n3 [4] §8 pemeHus 3a1a4
CraTtucriueckuii meron Tomaca —Depmu. 4 1 [1]. 3am. 11.19, 11.20 | Peummts 3amaun [IpoBepka
11.21, 11.22 m3 [1], |pemenns 3amaq
12,13 u3 [4] §8
HUTOIo 42 12

Tabmnma 5
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CIlenanbHOCTh  PU3MKa
kypc _3 , cemectp_6

PeltnHr-miman QJUCIIMILUIUHEBI

KBaHTOBaﬂTeODHﬂ

(Ha3BaHMe MMCLIUILIMHBI COITACHO paboyeMy ydyeOHOMY IIJIaHy)

[Tpunoxxenue Ne 2

Bunni yueonoi bann za Yucno Bamnnbt
JesITeILHOCTH CTYIeHTOB KOHKpETHOE 3a/aHuii 3a
3aJlaHHE ceMecTp MuHuManbHbIN ‘ MakcuManbHbIi
Monyas 1.
Texkymuii KOHTPOJIb 0 20
1. PaboTa Ha TpakTHYECKUX 4 5 0 20
3aHSITHSX
Py6e:xHbIii KOHTPOJIB 0 10
1. ITucbmenHast 1 5 0 5
KOHTpOJIbHast pabora Nel
2. Tect Nel 0,25 20 5
MoayJs 2.
Texymuii KOHTPOJIb 0 20
1. PabGora Ha MpakTHYECKUX 4 5 0 20
3aHATUAX
PyGe:kHbIii KOHTPOJIb 0 10
1. TTucbmenHas 71 5 0 5
KOHTpOJIbHAsi paborta Ne 2
2. Tect Ne 2 0,25 20 5
Monyas 3.
Texkymuii KOHTPOJIb 0 20
1. Pabora Ha npakTHYECKUX 4 5 0 20
3aHATHAX
Py6e:xHbIi KOHTPOJID 0 10
1. IlnceMenHas 1 5 0 5
KOHTpOJIbHast pabora No 3
2. Tect Ne 3 0,25 20 5
IoompuTebHble 6aJLIIbI 10
1. Yuactue B 0 5
KOH(epeHIIsIX,
CTyJICHYECKasl OJIMMITHANA
2. [Myonukanus cratei 0 5
IocemaemMocThb (0271161 BBIYMTAKOTCA U3 001LEH CyMMBbI HAOPaHHBIX 02J1JI0B)
1. Tlocemenue 0 -6
JIEKIIMOHHBIX 3aHSATUH
2. Tlocemenue 0 -10
MPaKTHIECKUX
(ceMuHApCKUX,
abopaTOPHBIX
3aHATH)
HTOroBblii KOHTPOJIb
1. 3auer 0 60




PeltnHr-miman QJUCIIMILUIUHEBI

KsanToBas teopust
(Ha3BaHMe MMCLIUILIMHBI COITACHO paboyeMy ydyeOHOMY IIJIaHy)

crienuanbHocTh  DuU3nka
kypc _4 , cemectp 7

Bunnl yueonoii bann za Yucno Bannbt
JesITeILHOCTH CTYIeHTOB KOHKpPETHOE 3aJaHui 32
3aJlaHue ceMecTp MunrManbHEBIN MakcumanbHbIH
Monyas 1.
Texymuii KOHTPOIb 0 10
1. PaboTa Ha TpakTHYECKUX 3 5 0 10
3aHSITHSX
Py6e:xHbIii KOHTPOJIB 0 10
1. ITucbmenHas 0 15
KOHTpOJIbHAs paboTa
2. TectupoBanue 5
Monyas 2.
Texymuii KOHTPOJIb 0 15
1. PaboTa Ha HpakTHYECKUX 3 5 0 15
3aHATHUAX
Py0GekHbIi KOHTPOJIL 0 10
1. TTucbmenHast 0 5
KOHTpOJIbHAs paboTa
2. TectupoBanue 5
Monyas 3.
Texyumuii KOHTPOJIb 0 15
1. Pabora Ha npakTHYECKUX 4 5 0 15
3aHATHAX
Py6e:xHblii KOHTPOJIb 0 10
1. IluceMenHas 0 15
KOHTpOJIbHAs paboTa
2. TectupoBanmue 5
IoompuTebHble 06aJLIbI 10
M TOroBblii KOHTPOJIb
JK3aMeH 0 30




IIpunoxenne Ne3
®opma 3K3aMeHAIMOHHOT 0 OuIeTa
MHWHOBPHAYKH POCCHUUN

OEJIEPAJIBHOE I'OCYJAPCTBEHHOE BIO/DKETHOE
OBPA3OBATEJIbHOE YYPEXJIEHME BbICILIEI'O OBPASOBAHMA
«BAIIIKNUPCKNU I'OCYJAPCTBEHHbBIN YHUBEPCUTET»

®OU3NKO-TEXHUYECKUI MHCTUTYT
KA®EIPA TEOPETMYECKOU ®U3UKU

SK3AMEHALIMOHHBIN BUJIET Ne 1
no qucnuminae KantoBast Teopus
Hampasnenue 03.03.02 dpuzuka
OO6beMHBIE CTPYKTYPhI 1 HAHOMATEPHAJIbI

1.Teopust BO3MYILIEHUI B CTAIMOHAPHBIX COCTOSHUSX C TUCKPETHBIM CIIEKTPOM.
2. D¢ odexr lrapka.

3aBenyronuii kadenpoi BaxwutoB P.M.
(moamuce) (©.1.0.)




