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AHHOTANMA

C omHO#l CTOPOHBI, 3T0 Oa3UCHBIM Kypc HJsl pEelIeHHs] MPAKTUYECKUX 3a7ad PENSITUBHUCTCKOW KBAaHTOBOM
¢uzukn. B gayxe 4-ro toma Kypca Teopernueckoit ®usuku Jlanpay-JIudmmia, ocHOBHBIE wuieU
WUTIOCTPUPYIOTCSL Ha TpuMepe alesieBOi KBaHTOBOH anekTpoanHaMuKU. C ApYrodl CTOPOHBI, 3TO BBOIHBIN
KypcC Ul MOCIEIYIOUIero u3ydyeHHs HeaOeseBbIX KanuOpoBouHbIX nojnei n CrangaprHoit Monenu. OnHaxo,
CBEpX Marepuaia 4-ro Toma, NOAYEPKHUBAIOTCS aHAJIOTMH C UAESIMH KBAaHTOBOW TEOPHM KOHIEHCHPOBAaHHBIX
cpexn: Teopema lonacToyHa u OeciueneBble BOSMYIICHHUS, aHAJIOTHS MEXIy (eHoMeHoM Xurrca B (hu3mKe
gactuly, © (Qas3oBbiM nepexogoM [ mH30ypra-Jlanmay B Teopuu  CBEPXIPOBOAHHUKOB, YpaBHEHHUS
Kamnana-CumaH4uka [Uis BEIYMCIIEHUS] aHOMAJIbHBIX Pa3MEpHOCTEH.

Bce nekiuu conpoBOXKAAIOTCS 3a7ja4aMy, HE MOBTOPSIONIMMU pa3o0paHHbIe B 4-M TOMe. DK3aMEHAIOHHbIE

3aaa4M TAKXC HEC 6YI[YT IMMOBTOPATH 3aJa4U U3 4-ro Toma.

1. leau u 3apauu

eap AUCUMNIMHBI

Z[I/ICLII/IHJ'II/IHa OTHOCHUTCA K BapI/IaTI/IBHOI\/’I qaCTHu O6pa30BaTeJ'H:HOI>i OporpaMMEbl.

W3noxenne Benércs MpH IMOMOLIM ammapara (YHKIHMOHAJIbHOIO HHTETPUPOBAHUS, NPHUMEHSETCS
Pa3MEepHOCTHBIN MeToA yAbTpadroneToBOH peryiaspuzaunu. Bee BEIMUCIECHHS TPOBOIATCS IOAPOOHO U
no koHua. Kypc HauuHaeTcsi ¢ KBaHTOBaHMs CKaJSIPHOIO IO Kak IPUMEpa U 3aKaHYMBAETCS

BBIYUCIICHUCM OJHOIICTIICBBIX IIOIMPABOK B KBI[ B YaCTHOCTH,

BBIYMCIISICTCS  aHOMAaJIbHBIN

(omgHOMETIIEBO) BKJIAJ B MATHUTHBIM MOMEHT 3JeKTpoHa. OCHOBHOW TEKCT CYIIIECTBEHHO JOMOIHAETCS
YIPKHEHUSMU U 33]]a4aMU, IPUBEIACHHBIMU B KOHIIE KXKIOU JICKIUH.

33]13‘[1/[ JAUCHUIIINHBI

- TIO3HAKOMUTH CTY/AEHTOB C OCHOBHBIMHU MOHATHAMHU U UICSIMHU B 3TOH 00JacTH, C IOCTAaHOBKOH 3a/1a4
U MOAXOAAMHM K uX pemieHusM. [Ipenmonaraercs, 4To Mpociymas 3TOT Kypc, CTYAE€HThI CMOTYT YATaTh
Y TIOHUMATh TEKYIYI0 HAyYHYIO IEPUOANKY B 3TOH 00MacTu.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3HMKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBFHOW ~ NIeATEeNhbHOCTH  (PyHIaMEHTaIbHBIC
Hay4HbIC 3HaHUS B 00JacT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cmocoben 00001maTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
poeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PCIICHHUS

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH pemeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMUYHBIX 00IACTIX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHUTEIHLHBIMHU
METOJaMH pElIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJIyYaeMbIX PEIICHUN

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.2 CnocobeH  BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI W MPOLIECCOB, OI[CHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrocobeH mNpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajaue W HHTEPIPETUPOBATH  IOJyYCHHBIE
pe3yabTaThl




3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! N0 AUCHMILINHE (MOLYJII0)

B pesynbrare 0CBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HAThb!
- OCHOBHBIE MOHATHSA 10 TEME TUCLUTUTUHBI.

YMETb:
- TIOJIb30BaThCS PA3BUTHIMU B PaMKaxX JUCLUIUIMHBI METOAAMH MCCIIEAOBAHNUS, PEIIaTh 3aJa4M 110 TeMe
JUCHUTUIMHBI.

BJIaJICTh:
- MareMaTM4ecKUM U TOHATUHHBIM anmaparoM M METOJaMH HCCIEIOBaHUN, COCTaBISIOIIMMU
coziepKaHNe TUCLUIUTUHBI.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJ€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIiInHbl (MOYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh MO BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
No Tema (pazmen) TUCITUTUTHHEL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 BBenenue B Teoputo mossi. 3 3 3
2 Teopwust monst ¥ PENATUBHU3M. 3 3 3
3 VYpasuenue /{upaxa. 3 3 3
4 DJEeKTPOH BO BHEIIHEM IIOJIE. 3 3 3
5 KommiekcHoe ckansipHOe mose. 3 3 3
6 [IpencraBnenue  B3aMMOJEHCTBHUS U 3 3 3
MaTpula paccesiHus.
7 [IpaBuna deliHMaHa. 3 3 3
8 IletnieBble mONpaBKH. 3 3 3
9 VYpaBHeHus JlalicoHa 1 TEpEHOPMHUPOBKH. 3 3 3
10 |Ilepssiit Tpuymdp KO/I. 3 3 3
1 3onoroe TpaBHIo Depmu B 3 3 3
PEJIATUBUCTKOM TEOPUH.
12 Topmo3HOe u3iTyuyeHHe M HH(paKpacHas 3 3 3
katactpoda B KO/I.
13 |Bropoii Tpuymd KI/I. 3 3 3
14 PensTuBucTCKHH CHOMH BO BHEIIHEM 3 3 3
oJe.
15 | Ypasuenus Kannana-CumaHuuka. 3 3 3
Htoro vacos 45 45 45
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)
Cemecrtp: 2 (Becennuit)

1. Beenenue B TEOpUIO OIS




BocnoMunanus o rapMoOHHUYECKOM ocLiuisiTope. OnepaTopbl poXKISHUsI U YHUUTOXKEHUS U I1EPEX0L
OT BOJTHOBBIX (DYHKIMH K YMCiaM 3amnonHeHus. KBaHTOBaHME KIIaCCUYECKOH CTPYHBI M aKyCTHUYECKUE
¢ononbl. [lons Kak KOOPAWMHATHI M COMpPSUKEHHBIE UM WMMMYNbehl. [IpeoOpazoBanue Jlexxkanmpa.
['aMuIPTOHMAH M KAaHOHMYECKHE KOMMYTAllMOHHBIE COOTHOIIEHUSA. MacCHBHOE CKAIIpHOE MOJE U
ypaBHeHue Kneitna-®oxa-I'opaona.

2. Teopusi NOMSL U PETSTUBU3M.

['pynna Bpamenuid B €BKJIMIOBOM MPOCTPAHCTBE. MaTpulbl BpallleHHH U OpOUTAIBHBIA YITIOBOM
MOMeHT. YHutapHubie 2x2 marpuiibl 1 SU(2). CnimHOpEl 1 uX conpsbkerne. COOTBETCTBUE MEXITY
BpalllEHUSIMHA B 3-MEPHOM IPOCTPAHCTBE U MpeoOpa3oBaHUEM CIHMHOPOB. Tomonorundeckoe OTIndne
SU(2) ot O(3). Bpamenus B nmpoctpanctBe MuHkoBckoro. ['eneparopsl npeodpazoBanuii JlopeHna
Ha s3BIKE MOBOPOTOB W Ju(QepeHIHaIBHBIX ONepaTopoB. 3aMeuaHusi O mpereccud Tomaca.
CootserctBue mexay rpynmoit Jlopenna SL(2,C) u SU(2)xSU(2), kinaccudukamnus npeacTaBIeHUH.
O060011eHe HA CIMHOPBI U PEJIATUBUCTCKUE MTPE0Opa30BaHusl CHMHOPOB. KupasibHble CIUHOPEI.

3. YpaBuenue Jupaka.

BeiBoz ypaBHeHus Jlupaka B KMpaJIbHOM IIpeACTaBiIeHUU. bucnuHopel U raMMa-marpulibl. Koneunsle
MOBOPOTHl B HPOCTpaHCTBE MUHKOBCKOrO M mpeoOpazoBaHus OucnuHOpoB. [IpocTpancTBeHHas
MHBEpCHs U 4eTHOCTh. ComnpsikeHHble OMCIMHOpPHI. JIopeHIeBble cBOMCTBA OMIIMHEHHBIX MaTPHUYHBIX
jleMeHTOB 16 ramma-Martpuin. YpaBHeHHE JlUpaka B CTaHIAPTHOM «HEPEISATUBHCTCKOM
npeacraBnenun. Omeparop cnuHa. bucnuHops! s cBOOOIHBIX yYacTull. ['amuibsTroHOBa (hopma
ypaBHeHus [{upaka. CivH, OpOMTaIbHBI MOMEHT U MOJHBIA YIII0BOM MOMEHT. CHHpaibHOCTh Kak
Xopoliee KBaHTOBOE YUCIIO JUIsl CBOOOIHBIX yacTull. JIeBble u mpaBble 4acTUIbl. CBS3b C KUPAIBbHBIM
npencrasineHueM. Pacmmpenne rpynnel Jlopenna o 10-mapamerpuueckoil rpynnsl Ilyankape.
[MonmHpIi HAOOP KOMMYTAIIMOHHBIX COOTHOIIEHHWH st TeHeparopoB rpynnbsl [lyankape. Bektop
[Naynu-Jlro6anbckoro. Onepatopsl Kasumupa. BwipokneHHbIN ciaydail 0e3MaccOBBIX YacTHI[ H
cnipanbHOCTh. [Ipeodpazoanne donau-Borxaysena.

4. DneKTpoH BO BHEIIHEM IIOJIE.

VYpaeuenue [laynu u cnuHOBBIA dakTop Jlanne. BeiBoa cnvH- OpOMTANIBHOTO B3aMMOACHCTBUS U
Tomac-®DpeHkeneBckasl IOJOBHHKA. YIIOBBIE cHUHOPBHL bepecrenkoro. CnoxeHue chnuHa H
opOuTaIbHOrO MOMEHTA. J[Be CHCTEMBI YITIOBBIX CHMHOPOB. TOuHOE pelieHne KyJOHOBCKOHM 3aJadH.
CrnuH-0pOUTANTBHOE B3aMOJICHCTBHE.

5. KoMmIiekCHOE CKalIIpHOE TOoJIE.

CrioHTaHHOE HapylleHHEe CUMMETpuu u Teopema lomnacroyHa. @eHomMeH XuITca Kak YacTHOE
npuioxkeHne ypaBHeHus [mH3Oypra-Jlannay. Pemenus ¢ oTpUIATeNbHBIMH M TOJOKHUTEIBHBIMU
yactotamu. Teopema Hérep, TeH30p >HEPrUM-HMITYJbCA, TAMUIBTOHMAH M COXPAHSIOLIUICS TOK.
AHTHYACTULIBL. DIIEKTPUUECKUH 3apsi aHTu4acTull. Jlarpanykuan cnmHopHoro noss. KaHoHnueckuit
umnynbc. BeiBoa ramunsronnana npeoOpasoBanueM Jlexanapa. Omneparop 3JIEKTPUYECKOTO TOKA.
WuTepnperanus pemeHnii ¢ oTpuliaTeIbHON Yactoroi. KaHoHMueckoe KBaHTOBaHUE (PepMHOHHBIX
nonet u npuHumn Ilaynu. IlpeoOpasoBaHnme OWMCHMHOPOB W CHUPAIBHOCTH TPU 3apsiI0BOM
COIIPSDKEHUU. 3apsiIOBOE CONPSDKEHUE KaK CUMMETPHS JIarpaHKHUaHa.

6. [Ipencrapnenue B3auMOIEHCTBUS U MaTpulla PacCesTHUS.

VYnopsigouenue 1o BpeMeHU. MHTyuUTHBHas KapTHHa IPOLIECCOB pacCesiHUs Ha S3bIKE IMPUHLUIA
coorBercTBUs ((popmammsm no lIBunrepa-Tomonaru-®eifHMaHa): MEpexo] YacTHULBI B KOHEYHOE
COCTOSIHUE -> reHepalysl JEKTPOMAruTHOIO IO -> pacCcessHue BTOPOM YacTULbl BO BHEILHEM I10JIE.
Ammnapar ¢yskuuit I'puna (mpomararopoB). Ilpomaratopsr mno @DeiliHMaHy © CBS3b €
T-nipousBenenusmu. IIpoekunonHsle oneparopsl i cnuHa-1/2. KBaHTOBaHUE 3JIEKTPOMarHUTHOTO
noJst 1 BeIOOp kKanubpoBku. [lepexon k BeiBoay Teopembl Buka: mpeacTaBieHrne BceX aMIUIMTY]L Kak
MaTpUYHBIX 3J€MEHTOB MEX]y BaKyyMHBIMH COCTOSHUSAMH. PaccesHue BO BHEIHEM II0Ji€ B
BopHoBckom mnpubwxkennn. Bropas wurepaums Kak OpuUMEp BO3HUKHOBEHHS (EPMHOHHOIO
Iponararopa.



7. IlpaBmiia deiiHMaHa.

[Tpumep mporecc BTOpOro mnopsizika ¢ (OTOHHBIM HPONAraTOpPOM: PAaCCEsTHUE JIEKTPOHA Ha MIOOHE.
ToxmecTBEHHOCTh YacTWI] B paccesHUM DJIEKTpoHAa Ha odnekrpoHe. Ilpumep mpomecca ¢
(DKPMHOHHBIM TIPOIAraTOpOM: TOAPOOHBIN pa3oop BeIBOAA aMILIUTYAbl Komnton-3ddekra. CBoiicTa
KOMIUIEKCHOTO comnpspKeHUs! aMiumuTyd. CyMMHpPOBaHUE M YCPEIHEHHE O mosipu3auusM. TexHuka
BBIUMCIICHUST CIIeA0B. Yno0cTBo deliHMaHOBCkoW KanuOpoBku. CoXpaHEHHE TOKa W B3aUMHOE
COKpalllecHWEe BKJIAJOB Heduzuueckux mnoispusauuil. JOMMHAaHTHOCTH paccesHusi HazaJg B
PEJIATUBUCTCKOM cilydae. ['eHepanus y3KUX IIy4KOB I'aMMa-KBaHTOB B PAcCEsHUM JIa3€pHOIO CBETa
Ha3aj Ha yJIbTpapesITUBUCTCKUX 3JeKTpoHax. IIpouecch ¢ antnuactunamu. [letneBrsie quarpaMmel.
[Tonnas cBonka npasun deitHMaHa.

8. IleTneBble MOMpaBKy.

IIpumep mompaBKyu K 3JIEKTPOH-MIOOHHOMY PACCESIHUIO KaK WIUTIOCTPALUsS MOHSITHS HEIPUBOIUMBIX
auarpaMM. CBOWCTBa CXOAMMOCTH/PAacXOIUMOCTH HENPUBOAUMBIX JHAarpaMM B HMMITYJIECHOM
npocrtpancTBe. KBagparnunas, nuHelHas U jgorapudMuueckue pacxoguMocTH. Tprok DeiiHMaHa B
BBIYMCIICHUN TETIeBBbIX uHTerpanoB. IlpoGmema KBaapaTW4HONW pPAaCXOAMMOCTH MOJSAPU3ALMN
BaKkyymMa M TIOTCHUMAJIbHONH TOTEpU KaauOpPOBOYHOH WHBAPUAHTHOCTH. OKCIIOHEHLIHAIbHOE
npezactaBieHue boromoboBa u pazMmepHas peryiaspusalvs (aHAINTHYECKOE IPOJODKEHUE I10
Pa3MepHOCTH MIPOCTPAHCTBA-BPEMEHH) Bomnunau-/xxuambauaun-rXodra-Bensrmana.
UynoneiicTBEHHOE BOCCTAHOBIICHHE KAJIMOPOBOYHOM WHBapuaHTHOCTH. CBs3p ToOJdIOCa MO
Pa3MEpHOCTH C JIOTapU(PMUUIECKON pacXOAMMOCTBIO MPH peryiaspuzaunu no Peiinmany. PazmepHas
TpaHCMyTallUsd Kak IIeHa pa3MepHOM peryispusauuu. IlodrocHble M KOHEUYHbIE paJUalliOHHBIE
MTOTIPaBKH.

9. ¥paBHenus JlalicoHa U TEpEHOPMHUPOBKH.

[Tpumep npomnararopa ¢orona. Koncranra nepenopmupoBku Z_3. CoOcTBEHHAas! SJHEPTUsl IEKTPOHA.
KoncranTa nepeHOpMupoBKU Z 2 U IEPEHOPMUPOBKA Macchl 2J1€KTPOHA. BrluuciieHue paanonpaBku
K BEpIIMHHOW (PyHKIHMH, TOXKIECTBO Yopaa u paBeHCTBO Z 2 =7 1. JleranbHas WUTIOCTpaLus
KOHCIIUpAalLUY paJiMalliOHHBIX [IOIPAaBOK U KOHTpWIEHOB, [lepeHopMupoBKa 3apsia.

10. ITepesiit Tpuymd KO/I.

[MonpoOHKIA  aHamW3  pajWallMOHHOW TIONPaBKM K  BepmuHHONW  (yHkiuu. Pasnenenue
B3aMMOJCHCTBUA 3apsiia U MarHuTHOro momeHta. ToxzaectBo lopmona. BeiBox IlIBuHrepoBcKOi
MOTPaBKH K MarHUTHOMY MOMEHTY 3nekTpoHa. ToxaecTBo ['opfoHa Kak yIpoIIaromni BEIYUCICHUS
TproK. Bxiag anpoHHON nonsipu3aluy Bakyyma B MArHUTHYHO aHOMAJIHIO.

11. 3omoroe npasuiio PepMu B pelnITUBUCTKON TEOPUH.

Brruncienns BpeMeH KHU3HH | MTOTHBIX cedeHUl nporieccoB. @a30Bblif 00bEM U €ro PelsITUBUCTCKAS
WHBapUAHTHOCTb. PemyKiusi MHOrO4acTHYHBIX  (a3oBbIX O0BEMOB K  JIByXYacCTHYHBIM.
Pacripenenenus mo MHBapHAaHTHBIM MaccaM Kak CHOCO0 IMOMCKa HOBBIX 4acTul. MimocTtparus
TEXHUKH Ha NpuUMepe poxnaeHud mnap Jlamuma. YcinoBHe YHUTApPHOCTH M ONTHYECKas TEOpeMa.
AHanuTH4eckre CBOMCTBA MOJISIPU3ALMK BaKyyMa Kak KBajpara mMacchl (oroHa. CBs3b C cEUeHHEM
et+e- B aHHUTWIALNMOHHOM KaHane. IlpaBuimo Kytkockoro. IlpsMoe BbMHMCIEHME MHUMOW YacTH
HOJISIPU3ALIMY BaKyyMa JaeT aBTOMaTUUECKU I'paJlu€HTHO-UHBAPUAHTHBIN OTBET.

12. Topmo3Hoe u3nyuenue u nHppakpacHas karacrpoda B KOJI.

Koncnupanus peanbHbIX U BUPTYalIbHBIX IONPABOK KaK KIJIIOY K pa3pelleHuto napanokca. Ksanrosas
MEXaHHMKa KOHCIHpAIMKM KakK CIEACTBHUS YCIOBUS YHUTAapHOCTH Ha s3blke DOKOBCKHUX COCTOSTHUI
JNMEKTpOHA KaK TOJOro  d2JIEKTPOHa €  MHOTO(OTOHHBIM  OKpyxeHueM. IlpubGmmxenue
depmu-Baiinzexkkepa-Bunbsamca. [punoxenne k nponeccy Jlangay-JIndummna poxaeHus e+e- mapsl
IIPU CTOJIKHOBEHUHU YJIBTPAPEIIATUBUCTCKUX 3apsKEHHBIX YacTHUIL.



13. Bropoii Tpuymd KI/I.

Beenenne B KOJ[ Bo BHemHeMm mone. [letanbHbiii pa30op COOCTBEHHOW JHEPTHU aTOMAapHOTO
anekTpoHa. Berancnenue JIamOoBckoro casura.

14. PenaTHBUCTCKUN CIIMH BO BHEITHEM MOJIE.

VYpaBuenue @penxkens-Tomaca-baprmana-Mumens-Tenerqu  (PTBEMT). Eme omun  BbIBOI
Tomac-@PpeHkeneBCkoil MOJOBUHKHU. [IpriiokeHHss K yCKOpUTEnbHOM TexHHKE. [lapamerpuueckuii
CIIMHOBBI PE30HAHC B HAKOMMUTEJIBHBIX KOJIBLIAX KaK IpPHMEp MPWIOKEHUS YCPEOHEHHS IO
Boromo6oBy-KpreiioBy k pemenuto ypaBaenuss @TBEMT B nipezicTaBieHnN B3aUMOJICHCTBUSI.

15. YpaBuenus Kannana-CumaHuuka.

[lepenopmupoBku, Oerymuii 3apsn. Ilomoc Jlanpay-AOpukocoBa-XallaTHUKOBA W HyJb 3apsija.
@ukcHpoBaHHbIE TOYKM M aHOMAJIbHBIC Pa3MEPHOCTHU. BBoaHBIE 3amMedaHust 00 aCUMOTOTHYECKOH
cBOOOJIC B KBAHTOBON XPOMOANHAMHUKE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopusi, 10CKa, TP HEOOXOAUMOCTH MEHAIIPOEKTOP, IKPaH.
6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa
1. KBanroBas anekrpoguHamuka [ Texct] : yaed. mocobue s cryaeHToB (us. crell. yH-ToB / B. B.
Bepectenkwii, E. M. JIudmu, JI. I1. [TutaeBckuii .— 4-¢ uzn., ucnp. — M. : @usmariur, 1989, 2001,
2002, 2006 .— 720 c.
2. KsanToBas teopus noist [Teker] = Quantum field theory : [y4e6. mocobue mist By3oB] / JI. Paiinep,
niep. ¢ anmn. C. U. AzakoBa ; nox pen. P. A. Mup-KacumoBa .— M. : Mup, 1987 .— 512 c.

JlononHuTenbHAs TUTEpaTypa
1. BBesieHre B pesITUBUCTCKYO KBaHTOBYIO Teoputo nons [ Teker]/C. 1lIseGep , -M., M3a-Bo HHOCTP.
Jurt., 1963

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

www.chair.itp.ac.ru

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUH 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

ITpencraBnenue MaTepuasa Ha JOCKE W/WIK TP ITOMOIIHM MeuanpoekTopa. Pemenne 3aiad no reme
JMCUUILIAHBL U1 pa3BUTHS H IPOBEPKH 3HAHUI U yMeHUI. Bo3MoxkHo ucnonb3oBanue [10 s
CHMBOJIbHBIX W/WJIM YUCJICHHBIX BBIYMCIICHHUH.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CryneHT, M3y4arollui JUCHUIUIMHY, JIOJDKEH, C OJHOW CTOPOHBI, OBJIAJIETh OONIMM IMOHSITHHHBIM
anmapaToM, a ¢ JPYTroil CTOPOHBI, JOKEH HAYYHTHCS IPUMEHSITh TEOPETHUSCKUE 3HAHUS Ha MPAKTUKE.

B pesynprare m3ydeHWs NUCHIUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIC ONPEACIICHUS W TIOHATHSA,
YMETh IPUMEHATD MOyYEeHHbIE 3HAHUS IJIS PELICHUS Pa3InYHBIX 3a7a4.

YceneniHoe ocBoeHue Kypca Tpedyer:

— MOCEIICHHUS BCEX 3aHSATHIA, IPETYCMOTPEHHBIX YYeOHBIM TNIAHOM TI0 JIUCITUTIINHE;



— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSTENLHOM Pa0OTHI CTYJICHTA.
CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4eOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYICHTaM Ha 3aHATUSX;

— MOJATOTOBKY K BBIMOJIHEHUIO 33JaHUI TEKYLIEH U IPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BrnajieHUss MaTepraIoM CIYXHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMam
JUCIUTLIAHEL

BaxxHO moOWTHCS TTOHMMAaHWS W3y9aeMOTO MaTepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpum
3aTPYJHCHUU W3y4YEHHs OTJACIbHBIX TEM, BOMPOCOB, CIEAYeT OOpamarbcsi 3a KOHCYJIBTAIUSIMU
MPEIoIaBaTelio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa nmpobiem TeopeTndeckon HU3NKU

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT

PaszpatGoTunk: H.H. Hukonaes, a-p ¢us.-mar. Hayk



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

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

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-3 CriocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 00acTu npodeccuoHambLHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

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

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKMMHM M BBIYHUCIHUTEIHLHBIMHU
METOJJaMH pelIeHMs], TOHUMAeT U YYUTHIBAET HA MPaKTHUKE
CPaHUIbl MPUMEHUMOCTH MOJIYyYaeMbIX PEIICHUN

[IK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIie pa3padaThIBaTh U
UCCIIE/I0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAHUA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OIICHUBATh KaueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHyeckue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynbrare n3ydeHus AUCIUTUIMHBI « KBaHTOBASI AJIEKTPOANHAMHUKAY 00YYaIOIIUICS JOKEH:

3HATb:

- OCHOBHBIC ITIOHATHA 110 TEMC JUCHUIIIINHEI.

yMeThb:

- IIOJIb30BAaTbLCs Pa3BUTBIMU B paMKaX AUCHUINIMHBI METOAAMH UCCIICAOBAHUA, pCIIATh 3a1a4u 110 TEMEC

IUCHHIUINHEL.
BJIaJeTh:

- MAaTEeMaTHYCCKHMM H IOHITUNHBIM afraparoMm M MCEToOdaMUu HCCHGILOB&HHﬁ, COCTaBJIAOIIINMH

coJiepKaHue AUCIUTITNHBL.

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

1. Kak BeimisiguT Teopema [onycroyna B TEOpUH € U30TPHUILIIETOM CKAISIPHBIX YacTHIL?

2. AHHMTWIALMY B KOJUIaliiepe IIPU BBICOKOH SHEPIUM Iaphl €+e- ¢ MONEPEUHbIMU MOJIAPU3ALUIMU B
napy \mu+\mu. Kakum Oyznet azumyTaibHOE pacnpeaeIeHie MIOOHOB?

3. BbluucniuTh OTHOIIEHWE WIMPUH pacmagoB \pi->\gamma+\gamma wu \pi->\gamma-+(ete-) c
KOHBepcuel Broporo ¢oroHa B nmapy Januna ete-. B 3amade ecth OonbInol mapamerp: OTHOIICHHE
Macchl MMOHA K Macce IeKTpoHa. HailTu miaBHbII 0 5TOMY apaMeTpy BKJIaJl B OTHOILCHUE HIUPUH.

4 .BbIYUCIUTD BKJIAJ 3JIEKTPOHHOM MOJIPU3AIlK BaKyyMa B MArHUTHYIO aHOMAJIMIO MIOOHA. B 3amaue
ecTh OOJBLION MapaMeTp: OTHOLICHHE MacChl MIOOHA K Macce dieKTpoHa. Kak, mpuBiekas MOHsATHE
OeryIero 3apsia, MOKHO HAaITUCAaTh OTBET, BOOOIIE HUYETO HE BEIYMCIISS?

5.MarauTtHas aHOMaIHs 9JICKTPOHA B 3a1a4€ O JI>mO0BCKOM CABUIC.



4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. Kak Bemmsautr ¢enomen Xurrca npu SU(2) HeabeneBod KainOpOBOYHON HMHBAapHaHTHOCTH B
mopenu Georgi-Glashow ¢ u3oTpurieToM cKaasipHbIX ME30HOB?

2. lana teopust ¢ (GepMHOHOM, B3aUMOJCHCTBYIOIIMM CO CKAJISIPHBIM WM TICEBIOCKAJIIPHBIM IOJIEM.
Bobruncnante, MCHONB3ysl pa3MEpHYIO peryiaspu3alnrio, MNOSPU3alUI0 ME30HHOTO BaKyyMa B 000HX
cinyyasx. HallTu KOHCTaHThI EPEHOPMUPOBKHM ME30HHBIX IIOJIEW M Macchl Me30Ha. Hailitu xapakrep
MOPOTOBOM OCOOCHHOCTH MPH BPEMEHHUINIONOOHBIX HMITyldbcax. OOBACHUTH pa3inyue IMOPOTOBOIO
MOBE/ICHUS JUISl CKAJSIPHOTO U TICEBAOCKANIIPHOTO CIIydasi, €CIIM OHO OyZeT OOHapyKeHO.

3. 3agauya bepecrenkoro-Kpoxuna-XneOHUKoBa: HAliTH MONPaBKy K MArHUTHOW aHOMAJIUU 3JIEKTPOHA B
cllyyae MacCHBHOTO (poTOHa ¢ Maccoil MHOTo Oojble Macchl aekTpoHa. [loackaska: cucremarnuecku
HCIOJIB30BaTh ToXAECTBO [oproHa.

4. TlpoctpaHcTBeHHas 4eTHOCTh \pi0-Me30Ha ObLIa OmpesecHa MO pacnajay Ha ABe mapel Jamwmia
(ete-)(ete-). B cucreme mokosi Me30Ha Kakaas mapa OmpenessieT IUIOCKOCTh. PaccMoTpers citydai,
KOTJIa MHBapUAHTHBIE MAcChl Tap MHOTO OOJbIIE BYX Macc JIEKTPOHA, HO MHOTO MEHBIIIE TTOJIOBUHBI
Macchl Me30Ha. B 3To# koHUTypauun aHTHCUMMETPHU3ALMI0 aMIIUTYIbl pacrajga Mo TOKECTBEHHBIM
(dbepMHOHAM MOXHO He JienaTh (000CHOBaHUE MOXKHO OMYyCTHTh). Kakas OyeT Koppensius TI0CKOCTeH
IBYX TMap TpuU pa3sHOM UYETHOCTH Me30Ha: OyayT MNPEeANOYTHTENbHbl INapaijelibHble WIH
MepIeHANKYISpHbIE I0ckocTH? Kak OTBET MOXKHO MpeayraiaTh 0e3 BEIYUCICHMI?

5. Kak, ucnone3ys mnpubnmxenue Depmu-Baiinzekepa-Bunbsmcs, cBsizath  auddepeHnuanbaoe
CEYeHHIO Tporecca ete -> e+e-\pi0 ¢ BpemeHeM >xu3HU -\pi0-me30Ha (Tiporiecc Low)?

6. IlpuBectu ypaBHeHusa [alicoHa 1 nepeHOPMUPOBKHU.

7. IlpuBectu 301m0T0€ NpaBuiio GepMu B pEISITUBUCTKON TEOPHUH.

8. IlpuBecTH neTanbHbINA Pa300p COOCTBEHHON SHEPIUU aTOMAPHOTO IEKTPOHA.

9. IlpuBectu nomoc Jlangay-AGpukocoBa-XanaTHUKOBA U HYJb 3apsja.

10. IIpuBecTn 3aMedanusi 00 ACUMITOTHYECKOH CBOOO/IE B KBAHTOBOM XpPOMOIMHAMHUKE.

Kputepun onennBanus

Onenka ommuno 10 OGamnoB - BBICTABJISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCLUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTh, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHATHIX PELIEHU.

Onenka omM4YHO 9 Oa/uloB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, IIyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NMPH PElICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka omMyHO 8§ OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.

Ouenka xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHa, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIy4YEHHBIE 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka xopomio 6 0aioB - BHICTABIISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, TPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHTh II0JTy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIyCKaeT B OTBETE
WJIM B PEUIEHUH 331349 HEKOTOPBIE HETOYHOCTH.

OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
U 0 CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJIyYEHHbIE 3HAHMS Ha IMPAKTHKE, HO JTOMYCKAeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.

OueHka ynoBIETBOPUTEIbHO 4 Oamia - BBICTABISETCS CTYIACHTY, MOKa3zaBIIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpPaBUJIbHBIE (DOPMYITMPOBKH 0Oa30BBIX MOHSITHMH,
HapylLIEHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B M3JIOKEHUH IIPOIPaMMHOIO0 Marepuajla, HO IIPU 3TOM
OH OCBOMJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.



OueHka ymOBIETBOPUTEIbHO 3 Oaiia - BBICTAaBISAETCS CTYICHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HApYILCHUS] JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3JieliaMy y4eOHOW MpOrpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAHIAPTHON CUTYaIHH.

OueHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCSl CTYACHTY, KOTOPBIA HE 3HAET OOJbIICH YacTH
OCHOBHOTO COJepKaHUsl y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMyIHPOBKaX OCHOBHBIX MPUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS NTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHKka HEYNOBIETBOPUTEIBHO | 0amn - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep )KaHusl y4eOHOH MpOorpaMMbl IUCIUILTUHBI, JOMycKaeT rpyOeiiinne omuOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3aj1au.

5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

HuddepennmupoBanHpiii 3a4€T NPOBOAUTCS B YCTHOH Qopme mno Oumneram. B kaxmom Ouiere
NPEACTaBICHO JBa TeopeTHdeckux Bompoca. [lpu mpoBemeHum 3au€ra  oOydaromemycs
npenocrasisierca 30 MUHYT Ha moArotoBky. Ompoc oOydaromierocsi He JOJDKEH NPEeBBIAaTh OAHOTO
aCTPOHOMMYECKOTO Yaca.



