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AHHOTANMA
T'onoBoit kypc no "KBaHTOBOI1 31eKTpoarHAMUKe " TOCBSIILIEH:
- H3YyYCHHMIO MaTEMAaTHYECKOIrO alapara KBaHTOBOM MEXaHMKH M HEPABHOBECHOW KBAaHTOBOM KHHETHKH
MPUMEHUTENBHO K 3a/1a4aM HaHO(PU3UKH;
- M3YYEHHIO. METOJIOB peIIeHHs 0a30BBbIX 3aJad TEOPHU 3JIEKTPOHHOTO TPAHCIOPTa B ME30CKONUNYECKHX
HaHOCHUCTEMAX;
- M3YYCHHMIO TPAHCIOPTHBIX CBOWCTB KBAHTOBBIX IPOBOJIOK (B TOM YHCIE YIVIEPOIHBIX HAHOTPYOOK),
KBAaHTOBBIX TOUEK, 03¢()COHOBCKHUX KOHTAKTOB M HAHOCHCTEM C CHJILHBIMH JJIEKTPOHHBIMU KOPPEISLUSIMH
(xynoHOBCKOH 010Ka01);
- OBJIAJICHUIO CTYJEHTAaMH METOJaMU HEPABHOBECHON KBAaHTOBOM KHHETHKH JUIsl ONMCAHUS CBOMCTB
pa3IMYHBIX KOHKPETHBIX (PM3MUECKHMX HAHOCHCTEM.B Kypce m3nararorcss KaueCTBEHHBIC METOIbI PEIICHUS
ypaBHeHus: HaBbe-CTokca Asisl pa3nuyuHbIX 33134 THAPOAMHAMUKH. Lenb TuCuMITINHbL:
JaTh CTyJIEHTaM 3HaHHsA B 0O0JAacTH OMMCAaHUS PA3JIMUYHBIX KBAHTOBBIX (PU3MUYECKUX SIBICHUH M METOIBI
IIOCTPOEHHUSI COOTBETCTBYIOIIMX MaTeMaTHUECKUX MOJEJEH, [10Ka3aTb COOTBETCTBUE U HEIPOTUBOPEUUBOCTD
CUCTEMBI IOCTYJIATOB, IOJOXEHHBIX B OCHOBY KBAHTOBOW TEOpPWH, CYIIECTBYIOIIUM JKCIEPUMEHTAIbHBIM
JAHHBIM, 4YTO IIO3BOJISIET CUUTATh TEOPUIO JOCTOBEPHOM. JlaTh HABBIKHU, TO3BOJISIOIINE IIOHATH aJ€KBaTHOCTD
TEOPETHUECKON MOAETN COOTBETCTBYIOIIEMY (DU3MUECKOMY SIBICHUIO.

1. leau u 3apauu

eap AUCUMNIMHBI
JlaTh CTyJeHTaM 0a30Bble 3HAHHUS HEOOXOAUMBIC JUIS MOHUMAHUS Pa3THYHBIX (GU3NYECKHUX SIBICHUN B
HaHOQU3WKE W HABBIKH, IIO3BOJISIONINE TIOHATh, KaK aJEKBAaTHOCTh TEOPETUYECKOW MOIEIH
COOTBETCTBYIOIIIEMY (PH3MUECKOMY SIBICHHWIO, Tak M e€ Mpeesibl MPUMEHHUMOCTH; IOKa3aTh, B 4eM
0COOEHHOCTh (PM3WKHM Ha HAHO M ME30 MaciiTadax 1Mo CPaBHEHHUIO C MAKPOCKOMHMYECKON U (DHU3UKOW;
MO3HAKOMHTh C WHHOBAIIMOHHBIMH TPUIOKEHUSIMI HAHOQU3UKHA B BBICOKOTEXHOJOTHYHBIX OTPACIIsX
MIPOMBIIIIEHHOCTH U 0OPUCOBATH TIEPCIIEKTHBY NATLHEHIIIETO Pa3BUTHS HAHOTEXHOJIOTHH.

33)13‘11/[ JAUCHUIIINHBI
° HN3YyUCHUC MATCMATUYCCKOI'0 arrapara KBAaHTOBOM MEXaHUKU U HepaBHOBeCHOI\/’I KBaHTOBOM
KMHCTHKH MPUMEHUTCIIbHO K 3a/1a4aM HaHO(I)I/ISI/IKI/I;

* M3y4eHHE METOJIOB pelIeHHs 0a30BbIX 3a/a4 TEOPUHU 3IEKTPOHHOTO TPAHCIIOPTa B ME30CKONNYECKUX
HAHOCHCTEMaX;

*  M3y4YCHHUE TPAHCHOPTHBIX CBOMCTB KBAHTOBBIX IPOBOJIOK (B TOM YHCJIE YIIIEPOAHBIX HAHOTPYOOK),
KBAaHTOBBIX TOYEK, HKO3C()COHOBCKMX KOHTAKTOB M HAHOCHUCTEM C CHJIBHBIMH 3JEKTPOHHBIMHU
KoppessusiMy (KyJIOHOBCKOH O10Kan0k);

* OBJAJieHHE CTYIEHTAaMH METOJaMH HEPaBHOBECHON KBAaHTOBON KHMHETHKH JIsI ONHCAHHS CBOMCTB
Pa3TUYHBIX KOHKPETHBIX (PU3NIECKUX HAHOCHCTEM.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

Kon 1 HamMeHOBaHNE KOMITETEHITUT WHIuKaTopsl JOCTHKEHUST KOMITETEHITUI
OIIK-1 Bnaneer cucremoit pynnamentanpapix |OIIK-1.1  3Haer ®  CcHOCOOGH  HMCHONB30BaTh B
HAyYHBIX 3HAHHI B O0JIACTH npoeCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
(hM3UKO-MaTeMaTHIEeCKUX HAayK Hay4YHbIC 3HAHUA B 0071aCTH (PU3UKO-MATEeMATHICCKUX HAYK

OIIK-2 Nmeet npeacrasnenne o6 akryanbHbix |OITK-2.1 UMeeT npencraBieHne 0 COBPEMEHHOM COCTOSIHUT
npoOiieMax HayKd M TEXHUKU B OOJIaCTH CBOGH |MCCIIEOBaHMI B paMKaX TEMaTW4eckod o00JacTh CBOEH
poeCCUOHANTBHON I TENFHOCTH, CIIOCOOCH  |Tpo(heCcCHOHATBHOM JIeATENLHOCTH

Ha HAayYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-3 CniocobeH BbIOMpaTh 1 (MIIN) OIIK-3.1 CrocobeH aHamu3upoBarTh 3ajady, MJIAHUPOBAThH
pa3pabaThIBaTh MOJIXO/BI K PEIICHHUIO TUIIOBBIX |IIyTH pEIICHHs, NpemiaraTh U KOMOWHHPOBAThH CIOCOOBI
Y HOBBIX 337134 B 001aCTH MPO()ECCHOHATBHON | pereHusI

JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS




3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! N0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0CBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HATb.

YMETb:

- TOCTyJlaTbl U IPHUHLWIBI KBAHTOBOM MEXaHHWKH, KaK HEPEIATUBUCTCKOW, TaK W PEIATHBHCTCKOM,
KBAaHTOBOM 3JIEKTPOAMHAMUKY;

- ypasHeHus Kielina-l opnona n Jlupaka u ux perieHus;

- TIPUHLMII JIOKAJILHON KaJMOpOBOYHON MHBAPUAHTHOCTH, JarpaH)KUaH KBAHTOBOM JIEKTPOJMHAMUKH,
KBaHTOBaHUE 3JIEKTPOMAarHUTHOTO M AIEKTPOH-TIO3UTPOHHOTO OIS

- TIOCTaHOBKY 3aJjadyll paccesiHusl B KBAHTOBOM 3JIEKTpPOAMHAMMKeE, S-Marpully, Teopemy Buxka,
nuarpammel OeliHMaHa;

- MHTErpas 10 TPAaeKTOPUAM U €ro IPUMEHEHUE B KBAHTOBOM 3JI€TPOJUHAMUKE;

- COOCTBEHHO JHEPIreTHYECKHE M BEpIIMHHBIC IUarpamMMbl, MHOISIPU3ALUOHHBIA, MAaCCOBBIM H
BEPIUMHHBIN OIEPATOPBI.

- TIOJIB30BAaThCS AMIapaToM TPEXMEPHOTO BEKTOPHOIO aHAJIN3a;
- TIOJNB30BaThCA almaparoM TPEXMEPHOU TEH30PHOM anredpsi;

- TIOJIb30BAaThCS aMIapaToM YEThIPEXMEPHBIX BEKTOPOB U TEH30POB;

- peuiarh 3a1a4y O PAcCESHUU IEKTPOHOB BO BHEIIIHEM I10JIE;

- pelaTs 3a7a4M 110 TEOPUHU BO3MYLIEHHS C IPUMEHEHUEM TeXHUKN auarpamm deliHMaHa;

- OIIpeNleNIATh TOJIAPU3ALMOHHBIE, MAacCOBbIE U BEpIIMHHBIE OIEPAaTOPbl CTAaHAAPTHBIX 3azay
KBaHTOBOM 2J1€KTPOANHAMHUKH;

- peuiarth 3a/1a4y 110 ONPENEJICHUIO PaJUallUOHHOIO CMEILEHUS AaTOMHBIX YPOBHEH.

- TIOJNB30BaThCS ANNapaToM TPEXMEPHOU TEH30PHOM anredpsl;

- TI0JIb30BaThCs ANINAPATOM YEThIPEXMEPHBIX BEKTOPOB U TEH30POB;

- pelaTh TPAHCIOPTHBIE 3a/1a41 C YYACTHEM JIEKTPOHOB H JIBIPOK;

- pelmiarh 3aJaud O JBUKEHUM HOCHUTEJEH 3apsja B HAHOCUCTEMAax B 3aJlaHHOM BHEIIHEM
ANIEKTPUUYECKOM (MAarHUTHOM) T10JI€ Pa3IMYHON KOH(UTYpaLuy;

- TPUMEHSTh METOAbI TeOpuu JHUHeHHoro orkiuka ((popmynsl KyGo) u Teopum paccessHus AT
pelIeHns TPAaHCIOPTHBIX 3a7ay;

- pemarh 3aJaudl MPO TPAHCIOPT B HAHOCHUCTEMAX B PEXHUME KyJIOHOBCKOW OJOKa/bl, MCIIOIb3YS
KBaHTOBbIE KHHETUYECKUE YPaBHEHUS;

- peuwiarh 3a4a4 [Ipo B3aUMOAECHCTBUE NEKTPOMArHUTHBIX BOJIH C IIJIa3MOHHBIMU HAHOCTPYKTYpaMHU.

BJIAJIETD:

- OCHOBHBIMU METOJlaMH MaTeMaTHYECKOrO alrapara KBAaHTOBOM 3JIEKTPOAMHAMMKH, BKIIOYas
npuMeHeHne quarpamMM deiHMaHa v MHTErpajia Mo TPaeKTOpHUsIM;

- HaBbIKAMU TEOPETUYECKOIO aHAJIN3a PEAJIbHBIX 3a/lay KBaHTOBOM JIEKTPOAMHAMUKU, CBSI3aHHBIX C
paccessHueM JJIEKTPOHOB KaK BHEUIHUMH MOJISAMH, TaK U 3apsDKCHHBIMU YAaCTHLIAMH, ONPEAEIICHUEM
paZiMalMOHHBIX MIOIPABOK K YPOBHSM 3HEPTUU.

4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Tema (pazmen) TUCITUTUTHHEL
Camocr.

Jlextiun | Cemunapsr | JlaGopat. paGoOTHI pabora

VYpasuenus Kneitna—Iopnona u /Iupaxa.
Pemennss ¢ NONOXHTENBHBIMH  H
OTpHLIATEeNIbHBIMU yacToTaMu. BosHoBast
¢byHKuMs mo3UTpoHa. AnreOpa MaTpuIl
Hupaka. YpaBHeHue Jlupaka BO BHEIIHEM
IEKTPOMATHUTHOM TIOJIE.




ONeKTpOMarHuTHOE B3aUMOJIEIiCTBHE.
[lpuHuMn noKaNbHOW  KadMOPOBOYHOU

HWHBapUaHTHOCTH. Jlarpanxuan
KBaHTOBOH snekTponuHamMuku. Cucrema
YpPaBHEHUI KBaHTOBOWU
IEKTPOINHAMUKH.

KBaHTOBaHME 37EKTPOMArHUTHOIO IOJIS.
VYcnosue  JlopeHma B KBaHTOBOM

3IEKTPOAMHAMUKE. Bakyym
JIEKTPOMATrHUTHOTO TIOJIA.
XPOHOJIOIMYECKOe u HOpMaJIbHOE
npousBeneHuss  omeparopoB.  CBs3b

oneparopoB. CpeaHue IO BaKyymy OT
npousBeJeHUi oneparopoB. [Ipomararop
(hOTOHOB B pa3IMYHBIX KaTMOPOBKAX.

KBanToBaHue  3J1€KTPOH-IIO3UTPOHHOIO
oJisl. XpOHOJOTHYECKOE U HOpPMaJIbHOE
[IpOU3BEACHUsl onepaTopoB noiss. CBsi3b
omeparopoB. CpeaHue MO BaKyymy OT
npousBeeHuil oneparopos. [Iponararop
JTUPAKOBCKOTO TTOJIS.

IlocraHoBka 3azaunm  paccessHMS B
KBaHTOBOU IEKTPOIMHAMUKE.
[IpencraBnenue B3aUMOJICHCTBUSI.
WnBapuanTHas Teopus BO3MYILEHHH. S
marpuna. IlpencraBneHue  MaTpuibl
paccesHus B BHAE CYMMBI HOPMaJIbHBIX
MPOM3BEICHUI  ONEepaTopoB  (TEOpPEMBI
Buxka).

I'paduaeckoe MIpECTaBIEHUE
HOpPMAJIbHBIX IIPOU3BEIEHUN OIIEpPaTOpOB
nosieii. Tormonornyeckn SKBUBAJICHTHBIE
HOpMaJIbHbIE IIPOU3BEACHUS.
NmnynecHOE MIpeICTaBICHUE.
Huarpammer  @eifHMaHa. AMIUTUTYAA,
BEPOATHOCTD M CEUEHUE PACCESHUS.

HNHTerpan 1o TpaekTopusiM H  €r0

MpUMEHEHHE B KBaHTOBOI
3IEKTPOAUHAMUKE. BriBon
(heltHMaHOBCKUX MpaBHII TEOpUH
BO3MYILEHUU c IIOMOLLIBEO
MPOU3BOIAIIETO (PYHKIIHOHAA.

OcHOBHBIE JIEKTPOANHAMUYECKHE
sBIIeHNsA. PaccesHue oiekTpoHa BO
BHEIITHEM ToJe. KomnronoBckoe

paccessHHe. AHHHUTHISAIMS Tapbl B JBa
¢otona. PaccesHue  dnekTpoHa U

MIO3UTPOHA JNEKTPOHOM. Pacman
MO3UTPOHHS. Paccesnue ¢dorona
hoToHOM.

Crpykrypa JUarpaMmm MaTpHULbI
paccesiHus. becnerneBble U IETJIEBbIE

JUarpaMMBl. Hemnpusogumsie u
npuBonumele  puarpammbl.  CreneHb
PacxoauMOCTH HEMPUBOIUMBIX
JAarpaMm. IIepenopmupyemMocTb

KBaHTOBOM QJICKTPOJANHAMUKMU.




10

CobcTBEeHHO JHEpPreTUYeCKHUe u
BEPILHHBIE arpaMMel.
[Tonsipu3anroOHHBIH, MacCOBBII u
BEPILIMHHBIN OTIepaTopHl.
IlepeHopMupoBka Maccel M 3apsija
anekTpoHa.Metoz VHBapUAHTHOU
perynapuzauun @elinmana. “berymas”
KOHCTaHTa B3aMMOJICHCTBHA.

11

[Ipobnema HOJIb-3apsija.
Acumnrornyeckas cBo06oa B KBAaHTOBOM
XpOMOJIMHAMHKE. JIEKTPOMAarHuTHas u
“romasg” Macca oaneKkTpoHa. Metoxg
pa3MepHOM PeryIsapU3aLHH.

12

Momudukanus 3aKOHAa Kynona.
AHOMaIBHBIH MarHUTHBIN MOMEHT
AJIEKTPOHA.

13

PajgnanoHHOE  CMEIIEHME  aTOMHBIX
YPOBHEH.

14

VYpasuenus Kneitna lopaona u upaxa.
Pemiennss ¢ NOJNOXUTENBHBIMU U
OTpHLATENIbHBIMU YacToTaMu. BomHoBas
¢dbyHKIMs TO3UTpoHA. AnreOpa MaTpuil
Hupaka. YpaBHeHue Jlupaka BO BHEITHEM
3JIEKTPOMArHUTHOM I10JI€.

15

DNeKTpOMarHuTHOE B3aUMOJICIICTBHE.
[MpuHIMD JTOKANIBLHOW  KamMOpPOBOYHOU
MHBapHUaHTHOCTH. Jlarpanxuan
KBAaHTOBOH nsnekTponuHamuku. Cucrema
ypaBHEHUI KBaHTOBOM
JIEKTPOANHAMUKHU.

Wtoro wacos

30

30

45

[ToaroroBka k sK3aMeHy

30 ygac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2.

Coneprxanue JUCUUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (paszesniam)

Cemectp: 1 (Ocennuii)

1. VYpaBuenus Kuneitna—lTopnona m [upaka. PemieHus ¢ TOJOXUTENbHBIMH W OTPUIIATEIHHBIMU
yactoraMu. BomHoBas (yHKuus mosutpona. Anrebpa marpun Jupaka. YpaBHenue [lupaka Bo
BHEIIHEM 3JIEKTPOMAarHUTHOM IIOJIE.

VYpasuenue /{upaka nonydeHo u3 ypasaenus Kneiina — 'opaoHa myTeM n3BiedeHNs

KBaJ[paTHOTO KOPHS M3 MPABOM U JIEBOW YacTH ¥ 00pa3oBaHuUE JIBYX YpaBHEHUH

Jupaka ¢ 4yeTelpbMA KOMIOHEHTaMHU cruHopa. [Ipu 3ToM BO3HMKAIOT 4 KOMIIOHEHTHI CIHHOPA,
KOTOPBIE OMHCHIBAIOT 4 KOJICOIIOIUECS TI0 KaXKI0M M3 YeThIpeX OCell CryCTKH YacTull Bakyyma. llpu
3TOM KolleOaHWEe TI0 MPOCTPAHCTBEHHBIM OCSM MOXXHOCBECTH K BpallcHHIO BOKpYT ocH. [Ipuuewm,
OOBSCHSIETCS, TOYEeMYy TPOEKIMsS CIUHA Ha KaXAyH OCh OfuHaKoBa. Kpome Toro, pemieHue
ypaBHeHus J[upaka onmuchIBacT 00pa3oBaHUe TUCKPETHBIX 00beMoB. [Ipruem onrcano obpa3zoBaHue,
KaK 3JIEMEHTAPHBIX YACTHUL, TaK U IUIAHET U 3Be3[. [Ipu 3TOM BHYTPU TaKuUX TEJI UMEETCS UCTOUYHUK
SHEPTUH, UMEIOIINNA MOIIIHOCTh, BAPBUPYEMYIO B 3aBUCHMOCTH OT YCJIOBHUW OT MaJON BEJIUYUHBI 10
OCCKOHEUHOCTH.

2. DnekTpoMarHuTHoOe B3ammojeiictBue. [IpuHLIMI JOKadbHON KaauOpOBOYHONW HMHBAapPUAaHTHOCTH.
Jlarpanxuan KkBaHTOBOH 3NeKTpoAHAMHUKH. CHCTEMa ypaBHEHUI KBAHTOBON AIIEKTPOJUHAMUKHY.



DNEeKTPOMarHUTHOE  B3aMMOJEICTBHE B3aMMOJICHCTBUE  OJJICKTPHYECKUX  3apsloB  C
ANEKTPOMArHUTHBIM ToieM. Cuiia AIIEKTPOMArHUTHOTO B3aWMOJCHCTBHS MEXIY IOKOSIIMMUCS
9JIEMEHTApHBIMU YaCTHLIAMH JTAIILHOJICHCTBYIOIIAS U M3MEHSETCS C PAcCTOSIHUEM Kak 1/r2 (3akoH
Kynona). VHTEHCHBHOCTh DJEKTPOMArHUTHBIX MPOIECCOB B  MHUKPOMHPE  ONPEICISCTCS
0e3pasMepHbIM napamerpom e2/he = 1/137.

3. KBaHTOBaHME 3JIEKTPOMArHUTHOTO TMOJiA. YcioBue JlopeHna B KBAaHTOBOW 3JEKTPOAMHAMHUKE.
Bakyy™m »1eKTpOMarHMTHOIO MOJsA. XPOHOJIOTHYECKOE M HOPMAJIBHOE MPOU3BENECHHSA ONEPATOPOB.
Caa3p oneparopoB. CpeqHue 1Mo BakyyMy OT Npou3BeleHHH omeparopoB. Ilpomaratop ¢oToHOB B
pa3IMYHBIX KaTHOPOBKAX.

KBaHnToBaHME >JIEKTPOMAarHUTHOTO MOJS , O3HAYAET , YTO AJIEKTPOMArHUTHOE IOJE COCTOUT M3
JIUCKPETHBIX OJHEPreTHMYECKHX TOCBUIOK, (GOTOHOB . DOTOHBI  3TO 0Ee3MacCOBbIE YACTHIIBI
OTIPEJICIICHHON 3HEPruM , ONPEACICHHOTO MUMITYJbCa W ONPEAETICHHOTO chuHa . YTOOBI OOBSICHUTH
doroanekrpuieckuii d3hdexT , Anpoept DitHmTeH B 1905 TOAY 3BpUCTHYECKH MPEIIIONOXKUI, YTO
3IIEKTPOMArHUTHOE TI0JIE COCTOMUT U3 YacTHI] ¢ SHepruer konuuectsa hv , rae h moctosHnas [lnanka,
a v dactora BoiHbI . B 1927 rony Ilons A.M. Jlupak cMOT BIJIECTH KOHIICHIHIO ()OTOHA B TKaHb
HOBOM KBAaHTOBOW MEXaHHKM M ONHCATh B3auMoOAeWcTBUE (POTOHOB ¢ Mmarepueid. OH MPUMEHWIT
TEXHHKY, KOTOpasi ceiiyac OOBIYHO HA3bIBACTCS BTOPHUYHBIM KBAHTOBAHMEM , XOTS 3TOT TEPMHH B
HEKOTOPOH CTENEHHU HENPaBHILHO YIOTPEOISIeTCs sl SIEKTPOMAarHUTHBIX MOJIEH, TOTOMY YTO OHH,
B KOHIIE KOHIIOB, SIBJISIFOTCS PELICHUSAMHU KJIACCUYECKUX ypaBHeHuMHd Makcseia. B teopumn [Jupaka
MOJISl KBaHTYIOTCS BIIEPBBIE, W 3TO TaKXe NEpBbIM pa3, Korga nocTtosiHHas [lmanka BXxogut B
BbIpakeHUs. B cBoeid opurmHanpHOW pabore [lupak wucmonb3oBan a3kl Pa3IUYHBIX
3NIEKTPOMAarHUTHBIX Mof ( KOMIOHEHTHl Dypbe MONisL) U SHEPrUM MO B KayeCTBE JUHAMUYECKUX
MEPEeMEHHBIX JJIS1 KBAHTOBaHHUSA (T.€. OH NMEPEHHTEPIPETUPOBAT UX KaK ONEepaTopbl U MOCTYIHUPOBAT
KOMMYTALlMOHHBIE OTHOLICHHUA MEXIOy HuMH). B Hacrosimee Bpemsi 0Oosnee pacmpoCTpaHEHO
KBaHTOBaHUE KOMIIOHEHTOB Dypbe BEKTOPHOI'O NOTEHIUANIA .

4. KBaHToBaHME JIEKTPOH-TIO3UTPOHHOTO MOJs. XPOHOJIOTHYECKOE M HOPMAaJIbHOE MPOU3BEACHUS
omeparopoB mons. CBsa3p omepartopoB. CpeaHue HO BakyyMy OT IPOM3BEIEHHH OIEpaTopoB.
[Iponaratop AMPaKOBCKOTO MOJIS.

W3 Tteopun [lupaka cienyer, 4TO OSJEKTPOH U IO3UTPOH IPU CTOJIKHOBEHUM JOJIKHBI
AHHUTHJIMPOBATh C OCBOOOXKIEHHUEM DHEPTUH, PABHON MOJHOW SHEPTHH CTAJIKMBAIOLIMXCS YacTHUIL.
Oka3anoch, 4TO 3TOT MPOLECC MPOMCXOAMT IVIABHBIM O0pa3oM IOCJIE TOPMOXKEHHUS MO3UTPOHA B
BEILECTBE, KOT/A MOJHAs SHEPrus IBYX 4YacTUIl paBHa MX dHepruu nokos 1,0221 M»sB. Ha ombite
OBUIM 3aperuCTPUPOBAHBI Maphl Y-KBAHTOB ¢ dHeprued mo 0,511 MbaB, pasneraBmuxcss B mpsiMo
MPOTHBOMOJIOKHBIX HANpaBICHUSX OT MHIICHH, OOMyuaBlielcs mno3utpoHamu. HeobxomummocTh
BO3HUKHOBEHUSI IIPU aHHUTWIILMU SJIEKTPOHA U II03UTPOHA HE OJHOIO, a KaK MHUHMMYM JBYX
Y-KBaHTOB BBITEKAaET U3 3aKOHA COXpaHEHHA HUMIynbca. CyMMapHBIM MMITYIbC B CHCTEME LIEHTpa
Macc TMO3UTPOHA M DJIEKTPOHA [0 I[Ipollecca IPEBpAllleHHs paBeH HyJII0, HO eciau Obl Ipu
AHHUTWISILMY BO3HUKAJ TOJIBKO OJMH Y-KBAaHT, OH Obl YHOCHJI UMIIYJIbC, KOTOPBI HE paBeH HYNIO B
100011 cructeme oTcuéTa.

5. IlocraHOoBKa 3ajaud paccesHUs B KBAaHTOBOM 3jeKkTpoauHamuke. lIpencraBnenue
B3aumoeiicTBus. MHBapumaHTHas Teopusi Bo3MmylleHHil. S wmarpuma. llpencraBieHune MaTpuilsl
paccesiHus B BUI€ CYMMBI HOPMaJIbHBIX IIPOU3BEICHUN OnlepaTtopoB (TeopeMbl Buka).

B ¢wusuke sneMeHTapHBIX YacTHMIl KBaHTOBas dnekrpoamHamuka (QED) 3To pensTuBHCTCKHIN
KBaHTOBasl TEOPHsI NOJIS U3 ANIEKTpoauHamMuka. [1o cyTH, OH ONUCHIBAET, KaK CBET U UMETh 3HAUEHUE
B3aMMOJICICTBYIOT, U 3TO II€pBasi TEOPUsI, B KOTOPOM [IOJIHOE COIVIacue MEXy KBAaHTOBasi MEXaHUKa U
crienuaibHas Teopust oTHocuTensHOCTH JocTurayT. QED Maremarnyecku ONMUCHIBACT BCE SIBJICHHUS C
y4acTHEM OJIEKTPUUECKH 3apsDKCHHBIM YacTHIIBl, B3aUMOJEHCTBYIOLIME IIOCPEICTBOM OOMEHa
(OTOHBI M TIPENCTABISET COOOM KBAaHT aHAJOT KJIACCHUYECKHH AJIEKTPOMArHETH3M JAIOMIMKA MOTHBIN
OTYET O B3aUMOJICHICTBUM MaT€pUU U CBETA.

Texuuuecku QED MoxHO ommcarh Kak TeOpHs BO3MYIICHHH 3JIE€KTPOMAarHUTHOTO KBAaHTOBBIH
BakyyM. Puuapn ®Peilnman Ha3Bas ero '">keMUyXMHOW (HU3MKHA" 3a €ro 4Ype3BBIYANHO TOYHBIE
IIPOrHO3bl TAKUX BEJIMYUH, KAK aHOMaJIbHbI MAarHUTHBIM MOMEHT 2JIeKTpoHa M bapaHuHa caBur u3
YPOBHH SHEPTUU U3 BOJOPOL.



6. I'padmueckoe mpencTaBieHNEe HOPMAIBHBIX MPOM3BENEHUM OmeparopoB moiyied. Tomomorundecku
SKBUBAJICHTHBIE HOpMaJlbHbIE Ipou3BeacHus. MImnynbcHoe npencrasineHue. JJuarpammel @eliHMaHa.
AMIIINTYNA, BEPOSATHOCTh U CEYEHUE PACCESHUS.

Juarpammel deitHMaHa — HAIIHBIA | 3¢ deKTUBHBIA CIMOCOO OMUCAaHUS B3aMMOJICHCTBHS B
kBanToBo# Teopuu nonst (KTII). Meron npennoxen Puuapnom ®@eitnmanom B 1949 nist moctpoeHust
aMIUIUTY[ paccesiHUs W B3aUMHOIO IPEBPALIEHHsA DJIEMEHTApPHBIX 4YacTUl[ B paMKaX TEOpHUH
BO3MYLICHUH, KOrZa W3 MOJHOro (3((EKTUBHOIO) JarpaHkvMaHa CHCTEMbI MOJEH BbIIEISIEeTCS
HEBO3MYIIEHHAsT 4acTh (CBOOOIHBIN JIarpaHXHaH) , KBapaTU4Has MO IOJISIM, & OCTABLIASACS YacTh
(marpamxuaH  B3aMMOJIEHCTBHS) TpakTyercs Kak Bo3MmylieHue. Haubonee HamisinHyro
MHTEpIIpeTanuo auarpaMMel @elfHMaHa MpruoOpeTaroT B METOAE MHTETPAJTIOB IO TPACKTOPHSM.

Huarpammel @elilHMaHa MIMPOKO HCIIONB3YIOTCS JJIS aHAJIM3a AHAJUTUYECKUX CBOMCTB aMIUIUTYI
paccesiHUs, B YaCTHOCTH JJISl MCCIIEIOBaHHMS HMX OCOOCHHOCTeW (cuHryisipHoctei). MHorma sto
[IO3BOJISIET U3 BCEM COBOKYNHOCTM JMarpaMM, OTBEYAIOIIMX MJAHHOMY IIPOLECCY, BBIAEIUTH
HEKOTOPYIO IIOJICOBOKYITHOCTb, KOTOPasi BHOCHUT OCHOBHOM BKJIAJ.

MeTO)I AuarpamMm ®deitnmaHa YCIICHIHO IMMPUMCHSACTCA TAKIKC B KBaHTOBOM TCOpHUU MHOTI'UX YaCTUll, B
YaCTHOCTHU JId ONNMCAaHUA KOHACHCUPOBAHHBIX TCJI U AACPHBIX peaKunﬁ.

7. VHTerpaJ mo TpPAceKTOPUSIM K €ro IPUMEHEHHE B KBAaHTOBOM JJEKTpOAMHAMHKE. BriBOx
(helfHMaHOBCKUX MPaBUJ TEOPUH BO3MYILEHHUH C TTOMOLIBIO MPOU3BOASAIIETO (DyHKIIMOHATIA.

@OopMyJIMPOBKA YEpEe3 MHTErpai IO TPACKTOPHUSIM KBAHTOBOM MEXaHUKHM OTO ONMCAHUE KBAaHTOBOM
TEOpUH, KOTOpoe 0000IIaeT NpUHLMI [EHCTBHA KiaccMueckod MexaHuku. OHO 3amMemiaer
KJIACCUYECKOE ONPEIEICHUE OJMHOYHOM, YHMKAJIbHOM TPAEKTOPUM CUCTEMBI IIOJHOW CyMMOM
(pyHKIMOHATBHBIM WHTETPAJIOM) MO OECKOHEYHOMY MHOMKECTBY BCEBO3MOXHBIX TPACGKTOPHH ISt
pacu€Ta KBaHTOBOW aMIUIUTYAbl. MeTomonorudyecku (GOpPMYIMPOBKA Yepe3 HWHTEerpan  Io
TpaeKkTopusM Om3Ka K npuHuuIty [tolirenca dpeHens U3 KIacCHUeCKOH TEOPUU BOJIH.

dopMynrpoBKa uepe3 HHTETpall 10 TpaeKTopHsIM Oblna pa3zsuta B 1948 rony Puuapaom defitnmanom.
Hexortopsle mnpeaBaputenbHble MOMEHTHI ObUIM pa3paOoTaHbl paHee MpPH HANHWCAHUH  €ro
JiccepTaiuu noj pykoBoacTBoM Jxona Apunbanbia Yumepa.

3Ota hopMynupoBKa Oblia KIFOUEBOW JUIS MOCIEAYIONIETO Pa3BUTHS TEOPETUIECKON (PU3UKH, TaK KaK
OHa SBHO CHMMETPHYHA BO BPEMEHH M TIPOCTpaHCTBE. Hemoxokuili Ha MpeIplaylIie METOMbI,
MHTETPAI IO TPACKTOPHSIM TT03BOJISIET (DH3HKY JIETKO NEPEXOANUTH OT OIHUX KOOPIMHAT K JIPYTHM IIPH
KaHOHMYECKOM OITMCAHUU OHOM M TOH e KBAHTOBOI CUCTEMBI.

WuTerpan mo TpaeKTOPHSIM TaKKe OTHOCHTCS K KBAHTOBBIM M CTOXaCTHYECKHM MpOILECCaM, H ITO
obecrnieunsio 6azuc s BenuKoro cuHTe3a 1970-X romoB, KOTOPBIH OObEAMHUI KBAHTOBYIO TEOPHUIO
MOJISL CO CTAaTUCTUYECKOM TeopHed (uyKTyaluid 1o BOMM3M (pa30BBIX MEPEXOIO0B BTOPOTO pOJA.
VYpaBuenue Ulpénunrepa npu 3ToM siBIsieTcs ypaBHeHUEM AU(D(Y3UH ¢ MHUMBIM KO3(QQUIIHEHTOM
mddy3un, a HHTETpa Mo TPACKTOPUSIM — aHATUTHYECKUM MPOIODKCHUEM METOa CYyMMHPOBAHHS
BCEX BO3MOXHBIX IyTel. I1o 3Toi mpuunHe MHTErpasibl MO TPACKTOPHSIM ObUIN MCIIOIb30BAHbBI IS
M3y4eHUs: OPOYHOBCKOTO NBWKeHHS W auddy3un HEMHOro paHee, YeM OHHM OBbUIM NPEACTABICHBI B
KBAaHTOBYIO MEXaHHKY. TpH TPaeKTOPUHU U3 MHOTHX, CO3IAIOIIHIE BKJIa] B BEPOSITHOCTh IIEPEMEICHHS
KBaHTOBOM YaCTHIBI M3 TOUYKM A B Touky B. HemaBHO ompeneneHune WHTErpajioB MO TPAaCKTOPHUSM
OBUIO pacIIUPEHO TaKUM 00pa3oM, YTOOBI TOMUMO OPOYHOBCKOTO JIBHXKCHHSI OHM MOTIJIA OIUCHIBATh
takke U nmonérel Jlepu. @opmyarpoBKa yepe3 MHTETPabl M0 TpaeKkTopusiMm JleBu BeaéT K IpoOHOM
KBaHTOBOHM MEXaHUKe 1 JPOOHOMY paciiupenuto ypaBHenus [pénunrepa

8. OcHOBHbBIC D3JIEKTPOAMHAMUYECKHE SBJICHUSA. PaccesHue dIeKTpOHA BO BHEIIHEM IIOJIE.
KomnroHoBckoe paccessHue. AHHUTWISLNS Napsl B 1Ba (hoToHa. PaccesHue a5eKTpoHa 1 MO3UTPOHA
anekTpoHoM. Pacnag nmozutponus. Paccesiaue ¢porona poToHOM.

BonHoBBIE QyHKIIMM HENPEPBIBHOTO CreKTpa. MarpHibl pacpocTpaHeHHs. YHUTAPHOCTb MaTpPHUIIbI
paccesiHua. CUMMETpUM TaMWIBTOHHAHA U MaTpuLl pacupocTpaHeHus. CHMMETpHUs 110 OTHOILLEHUIO
K oOpameHuto BpemeHH. CUMMETpHsS 1O OTHOIICHHIO K HMHBEpcHH. DEeHHMaHOBCKHH IMOAXOH K
TEOpUH paccesiHus. PaccesHue ¢ y4eToM CIMHa.



9. Crpykrypa pamarpaMMm MaTpuilbl paccesHus. becnerieBble W TMETICBBIC JAHATPAMMBL
HemnpuBogumeie u npuBonuMele auarpammbl. CTereHb pacXoJUMOCTH HENPUBOIMMBIX THATPaAMM.
[TepenopMupyeMoCTbh KBAHTOBOM 3JIEKTPOAUHAMUKH.

Marpunia guarpamMmbl  paccesHust 3TO Tabiuuma (Wid —MaTpuia) TOYEYHBIX —JAHarpamm,
UCTIONB3YIOUIMXCSA ISl OTOOPaKEHHs IBYMEPHBIX OTHOLICHHH MEXIy KOMOMHALIMSMH YHCIOBBIX
nepeMeHHbIX. Kaxknasd nuarpaMMa paccessHusl B MaTpUIE BU3YAIM3UPYET B3aHMOCBA3b MEXAY Mapon
[IEPEMEHHBIX, II03BOJISISI UCCIIEN0BAaTh MHOXKECTBO B3aUMOCBSI3€H Ha OHOM [uarpaMme.

Ilepemennsle. Marpuna auarpaMmbl paccesiHUSI COAEPKUT KaK MHUHMMYM Tpu UHMCIIOBBIX MOJIS.
JuarpaMma paccesHUsl co3faercs Ui KakKAOH MapHOW KOMOWHAIMU BBIOPAHHBIX TE€PEMEHHBIX.
Craructuka. /g kaxmoll nauarpamMmbl paccesHHs MaTPULBI  BBIYHCISIETCS PETPECCHOHHOE
ypaBHeHue. Bbl Moxere m00aBUTH COOTBETCTBYIOIIME JIMHUM TPEHIA K JUarpaMMaM pacCestHus,
ycTaHOBUB OTMETKy [lokaszarh JmHUIO TpeHIa Ha maHenu CBoiicTBa auarpammbl. Kpome Toro, BbI
MOXET€ IIPOCMOTPETh MHHH-AMArpaMMbl B CETKE Kak 3HaueHUs R? ¢ LBETOBBIM IpaJUEHTOM,
COOTBETCTBYIOLIMM cuiie 3HadeHus R? ormeruB Ilokasare xak R-kBazpar na manenn CBoicTBa
nuarpaMMbl. KomronoBka. KoMnoHoBka MaTpuiibl JuarpaMMbl paccessHUusl COCTOUT U3 JIBYX I1OJIOBUH,
pa3pe3aHHbIX 10 JuWaroHaiv. B HIKHeH 1eBoil MoJOBHHE 0TOOpakaeTcsl CeTKa MUHHU-AWArpamMm, 1o
OJTHOM JUIsl KaXJ0W mapbl nepeMeHHbIX. [Io ymomyaHuio B BEpXHEN IPAaBOil MOJOBUHE KOMIIOHOBKH
oTroOpaxkaeTcs ofHa OoJbIlasl MpeBapUTeIbHAs IUarpaMma, Ha KOTOpoil Oosiee moapoOHO Mmoka3aHa
BbIOpaHHAs MUHM-AMArpaMma. Eciim mpenBapuTenbHbIH NMPOCMOTP AHarpaMMbl HE TpeOyercsi, BbI
MOJKETE OCTAaBUTh BEPXHIOIO IPABYIO0 IOJOBHUHY KOMIIOHOBKM IYCTOM WJIM HCIIOJIB30BaTh €€ JUIS
0TOOpakeHUS 3epKATBbHBIX MUHH-ANATPAMM C JOTOJIHUTEIbHBIMU BUJAMU B3aHMOCBSI3CH.

10. CoOCTBEeHHO >HEpPreTMYECKHe M BEpIIMHHBIC OuarpaMMbl. llomspu3anuoHHBINA, MaccOBBIM U
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BEpPIUMHHBIN oneparopbl. IlepeHopMHpOBKa MacChl M 3apsiga EKTpOoHA.MeTon WHBApUAaHTHOU

perymsapuzanuu Oeitamana. “berymas’ kKoHCTaHTa B3aUMOICHCTBUS.

JHEpreTuyeckas auarpaMma 3TO JSHEpPreTHM4YecKHi Tpaduk, KOTOpBIH WIUTIOCTPUPYET IpoIlecc,
KOTOPBIA TIPOMCXOOUT BO BpEMSl PEaKUWU. ODHEPreTHYeCKHe AuarpaMMmbl TakXe MOTYT OBITh
OIIpEAEIICHBI KaK BU3yaJIN3alys JIeKTPOHHON KOH(UTypaluy Ha OpOnTaIaX; KaKJ0€e MPeICTaBICHUE
3TO DJEKTPOH opbOutamun co crpenkoid.CymiecTByeT JABa THIA JHEPreTHUYECKHX IUarpamM.
JluarpaMMbl TEpMOAMHAMUYECKOW MM OpraHMYECKOM XUMMH, KOTOpBIE IOKA3bIBAIOT KOJIUYECTBO
SHEpPruM, TPOW3BEJACHHON WIM TOTPAaueHHOW B TEUEHHE pEaKUWW; HadyuHasi C 3JIEMEHTOB
pearupyromumx, IpoxXoAsIuX Yepe3 IePEeXoqHOE COCTOSHUE, K IIPOLYKTaM.

11. Tlpobmema Homb-3apsia. AcHMOTOTHYECKass CcBOOOJAa B KBAaHTOBOW XPOMOJMHAMUKE.
DnekTpoMarHuTHas ¥ “rojas’ Macca IeKTpoHa. MeTon pa3MepHO# perysspru3anny.

[ToreHuman HyneBOro 3apsjaa, «HyJIeBas TOUKa» B DJIEKTPOXUMHH, 0co00€ Ui KaKIOro MeTaiia
3Ha4YEHHUE JEKTPOJHOIO NOTEHLIMANA, IPU KOTOPOM €r0 YKCTasi HOBEPXHOCTD MIPH CONPUKOCHOBEHUU
C DJEKTPOJIMTOM HE HPUOOpEeTaeT 3MIEKTPUUECKOro 3apsana. [Ipum 3TOM 3JIEKTpOIMT HE OJKEH
COAEPKaTh MOBEPXHOCTHO-aKTHBHBIC BELIECTBA. ECIM 3JIEKTPOAHBIH NOTEHIMAJ IOJOXKHUTEIbHEE,
yem [I. H. 3, TO K Meramly H3 pacTBOpa NPUTATMBAIOTCS OTPULIATEIbHBIC MOHBI, €CIU
oTpHLAaTeNIbHEE, TO MOJOKHUTENbHbIE. B 000MX Cily4asx yMeHbLIaeTCs OObIYHAS TEHIEHIHS YacTHI
BEILECTBA YXOIUTh C MOBEPXHOCTHU (pa3bl B €€ 00BbEM, T. €. MOHMKACTCS TOBEPXHOCTHOE HATSKEHUE
Ha TpaHUIle MeTaula C pacTBopoM. Ha >XuakoM, Hampumep PTYTHOM, OBJIEKTPONE STO JIETKO
HaAOJMIOaTh C MOMOLIBIO T. H. JIEKTPOKANMUIAPHBIX KPHUBBIX, INOKA3bIBAIOIINX, KaK IOTEHIIHAI
METAJJIMYECKOTO MEHHMCKa, CONPHUKACAIOMIETOCS C OJJEKTPOJIMTOM, BIMSET Ha BBICOTYy €ro
KallWJIIIPHOTO MONHATHS win onyckanus. Ilpu II. H. 3. HOBEpXHOCTHOE HATSHKEHUE MaKCUMaJbHO, a
JNIEKTpUYECKasi EMKOCTh TpaHUIBl MUHMMasbHA. 3HaHue II. H. 3. HEOOXOOUMO NpPU H3YUCHUH
KWHETUKU 3JIEKTPOIHBIX PEaKUui, MpHU Moadope MHTHOMTOPOB KOPPO3MM U B Jp. Ciydasx, Korzaa
Ba)XHO YUHUTHIBATH aICOPOLMIO KOMITIOHEHTOB Ha METAJNTNYECKON MOBEPXHOCTH.

12. Moaudukanus 3akoHa Kynona. AHOMaJIbHBIN MarHUTHBI MOMEHT 3JIEKTPOHA.



AHOMaJTbHBII MarHUTHBIA MOMEHT — OTKJIOHCHHE BEJIMYMHBI MAarHUTHOTO MOMEHTA JIEMEHTAPHOM
YaCTUIBI OT 3HAYEHHMs, PEICKAa3bIBAEMOr0 KBAaHTOBOMEXaHHMYECKUM PEIISITUBUCTCKHM YypaBHEHHEM
JBIDKCHUS YaCTUIBI. B KBAaHTOBOM DJIEKTPOANHAMUKE aHOMAJIbHBI MarHUTHBI MOMEHT JICKTPOHA U
MIOOHA BBIYHCIISICTCS] METOJIOM PaJHaIlMOHHBIX HONPABOK (epTypOaTHBHBIM METOJIOM), B KBAHTOBOM
XpOMOJIMHAMUKE MAarHUTHBIE MOMEHTHI CHJIBHO B3aWMOJCHCTBYIONIMX YacTUI[ (aIpOHOB)
BBIYMCIISIIOTCSL  METOJIOM  OIIEPAaTOPHOrO  pasjiokeHus  (HemepTypOaTHBHBIM — Metonom).Haiiis
panuanuoHHBIE TMONPaBKH K (QyHKIMsAM [pruHA WM K BepIIMHHOW (DYHKIMH, MBI MOXEM II€pPEUTH
TeNeph K HCCIEAOBAaHUIO TeX (u3nueckux 3(deKkToB, KOTOpbIE CBSI3aHBI C ITUMHU TOMPABKAMH.
[Mpocrefiumu U3 HUX sBISIOTCS Moaudukanms 3akoHa Kynmona misi BakyymMa H  Hajdu4ue
AQHOMAJILHOTO MAarHUTHOTO MOMEHTA Y JIEKTPOHA ¥ MIOOHA.

13. PaguanimoHHOE CMEIIIEHUE aTOMHBIX YPOBHEH.

PaguannonHble NoOnpaBKM HPUBOIAT K CMELICHUIO YPOBHEH SHEpruM CBA3aHHBIX COCTOSHUI
3JIEKTPOHA BO BHEIIHEM IoJie (Tak Ha3biBaeMoe cMmerleHue JIamba). Hanbonee mnrepecHslil ciaydaii
3TOT0 poja — CMEIIeHHEe YpPOBHEH artoma Bojxopoaa (WM BOJOPOIONOZOOHOTO HOHA).
[TocnenoBarenbHBII METOA BBIYMCICHHS MONIPABOK K YPOBHSIM 3HEPTrUM OCHOBAH HA HMCIIOJIb30BAHUS
TOYHOTI'O JIEKTPOHHOIO IIpoIararopa BO BHEIIHEM II0JIE.

14. YpaBuenusa Kneiina TopnoHa u [upaka. PemeHus ¢ mOJOKHTENbHBIMH M OTPHULIATEIBHBIMU
yactroraMu. BomHoBas QyHKius mo3utpoHa. Anrebpa marpun Jlupaka. YpaBHenue [lupaka Bo
BHEIITHEM 3JIEKTPOMAarHUTHOM IOJIE.

VYpaBuenue Jlupaka nmomydyeHo u3 ypaBHeHus Kimeitna [opmona myTem u3BieYeHHUS KBaJpaTHOTO
KOpHS W3 MNpaBOod M JIeBOM dYacTM W oOpa3oBaHWEe JABYX YypaBHeHWH Jlupaka C 4YeThIpbMs
KOMIIOHEHTaMM ciiuHopa. IIpu 3ToM BO3HUKAOT 4 KOMIIOHEHTBHI CIIMHOpA, KOTOpbIE OIMUCBIBAIOT 4
KOJICOMIOMIMECs 10 KaXI0i M3 YeThIpexX OCel CryCTKH yacTul Bakyyma. llpu sTom konebaHue 1o
MPOCTPAHCTBEHHBIM OCSIM MOXKHO CBECTH K BpaIlleHHIO BOKPYT ocu. IIpuuem, oObsicHAeTCs, IouemMy
MPOEKLHUs CIIMHA Ha KaXAYI0 Och oauHaKkoBa. Kpome Toro, pemenre ypaBHenus Jupaka onuchBaeT
o0Opa3oBaHHUe JTUCKPETHBIX 00beMoB. [Ipuuem omucano oOpa3oBaHHe, Kak SJIEMEHTAPHBIX YACTHIL,
TaKk M IUIaHeT W 3Be3d. llpum 3TOM BHYTpHM TakuxX TeJd HMEETCS UCTOYHHK DHEPIUH, MUMEIOIIUi
MOIIHOCTb, BAPHUPYEMYIO B 3aBUCIMOCTH OT YCJIOBUH OT MasIol BETMUUHBI JO OECKOHEYHOCTH.

15. DnexrpoMarautTHoe B3auMmopencTBue. [IpUHIMI JTOKATBHON KanMOpPOBOYHON WHBApUAHTHOCTH.
JlarpankuaH KBaHTOBOH 3ieKTpoArHaMuKu. CHUCTeMa YpaBHEHUH KBAHTOBOW AJICKTPOIMHAMHKH.

DJIEKTPOMarHUTHOE  B3aUMOJCHCTBHE  B3aWMOACHCTBHE  OJJNIEKTPUYECKHX  3apsioB  C
AJICKTPOMAarHUTHBIM 1oseM. CHia SJIeKTPOMArHUTHOTO B3aUMOJCHUCTBUS MEXKIY HOKOSIMMUCS
ANIEMEHTAPHBIMH YaCTHIAMH JalbHONCHCTBYIOIIAs M W3MEHSAETCS C paccTOosSHUEM Kak 1/r2 (3akoH
Kynona). VHTEHCHBHOCTb OJISKTPOMAarHUTHBIX  IPOIECCOB B MHKPOMHUpPE  OIpEIessieTcs
6e3pazmepHbIM napamerpom e2/he = 1/137.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMO AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

a) HeoOxonnmoe o6opynoBanue Uis JISKIIUH ¥ MPAKTHYSCKUX 3aHATHI: CTaHJapTHAS ayTUTOPHSL.
KenarenbHO TakKe NPUMEHEHHE MYJIBTUMEIHUIHOTO 000pyIoBaHus (TIPOCKTOP), LIS JTydIIei
OpraHHu3aLuH JEKINH.

0) HeoOxonnMoe mporpamMmMHOe oOecrieueHue: He TpedyeTcs.

B) ObecrnieueHre caMOCTOATENBHOM paboThl: HaNHYUe YIeOHUKOB M 33JJAYHUKOB 110 KypCy
TEOpeTUIeCKOl (pru3nKM BOOOIIE M TEOPUH OIS B YACTHOCTH B OMOIMOTEKE HHCTUTYTA, JOCTYII B
WHTepHeT U1 MOJTyYeHnsI BCIIOMOTaTeJIbHOTO Y4eOHOTO M KOHCYJIBTaTHBHOTO MaTrepuasa Ha caite
Kaeapsl TEOPETUIECKON (PU3UKH.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-2 Nmeet npeacrapieHne 00 aKTyalIbHBIX
mpo0iemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCHOHANBHON e TENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEIHHOCTH

OIIK-3 CniocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOJXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 Crocoben aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUIIJIMHBI «KBanToBas QJICKTPOAHAMUKA» 06yqa10mnﬁc51 JOJIKCH:

3HAThb:

- IOCTyJaThl ¥ IPUHLUIBI KBAHTOBOM MEXaHMKH, KaK HEPENITUBUCTCKOM, TaK U PEISITUBUCTCKOH,

KBaHTOBOM QJICKTPOANHAMUKU

- ypaBHenus Kineiina-I'opaona u Jlupaka v ux pemieHus;

- TPUHLMII JOKaJbHON KaJIMOPOBOYHON HHBAPUAHTHOCTH, JIArPaHXHUaH KBAHTOBOH JIEKTPOAMHAMUKH,
KBaHTOBaHUE IEKTPOMArHUTHOI'O U 3JIEKTPOH-II03UTPOHHOTIO 110

- TIOCTaHOBKY 3aJaddl paccesHUs B KBAaHTOBOM OSIIEKTPOAMHAMHKE, S-Marpully, Teopemy Buka,

nuarpammel OeitHMaHa;

- HMHTErpaJ Mo TPaeKTOPHUSM U €ro IPUMEHEHNE B KBAHTOBOW IETPOJUHAMUKE;
- COOCTBEHHO JHEPreTHUECKHE M BEPIIMHHBIE HAarpaMMbl, IMOJSPU3ALMOHHBIA, MAaCCOBBIH MU

BEPIIMHHBIN OIIEpaTopsl.
yMeTh:

- TI0JIb30BaThCs ANNAPaTOM TPEXMEPHOI'O BEKTOPHOIO aHaIn3a;

- TIOJNB30BaThCA ANNapaToM TPEXMEPHOU TEH30PHOM anredpsl;

- TI0JIb30BaThCs ANNAPATOM YEThIPEXMEPHBIX BEKTOPOB U TEH30POB;

- pemaTs 3a4a4M O PACCESTHUH JIEKTPOHOB BO BHELTHEM I10JIE;

- peuiarth 3aa4y 10 TEOPUU BO3MYILEHUS C IPUMEHEHUEM TeXHUKU auarpamm delinmaHna;

- ONpEAENATh NOJAPU3ALUOHHBIE, MAacCOBbIE W BEPIIMHHBIE ONEpPATOPBl CTaHAAPTHBIX 3ajad

KBaHTOBOM 3JIEKTPOAMHAMUKY;

- pemars 3a/1a4¥ 10 OTNPECICHUIO PAJNAIIMOHHOTO CMEIICHHS aTOMHBIX YPOBHEH.

- TIOJNB30BaThCA almaparoM TPEXMEPHOU TEH30PHOM anredpsi;

- TIOJB30BAThHCS AIapaToM YETHIPEXMEPHBIX BEKTOPOB U TEH30POB;

- pemath TPAHCHOPTHBIE 3a/1a4K C YHaCTHEM DJIEKTPOHOB M ABIPOK;

- pemate 3aayd O JABWKCHUHM HOCHTENEH 3apsga B HAHOCHCTEMax B 3aJaHHOM BHEIIHEM
AIIEKTPUUYECKOM (MArHUTHOM) IOJIE Pa3THYHON KOH(UTYpALnK;

- NPHUMEHSTh METOABI TeOpHuu NHHEHHoro orkimka ((popmynsl Kyb6o) m Teopum paccesHus Uis

peleHus TPaHCIIOPTHBIX 3a]1ay;

- peuarh 3aauu PO TPAaHCHIOPT B HAHOCHUCTCMAX B PCIKUMC Ky.]'lOHOBCKOﬁ 6J'IOKaI[I:I, HCIOJIb3Ys

KBAaHTOBbBIC KHHCTUYCCKUEC YPABHCHUS,

- pcuiatb 3aJav 1npo BSaHMOHeﬁCTBHG QJICKTPOMArHUTHBIX BOJIH € INIA3MOHHBIMU HAHOCTPYKTYPAMH.

BJaJeTh:

- OCHOBHBIMH METOJIJaMH MaTeMaTHYECKOrO armapara KBAaHTOBOW 3JIEKTPOAWHAMHKH, BKIIOYAs
npuMeHeHue quarpaMM delHMaHa U MHTErpaia o TPaeKTopusM;

- HaBBIKAMU TEOPETUYECKOTO aHAIM3a PEealibHBIX 3a/1a4 KBAaHTOBOH 3JIEKTPOAMHAMHUKH, CBSI3aHHBIX C
paccesiHueM 3JIEKTPOHOB KaK BHEUIHMMHU IOJSIMM, TaK U 3apsyKEHHbIMM 4YacTULAMM, OIPENEICHUEM
PaZMaMOHHBIX MONPABOK K YPOBHSM 3HEPTHUH.



3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 3a/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

TpaguunonHast ¢gopma Omiera SK3aMeHa COIACPXKUT 2 TEOPETHYECKHX BOIPOCAa M OIHY THUIIOBYIO
3ajady.

HpI/IMep oumera ¢ BOIIPOCAaMH pa3HOT0 YPOBHS:

1. Ypasnenwne Kietina-lI opnana. Pemenue aiist cBOOOMHOM 4aCTHITBL.

2. TlocTaHOBKa 3a7auu paccesiHusa B KBAaHTOBOU alieKTpoAauHamuke. [IpeacraBinenue B3auMoaeHCTBHUS.
HuBapuanTHas TEOpUs BO3MYILCHUI.

3. Iloka3zaTh, 4TO Ciell IPOU3BEIEHNSI HEUETHOTO YUCIHA [ |-MaTpHIl paBeH HYIIO.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

A. 3anaH narpaHXuaH CKaJSIPHOTO IOJIsI ONPEAeIeHHOro Buaa. OnpesenuTb UMITY/IbChl, KAHOHUYECKH
CONPSDKEHHBIE TIOJISIM, ONPENSIUTh TaMHJIBTOHHAH CUCTEMBbl M BBIPA3HTh €0 4epe3 OIlepaTopsbl
PaXICHUS U YHUYTOXKCHUSL.

b. Ioxkazare, yTo mpomnararop (OTOHA OMUCHIBAET COOBITUS POXKICHHS M YHUYTOXKEHHS (OTOHA B
Pa3HBIX TOYKaX MPOCTPAHCTBA COOBITHH.

B. Tlokazark, 4TO PU MaJIBIX YHEPTHAX HO3UTPOHA CEYCHHE AaHHUTHIISILIUK [Taphl SIEKTPOH-TIO3UTPOH B
nBa (poToHA 0OPATHO MPOIPLHUOHAIBEHO CKOPOCTH TIO3UTPOHA, a BEPOATHOCTh AHHUTHIISIIMN HE 3aBUCHUT
OT CKOPOCTH.

1. VYpaBuenue Kneitna-I'opaana. Pemenwne a1t CBOOOAHOMN YaCTHIIBI.

2. TlocraHoBKa 3aauu paccesHus B KBAaHTOBOH ajekTpoanHaMuke. [IpencraBnenne B3auMonencTBUS.
WHBapuaHTHas TEOpHs BOSMYLIEHU.

3. HOKa3aTI>, 4ToO CJICA MPOU3BCACHNA HCUCTHOI'O YMUCJia l -MaTpHll paBCH HYIIIO.

Kputepun oniennBanus
Onenka «ormmuHo (10)» BhIcTaBIAeTcs 0OyyalomeMycsi, €cClidi OH IIOKa3all BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, IIIyOOKHE 3HAaHMA MO Y4eOHOH MporpaMMe IUCHUIUIMHBI, a TaKXke II0
OCHOBHBIM BOIPOCaM, BBIXOJSIINM 3a €€ Mpedeiibl, U YMEHHUE YBEPCHHO NPUMEHSTHh UX Ha MPaKTHKE
IIPU peIICHUH KOHKPETHBIX 3a/1a4, CBOOOIHOE U IIPAaBMIILHOE 000CHOBAaHHE MPUHATHIX PELICHUI.
Onenka «ommu4yHO (9)» BBICTaBIsAETCS OOyYaroleMycs, €ClM OH II0Ka3al CHCTEMaTU3WPOBAHHEIE,
IyOOKHE U TOJHbIE 3HAHUS Y4eOHON MpOTrpaMMbl AUCHUILUIMHBI U YMEHUE YBEPEHHO IPUMEHSTh UX Ha
NpaKTHKe INPH PEIIeHUHM KOHKPETHBIX 33/a4, CBOOOAHOE M TNpaBHIbHOE OOOCHOBAaHHME INPHHATHIX
peLIeHMI.
Omnenka «xopoiro (8)» BeICTaBIsIETCs O0ydYaromIeMycsl, €CIH OH TOKa3ajl CHUCTeMAaTH3MpPOBAHHBIC U
IyOOKHe 3HaHUSl yueOHOM mporpaMMbl AUCHUIUIMHBI U YMEHHE YBEPEHHO NMPUMEHATH WX Ha MPAKTHKE
IPU peIIeHUH KOHKPETHBIX 3a/1a4, IPaBUIbHOE 000CHOBaHME MPHHATHIX PELICHUH.
Onenka «xopomo (7)» BbICTaBIsieTCs] 00y4YalOUIeMycCsi, €CIIM OH TBEPAO 3HAET MaTepual, IPaMOTHO U
[I0 CYILLECTBY H3JaraeT €ro, yMeeT NPUMEHATh IOJIY4YEHHbIE 3HAHUS Ha IPAKTUKE, HO JIOIYCKaeT B
OTBETE WJIH B PELICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.
Omnenka «xopomio (6)» BBICTABISETCS 00y4arolIeMyCs, €CIIH OH JJOCTaTOYHO TBEPJO 3HACT MaTepHall,
IPaMOTHO HM3JIaraeT ero, yMeeT NPUMEHSTH MOITy4YeHHbIC 3HAaHUA Ha MPAKTUKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3374 HEKOTOPblE HETOYHOCTH.
OueHka «ymOBIETBOPUTEIBHO (5)» BBICTABIAETCS O0y4arolEeMyCsl, €CIM OH IOKa3ajd HEAOCTaTOYHO
TBEpO€ 3HAHUE MaTephasla, HapYLICHUS JIOTUYECKOM TMOCIENOBATEIbHOCTH B  H3JIOKEHUH
IPOTrpaMMHOIO MaTepHaja, HO IIPHU 3TOM OH BIIA/IC€T OCHOBHBIMHU pa3ziesiaMH y4eOHOH MpOTrpaMMBbl,
HEOOXOAUMBIMHU IJIs1 AalIbHEHIIero 00y4eHHs U MOXKET IPUMEHSTH MTOJyYeHHbIC 3HAHUS B CTAHAAPTHOM
CUTYyaLUU.



OueHka «yIOBIETBOPUTENHHO (4)» BBICTABIIETCS 00ydaroIIeMycsi, €CJIM OH TOKa3all (pparMeHTapHbIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapylLeHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUM IIPOIPaMMHOIO0 Marepuajla, HO IIPU 3TOM
OH BIAaJEET OCHOBHBIMHU pa3ieiiaMu Y4yeOHOW mporpaMMbl, HEOOXOAMMBIMH JJisl AajibHEHIIero
00yu4eHHs 1 MOXET MPUMEHSATh NOITy4YeHHbIC 3HAaHUA 10 00pa3ily B CTAaHIAPTHOM CUTYyaIlUH.

OueHka «yIOBIETBOPUTENHHO (3)» BBICTABIETCS 00ydarOIIeMycsi, €CJIM OH ToKa3all (pparMeHTapHbIH,
pa3po3HEHHBIA XapakTep 3HAHHM, JOIMYCKaeT OWHUOKH B (OPMYIUPOBKAX, HAPYLICHUS JIOTMYECKOM
[IOCJIEZIOBATEIbHOCTH B W3JIOKEHUU IIPOrPaMMHOIO Marepuaia, HO IpPU ATOM OH B LIEJIOM BIaJeeT
OCHOBHBIMH pazfiesiaMu y4eOHOW MporpamMmbl, HEOOXOAMMBIMH IS JaJIbHEHIIEro OOydYeHUsI 1 MOXKET
MPUMEHSATH MOIYYECHHBIC 3HaHUS 110 00pasily B CTAaHAAPTHON CUTYallHH.

OueHka «HEYOBIETBOPUTENBHO (2)» BBICTABISACTCS CTYAEHTY, KOTOPBIH HE 3HAaeT Oousbllel 4yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATHI JUCHUIUIMHBI X HE yMEET UCIIOJIb30BaTh MOTy4YEHHbIE 3HAHUS [IPU
PEIIEHUH TUTIOBBIX MPAKTUYECKUX 3ajad.

5. MeTonuueckne MaTepuajbl, onpeneasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH



3. llepeyeHb THNOBBIX KOHTPOJIBHBIX 32IaHUI, HCMOJIb3YeMBIX /IJIsl OLEHKH 3HAHUIA,
YMeHUii, HABbIKOB

HpOMe}KYTOLIHaH arrecragus 110 JUCHUIIJIINHE «KBanToBas OJICKTPOJUMHAMHUKA» OCYHICCTBIACTCA
B q)opMe HUTOTOBOI'0 5K3aMCHA IMOCJIC OCCHHETO CEMECTpaA.

YMEHHMS ¥ HaBBIKU CTYJIEHTOB OIPEACIISIOTCS 110 UTOraM CIayy JOMAIIHETO 3aJaHus U
BBINOJIHEHUS KYpCOBOH paboThl. 3ajjaHKe COAEPKUT TUIIOBBIE 337a4l, KOTOpbIE pa30uparoTcs Ha
CEMHUHApPCKUX (MPAaKTUYECKUX ) 3aHATUAX. AHAJIOTUYHbIE 337ja4l U YIPAKHEHUS CTYJEHTHI
JIOJKHBI PEIIUTh CAMOCTOATEIBHO B KAUECTBE IMOJIYYEHHBIX KyPCOBBIX 3alaHUN, UCTIOIb3YsI
PEKOMEHIOBAaHHYIO JIUTEPATYPY. HaBBIKM CTYI€HTOB IIPOBEPSAIOTCS B PE3YNIBTATE 3AIUTHI
JIOMAIIIHUX 33JJaHUH U KyPCOBBIX pabOT, KOTOPBIE MPOBOAATCS BO BPEMsI ay IUTOPHBIX 3aHATHH.
3aauy aHaJIOTMYHbI TUIIOBBIM 3a/layaM, BKJIFOUEHHBIM B JIOMAILIHUE 3aJjaHusl, KaK
PAcCCMOTPEHHBIX HAa CEMUHAPCKUX (MPAKTHUECKUX ) 3aHATUAX, TaK U MpeJlaraeMbIX AJIs
CaMOCTOSITENILHOTO pelieHus. Jlomalinue 3aganust U 3aJ1aHusl KypCcOBBIX pabOT OILICHEHBI B
OIpEeNIeIEHHYI0 CyMMY OQJIJIOB, UTO MTO3BOJISIET OLICHUTh YPOBEHb YMEHHUS M HABBIKOB CTY/ICHTOB.

[TprMepbl KOHTPOJIBHBIX 3aJAHUIA:

A. 3ajaH JarpaHXuaH CKaJIIpHOTO I0JI OIPEAEIIEHHOr0 BUuaa. OnpenenuTh UMITYJIbCHI,
KaHOHUYECKH CONPSIKEHHBIE MOJISIM, ONPEAEIUTh TaMUIIbTOHUAH CUCTEMBI U BBIPa3UTh €0 Yepe3
OIEepaTOPhl PAXKACHUSA U YHUUTOKEHHUS.

b. [Toka3ate, uto nponaraTop POTOHA ONMUCHIBAET COOBITHUS POKICHUS U YHUUTOKEHUS (OTOHA
B Pa3HBIX TOYKAaX MPOCTPAHCTBA COOBITUH.

B. Ilokazarp, 4TO npu MaybIX SHEPrUsAX O3UTPOHA CEUEHUE aHHUTUJIISLIUU M1aphl AJIEKTPOH-
HO3UTPOH B /1Ba ()OTOHA OOPATHO MPONPLUUOHAIBHO CKOPOCTH TO3UTPOHA, & BEPOSITHOCTD
AQHHUTUJISIUHU HE 3aBUCHUT OT CKOPOCTH.

Kaxxaplii Bonpoc 3a/1aHusl OLICHEH B ONPEENIEHHYI0 CyMMY OaJljIoB B 3aBUCUMOCTH OT
CJIOKHOCTH M YPOBHS (3HAHUS, YMEHUS U HABBIKH).

YcnoBus Habopa 0aiioB 3a padoTy B CeMECTPE MOTYT ONPEAENATHLCS JEKTOPOM B Hayale
KQXK0T0 CEMECTPA, HO yIOBJICTBOPSIIOT OOIIEMY TIPABIITY, TPHHITOMY Ha 3aceJaHuH Kaeaphl.
B TedeHue cemecTpa CTyaeHT HaOUpaeT CyMMy OaJIoB MO pe3yabTaTaM CIayu JOMAIIHETO
3aJIaHus U KypCOBOW pabOTHI, UTO COOTBETCTBYET OlleHKE BUOB paboThl. [1o pesynbpraram
UTOTOBOTO PEUTHHTa CTYACHT MOXKET HaOpaTh HEKOTOPYIO CYMMY, KOTOpasi OlleHuBaeTcs B %o
OTHOCHTEJILHO MOJIHOTO Oajia.

Hrorosas OIIC€HKAa 5K3aMCHa BBICTABJIICTCA B COOTBETCTBUH CO CXGMOI\/JI, HpHBGI{GHHOfI B

CIIENYIOLLEM pa3iene.
4a. Kpurepuu oneHuBaHus (3K3aMeH)

Orenka HaGpannsie 6amibt

otnuaHO (10) 6omee 90%

OoTIU4HO (9) ot 80% 10 90% BKIIIOUUTETHHO
xopotio (8) ot 70% no 80% BKIIOUUTEITHHO
xopoto (7) ot 60% 10 70% BKIIOYUTEITHLHO
xopotio (6) ot 50% 10 60% BKIIOUUTEITHEHO
yJIOBJIETBOPHUTENHHO (5) ot 40% 10 50% BKJIIOUUTETHHO
YAOBJIETBOPUTENHHO (4) ot 30% 10 40% BKIIOUUTETHEHO



http://mipt.ru/education/chair/theoretical_physics/upload/2eb/shchelkachev_2012-arph3e40e5e.pdf

YIOBIETBOPUTENIHHO (3) TpeOyeT NOMOHUTEIBHOTO TECTUPOBAHUS 10
MPOOJIEMHBIM BOIIPOCaM (TeMam)
HeynoBieTBoputenbHO (2) | He monydyeHna yaoBneTBopUTeIbHAs OLEHKA B IEPUOJ
3a4€THON CECCHH.

36. [lepevyeHb TUMOBBIX KOHTPOJILHBIX 33JaHU I, HCIOJIb3yeMbIX /1JIfl OLIEHKU 3HAHM,
YMeHUil, HABbIKOB (0CEeHHMIi ceMecTp)

HToroBast 3k3aMeHAIIMOHHAS OI[EHKA BBICTABISICTCS CTYACHTY C YYETOM OIICHKH €ro PadOThI B
ceMecTpe.

DK3aMeH MPOBOJUTCS B YCTHOUM Gopme. DK3aMEeHAIMOHHBIE OUIIETY MOTYT COJIEPIKATh HAPSITY C
TEOPETUUECKHMHU BOIIPOCAMHU, TaKKe U TUNOBBIE 3a1auu. Dopma Ouiiera onpeaenseTcs
JIEKTOPOM M 3aBUCHUT OT JIEKIHOHHOT'O TIOTOKA.

TpamunmonHas opma OmIeTa COISPKUT 2 TEOPETHUSCKUX BOIPOCA U OJTHY TUTIOBYIO 3a/1a4y.
OtBer cryaeHTa ouenuBaetcs o 10-0amuipHOM mIKae.

[Ipumep Ouiieta ¢ BOpOCaMu pa3HOro YPOBHS:

1. VYpasuenue Kneitna-I'opgana. Pemenne st cCBOOOJHON YaCTHIIBI.

2. TloctaHOBKa 3aJaull PaccessHUs B KBAHTOBOI 2JeKTpouHaMuke. [IpecTaBinenue
B3auMojieiicTBusl. IHBapuaHTHas T€OpHsl BO3MYIICHUH.

3. Tloka3aTh, 4TO clie/l HPOU3BEICHUS HEUETHOTO YUCIIA Y-MATPHI] PaBeH HYIIO.

46. Kpurepun oueHuBaHusI

CTyneHTsl, OTY4YUBIINE 32 pad0Ty B CEMECTPE K Hadaly SK3aMEHAIIMOHHON CECCUU OLICHKY
«HEyHOoBIETBOPUTENbHO» (MeHee 30% yCcBOEHHS MaTepHualia), CYUTAIOTCS HE YCBOMBIIUMU
MaTCpHrall U HE BBINIOJTHUBIINMU 3aJaHUA KypCa, ITIO3TOMY K 9K3aMCHY HC JOITYyCKArOTCH.

Hrorosas OIICHKA BBICTABJIACTCA B COOTBETCTBUU CO CXEMOM:

Onenka baiel Kpurepun

10 10 GansioB 3a 9K3aMEH U OIlEHKa 3a padOTy B CEMeCTpe He
HUXeE 8.
9 GanoB 3a 3k3aMeH U 10 GanioB 3a paboTy B ceMecTpe

9 9 GannoB 3a 5K3aMeH U OIleHKa 3a paboTy B ceMecTpe He
OTnu4HO HIDKE 8.

8 8 OayIoB 3a SK3aMeH | OIeHKa 3a padoTy B CeMeCTpe He
HIKE 6.

7 6aioB 3a 3k3aMeH U Oosee 8§ OayIoB 3a paboTy B
ceMecTpe

7 7 6aioB 3a 3K3aMeH U OIIEHKa 3a paboTy B ceMecTpe He
HIKE 5.

6 O6aioB 3a 5k3aMeH U Oonee § OayIOB 3a paboTy B
ceMecTpe

Xopomo
6 6 0aJyuTOB 3a DK3aMEH M OlIEHKa 3a paboTy B CEMECTpPE HE

HUKE S.
5 6ansioB 3a 3k3aMeH U Oosiee 7 6aisioB 3a paboTy B
ceMecTpe




5 5 GaoB 3a 9K3aMEH M OIleHKa 3a paboTy B ceMecTpe He
HUKe 3.
9 6amtoB 3a 3x3ameH U 10 6amioB 3a paboTy B cemecTpe
4 4 Gasna 3a HK3aMeEH U OLIEHKa 3a paboTy B CEMECTpe He
YIIOBJICTBOPUTEIHHO HUKeE 3.
3 3 GaJa 3a SK3aMEH U OLIEHKA 3a paboTy B cemecTpe 3.
HEy/I0BJIETBOPHTE/BHO 2 2 Gasia 3a DK3aMEH U OIIEHKa 3a paboTy B cemecTpe 3.
1 1 Gay 3a hK3aMEH U OlIeHKa 3a paboTy B cemecTpe 3.

5. MeToauyeckue MaTepUalibl, onpeaejsione nNpoueaypbl OleHNBAHUS 3HAHUIM, YMEHWI,
HABBIKOB M (MJIM) ONBITA JeSITeJIbHOCTH

CryneHTsl, JOMYIIEHHbBIE K 9K3aMEHY, OTBEYAIOT Ha BOIIPOCHI OUJIeTa, MMEesi BO3MOXKHOCTh Ha
MOJArOTOBKY He MeHee 1 yaca. OTBeThI MPEICTaBISIOTCS B TUCbMEHHOM BUJIE, I10 KOTOPBIM
IPOBOJIUTCS YCTHOE COOECeI0BaHNE.

OreHka 3a OTBET Ha OMJIET BBICTABIISICTCS B COOTBETCTBHH CO CIEAYIOLIUM KPUTEPUSIMHU:
CTyneHT, OTBETUBIIUH MPABUIHHO

Ha 1 Bompoc, Moyy4aeT OleHKY «HeyaoBI» (1);

Ha 2 BOIPOCa, MOJIy4aeT OIEHKY «yAOBI» (3) miu (4), B 3aBUCUMOCTU OT MOJHOTHI MPABUIIbHBIX
OTBETOB U OTBETOB Ha JIPYT'He BOIPOCHI;

Ha 3 BoIpoca, MojaydaeT oleHKY «xopouioy (5), (6) w (7), B 3aBUCUMOCTH OT IMOJTHOTHI
MPABUJIbHBIX OTBETOB U OTBETOB Ha JIPYT'HE BOIIPOCHI,

Ha 4 BoIpoca, MoJydaeT OLEHKY «OTIHIHOY (8), (9) miu (10), B 3aBUCUMOCTH OT TTOJTHOTHI
MPABWJIBHBIX OTBETOB U OTBETOB Ha JIPYT'HE BOIIPOCHI;

Bo Bpems IpoBeieHUs DK3aMEHa CTYIEHTBI MOT'YT I10JIb30BaThCsl IPOrPaMMOM AUCLIUIIIINHBI U
cOOpHUKaMU TIOMAITHHX 33/1aHui. Y4eOHOH, yueOHO-METONNYECKON U CIIPaBOYHON
JUTEPATypOH MOJIB30BATHCSA BO BPEMs dK3aMEHa He J0NycKaeTcs. Bo Bpems 3Kk3aMeHa JOKHbI
OBITH TaKK€ BBIKITIOYEHBI MOOMIIbHBIC TE€TE(HOHBI.

[lepen HauaIOM SK3aMEHALIMOHHOW CECCHM CTY/IEHTHI MOJIY4at0T [epeueHb BOIPOCOB, OTBETHI HA
KOTOpPbIE HEOOXOAMMO 3HATh JJIS YCHENIHON clauM sK3aMeHa. POopMyIHpOBKH BOIPOCOB B
OuieTax CTyJIEHTHI Y3HAIOT BO BpeMsl KOHCYJIbTaIUil.




