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ABSTRACT

Bachelor’s degree in 03.03.02 “Physics”.

Study profile “Theoretical physics™.

Course title: “Quantum electrodynamics”.

Variable part of Block 1, 4 credits.

Instructor: Shulga D. V.

At the beginning of the course a student should be able to:

OPC-1 ability to use in professional activity basic natural-scientific
knowledge, including knowledge of a subject and objects of study, research
methods, modern concepts, achievements and restrictions of natural Sciences (first
of all chemistry, biology, ecology, earth and human Sciences).

OPC-2 Ability to use in professional activity basic knowledge of fundamental
sections of mathematics, to create mathematical models of standard professional
tasks and to interpret the received results taking into account limits of applicability
of models.

Learning outcomes:

PC-3 Ability to operate and maintain state-of-the-art physical hardware and
equipment.

PC-4 Ability to understand and present the information received and to
present the results of physical research

Course description:

It is known that quantum electrodynamics is a model of construction of the

physical quantum field theory in which the accuracy of agreement of the theory
with experiment, unprecedented for science, is achieved. At present, QED is part
of the standard model of elementary particles. The basis of the course is the
presentation of a set of standard methods of calculation of perturbation theory in
quantum field theory on the example of QED.

Main course literature:

1. Vajnberg, S. Kvantovaya teoriya polya. T.1. Obshchaya teoriya [Quantum
field theory. Vol.1. General theory] [EHIlektronnyj resurs] / S. Vajnberg ; pod red.
V.CH. ZHukovskogo ; per. s angl. V.CH. ZHukovskogo. — EHlektron. dan. —
Moskva :  Fizmatlit, 2015, — 648 s. (rus) —  Access:
https://e.lanbook.com/book/91164

2. Landau, L.D. Teoreticheskaya fizika. T.4 Kvantovaya ehlektrodinamika
[Theoretical physics. T. 4 Quantum electrodynamics] [EHlektronnyj resurs] :
uchebnoe posobie / L.D. Landau, E.M. Lifshic. — EHlektron. dan. — Moskva :
Fizmatlit, 2006. — 720 s. (rus) — Access: https://e.lanbook.com/book/2237

3. Vergeles, S.N. Lekcii po kvantovoj ehlektrodinamike [Lectures on
quantum electrodynamics] [EHIlektronnyj resurs] : uchebnoe posobie / S.N.
Vergeles. — EHlektron. dan. — Moskva : Fizmatlit, 2005. — 248 s. (rus) —
Access: https://e.lanbook.com/book/48241

Form of final control: pass-fail exam.
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AHHOTaNMs K padoyeil mporpaMmme TUCUMILIIMHBI
«KBaHTOBasl 3JIEKTPOAUHAMHUKA)

Kypc «KBanToBas 351eKTpoiMHAMUKAy NPEAHA3HAYEH I CTYJCHTOB OYHOU
dbopmbl  oOyuenmst  HampaBieHus — moarotoBku  03.03.02  «Dwusukay,
HaIpaBJIeHHOCTh «TeopeTnueckast GU3NKay.

OOmasi TPyJOEMKOCTh OCBOCHHUS JUCHUUIUIMHBI COCTaBisieT 4 3adeTHbIC
eauHulbl, 144 yaca. Y4eOHBIM TUIAHOM TIPEAYCMOTPEHBI JICKITMOHHBIE 3aHATUS (24
yaca), mpaktuuyeckue 3aHatus (24 dgaca), camocTosTeiabHas padorta (96 yacos).
JucuunnuHa peanusyercs Ha 4 Kypce B 8 cemectpe.

Jucuurnnaa «KBaHTOBasg 3JMEKTPOJWHAMUKA» OTHOCHUTCA K BapUAaTUBHOU
gacth npodeccronansHoro mukita guciumiyd (b1.B./1B.07.01).

N3yuyenue naHHOW AUCHMIUIMHBI OA3UPyeTCs Ha CIEIYIONIUX TUCIUTIIMHAX:
«Marematnueckuid aHanu3», «KBaHToBas MmexaHukay, «MeToapl MaTeMaTUYECKON
busukny», «luddepeHnmanbible U WHTETPajJbHbIE YpaBHEHUS, BapUAIMOHHOE
VCUUCIICHUE.

N3BecTHO, YTO KBaHTOBasg »AJICKTPOJAMHAMHUKA SIBISETCS  00pas3loMm
NOCTPOEHUsI (PU3MYECKOW KBAHTOBO-TIOJIEBOW TEOPUH, B KOTOPOM JIOCTUTHYTA
OecrnpenieIeHTHasE 11 HAYKHM TOYHOCTh COIJIACHSI TEOPUU C HKCIIEPUMEHTOM. B
Hacroslee BpeMss KO/l sBnsercs yacteto CtanmaptHo Mopenn 31eMeHTapHbIX
yactull. OCHOBY Kypca COCTaBJISIET U3JI0’KEHUE KOMIUIEKCA CTaHIapTHBIX METOJIOB
pacuera 1Mo TEOPUH BO3MYIIEHUU B KBAHTOBOU Teopuu nojis Ha npumepe KO/I.

Heab wu3ydeHus IUCHUIUIMHBI — TPUOOPETEHUE CUCTEMATU3MPOBAHHBIX
3HAHUM IO OCHOBAM KBAHTOBOW TEOPHUU MOJIA.

3axayu:

1. wu3ydYeHuEe OCHOBHBIX MPUHIIUIIOB KBAHTOBOM JIEKTPOIUHAMUKH;

2. OCBOGHHE MaTeMaTHYECKOTO aIlapaTa KBAaHTOBOU AJICKTPOINHAMUKH,

3. Wu3yueHue OCHOBHBIX  TOHSTUU U ypaBHEHUU KBaHTOBOM
ANEKTPOANHAMUKH;

4. TnpuoOpeTeHne  HaBBIKOB peuieHus  3aJad = [0 KBAHTOBOWM
AIEKTPOJUHAMHUKHU.

JIns ycrnemHoro u3y4eHusl OUCUUILUIMHBI « KBaHTOBasi 3JIEKTPOJAMHAMUKAY Y
CTYJICHTOB JIOJDKHBI OBITh C(OPMHUPOBAHBI CICAYIOIIME IPEIBAPUTEIIbHBIC
KOMIETEHIINHU:

e OIIK-1 cnocoOHOCTH UCIIOJIb30BaTh B npoQeccuoHabHON
NesATeTbHOCTH 0a30BbI€ €CTECTBEHHO-HAYYHbIC 3HAHUS, BKIIOYas 3HAHUSA O
npeaMeTe U O00bEeKTaX U3Y4YeHHMs, MEeTOAaX MCCIEIOBaHUs, COBPEMEHHBIX
KOHLEMIHUSX, JOCTUKEHUAX U OTPAHUUYECHUSIX €CTECTBEHHBIX HAyK (IPEXkIEe BCEro
XUMUH, OUOJIOTUH, SKOJIOTUH, HAYK O 3€MJIE U YEJIOBEKE);

e OIIK-2 cnocobHOCTh UCII0JIb30BaTh B npoeccuoHaIbHON
NeATeTbHOCTH 0a30Bble 3HAHWS (PYHIAMEHTAIBHBIX pa3/IeJIOB MaTeMaTHKH,



CO3/1aBaTh MAaTEMAaTUYECKUE MOJETH THUIOBBIX NPOPECCHOHATBHBIX 3a1ad |
WHTEPIPETUPOBATH MOJTYYEHHBIC PE3YJIBTAThl C YYETOM TPAHHI] MPUMEHUMOCTH
MOJENEN.

B pesynpTaTe mM3ydeHWs NaHHOW TUCIUIUIMHBI Y CTYACHTOB (hOPMHUPYIOTCS
CIeAyIOIIMe OOIIEKYIbTYpHBIE/ oOIenpodeccuoHanbabie/ MpodeccroHaIbHbIe
KOMIIETCHITNH (3JIEMEHTHI KOMITETEHITHH ):

Kox u ¢popmysimpoBka dranbl GOPMUPOBAHUS KOMIIETEHIIUN
KOMIIETeHIIUH
ITIK-3 Cioco6HOCTh TEOPETUUYECKUE OCHOBaHMS KBaHTOBOM
9KCILIyaTUPOBaTh U 3HaeT AIIEKTPOAMHAMHUKHN,; OCHOBHBIC (PU3NYECKHE CUCTEMBI U
00CITyKHBaTh 3aKOHBI, OIUCHIBAEMbIE KBAHTOBOM TEOPUEH TOJIS.
COBPEMEHHYIO =
pemarb TUIIOBbIE 3a/1auu KBaHTOBOM
usuicciyio Ymeer 3JIEKTPOIMHAMUKH.
anmnaparypy u
o0opynoBaHue Braxeer TOYHBIMH U MPUOIMKEHHBIMH METO/IaMU KBAaHTOBOM
JIEKTPOJAUHAMUKH.
MPEANOCHUIKU CO3JJaHUsl KBAHTOBOM 3JIEKTPOAMHAMUKH;
MaTE€MaTU4YeCKUH anmnapar KBaHTOBOU
[TK-4 Cnioco6HOCTB 3Haer AJIEKTPOJIMHAMHUKHN; OCHOBHBIE IPUHLUIIBI KBAHTOBOM
MIOHUMATh U U3JIarath AIIEKTPOIMHAMUKH; OCHOBHbBIE YPaBHEHHSI KBAaHTOBOU
MOJIy4aeMyto AJIEKTPOIMHAMHUKHU.
nHpOpMAILIUIO U IIPOBOAMTDH YUCIIEHHBIE PAaCU€Thl COOTBETCTBYIOLINX
IIPEICTaBIIST (bU3NYECKUX BETMUMH B OOLIETIPUHATHIX CUCTEMaX
pe3yJIbTaThl Ymeer €/IMHULL; IPOBOJUTH YUCIIEHHBIE PACUEThI
¢bu3nveckux COOTBETCTBYIOLUX (PU3NYECKUX BETUYHH B
HCCIIE0BAHUMN OOLIENPUHATHIX CUCTEMAX EAMHHIL.
B HaBBIKAMU CAMOCTOSITENIbHON paOOThI ¢ Y4eOHOH U
faneet Hay4YHOU JIUTEPATYPOH.

Jis popmMupoBaHuUs BbIICYKAa3aHHBIX KOMIIETEHUIUMH B paMKax JMCLUILIMHbBI
«KBaHTOBas 3JEKTPOJIMHAMHUKA» MPUMEHSIIOTCS CJIEAYIOIIME METOAbl aKTUBHOTO/
WHTEPaKTUBHOIO OOy4YeHUs: OOCYXJeHuEe B TIpynmnax, peneHue 3agad c
00CYXIEHUEM.

I. CTPYKTYPA U COJEPXAHHUE TEOPETUYECKOM YACTHU
KYPCA (24 gaca)

Pa3nen 1. KBantoBast Mexanuka ¢orona (8 yacos)

Tema 1. YpaBuenuss MakcBesuia (2 yaca)

Paznuunbie ¢hopmbl ypaBHEHUN SJEKTPOMAarHUTHOTO ToJis. PenmsTuBucTckas
VHBAapUaHTHOCTh YypaBHeHuM Makcseia.  I'pynna Jlopenma. HMuBepcus u
oOparienue BpeMeHu. Bapuaimonnbsiii npuHIun. TeH30p sHepruu-uUMITYIbCca MOJIS.
TeH30p MOMEHTa KOJIMYECTBA ABWIKCHMs MNoJiA. PasnokeHue noTeHUMaaoB Ha
IIJIOCKAE BOJIHBI.

Tema 2. BoanoBas pynkuusi porona (2 yaca)

VYpaBHeHue MakcBemia B IPOCTPAHCTBE BOJHOBBIX BEKTOPOB. BomHOBas
¢yHKMs  QoToHAa B MMIYJIBCHOM  IpocTpaHcTBe. Ilmockue — BOJIHBI



[lonsipuzanmonHass maTpuila IUIOTHOCTH (oTroHa. HEBO3MOXKHOCTH BBEIECHUS
BOJIHOBOM (pyHKIIMU (POTOHA B KOOPAMHATHOM MPEICTABICHUU.

Tema 3. MoMeHT KoJm4yecTBa ABHKeHHs GorToHa (1 yac)

Omneparop MomeHTa. CIMHOBBIE BOJIHOBBIE PyHKIMH PoToHA. COOCTBEHHBIE
bynkuun omneparopa MomeHTa (otoHa. KoapdpuuueHTsl BEKTOPHOTO CIIOKEHHUS.
[IposionbHBIA U MOMNEpPEYHbIEe 1IAPOBbIE BEKTOPHI. YETHOCTh COCTOSIHUNA (POTOHA.
VYrnosoe pacnpenenenue. Chepudeckre MeKTPOMAarHUTHBIE BOJHBI.

Tema 4. Cucrema aByx ¢oronon (1 uac)

BonnoBas ¢dyHKIMS 1ByX (DOTOHOB B MMITYJILCHOM MPOCTpPAHCTBE. UeTHBIE H
HEYETHbIE COCTOSIHUA IBYX (poToHOB. Knaccudukaius coctosHuil AByX (POTOHOB C
OINpEJEICHHBIM MOMEHTOM.

Tema 5. KBanToBaHHe 3JIeKTPOMAarHuTHOro moJs (1 gac)

OnepaTtopsl  HCIycKaHusi W  norjomeHus QoroHa. lMcnonb3zoBaHue
uHAeHUHUTHON MeTpuKku. [lepecTaHOBOUHBIE COOTHOIICHMS JJisi MOTEHIIMAIOB U
KOMIIOHEHT 3JIEKTPOMAarHuTHOTO TTOJISI.

Tema 6. Cunryjasipable (PYHKIHH, CBSI3aHHBbIE C BOJHOBBIMH moJsivu (1
yac)

BakyyMHbIe cpeHUe POU3BEAECHUN ONEPATOPOB 3JIEKTPOMATrHUTHOTO TOJIS.
XPpOHOJIOTUYECKOE U HOPMAIbHOE MPOU3BEICHHS OMEPATOPOB AIIEKTPOMArHUTHBIX
noTeHuanoB. Oyukiust ['puHa BosHOBOTO ypaBHeHUs. CUHTYISIpHBIC (YHKIIUH,
CBSI3aHHBIC C BOJIHOBBIM YpPaBHEHHEM. AHAIUTHYECKHE CBOWCTBA CHUHTYJISIPHBIX
pELICHUI BOJIHOBBIX YPABHEHHUM.

Pa3nen 2. PeasiTuBUCTCKAsi KBAHTOBAs MeXaHMKa JieKTpoHa (8 yacoB)

Tema 1. YpaBuenue JIupaka (1 gac)

CnunHopsl. YpaBHenue Jupaka s cBOOOHOTO 3yeKTpoHa. CUMMeETpUYHAs
dbopma ypaBHenus [upaka. YpaHenue Jlupaka st DJIEKTpOHA BO BHEIIHEM
ANIEKTPOMArHUTHOM I0JI€. Y paBHEHHE HENPEPHIBHOCTH.

Tema 2. CBoiicTBa MHBapuaHTHOCTH ypaBHeHus Jupaka (1 yac)

Pazmuunbie mpencraBienust ypaBHeHus [upaka. AnreOpa martpur [upaxa.
Boruucnenue cienoB matpuil. [Ipsimbie npousBenenus matpuil. [IpeobpazoBanus
Jlopenua nnst OucniuHopa. IIpocTpaHcTBEeHHOE OTpakeHue, OOpallleHre BpEMEHU U
3apsgoBoe comnpsbkeHue. KoBapuanTHbele OunmHelHble (opmbl. BapuanmoHHbIN
IIPUHLMII U1 ypaBHeHu! Jlupaka.

Tema 3. CBo6oanblii 3j1ekTpoH (1 yac)

Peuiennsi ¢ MOJOXUTEIBHBIMU M OTPUILIATENBHBIMU YacToTaMu. l[lnockue
BOJIHBL. [lonsipu3anmoHHble COCTOSIHUSA 3ieKkTpoHa. llonspu3zannoHHas marpuna
mioTHOCTH anekTpoHa. lllapoBeie crimHOpbl. BonmHoBas (yHKIus cBOOOAHOIO
AIEKTPOHA C ONPEACICHHBIM MOMEHTOM. UEeTHOCTh cocTosiHus. PaznokeHue mno
chepruvecKuM BOJTHAM.

Tema 4. /IBusKkeHHe 3J1eKTPOHA BO BHellHeM ToJe (1 yac)



Pa3nienenve nepeMeHHbIX B IIEHTpabHOM Mojie. Chepuueckn CMMMETpUYHas
MOTEHIMANIbHAS sIMA. [[BUKEHHUE JIEKTPOHA B KYJIOHOBCKOM TTOJI€ sA/1pa. BomHOBBIE
(YHKIIMM HENPEpPhIBHOTO CHEKTpa B KYJIOHOBCKOM TOJie fAzpa. ODJIEKTPOH B
MMOCTOSTHHOM U OJTHOPOJHOM MAarHMTHOM MOJIE.

Tema 5. Paccesinue 3j1ekTpoHoB (1 yac)

Pacxopsmuecs u cxomsuumecs BOJIHBL. AMIUIUTYJAa UM CEYEHHUE PACCESTHUS.
[lonsipuzamust W a3uMyTalbHash acUMMETpHUsi. bBOpHOBCkoe MNpUOIMKEHUE.
PaccesiHue B KyJIOHOBCKOM ITOJIE SIApA.

Tema 6. IlpemeabHble mnepexoabl K HEPEJATHBUCTCKOM KBAHTOBOM
MeXaHHMKe U PeJSATUBUCTCKON Kiaaccuyeckoi mexanuke (1 yac)

VpaBuenue Ilaynu. Brtopoe mnpubnmxenue. Ilepexon K pesiTUBUCTCKON
KJIACCUYECKOM MEXaHUKE.

Tema 7. PeniTHBHCTCKY HHBAPUAHTHBbIE ypaBHeHHs mnoJieii (1 yac)

KoneunomepHble mnpeacTaBieHusi cOOCTBeHHOM rpymmbl Jlopenia. OyHKIus
Jlarpanxa cBOOOgHOTO TOJIA. TEH30p PHEPrUU-UMITYJIbCA, TEH30P MOMEHTOB U
BEKTOpP IUIOTHOCTH TOKa. Macca W cnuH 4acTulbl. HeompeneneHHbI XapakTep
3apsia MpU LEJIOM CIOWHE W SHEPTHM NPU TOJYILEJIOM CIHUHE. YPaBHEHUS IS
YaCcTUI[ CO CIMHOM HYJIb U €IMHULA. YPaBHEHUS JJISI YACTHI] C MPOU3BOJbHBIM
CIIMHOM.

Tema 8. KBaHTOBaHME 3JIEKTPOHHO-TIO3UTPOHHOTO Mo (1 yac)

VYcnoBust kBanToBaHUs. OniepaTopbl UCITYCKAHUS U TOTJIONIEHUS 3JIEKTPOHOB
U TO3UTPOHOB. AHTUKOMMYTATOPBI JJIEKTPOHHOTO TMOJIsl. XPOHOJOTHYECKOE H
HOPMAJIbHOE MPOM3BEICHUS OMNEPATOPOB AIECKTPOHHOrO Mojs. CBA3b CIHMHA CO
CTaTHUCTUKOM.

Pa3nen 3. DiekTpoMaruuTHoe B3aumoeiicteue (8 yacoB)

Tema 1. OcHOBHBIC ypaBHEHHUS KBAHTOBOH djieKTpoauHaMuKkH (1 1ac)

Cucrema ypaBHEHHI KBaHTOBOW JJIGKTPOJAMHAMUKHA B TEW3eHOEPTrOBCKOM
npencrasiaeHn. DOyHkuua Jlarpanxka, TEH30p DHEPrUUM-UMITYJIbCA W TEH30D
MOMEHTOB JIJI1 B3aMMOJICVCTBYIOIIMX KBAHTOBAHHBIX MOJIEH. YPaBHEHHUS IOJS B
dbopme kommyTaTopoB. CTallMOHAPHBIE COCTOSIHUSI CUCTEMbI B3aUMOIEUCTBYIOIIUX
nosier. IlpencraBnenue B3aumoneuctBus. lIpencraBiieHue B3aMMOIECUCTBUSA B
KBAHTOBOM 3JIEKTPOJIMHAMHUKE.

Tema 2. MaTpuua paccesinus (1 yac)

[Ipobema  paccessHMsT  YacTUIl B KBAHTOBOM  DJIEKTPOIMHAMHMKE.
NuBapruanTHas Teopus BO3MYLICHUN. MaTpUUHbIE 3JIEMEHTHI ONEPATOPOB IMOJIEH.
YHUTapHOCTh MaTpUlbl paccesHus. [IpencraBneHne maTpuubl paccesiHUs B BUIE
CYMMbl HOpPMAaJbHBIX Mpou3BeacHu. DyHKIMOHAIbHAS (opMa MpeACTaBICHHUS
MaTpulbl paccesHuss B BUAE N-yHopsAIOYEHHOIro oreparopa. MIOOHHBIA U
aJ]POHHBIN TOKHU.



Tema 3. I'paduueckoe npeacraBieHne 3JIEMEHTOB MATPHUIILI PACCESTHUSA
(1 gac)

['padmyeckoe mpencraBieHUE HOPMAJbHBIX MpousBeneHui. I[IpocTteiimme
nuarpammsl. iMmynecHoe nipeacrasiienne. Teopema @appu. [pasnna Oelinmana.

Tema 4. BepositHocTh M 3pekTUBHOE ceueHme (1 yac)

AMIunTyna paccessHusT M BepOSTHOCTb. CyMMHPOBaHHE 10 COCTOSHUSM
HOJIIPU3aLUU AJIEKTPOHOB U (poTOHOB. DddekTuBHOE cedyeHue. BeposTHOCTb
IPOLIECCOB PAaCCEsHUs MOJSIPU30BaHHBIX yacTHll. Vcmnonbp3zoBaHue 0003HAUYEHUH,
COOTBETCTBYIOIIUX IICEBIOEBKINOBON METPHUKE.

Tema 5. CBoiicTBa CHMMeTPHH JIEKTPOMATHUTHOr0 B3aumoeiictBust (1
qyac)

PensTuBHCTCKas MHBAPUAHTHOCTh YPABHEHUIN KBAHTOBOW AJIEKTPOJUHAMUKH.
VHBapUaHTHOCTh YPAaBHEHHMHM KBAaHTOBOM JJIEKTPOAMHAMUKH OTHOCHUTEIIHBHO
npeoOpa3oBaHusl oOpalieHHus BpeMeHU. IHBapHaHTHOCTh ypaBHEHUIH KBAaHTOBOMU
AJIEKTPOJIMHAMUKHA OTHOCUTENIBHO MPeoOpa3oBaHUsl 3apsJ0BOrO CONPSIKEHUS.
CPT-teopema. KannOpoBOuHasi ~MHBApUAHTHOCTh YPAaBHEHHMII  KBAHTOBOM
AIEKTPOJUHAMUKH.

Tema 6. CTpykTypa AmarpamMm MaTpuubl paccesstius (1 yac)

CoOCTBEHHO HHEPreTUYECKHEe W BEPIIUHHBIE auarpamMmbl. DdPeKTUBHBIC
auHuu. YpaBuenus Jlaiicona ans ¢ynkuuid ['puHa u rpaduyueckoe ypaBHEHUE s
BEPIIMHHON (PYHKITHH.

Tema 7. ®ynxkuun I'puna B3aumoneiicTByromux noseii (0,5 yaca)

@ynkunu ['punHa kak BakyymHsble cpennue. Crnenctsus u3 ycnous Jlopenua.
CrnektpanbHoe npeacTtaBieHue Qynkuui ['puna. YpaBuenus nns pyHkuuid ['puna
B (YHKIMOHAJIBbHBIX NpOoW3BOAHBIX. llpencraBnenue ¢ynkuuii ['puna B Buze
(GyHKUHOHATBHBIX HHTErpasioB. KanuOpoBouHble mpeoOpa3oBaHus (DyHKIMMA
['puna.

Tema 8. IlepeHopMupoBKa Macchl M 3apsiia djiekTpoHa (0,5 yaca)

[IepeHopmupoBKa Macchl 3JeKTpoHA. DOU3MYECKUU 3apsid  DJIEKTPOHA.
[lepenopmupoBka ¢yHkuuii ['puna u BepmmHHONW (QyHKIUU. TpexdoTroHHas
BepuiHHas pyHkuus. [lepeHopMupoBKa 3J1IEMEHTOB MATPHIIbI PACCESHUS.

Tema 9. PacxogumocTtu B Matpuue paccessHusi m ux ycrpanenue (0,5
yaca)

PacxomuMocTh B MHTErpajbHBIX  BBIPAXKEHUSAX,  COIOCTABIISEMBIX
HEIIPUBOJAMMBIM JHarpaMMaM. BBeleHHe rpaHUYHOro MMITyibca. Perymnspusanus
(GYHKIMI, COOTBETCTBYIOUIMX HENPUBOAUMBIM AuarpamMmam. Perynspusaius
(YHKIMI, COOTBETCTBYIOIIMX IPUBOJUMBIM JUarpaMmmam.

Tema 10. Acumnrornyeckue cBocTBa (pyHkuuii I'puHa W rpaHunbl
NPUMEHNMOCTH KBaHTOBOI 3y1ekTpoqunamMuxu (0,5 gaca)



Crpykrypa ¢ynkumii I'puna B oOsactu  OOJBIIMX  UMIIYJIbCOB.
AcuMnToTHYecKue BbIpaKeHus i QyHKOud [puHa.  AcCHMIOTOTHYECKHI
XapakTep PpEryJsipU30BaHHBIX pa3JIOKEHU Marpuubl paccesHus. I[Ipobiema
3aMKHYTOCTH KBaHTOBOMW JJIEKTPOJUHAMMUKHU.

. CTPYKTYPA U COJEP)KAHUE MPAKTUYECKOM YACTH
KYPCA
JlaGopaTopHbie 3ausTus (40 yacoB)
3ansTue 1. U3nyuyenue porona (pemenue 3aaad ¢ odcy:kaennem) (2 yaca)
OOmiee BbIpaKeHUE TSl aMIUTATY Bl U3ITydeHus. 3mydeHne aIeKTpuIecKoro
MYJIBTUIIONA. M31ydeHre MarHUTHOTO MybTUIONA. M3nydenue suep. [IpaBuna
orbopa. Toku nmepexo/ia B UMITYJIbCHOM IIPEJICTABICHUH. YTIIOBOE paclpeciieHue
U noJisspu3anus uznydeHus. Gororpdexr.
3ansTtue 2. Paccessnue doToHa 3j1eKTpoHOM (00Cy:KIeHHe B rpynnax) (2 yaca)
MatpuuHblii 21IeMeHT paccessHusl. [[puMeHeHne 3aKOHOB COXpaHCHHSL.
JuddepeHnmanbHOe cEYCHHE B CITydae HEMOISIPU30BaHHBIX YACTHII. Y TIIOBOE
pacripeneneHnue paccessHHbIX poToHOB. [lomHoe ceuenue. PacnipenencHue
ANEeKTpOHOB oTAauu. [lomsapuzanronnsie 3¢ exTsl. PaccesHue noaspru30BaHHbBIX
(OTOHOB HETIOJIIPU30BAHHBIMHU JICKTPOHAMH. PaccesHue moIsIpru30BaHHBIMU
JIEKTPOHAMH U TIOJISIPU3AITUS JICKTPOHOB OTAUH.
3anstue 3. Paccesinne ¢goToHA CBA3aHHBIM 3JIEKTPOHOM (pellieHune 3a1a4 ¢
odcy:kennem) (2 yaca)
Hucnepcuonnas gopmyina. PesonancHoe paccesinue. Mznydenne 1Byx OTOHOB.
3ansitue 4. Topmo3noe nznyvenue (o6cyxaenne B rpynmnax) (2 yaca)
D¢ dexTUBHOE CEUEHUE TOPMO3HOTO U3ITyUeHUsI. YTIOBOE pacipeiesicHUue
U3JIy4CHUS B KyJOHOBCKOM mosie. [Tossipusanus nznydenus. CieKTp U3TydeHHS.
OkpanupoBanue. [lorepst sHepruu Ha u3nydeHue. TodHast TeOpUs TOPMO3HOTO
U3Ty4eHUS B HEPEISTHBUCTCKOM oOnacTh. [lompaBka K c€UEHUIO TOPMO3HOTO
U3JTy4eHUs B OOPHOBCKOM MPUOIMKEHUHN TIPU KPaHE PEISITUBUCTCKUX YHEPTUSX.
ACHMIITOTHKA BOJTHOBOM (DYHKITMH 3JICKTPOHA B HEIIPEPHIBHOM CIIEKTpE.
3ansTue 5. U31yyeHue JJIMHHOBOJHOBBIX (OTOHOB (peleHue 3a1a4 ¢
odcy:kaennem) (2 yaca)
«udpakpacHas karactpoda». CeueHue paccessHUs IICKTPOHA ¢ U3TYYCHUEM
MsTKOTO poToHa. MccnenoBanue pacXoJuMOCTH B 001aCTH MajIbIX 4acToT.
KorepeHTHBIE COCTOSHUS MMOJISI H3TydeHUs. 3mydeHue MATKuX (POTOHOB TIpH
IIPOU3BOJIHHBIX CTOJIKHOBCHHUSX.
3ansTue 6. O0Opa3zoBaHue U AHHUTWISIUA 3JI€KTPOHHO-TIO3UTPOHHBIX MaP
(o6cy:xmenune B rpynnax) (2 yaca)
OO0pa3oBaHUE JIEKTPOHHO-TIO3UTPOHHOH Mapbl POTOHOM B MoJIe sijipa. TouHas
Teopusi 00pa3oBaHus napbl HOTOHOM B TOJI€ siapa BOIM3K nopora. [Tornpaska k



CEeueHUI0 00pa3oBaHus napbl POTOHOM B MOJIE siipa B OOPHOBCKOM IPUOIHKEHUU
IpU KpaitHe PeNSTUBUCTCKUX dHeprusix. OOpa3oBaHue mapsl AByMs (DOTOHAMHU.
[TpeBparmenue napsl B ABa Gorona. [lonsapuzanmonnsie 3pPexTs! mpu
IByX(OTOHHOM aHHUTHIIALMY TIap. Pacnag nmosutponus. [IpeBparienne napsl B
OJIUH (POTOH.

3ansiTue 7. PaccesiHue 3JIEKTPOHA M MO3UTPOHA YJIEKTPOHOM (pelleHue 3a1a4
¢ o0cy:kaeHHeM) (2 yaca)

PaccesHue anexTpoHa 31eKTpoHOM. PaccestHue no3uTpoHa 3JIeKTPOHOM.
PaccesHne nonsipu3oBaHHBIX 2JIEKTPOHOB. PaccesHre MI0OOHa dJIEKTPOHOM.
[IpeBpateHre 3JIEKTPOHHON Mapbl B MIOOHHYIO I1apy.

3ansTue 8. 3ana3abiBamollee B3aumMoaelicTBHe 3apsioB (00cyKIeHHE B
rpynmnax) (2 Jaca)

@DyHKIMSA B3aUMOJICUCTBUS ABYX 3apsI0B. 3aIa3AbIBAOIINE IOTEHLIAAIIBI.
OHeprus B3aMMOAECHCTBUS IBYX JIEKTPOHOB ¢ TOUHOCTbIO J10 V/2/c2.
B3aumonencTBre 3JIeKTpoHA ¢ O3UTPOHOM. [lo3utponuii.

3ansTue 9. MeToa SKBHBAJIEHTHBIX (poTOHOB (4 yaca)

CpaBHeHHE JuarpaMm, COAEPKAIUX peaabHbIi U BUPTYyalbHbIA (POTOHBL. YHCIO
HKBUBAJIEHTHBIX (POTOHOB. TOPMO3HOE U3ITy4YEHHE OBICTPOTO AIEKTPOHA B MOJIE
saapa. 3nmyueHue npu CTOJIKHOBEHUH JBYX JIEKTpOHOB. OOpa3oBaHue Naphbl
¢dotoHoM B nosie siapa. OO6pa3oBaHue Mapbl PU CTOIKHOBEHUH JBYX OBICTPBIX
YacTHII.

3ansTue 10. Paccesinne 3,1eKTpoHOB ajpoHamu (4 yaca)

DneKkTpoMarHuTHas BepiunHa agpona. @opmdakropsl. CeueHue paccessHusl.
DJIEKTpOMAarHuTHas CTpyKTypa yactuibl. Hapymenne C-mHBapHaHTHOCTH.

I1l. YYHEBHO-METOJUYECKOE OBECIIEHEHUE
CAMOCTOSTEJBHON PABOTHI OBYYAIOIIIUXCSI

Y4ebHO-MeTOAMIeCKOe oOecrieueHue CaMOCTOSITEIIbHON paboTHI
oOydaroruxcst 1o aucuuruinHe «KBaHTOBasi Teopusi TOJISH» MPEACTABICHO B
[Tpunoxenuu 1 u BKiItO4aeT B ceOs:

erJIaH-TpPaQUK BBHITIOJHEHUS CAMOCTOSITEIBHOW Pa0OTHI MO JTUCIUILIMHE, B
TOM YHCJIC TPUMEPHBIC HOPMBI BPEMEHHU Ha BBITIOIHEHUE 10 KAXIOMY 3aJIaHUIO;

®XapaKTEPUCTUKA 3aJaHUM JJIsI CaMOCTOSITEIbHOM pabOThl CTYJIEHTOB U
METOJMYECKHE PEKOMEH/IAIUU 10 UX BBITTOJTHEHUIO;

eTpeOOBaHMS K  TPEACTABICHUIO ©W  OQOPMIICHUIO  pEe3yJIbTaTOB
CaMOCTOSATENbHON pabOThI;

®KPUTEPUU OLICHKU BBITTOJIHEHUS] CAMOCTOSITENLHOM PaObOTHI.

IV. KOHTPOJIb TOCTU/KEHUS LEJEN KYPCA

‘ No ‘ KonTponupyemeie ‘ ‘ OueHOYHbIE CPENCTBA -




n/n | wmoxymu/ pazaenst / | Koambl u atansl popmupoBaHus HAauMEHOBAHUE

TEMBbI JUCIIUIINHBI KOMIIETEHIIUH TEKYIIMH  |[IPOMEXYTOUHas
KOHTPOJIb arrecranuda

1 (Pazmen 1. [1K-3, [3uaer Pabora Ha|3aqer,
KBanToBas [IK-4 |Ymeer CCMHHAPCKIX  1gomipoChI
MexaHuka oToHa Buancet SATITHAX Nel-6

2 |Pa3zpen 2. [IK-3, [3naer Pa6ora Ha|3ayer,
PensituBucTCKas [IK-4 |Ymeer CCMHHAPCKUX 3o 11poChI
KBAHTOBAS BJ'IaI[eeT 3aHATUAX NQ 7 _ 14
MEXaHHKa
AJICKTPOHA

3 |Pazgen 3. [1K-3, [3naer Pabora Ha|3ayer,
DnekrpomarautHoe |[IK-4 —|YMeer CCMHHAPCKIX  1gompoChI
B3aNMOJICHICTBHE Braneer SAHATIEX Ne 15-24

KoHTpoIbHBIE 1 METOIUUECKHE MAaTEPHUAIIbl, & TAKKE KPUTEPHUH U TTOKa3aTeNu
HEOOXOIMMBIE JIJIsl OLICHKW 3HAHUM, YMEHUH, HABBIKOB U XapaKTEPU3YIOLIUE ITAIIbI
dbopMupoBaHUs KOMIIETEHIIMA B  TIpollecC€ OCBOEHMsS  00Opa3oBaTeIbHOU
MpOrpaMMBbl MpecTaBiieHsbl B [Ipunoxkennn 2.

V. CIIMCOK YUYEBHOM JIUTEPATYPHI U UHOOPMAIIMOHHOE
OBECIIEYEHME JJUCIUITJINHBI

OcHoBHas JuTEparypa
(onexmponnwvie u newammvie uz0anus)

1. BaitaOepr, C. Kanrosas reopus osist. T.1. OOmiast Teopust [ DIeKTPpOHHBIHI
pecypc] / C. Baitabepr; mox pen. B.YU. XKykoBckoro ; mep. ¢ anri. B.Y.
KykoBckoro. — OnekTpoH. gaH. — Mocksa: ®@usmariur, 2015. — 648 c. —
Pesxxum noctyna: https://e.lanbook.com/book/91164

2. Jlannay, JI.JI. Teoperuueckas ¢usuka. T.4 KBaHnToBas aieKTpoAMHAMUKA
[DnexTpoHHBIN pecypc]: yueOHoe mocobue / JILJI. Jlanmay, E.M. Jludmmn. —
OnekTpoH. naH. — MockBa: @uszmatiaut, 2006. — 720 c. — Pexum npocryna:
https://e.lanbook.com/book/2237

3. Beprenec, C.H. Jlekuiuu mo KBaHTOBOM AJIEKTPOJUHAMHUKE [DIECKTPOHHBIN
pecypc]: yuebnoe mocobme / C.H. Bepremec. — DnektpoH. gaH. — Mockaa:

du3MaTInT, 2005. — 248 C. — Pexum JOCTyIA:
https://e.lanbook.com/book/48241

4. bopuepnc, P. E. KBantoBast Teopust nosis [Dnektponnsiii pecype] / P. E.
bopuepnc ; nep. A. SI. ManbueB. — DJEKTPOH. TEKCTOBBIE JIaHHbIE. — MOCKBa,


https://e.lanbook.com/book/91164
https://e.lanbook.com/book/2237

WMxesck: PerymsipHas u  XxaoTuuyeckas JAuHaMuKa, VDKEBCKMA UHCTUTYT
KOMITBIOTEPHBIX uccheaoBanuii, 2006. — 96 ¢. — 978-5-93972-627-6. — Pexum
nocryna: http://www.iprbookshop.ru/16540.html

5. lIemuk, A.M. KBanToBas Teopwsi mojisi B (pu3nMKe KOHICHCHPOBAHHOTO
coctosiHug [DnexkTpoHHbId pecypc] / A.M. llBenuk. — DNEKTpOH. JaH. —
Mocksa: ®uzmarmur, 2004, — 320 c¢. — Pexum  jocrymna:
https://e.lanbook.com/book/2714

6. O0ue NpUHIMIBI KBAaHTOBOW TEOpUU TOJST [DIEKTPOHHBIM pecypcl:
yaeoHoe mocobue / H.H. boromo6oB [1 np.]. — DnexktpoH. gan. — Mockaa:
du3MaTInT, 2006. — 657 C. — Pexxum JOCTyma:
https://e.lanbook.com/book/48239

7. Mengenes b.B. Hauana teoperuueckoit ¢puszuku. Mexanuka, Teopus MoJid,
DJIeMeHTBl KBAaHTOBOM MexaHuku. M.: ®wm3marimmr, 2007. - 600 c.
http://e.lanbook.com/books/element.php?pll_id=59454

JlonoJIHUTeIbHAS JIUTepaTypa
(onexmponnvie u neuammvie uzoanus)

1. Xenmu D., Tuppunr B. Dnemenrtapnas kBantoBas teopus mois. M.: NJI,
1963. 315 c.

2. bwépken JIx. /., Apemn C.JI. PenstuBucrckas kBanToBas Teopus. B 2-x
T. ToM 1. PensTuBucrckast kBantoBasi Mexanuka. M.: "Hayka", 1978. — 295 c.

3. beépken k. 1., Apenn C.JI. PenaruBuctckas kBanToBas Teopus. Tom 2.
PenstuBuctckue kBanToBbie mmoyist. — M.: Hayka, 1978. — 407 c.

4. Greiner W., Reinhardt J., Bromley D.A. Field Quantization. Springer,
1996. - 460 pages

5. bunenbkuit C.M. BBenenne B nuarpammuyio TtexHuky Deiinmana. M.:
Arommzpaar, 1971. - 215 c.

6. Paiinep JI. KanTtoBas Teopus noss. [Tnaton, — 509 c., 1998 r.

7. 3aiiman. J[>)x. CoBpemeHHasi KBaHTOBas Teopusi. M.: Mup, 1971. 288 c.

8. Ileckun M., llIpenep /1. Beenenue B kBaHTOBYIO Teoputo nois. 2001. 784

9. boromo6os H.H., llupkor JI.B. Kantossie noms. M3a.3, nonosx. 2005.
384 c.
Ilepedyensb pecypcoB HHGOPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOM CeTH
«HTEpHET»

1. http://arxiv.org/archive/hep-th
2. http://pdg.lbl.gov/
3. http://plato.stanford.edu/entries/quantum-field-theory/



http://arxiv.org/archive/hep-th

4. https://www.encyclopediaofmath.org/index.php/Quantum field theory
5. http://femto.com.ua/articles/part 1/1562.html

VI. METOAUYECKHUE YKA3AHUSA 110 OCBOEHUIO JUCHUIIJINHBI

JleKIMOHHBIE 3aHATHS OPUEHTHUPOBAHBI HA OCBEIICHHE BBOJHBIX TEM B
KOKJBIM pa3fien Kypca U MpU3BaHbl OPUEHTUPOBATh CTYACHTOB B IMpEJIaraeMoM
MaTepuaie, 3aJ10KUTh HayYHbIE U METOJIOJOTUYECKHE OCHOBBI JIJISl JalibHEHIen
CaMOCTOATENbHON pabOThI CTY/ICHTOB.

BaxxHoii siBisieTcsi camocTosiTeNbHas padoTa mo Kypcy. B xome 3Toit paboTs
CTYJIEHThl OTOMpPAIOT HEOOXOJMMBIM MaTepuand MO H3y4YaeMoOMYy BOMNPOCY U
aHANMM3UPYIOT ero. [Ipu MoAroTOBKE K 3aHATHUSAM CTYICHTHI MOTYT IOJIB30BATHCS
paboueii mporpaMMoi y4eOHOM TUCUHUILIUHBI, a TAK)XKE CIPABOYHOU JIUTEpaTypoil
U JApYyruMu nocoousiMu (yueOHUKaMH, Y4COHBIMU MMOCOOUSIMHU, PEKOMEHI0BAaHHOM
JUTEPATYPOU U T.I1.).

[Tpu mpoMeKyTOUHOM aTTECTaIllMu JI0 IK3aMeHa JOJKHBI C/IaTh BCE OTUYETHHIE
paboTHI M MOTYYUTH TOMYCK K K3aMEHY.

Vil. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE
JANCIUIIJINHBI

AyIuTOopHs U YTEHUS JISKIUH U TPOBEACHUS IPAKTUICCKUX 3aHITHH:

nepcoHainbHbIl KoMibioTep Lenovo ThinkPad E125 ¢ nuneH3unoHHBIM U
CBOOOTHBIM TIporpaMMHBIM oOecnieueHuem — MS PowerPoint 2007 u Acrobat
Reader XI;

npoekrop Benq MP770;

IIEPEHOCHOM DKPaH.
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ILinan-rpaduk BoINOJHEHHUSI CAMOCTOSITEIbHON PadoThl O AUCIHUILINHE

Jara/cpoxkn Bun Ipumeprie
Ne BBINOJIHEHUS CaMoOCTOSITeIbHOM HOPMBI ®opma KOHTPOJIS
BpeMeHH Ha
padoThI
BBIIIOJIHEHH e
1 1 Henena IToaroroBka x Pabota Ha cemuHapckux
CEMHUHApPCKUM 10 yacos 3aHSTHSIX
3aHATUAM
2 2 Henens [ToaroroBka k Pabora Ha ceMuHapCKUX
CEMHHApPCKUM 10 yacoB 3aHATHUAX
3aHATUAM
3 3 Henens ITonroroska k PaboTa Ha ceMuHapCKUX
CEMHUHApPCKUM 10 yacos 3aHSITHSIX
3aHATUAM
4 4 "enens [Togroroska k Pabora Ha ceMMHapcKux
CEMHHapCKUM 10 gacoB 3aHATHUAX
3aHATUSAM
5 5 "Henmens IloxroroBska k Pabota Ha ceMuHapCcKux
CEMHUHApPCKUM 10 yacos 3aHSTHSIX
3aHATUAM
6 6 Henens [Togroroska k Pabora Ha ceMuHapcKux
CEMHHApPCKUM 10 gacoB 3aHATHUAX
3aHATHSAM
7 7 Henens IToaroroska k PaboTa Ha ceMUHapCKUX
CEMHHApPCKUM 9 yacoB 3aHATHUAX
3aHATUAM
8 8 Henens ITonroroBka k Pabora Ha ceMUHapCKUX
CEMHHApPCKUM 9 gacoB 3aHSTHSIX
3aHATUSAM
9 9 nenens [Togroroska k Pabora Ha ceMHHapcKux
CEMHHAPCKUM 9 yacoB 3aHATHUAX
3aHATUAM
10 | 10 Hegens [TonroroBka k PaboTa Ha ceMUHapCKUX
CEMHHAPCKUM 9 yacoB 3aHATHUAX
3aHATHSIM

XapakTepucTHKA 3aJaHUH VISl CAMOCTOSATEIbHON Pad0ThI CTYICHTOB U

METOAUICCKHUEC PCKOMCHAAIUH 110 UX BBINNOJIHCHHUIO

CamocrosTenbHas pa60Ta ImoMoracT CTyJACHTaM:

1) oBnaneTh 3HAHUSMU:

- YyTeHHe TeKcTa (yueOHUKa, MePBOUCTOYHHKA, TOTIOJHUTEIBHON JTUTEPATYPHI

U T.J.);




- COCTaBJICHUE IUIaHA TEKCTa, rpaduyeckoe N300paKeHUe CTPYKTYphl TEKCTA,
KOHCIIEKTUPOBAHHUE TEKCTA, BHIMUCKHU U3 TEKCTA U T.J.;

- paboTa co CpaBOYHUKAMH U Jp. CIPABOYHOMN JIUTEPATyPOH;

- HCIIOJIb30BAHUE KOMITBIOTEPHOU TeXHUKU U HTEepHETa U Jp.;

2) 3aKpeIUIATh U CUCTEMATU3UPOBATh 3HAHUS:

- paboTa C KOHCIIEKTOM JIEKIIUH;

- 00paboTka TeKkcTa, HOBTOpHAs paboTa HaJl y4eOHBIM MaTEepHaIoOM yueOHHUKa,
NEPBOMCTOYHUKA, JOMOJHUTEIBHOM JINTEPATYPHI, ayAUO U BUIE03aINCEN;

- IOATrOTOBKA IUIAHA;

CamocrosiTenbHass paboTa MOXKET OCYIIECTBIATHCS HHIWBHAYAIbHO WIIN
IpyINIIaMUd CTYJEHTOB B 3aBUCUMOCTH OT LEIH, 00bE€Ma, KOHKPETHOM TEMaTUKH
CaMOCTOSITENIbHOM pabOThl, YPOBHSI CJIOKHOCTH U YPOBHSI YMEHUN CTYJIEHTOB.

KoHTponb pe3ynbTaToB CaMOCTOSTENBHOW pabOThl CTYJEHTOB JOJIKEH
OCYILECTBISATHCS B Ipeneiax BPEMEHU, OTBEJECHHOTO Ha 00s3aTelibHbIE yuyeOHbIE
3aHATUS U BHEAYAUTOPHYIO CAMOCTOSTENbHYIO padOTy CTYACHTOB M0 AUCLUUILIMHE,
MO>KET MPOXOAUTh B TUCbMEHHOM, YCTHOM WJIM CMEIIaHHOM (hopMme.

CamocrosiTenbHas paboTa Ha JEKIHH

Cnymanue W 3amucCh JIEKIMM — CIIOKHBIM BHUJ BY30BCKOM ayJIMTOPHOMU
paboTbl. BHUMaTenbHOE CilylIaHME W KOHCIIEKTUPOBAHME JIEKUUN Ipenroiaraer
MHTEHCUBHYIO YMCTBEHHYIO JI€ATEIBHOCTh CTyAeHTa. KpaTkue 3anucu JeKuni, ux
KOHCIIEKTUPOBAaHME MOMOTaeT YCBOUTHh y4eOHbI maTtepuan. KoHcnekT sBisercs
IIOJIE3HBIM TOT/A, KOT/1a 3allMCaHO CaMO€ CYIIECTBEHHOE, OCHOBHOE U CIIEJIAHO 3TO
camMuM cTyJeHToM. He Hago cTpeMuThCs 3amucaTh IOCIOBHO BCIO JEKLHIO. Takoe
«KOHCHEKTUPOBAHUE» MPHUHOCUT OOJbIIE BpEIa, YE€M IMOJIb3bl. 3alUCh JIEKIUN
PEKOMEHJYeTCsl BECTH [0 BO3MOXKHOCTH COOCTBEHHBIMU (HOPMYIUPOBKAMHU.
KenaTenbHO 3aIUCh OCYIIECTBIISATH HA OJJTHOM CTPaHHUIIE, a CIEAYIONIYIO OCTABIIATh
U TpopabOTKK Y4eOHOro marepuana CaMOCTOSITENIBHO B JTOMAIIHUX YCJIOBUSIX.
KoHcnekT nexkuuu mydine MNoAapa3AensTh Ha MyHKTHI, maparpadsl, cobOuronas
KpPacHyl0 CTPOKY. DTOMYy B OOJBIIONW CTENEeHH OYyIyT CIHOCOOCTBOBATH IMYHKTHI
iaHa JeKUWU, TMpeUIoKEHHbIEe TmpenojaBareysaM. lIpuHIMONAIbHBIE MecCTa,
onpeneneHus, (GopMylbl W JApPYyroe CleayeT CONPOBOXAATh 3aMEYAHHUSIMHU
«BAXHOY», «0CO00 BaKHOY», «XOPOILIO 3alIOMHUTH» U T.N. MOXKHO AENaTh 3TO U C
MOMOILbIO PA3HOLBETHBIX MAapKepoB uiu pyuek. Jlyume eciu oHM OyayT
COOCTBEHHBIMHU, YTOOBI HE MPHUXOAWIOCH IMPOCUTh UX Yy OJHOKYPCHHUKOB M TEM
caMbIM HE OTBJIEKaTb HUX BO BpeMs Jekuuu. llenecoobpa3Ho pa3paboraTh
COOCTBEHHYIO «MapKorpaduio» (3HA4KHA, CHUMBOJBI), COKpamieHus cioB. He
JUIIHUM OyJneT M Uu3ydeHHe OCHOB cTeHorpaguu. Paboras Hajg KOHCIEKTOM
JEeKIUH, BCErja HEOO0XOAMMO HCIOJIb30BATh HE TOJBKO YUYEOHHK, HO U Ty
JUTEpaTypy, KOTOPYIO AOINOJIHUTENBHO PEKOMEHA0BaN JekTop. VIMeHHO Takas



cepbe3Has, KpOoroTiuBasi padoTa C JIEKIMOHHBIM MaTEPUAIOM IMO3BOJIUT ITyOOKO
OBJIJIETh 3HAHUSIMU.
Pabota ¢ nuTepaTypHbIMH HCTOYHUKAMHU

CamocrosTenbHas padoTa ¢ yueOHUKaMu, y4eOHBIMU MOCOOMSIMU, HAy4YHOH,
CIIPAaBOYHOM U MOITYJISIPHOM JTUTEpaTypOr, MaTepUaiaMu MEPUOJUNYECKUX U3TaHUN
u MutepHera siBnsiercs HamOosee 3PGEKTUBHBIM METOAOM MOJIYYCHHsS] 3HAHUMH,
MO3BOJISICT 3HAYMTENIbHO AaKTUBU3UPOBATHh IMPOIIECC OBJIaACHUS HH(OpMaIueH,
CIIOCOOCTBYET Oo0Jiee TIIyOOKOMY YCBOEHHUIO M3y4aeMoro Marepuaia, popMupyer y
CTYICHTOB CBO€ OTHOIICHHE K KOHKpeTHoW mpobieme. bomnee riaybokomy
PacKpBITUIO  BONPOCOB  CIOCOOCTBYET  3HAKOMCTBO C  JOMOJHHUTEIHHOU
JUTEPATYPOH.

TpeOoBaHus K NpeACTABJICHHUIO U 0()OPMIICHHUIO Pe3yJIbTAaTOB
CaMOCTOAITEILHOI padoThI

TpeOoBaHUs K KOHCHIEKTY JJIs MPAKTUYECKUX 3aHITHI:

1. HomxeH ObITh B OTACIBHON TETPau, IOAMUCAHHBIN.

2. O0s3aTenpbHO MUCATh TUIAH 3aHATHUS C YKa3aHUEM TEMbI, BOIIPOCOB, CIMCKa
JUTEpaTypbl U UCTOYHUKOB.

3. Orpaxarp mnpoOJeMaTHKy BCEX IIOCTaBJICHHBIX BOIMPOCOB (aHAIH3
HUCTOYHUKA, JINTEPATYPHI).

4. HWmMerp 1O  HUM  apryMEHTUPOBAaHHBIE  BBIBOJIBI. CnoBo
«apTyMEHTUPOBAHHBIC) SBJISIETCS KJIKOYEBBIM. [ JTaBHOE - I0Ka3yeMOCTh BBIBOJIOB.

Kputepuu o1ieHKH BBITIOTHEHUSI CAMOCTOSITEIbHONU PabOTHhI

KoHTpobs caMocTosTeTbHOM pabOThl CTYJEHTOB MPEyCMaTPUBACT:

* COOTHECEHHE COJEPKaHMsI KOHTPOJIS C LIEJISIMA 00YUYEHUS;

* 00BEKTUBHOCTh KOHTPOJIS;

* BUIUJTHOCTh KOHTPOJISI (COOTBETCTBUE MPEABIBISEMbIX 33JJaHUN TOMY, UYTO
MPEAIO0IAraeTcsi IPOBEPUTH);

* tuPepeHIMaII0 KOHTPOILHO-U3MEPUTEIHHBIX MATEPHAIIOB.

DopMBI KOHTPOJISI CAMOCTOSATEITLHOU PaOOTHI:

* PaboTa Ha cCeMUHAPCKUX 3aHATHUSIX .

Kpurepuu oLieHKH pe3yJbTaTOB CaMOCTOSTENbHON PabOThI

KpurepusiMmu o11eHOK pe3yJbTaTOB BHEAYAUTOPHON CaMOCTOSATENBHON pabOThI
CTYJI€HTA SIBJISIOTCSI:

* ypOBEHb OCBOEHUS CTYJEHTOB yUeOHOT0 MaTepHaa,;

* chopMUPOBAaHHOCTH OOIICYUCOHBIX YMECHHUIA;

* yMEHHMsI CTYy[ICHTa aKTUBHO HCIOJb30BaTh JIEKTPOHHBIE 00pa30BaTEIbHBIC
pecypcbl, HaXOauTh TpeOyrolytocs UHPOPMALIMIO, U3y4aTh €€ U MPUMEHSATh Ha
MIPaKTHUKE;

* 000CHOBAaHHOCTb U YETKOCTh U3JI0’KEHHUS OTBETA,;

* o(hopmIIeHHE MaTepuaia B COOTBETCTBUU C TPEOOBAHUSIMU;



* yMEHHME OPUEHTHUPOBATHCS B TOTOKE MH(OPMALIUH, BBIEISTH [JIABHOE;

*yMEHHE YETKO CQOpMYIHpOBaTh MpoOJeMy, MNPENJIOKUB €€ pelICHHE,
KPUTUYECKHA OLIEHUTH PEIICHUE U €r0 MOCIEICTBUS;

* YyMEHUE TIO0Ka3aTh, MPOAHAJIU3UPOBATh AJIBTEPHATUBHBIE BO3MOKHOCTH,
BapUaHTHI JCUCTBUM;

* yMeHHE C(hOPMHUPOBATH CBOIO MO3ULIMIO, OLIEHKY U apTYMEHTHUPOBATH €€.
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MMHHUCTEPCTBO OBPA3OBAHMS 1 HAYKH POCCHUMCKON ®EJIEPALINN
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MMacnopt ®OC

Koa u ¢popmynnpoBka JTtansl (OPMUPOBAHUA KOMIETEHIMH
KOMIIeTEeHIIUH
[1K-3 CriocobHOCTH TEOPETUYECKHE OCHOBaHUs KBaHTOBOM
IKCIUTyaTHPOBATh U 3uaer HNIEKTPOJMHAMHKH; OCHOBHbIE (DU3NYECKUE CUCTEMBI U
00CITy>)KUBATh 3aKOHBI, OIIUCHIBAEMbIE KBAHTOBON TECOPUEH ITOJIS.
COBPEMEHHYIO v
pemarp THUIIOBBIC 3a71a4un KBaHTOBOU
¢buznveckyro VMmeeT
AIIEKTPOAMHAMHUKHU.
anmaparypy u
o0opynoBaHue Braseer TOYHBIMHU M TPUOIMKEHHBIMA METOAaMU KBaHTOBOM
AIICKTPOJMHAMHUKH.
[1K-4 Crioco6HOCTB IPEIIIOCBHUIKY CO3/1aHNs KBAaHTOBOH 3JIEKTPOIMHAMUKHY;
MOHUMATh U U3JIaraTh 3HaeT MaTeMaTUYeCKUi anmapar KBaHTOBOM
MOJTy4aeMyto DIIEKTPOAMHAMHUKH.
UHQOPMAIHIO U IPOBOJINUTH YHCICHHBIE PACYETHI COOTBETCTBYIOLINX
MPEICTABIIATh Ymeer (U3NIECKUX BETUYMH B OOIIETIPUHATHIX CUCTEMaX
PE3YNBTaThI SIIMHHIL.
buznecknx Braneer HaBBIKAMHU CAMOCTOSITEIILHON padOTHI C Y4eOHOH U
MCCIIeJOBaHHH HAYYHOH JIUTEpaTypoil.
Ne Konrtponupyemsie OueHouHblE CpeacTBa -
n/m | ™oaynu/ pasnensl / | Komsl u atanbsl popmupoBaHus HaMCHOBAaHHE
TEMbI UCHUTUINHBI KOMIIETEHIIH TEKYIUH  |IpOMEXyTOoUuHast
KOHTPOJITh aTTecTanus
1 |Pasnen 1. [IK-3, [3naer Pa6ora Ha|3ayer,
KBanroBas [IK-4  |Ymeer CCMUHAPCKUX g o11pOCHI
Bmaneer 3aHATHUAX
MexaHHuKa (pOoTOHA A Nel-6
2 |Pasgen 2. [IK-3, [3maer Pabora Ha|3ayer,
PensruBucrckas [IK-4 |Ymeer CCMUHAPCKUX 1 gompoChI
Brnaneer 3aHATUAX
KBaHTOBAas A Ne7-14
MEXaHHUKa
AIEKTPOHA
3 |Pasnen 3. [IK-3, [3maer Pa6ora Ha|3ayer,
DnexrpomarautHoe |[IK-4 —|YMeeT CCMUHAPCKUX | go1poChI
. Bmaneer 3aHATUAX
B3aHMMOJICHCTBHE g Ne15-24

IIkaJjia oueHUBaHUs YPOBHA ¢POPMHPOBAHHOCTH KOMIIETEHIIM I

Koa n Irtansl GOPMUPOBAHHUA KOMIIETCHIHMH |KPHTEPHH NoKAa3aTe/u 0aJ1IIBI
¢hopmynnpoBka

KOMIeTeHInN

[TK-3 Cnoco6HOCTH TEOPETUICCKUE 3HaHue CrocoOHOCTH 45-64

IKCILTyaTupoBars u |SHACT

O6CH)WKHB3TB (HOpOFOBLHl SJICKTPOJANHAMHUKH, OCHOBaHﬂf 0XapakTepU30BaTh
COBPEMECHHYIO BCHb OCHOBHBbIC N3NYCCKUC | KBAHTOBOU

P Y ypose ) (1) TCOPECTUYCCKHUC
(bH?)I/IquKyI() CHUCTCMbI )48 3aKOHBI, | JICKTPOAUHAM

OCHOBAaHUA

KBaHTOBOI | TCOPETHICCKHC |epednCITHTh U




anmaparypy
o0opyoBaHue

OIMMCEIBAaEMbIC
KBaHTOBOM
OJISL.

Teopuei

UKU; OCHOBHBIE
¢dusnyeckne
CUCTEMBI u
3aKOHBI,
OINUCHIBAEMBIE
KBaHTOBOH
TEOpUEH MOJIA.

OCHOBaHUSI KBAaHTOBOI
AIIEKTPOAUHAMUKH;
OCHOBHEBIE (pr3mdecKme
CHUCTEMBI U 3aKOHEI,
OTIMCHIBAEMBIC
KBaHTOBOU Teopuen
OJISL.

Ymenue CrocobHOCTh pemiath  |65-84
pemartb THUIIOBBIC 3aJa4H
pelaTh THIIOBBIC 3a1a4YH | THIIOBBIC KBAHTOBO
ymeer KBaHTOBOI 3a7a4u SIEKTPOHHAMHKH
(IpoBHHY TEIi) SIIEKTPOMHAMHUKH. KBaHTOBOM '
AIEKTPOANHAM
HKH.
CrrocoOHOCTD 85-100
Bnagenune
N TOYHBIMI H MIPUMEHUTH TOYHEIC U
TIPUOITNKECHHBI NPHOTIKCHHBIC
BJIaaceT MPUOIMKCHHBIMU o
. . |Mm MeromamMm |METOIbI KBAaHTOBOM
(BBICOKHIA) METOIaMU KBaHTOBOM .
KBaHTOBOM AJICKTPOAMHAMHUKH MIPH
3JEKTPOIMHAMUKH.
SICKTPOIUHAM |periieHHH KOHKPETHBIX
VIKH. 3a7ad4.
3HaHne CriocoOGHOCTD 45-64
HPEANOCBIIOK  |r1epednCauTh U
CO3JIaHUsI
IIPEANOCHIIKU CO31aHuUs A N 0XapaKTepHU30BaTh
KBaHTOBOI KBaHTOBOH TIPEAIOCHIIKH
sHact AJIEKTPOJIUHAMUKU, HICKTPOAMHAM i
(IIOPOTOBBbIiA pon Ka, VK CO3JaH1sI KBAHTOBOU
MaTeMaTHYECKUIA .
YPOBEHB) . MaTeMaTHueck |2ICKTPOJMHAMHUKH;
ammapar KBaHTOBOM N .
MU anmapar MaTEeMaTHUYCCKUU
3JEKTPOJUHAMUKH. N .
KBaHTOBOI amnmapar KBaHTOBOMH
SNEKTPOMHAM  |371eKTPOJUHAMHKH.
ITK-4 CriocoGHOCTE HKHU.
MOHUMATh U Vmeer CriocoOHOCTD 65-84
usJjiarathb NPOBOJIUTH MPOBOIUTH YHUCIICHHbIC
MTOYYAEMYIO YUCJIEHHBIE
y y MIPOBOJIUTH YNUCIICHHbIE pacyeThl
HHPOPMALIHIO U pacueTbl
pacueTsbl COOTBETCTBYOIIUX
HPEACTABIIITE yMmeeT COOTBETCTBYIOIIUX COOTBETCTRYIO
pe3yITBTaThl ( i |6 yIom| X ¢u3UYecKrX BEJIUMYUH B
MPOABUHYTHIN W3UYECKUX BEIUYMH B
dbusnueckux POABHHY A du3HYeCKIX OOIENPHHATHIX
I/ICCJ‘ICI[OBaHI/Iﬁ merp BEJIMYUH B CHUCTEMAX €IUHUII.
CHCTEMAX €IMHHIL.
OOIICTIPHHSTHIX
crucTeMax
€JIUHUIL.
CnocoOHOCTh 85-100
Bnageer
HaBBIKAMU HaBBIKAMU HPOAEMOHCTPUPOBATD
BIIAJECT CaMOCTOSITEIbHOM CaMOCTOSTENbH |HaBBIKH
(BBICOKHIA) paboTsI ¢ yueOHOH Ol paboOTBI C  |CAMOCTOSITETIHHOM
JUTEPaTYPOH. yueOHOH paboThI ¢ yueOHOU U
JMTEPATYPOU. |\ yayynoii uTepaTypoil.

MeToanveckue peKOMEHIAlMU, ONpeae/sAlIe NPoueayPbl OLeHUBAHMS

pPeE3yabTaToB OCBOCHHUA TUCHHUIIJINHBI

[IpomexxyTouHass arrecTtanus OOYYalOMUXCS TO YYeOHOW NHUCIMIUINHE

OCyHICCTBJICTCA B paMKax 3aBCPHICHUA HW3YUYCHUA I[aHHOﬁ JUCHUIIIIMHBI H




MO3BOJISICT ONPE/CIIUTh KA4eCTBO M YPOBEHb €€ OCBOCHHS. [IpenMeToM OIeHKH
OCBOCHUS SBJISIOTCS YMEHUS U 3HAHUSI.

[IpomexxyTouHast arrectanus OOYYaroONIUXCsl OCYIIECTBISIETCS B (opme
9K3aMEHAa W  II03BOJIACT  ONPEACIIUTh  PAa3BUTHE OOMIMX  KOMIICTCHIIHIA,
npenxycmotpeHHbix mist OIIOIL. YcioBuem Jomycka K JK3aMEHY  SIBJISETCS
YCIICIITHOE OCBOCHHME OOYYAIONIUMHUCS BCEX DJIEMEHTOB JUCIUIUIMHBI (BBITIOJTHEHUE
U cJlada BCeX KOJUIOKBHYMOB M KOHTPOJIBHBIX PadoT).

Texyuii KOHTPOJIb YCIIEBAEMOCTH OCYIIECTBIISICTCS B XOJ1¢ TIOBCEHEBHOM
yaeOHOU pabOThI IO KypCy AMCIHHILTHHBL. J[aHHBII BHI KOHTPOJISI CTUMYJIAPYET Y
00yYaromuxcst CTpPEMIICHHE K CHCTEMaTHYECKOW CaMOCTOSTEIBHOM padoTe o
U3YYCHUIO YICOHOM TUCITUIUIMHBI, OBJIAJICHUIO OOIIMMH KOMITCTCHITUSMHU.

BOIIPOCHI K 3AYETY no aucuuminne « KBanrosasi
JIEKTPOANHAMHUKA»

. YpaBHenust MakcBenna
. BomnoBas ¢pynkuus gorona
. MomeHT kosinyecTBa JBUKEHUA (PoTOHA
. CucnByx ¢hOTOHOB
. KBaHTOBaHME 3JIEKTPOMAarHUTHOTO MOJIS
. CunrynspHble QyHKIMH, CBSI3aHHBIE C BOJTHOBBIMU MOJISIMU
. YpaBHeHue [{upaka
. CBolicTBa MHBAPMAHTHOCTH ypaBHeHUs [[npaka
. CBOOOIHBIN AIEKTPOH

© 0o ~NN N B~ W=

10. /IBmwxeHre 3IeKTPOHA BO BHEIITHEM TTOJIC

11. PaccesiHue 3eKTPOHOB

12. TlpenenpHbIC IEPEXOIbI K HEPEISATUBUCTCKON KBAHTOBON MEXAHHUKE U
PETATUBUCTCKOMN KIIACCUYECKON MEXAHUKE

13. PenITUBUCTCKY MHBapUAHTHBIC YPABHEHHUS TTOJICH

14. KBaHTOBaHME 3IEKTPOHHO-TIO3UTPOHHOTO TOJIS

15. OcHOBHBIC ypaBHEHHS] KBAHTOBOM AJIEKTPOAUHAMUKHU

16. MaTpuna paccessHus

17. I'paduueckoe mpeacTaBiIeHNE dJIEMEHTOB MaTPUIILI PACCESTHUS

18. BeposaTHocTh U 3P (HEKTUBHOE CEUCHUE

19. CBoiicTBa CHMMETPHUH IIEKTPOMATHUTHOTO B3aMMOICHCTBHSI

20. CtpyKTypa AuarpaMm MaTpHIIbl paccesHus

21. ®ynkuuu ['prHa B3aMMOICUCTBYIOMIUX TOJIEH

22. IlepeHOPMUPOBKA MACCHI U 3apsiia dJIEKTPOHA

23. PacXoJIMMOCTH B MaTpPHIIE PACCEIHUS U UX YCTPAHEHUE



24. AcumnitoTndeckue cBoiicTBa GyHKuMid ['prHa U rpaHuilbl TPUMEHUMOCTH
KBAHTOBOM 3JIEKTPOAUHAMUKHU

KpuTtepum onieHKH Ha 3a4eTe M0 JUCHUIIIHHE
«KBaHTOBasl J1eKTPOAUHAMHUKA»

OreHKa «3a4TEHO» CTaBUTCS, €CJIM OTBET OOHAPYKMBAET MPOYHBIC 3HAHUS
OCHOBHBIX TPOIIECCOB M3y4aeMOW MPEIMETHOW 00JIACTH, OTIIMYAETCS TIYOMHOU U
TIOJTHOTOM PAaCKPBITHS TEMBI; BIaJICHHE TEPMHHOJIOTHUYECKUM aIllapaToM; YMECHHE
OOBSCHATH CYIIHOCTh, SIBJICHUH, TMPOIECCOB, COOBITHUH, [eJIaTh BBIBOIBI U
00001IeHNs, JaBaTh AapryMEHTHUPOBAHHBIE OTBETHI, MPUBOAUTH IPHUMEPHI;
cB0OOIHOE BJIQ/ICHHE MOHOJIOTHUECKOH peybio, JIOTUYHOCTH u
MOCJIeIOBAaTEIbHOCTh OTBeTa. OJHAKO JOMyCKAaeTCsl OJIHA - JIBE HETOYHOCTH B
OTBETE.

OneHka «HE 3a4TEHO» CTAaBUTCS, €CIM OTBET OOHAPYKMBAET HE3HAHHE
MPOILIECCOB M3y4yaeMOW TMPEAMETHOW 00JIacTH, OTJIMYAIOIIUNCI HErIyOOKUM
PacCKpBITHEM TEMBI; HE3HAHUEM OCHOBHBIX BOTIPOCOB TEOPHH,
HeC()OPMUPOBAHHBIMYA HaBBIKAMH aHAIHM3a SIBJICHHUH, IIPOIIECCOB, HEyMEHHEM
JaBaTh apTryMEHTHUPOBAHHBIC OTBETHI, CJIA0BIM BJIQJCHHEM MOHOJIOTHYCCKOM
peublo, OTCYTCTBMEM JIOTUYHOCTM U TOcienoBarenbHocTH. Jlomyckarorcs
Cepbe3Hble  OMMOKM B  COACp)KAHWM OTBETa; HE3HAHHUE COBPEMEHHOM
poOIeMaTHKN U3y4aeMoil 001acTH.
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