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AHHOTANMA

C omHO#l CTOPOHBI, 3T0 Oa3UCHBIM Kypc HJsl pEelIeHHs] MPAKTUYECKUX 3a7ad PENSITUBHUCTCKOW KBAaHTOBOM
¢uzukn. B nayxe 4-ro toma Kypca Teoperwueckort ®usuku Jlanmay-JIngimmumna, OCHOBHBIE WIIEU
WUTIOCTPUPYIOTCS. Ha MpUMepe abeleBOod KBAaHTOBOW 3JEKTpoauHaMuKH. C Ipyroil CTOPOHBI, 3TO BBOAHBIH
KypcC Ul MOCJEAYIOIEro U3yueHnus HealeneBbIX KannOpoBouHbIX noseit u CrannaptHoit Monenu. Onnaxo,
CBEpX Marepuaia 4-ro Toma, NOAYEPKHUBAIOTCS aHAJIOTMH C UAESIMH KBAaHTOBOW TEOPHM KOHIEHCHPOBAaHHBIX
cpexn: Teopema lonactoyHa n OeciueneBble BOMYIICHHUS, aHAJIOTHS MEXIy (eHOMeHOM Xurrca B (pU3UKe
gyactuy, W (asoBeiM mepexopom I'mnH3Oypra-Jlanmay B TeOopuHM  CBEPXIPOBOJHHKOB, ypaBHEHHS
Kamnana-CumaH4uka [Uis BEIYMCIIEHUS] aHOMAJIbHBIX Pa3MEpHOCTEH.

Bce nekiuu conpoBoXAaIOTCS 3a7auaMy, He HOBTOPSIOIIMMH pa300paHHbIe B 4-M ToMe. DK3aMeHAlMOHHbIE

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.

W3noxxenne Benércs mpu IMOMOLIM ammapara (yHKIMOHAJIBHOTO WHTETPUPOBAHUS, IMPUMEHSETCS
Pa3MEepHOCTHBIN METOA YABTPaQHOIETOBOH peryisipusaunu. Bee BerunciaeHrs mpoBOASATCS MOAPOOHO U
no koHua. Kypc HaunmHaeTcsi ¢ KBAaHTOBaHUSI CKaJIIPHOIO IOJI Kak IIpUMEpa U 3aKaHYMBAETCS

BBIYUCJIICHUCM OJHOIICTIICBBIX IIOIIPABOK B KSI[ B HYaCTHOCTH,

BBIYMCIISICTCS aHOMAaJIbHBIN

(omgHOMETIIEBOH) BKJIAJ B MATHUTHBIM MOMEHT 3J1eKTpoHa. OCHOBHOM TEKCT CYIIECTBEHHO OTOIHIETCS
YIPKHEHUSMU U 33]]a4aMU, IPUBEIACHHBIMU B KOHIIE KXKIOU JICKIUH.

33]13‘[1/[ JAUCHUIIINHBI

- TIO3HAKOMUTbH CTY/IEHTOB C OCHOBHBIMHU MOHATHSMU U UAESAMH B 9TOH 00JacTH, C IIOCTAHOBKOW 3a/1a4
U MOAXOAAMH K MX pemeHusaM. [Ipeanonaraercs, 4To NpoCIyIIaB 3TOT Kypc, CTYAEHTBl CMOTYT YUTaTh
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 3Haer w© croco0eH HCIIOJIL30BAaTh B
mpoeCCHOHANFHOW ~ JIeATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HaHUS B 00JacT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIEJOBaHUA B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
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 Cnocoben ananu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, MpeyiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHss 3HAHHS B
pa3IMUYHBIX 00IACTIX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
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

IIK-1.2 CnocobeH  BbyIBHTaTh THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3pabOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
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:
- MareMaTM4ecKMM M TOHATHUHHBIM anmaparoM M METOJaMH HCCIEJOBaHUH, COCTaBISIIOIIUMHU
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 IIpencraBnenue  B3aMMOJECHCTBHUS 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 1paBHIo Depmu B 3 3 3
PEJIATUBUCTKOM TEOPUH.
12 Topmo3HOe u3ITyyeHHne U HH(pPaKpacHas 3 3 3
katactpoda B KO/I.
13 |Bropoii Tpuymd KI/I. 3 3 3
14 PenstuBuCTCKHH CHMH 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 rapMoHHuecKkoM ocuuiuiarope. Oneparopsl poskKACHUS U YHUUTOXKEHUS U TIEPEX0/L
OT BOJTHOBBIX ()YHKUIMH K yKciaM 3arnoiHeHuss. KBaHTOBaHUE KIIaCCHYECKOM CTPYHBI M aKyCTHUECKHE
¢dononbl. [lonst Kak KOOPAMHATHI W COIpPSDKEHHBbIE MM MMITYIbChl. [IpeoOpaszoBanue Jlexxanmpa.
I'aMuIPTOHMAH M KAHOHMYECKUE KOMMYTAI[MOHHBIE COOTHOLIEHUS. MacCUBHOE CKaJSIpHOE IOJE U
ypaBHeHue Kneitna-®oxa-I'opaona.

2. Teopusi NOMSL U PETSTUBU3M.

['pynna BpamieHuid B €BKIMAOBOM MPOCTpaHCTBE. Marpuubl BpalleHUl U OpOUTaIbHBIA YITIOBOH
MOMEHT. YHutapHble 2x2 Matpuiiel 1 SU(2). CrinHOpel M uX compsibkeHre. COOTBETCTBHE MEXITY
BpAalLlEHUSIMH B 3-MEpHOM IPOCTPAHCTBE U MIPeoOpa30BaHKEM CIIMHOPOB. TOMOJIOrHYECKOe OTINYHE
SU(2) ot O(3). Bpamenust B npoctpancTBe MunkoBckoro. ['enepatopsl npeodpazoBanuii Jlopenia
Ha S3BIKE TOBOPOTOB M AuQQepeHIManbHBIX ONepaTropoB. 3ameuaHuss o npeueccuu Tomaca.
CootserctBue Mexay rpymmoit Jlopenmna SL(2,C) u SU(2)xSU(2), knaccudukariyisi peacTaBIeHAN.
O060011eHe HA CIMHOPBI U PEJIATUBUCTCKUE MTPE0Opa30BaHusl CHMHOPOB. KupasibHble CIUHOPEI.

3. YpaBuenue Jupaka.

BeiBog ypaBHeHus [lupaka B KupajibHOM NpeacTaBieHuu. bucnuHops! 1 ramma-marpuiibl. Koneunsle
MOBOPOTHl B MPOCTpaHCTBE MHMHKOBCKOrO M mpeodOpazoBaHusi OucnuHopoB. IIpoctpancrBeHHas
MHBEpCHS U 4eTHOCTb. ComnpsbkeHHbIe OucMHOpHI. JIopeHIeBble CBOWCTBA OMIMHEHHBIX MaTPUYHBIX
JIeMeHTOB 16  ramMMa-marpuil. YpaBHeHue Jlupaka B CTaHAAPTHOM «HEPEISTHBHCTCKOM
npeacrasieHuu. Omeparop cnuHa. bucnuHOps! UId cBOOOIHBIX uacTul. ['ammibsToHOBa (hopma
ypaBHeHus [lupaka. CivH, OpOMTaIbHBI MOMEHT U MOJIHBIA YITI0BOM MOMEHT. CHHUpaibHOCTh Kak
Xopolree KBaHTOBOE YUCIIO Il CBOOOIHBIX YacTHLl. JIeBble U npaBble YacTHIbL. CBA3b ¢ KUPATbHBIM
npencrapineHueM. Pacmmpenue rpynnsl Jlopenma mo 10-mapamerpuyeckoi rpynmnel Ilyankape.
[MonmHpIi HAOOP KOMMYTAIIMOHHBIX COOTHOIIEHWH sl TeHepaTopoB rpymmbl [lyankape. Bekrop
[Naynu-Jlro6anbckoro. Omneparopbl Kaszumupa. BeipokneHsblid ciydail 0e3MaccOBBIX 4YacTHI U
cnipanbHOCTh. [Ipeodpazoanne donau-Borxaysena.

4. DneKTpoH BO BHEIIHEM IIOJIE.

VYpaBuenue [laynu u cnimHoBbid pakrop Jlanme. BoiBoj criuH- OpOUTANBHOTO B3aUMOJCHCTBUS U
Tomac-®dpeHkeneBckasl MOJOBUHKA. YIioBble couHOpHl bepectenkoro. CrnoxeHne couHa U
OpOUTaTBLHOTO MOMEHTA. J[BEé CHCTEMBI YITIOBBIX CIIMHOPOB. TOYHOE pelIeHHe KYJIOHOBCKOW 3a/1auH.
CrnuH-0pOUTANTBHOE B3aMOJICHCTBHE.

5. KoMmIiekCHOE CKalIIpHOE TOoJIE.

CrioHTaHHOE HapylleHHe cUMMeTpuu Hu Teopema lomacroyna. @eHomeH Xurrca Kak 4acTHOE
npuioXkeHne ypaBHeHusi [un3Oypra-Jlannmay. Pemenus ¢ oTpuumaTeIbHBIMH M ITOJIOKUTEIbHBIMU
yactotamu. Teopema Hérep, TeH30p JHEpPruu-UMIYIbCa, TAMWJIBTOHUAH M COXPAHSAIOIIUNCA TOK.
AHTHYACTULIBL. DIEKTpUUYECKUH 3apsi aHTHYacTull. Jlarpanxkuas cnuHopHoro nons. KaHonnueckuit
uMmnynbc. BeiBox ramunsroHnaHa npeoOpasoBaHueM Jlexxanapa. Omeparop 3JIEKTPUUYECKOTO TOKA.
WuTepnperanus peuieHnid ¢ oTpuiareIbHol yactoroil. KanoHnyeckoe kBaHTOBaHWE (DEPMHUOHHBIX
noneit u mnpuHuun Ilaymu. [IpeoOpazoBanne OHCIIMHOPOB M CIMPATBHOCTH NPU  3apsA0BOM
COIIPSDKEHUU. 3apsiIOBOE CONPSDKEHUE KaK CUMMETPHS JIarpaHKHUaHa.

6. [Ipencrapnenue B3auMOIEHCTBUS U MaTpulla PacCesTHUS.

VYnopsipouenue 1o BpeMeHH. MHTyuTHBHas KapTHHA MPOLIECCOB pacCcesHUs Ha sI3bIKE IPUHIIMIA
coorBercTBUs ((popmammsm no llIBunrepa-Tomonaru-@eifHMaHa): MEPexo]] YaCTHULBI B KOHEUHOE
COCTOSIHUE -> FeHepalys JIEKTPOMaruTHOIo 1oJIsl -> paccesiHue BTOPON 4acTHULIbl BO BHELIHEM II0JI€.
Amnmnapar ¢yskuuit Ipuna (npomararopoB). Ilpomararoper mno DelilHMaHy ©u CBA3b C
T-nipousBenenusmu. IIpoekunonHbIe onepaTopsl s criuHa-1/2. KBaHTOBaHHE 3JI€KTPOMArHUTHOTO
noJist U BeIOOp KanmmOpoBku. Ilepexon k BeIBOMy TeopeMbl Buka: npencraBieHHe BCEX aMIUIMTYHA Kak
MaTpUYHBIX 3JEMEHTOB MEXIy BaKyyMHBIMH COCTOSHMsMM. PaccesHue BO BHELIHEM IIOJ€ B
BopHoBckom mnpubmxenunn. Bropas wurepauus Kak NOpUMep BO3HHUKHOBEHHUS (HDEPMHUOHHOTO
Iponararopa.



7. IlpaBmiia deiiHMaHa.

[Tpumep mporecc BTOporo mopsiika ¢ (POTOHHBIM MPONAraTopoM: paccesHHe HIEKTPOHA Ha MIOOHE.
ToxmecTBEHHOCTh YacTWI] B paccesHUM DJIEKTpoHAa Ha odnekrpoHe. Ilpumep mpomecca ¢
(DKPMHOHHBIM TIPOIAraTopoM: OAPOOHBIH pa3oop BeIBoAA aMIIHTyAbl KomntoH-3ddexra. CBoiicTBa
KOMIUIEKCHOTO COTpsDKEHUsT aMiinTyd. CyMMHPOBaHUE M YCPEAHEHHUE MO HOISIpU3alusaM. TexHUKa
BBIUMCIICHUST CIIeA0B. Yno0cTBo deliHMaHOBCkoW KanuOpoBku. CoXpaHEHHE TOKa W B3aUMHOE
COKpallleHWEe BKJIaJA0B He(duznyeckux mnomapu3anuii. JJOMUHAHTHOCTH paccesHUs Has3aa B
PEJIATUBUCTCKOM cilydyae. I'eHepanusi y3KuX IIy4KOB raMMa-KBaHTOB B PacCEsHHUM JIa3€pHOIO CBETa
Ha3aj Ha yAbTPapesITUBUCTCKUX 3J1eKTpoHax. [Ipoueccel ¢ antuuactunamu. [leTneBsie AuarpaMmei.
[Tonnas cBonka npasun deitHMaHa.

8. IleTneBble MOMpaBKy.

[Ipumep monpaBKu K 3JIEKTPOH-MIOOHHOMY PacCEIHHIO KaK WIIIIOCTpAIUs MOHATUS HENPHUBOAMMBIX
auarpaMM. CBOWCTBa CXOAMMOCTH/PAacXOIUMOCTH HENPUBOAUMBIX JHAarpaMM B HMMITYJIECHOM
npocrtpancTBe. KBagparnunas, nuHelHas U jgorapudMuueckue pacxoguMocTH. Tprok DeiiHMaHa B
BBIYMCIICHUN TIETIEBBIX MHTErpanoB. lIpobmema KBajpaTHYHON pacXOOMMOCTH HOJSPHU3ALUH
BakyymMa ¥ IOTCHLUUAIbHOM TMOTEpH KaIUOPOBOYHON HMHBAPHMAHTHOCTH. OKCIOHEHIHAIBHOE
npezacraBieHue boromoOoBa u pasmepHas perymnspuzanus (QaHAJIUTUYECKOE IPOAODKEHHE II0
Pa3MepHOCTH MPOCTPAHCTBA-BPEMEHH) Bomnunu-/xuambauun-rXodra-Bensrmana.
UynoneiicTBEHHOE BOCCTAaHOBJICHHE KalWOpOBOUHOW WHBapHaHTHOCTH. CBs3b TMoONtOCa 110
Pa3MEepHOCTH C JIoTapu(PMUIECKON pacXoAUMOCTBIO MpH peryisipuzaunu no Oelinmany. PasmepHas
TpaHCMyTallUsd Kak IIeHa pa3MepHOM peryispusauuu. IlodrocHble M KOHEUYHbIE paJUalliOHHBIE
MTOTIPaBKH.

9. ¥paBHenus JlalicoHa U TEpEHOPMHUPOBKH.

[Tpumep npomnararopa ¢ortona. Koncranta nepenopmupoBku Z_3. CoOCTBEHHAs SHEPTHsI 3JIEKTPOHA.
KoncranTa nepeHopMupoBKky Z 2 U IEPEHOPMHUPOBKA MACCHl MIEKTPOHA. Brluncienue paanonpaBku
K BEpIIMHHOW (pyHKIMH, TOXIECTBO Yopma W paBeHCTBO Z 2 =7 1. JlerambHas WILTIOCTpanus
KOHCIIUpAalLUY paJiMalliOHHBIX [IOIPAaBOK U KOHTpWIEHOB, [lepeHopMupoBKa 3apsia.

10. ITepesiit Tpuymd KO/I.

[MonpoOHKIT  aHanmW3  pajWallMOHHOW TIONMPaBKHM K  BepmMHHOM (yHknmu. Pasnenenue
B3aUMOJCUCTBUA 3apsiia U MarHUTHOro MomeHrta. ToxnaectBo lopmona. BriBon IIBuHTEpoBCKOit
MOTPaBKU K MarHUTHOMY MOMEHTY 3JlleKTpoHa. ToxkecTBo [opioHa Kak yrnpoIaronuili BeIYUCICHUS
TproK. Bxiag anpoHHON nonsipu3aluy Bakyyma B MArHUTHYHO aHOMAJIHIO.

11. 3omoroe npasuiio PepMu B pelnITUBUCTKON TEOPUH.

Beruncienns BpeMeH KH3HH U TIOJHBIX cedeHu npoieccoB. Da3zoBblii 00bEM U €T0 PEeISITHBHCTCKAS
WHBapUAHTHOCTb.  PemyKiust MHOro4acTHYHBIX  ()a30BBIX 00BEMOB K  JABYXYaCTHUHBIM.
PacripeneneHuss Mo MHBapHAHTHBIM MaccaM Kak CIIOCOO MOMCKAa HOBBIX uacTul. Mimroctpanus
TEXHUKH Ha NpuMepe poxaeHus map [lanuma. YcinoBHE YHHUTApHOCTH M ONTHYECKas Teopema.
AHanuTn4ecknue CBOWCTBA MOJISPU3AIMM BaKyyMa Kak KBaJpaTa Macchl (poroHa. CBs3b ¢ CEUEHUEM
ete- B aHHUTWIANMOHHOM KaHaie. [IpaBmno Kyrtkockoro. IIpsiMoe BbIYMCIIEHWE MHUMOWN 4YacTH
HOJISIPU3ALIMY BaKyyMa JaeT aBTOMaTUUECKU I'paJlu€HTHO-UHBAPUAHTHBIN OTBET.

12. Topmo3Hoe u3nyuenue u nHppakpacHas karacrpoda B KOJI.

Koncnupanus peanbHbIX U BUPTYalIbHbBIX IONIPABOK KaK KJIIOY K pa3pelleHuto napanokca. Ksanrosas
MEXaHMKa KOHCIIMpAlMK Kak CIEACTBHS YCIOBUS YHUTAPHOCTH Ha s3bIke (DOKOBCKUX COCTOSIHMU
JNMEKTPOHA KAk TOJOr0  JJIEKTPOHA C  MHOTO(OTOHHBIM  OKpyKeHHeM. [Ipubmikenue
depmu-Baiinzekkepa-Bunbsamca. [punoxenne k nponeccy Jlangay-JIndmmmna poxneHus e+e- maps
IIPU CTOJIKHOBEHUHU YJIBTPAPEIIATUBUCTCKUX 3apsKEHHBIX YacTHUIL.



13. Bropoii Tpuymd KI/I.

Beenenne B KO/ Bo BHemHem mone. JletanbHbIH pa30op cOOCTBEHHOW JHEPTUM aTOMapHOTO
anekTpoHa. Berancnenue JIamOoBckoro casura.

14. PenaTHBUCTCKUN CIIMH BO BHEITHEM MOJIE.

VpaBuenue @penkens-Tomaca-baprmana-Mumens-Tenerqu  (OTBEMT). Eme oaun  BbeiBoa
Tomac-@PpeHkeneBCkol NOJOBUHKHU. [IpuiiokeHHsT K yCKOpUTENbHOM TexHHKe. [lapamerpuueckuid
CIIMHOBBI PE30HAHC B HAKONMMTEIBHBIX KOJBIAX KaK MNpPUMEP MNPUIOKEHHS YCPEIHEHHUS II0
Boromo6oBy-KpreiioBy k pemenuto ypaBaenuss @TBEMT B nipezicTaBieHnN B3aUMOJICHCTBUSI.

15. YpaBuenus Kannana-CumaHuuka.

[lepenopmupoBku, Oerymuii 3apsan. [lomoc Jlanmay-AGprkocoBa-XanaTHUKOBA M HYJIb 3apsia.
@dukcHpoBaHHbIE TOYKM M aHOMAJIbHBIC pa3sMEpHOCTH. BBoxHble 3amedaHust 00 aCHMOTOTHYECKON
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

CHUMBOJIBHBIX W/WIM YUCICHHBIX BBIYUCICHUMN.
9. MeToauveckue YKazaHnus NJist oﬁyqalomnxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CryneHT, M3y4arollui JIUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIMM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynsrare m3ydeHWs AMCUMIDIHHBI CTYICHT JOJDKCH 3HATh OCHOBHBIC ONPEICICHUS M TOHATHS,
yYMEThb IPUMEHSTh TOJTyYSHHBIE 3HAHUS JUIS PEIICHUs Pa3IuuHbIX 3a7ad.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,



— BEJICHUS KOHCIICKTa 3aHATHH;

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

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

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

— MOJATOTOBKY K BBIMOJIHEHUIO 33JaHUI TEKYLIEH U IPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BiIaJieHUs MaTepuaIoM CITYy>KAT YMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOIPOCHI 110 TeMaM
JUCIUTLIAHEL

BaxxHO m0OOWTHCS MOHMMaHUS M3y4aeMOro Marepuana, a He MEXaHHYEeCKOTrO ero 3amoMuHaHus. [lpwm
3aTPYJHCHUH W3y4YeHHs] OTJACIBHBIX TEM, BOIMPOCOB, CIEAYET OOpamaThCcsl 3a KOHCYNBTAIMSIMHU
MPEIoIaBaTelio.

Bo3MoxxeH npoMeKyTOYHBIM KOHTPOJIb 3HAHUN CTYJEHTOB B BHUJE PEIICHUS 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

kageapa npobiem TeopeTrnueckor pu3nku (Teoprpymnma l'oppkoBa)
Kypc: 1

KBaJIH(UKALUS: 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 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
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 Crocoben ananmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIeHHs, Mpeyiarath U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJIbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHAIUTUYECKHMMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
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 BbIBHTaTb  THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOAETH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAYeCTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
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:

- MaTeMaTH4YCCKHMM W HOHSITHHHBIM afnmaparomMm v MCTOAaMHU HCCHG,I[OBaHHﬁ, COCTaBJIAIOIIMMHA

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. AHHMTWISILUY B KOJIIaiiepe Ipy BBICOKOW 3HEPruu Napbl e+e- ¢ MONEepeUHbIMU MOJIIPU3ALMIMU B
napy \mu+\mu. Kakum Oyznet azumyTaibHOE pacnpeaeIeHie MIOOHOB?

3. BpluncnuTh OTHOLICHHWE WIMPWH pacmajgoB \pi->\gamma-+\gamma u \pi->\gamma+(et+e-) ¢
KOHBepcuel Broporo ¢oroHa B mapy Jlanuma ete-. B 3amade ecth 0OdBIION MapaMeTp: OTHOLICHHUE
Macchl MMOHA K Macce IeKTpoHa. HailTu miaBHbII 0 5TOMY apaMeTpy BKJIaJl B OTHOILCHUE HIUPUH.

4 .BBIYMCIUTD BKJIAJI JJIEKTPOHHOW MOJSIPU3AIMY BaKyyMa B MarHUTHYIO aHOMAIIMIO MIOOHa. B 3amaue
ecTb OOJBIION MmapameTp: OTHOIIEHHE MacChl MIOOHA K Macce 3JeKkTpoHa. Kak, mpuBiekas IOHATHE
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 Beimsiaut ¢genomen Xwurrca npu SU(2) HeabeneBod KaJMOPOBOYHON WHBAapUAHTHOCTH B
mopenu Georgi-Glashow ¢ u3oTpurieToM cKaasipHbIX ME30HOB?

2. lana teopus ¢ (epMHOHOM, B3aUMOJCHCTBYIOIINM CO CKAJSIPHBIM MM NCEBIOCKAISPHBIM IOJIEM.
Boruncnute, MCTONB3ys pa3MEpHYIO PEryspu3aluio, HOISPU3ALUI0 ME30HHOTO BaKyymMa B O0OHX
cinydasx. HaliTu KOHCTaHTBI IIEPEHOPMUPOBKM ME30HHBIX MOJEH M Maccel Me30oHa. Hailtu xapakrep
MOPOTOBOM OCOOEHHOCTH IPH BPEMEHUIIONOOHBIX HMMynbcax. OOBSCHUTH pa3jinyve MOPOrOBOTO
MOBE/ICHUS JUISl CKAJSIPHOTO U TICEBAOCKANIIPHOTO CIIydasi, €CIIM OHO OyZeT OOHapyKeHO.

3. 3agauya bepecteuxoro-Kpoxnna-XneOHUKOBa: HAMTH MOMPAaBKY K MAarHUTHON aHOMAJIMH SJIEKTPOHA B
cllyyae MacCHBHOTO ()OTOHA ¢ Maccoil MHOTO Oouibllie Macchl dleKTpoHa. [lofackaska: cucteMarn4ecku
HCIOJIB30BaTh ToXAECTBO [oproHa.

4. TlpoctpaHcTBeHHas 4eTHOCTh \pi0-Me30Ha ObLIa OmpesecHa MO pacnajay Ha ABe mapel Jamwmia
(ete-)(ete-). B cucreme mokosi Me30Ha Kaxkaas mapa OIpenelisieT MJIOCKOCTh. PaccMoTpeTh ciydaid,
KOTJIa MHBApUAHTHBIE MAacChl IIap MHOTO OOJIbILE ABYX MAacc 3JI€KTPOHA, HO MHOTO MEHBIIE ITOJIOBUHbI
Macchl Me30Ha. B 3To# koHUTypauun aHTHCUMMETPHU3ALMI0 aMIIUTYIbl pacrajga Mo TOKECTBEHHBIM
(dbepMHOHAM MOXHO He JienaTh (000CHOBaHME MOXKHO OMYCTHTH). Kakas OyzieT Koppemnsius TI0CKOCTeH
IBYX TMap TpuU pa3sHOM UYETHOCTH Me30Ha: OyayT MNPEeANOYTHTENbHbl INapaijelibHble WIH
MepIeHANKYISpHbIE I0ckocTH? Kak OTBET MOXKHO MpeayraiaTh 0e3 BEIYUCICHMI?

5. Kak, ucnone3ys mnpubnmxenue Depmu-Baiiizekepa-Bunmbsmcs, cBsazath  auddepeHuanibsHoe
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 ommmuno 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHMUE,
CHCTEeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM MpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
IPUMEHATh UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
NPUHATHIX PELIEHU.

Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka oOmIMYHO 8§ Oa/sIOB - BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHSTHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.

Ouenka xopo1o 7 6ajioB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJyYCHHBIC 3HAHWA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka xopomio 6 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYLIECTBY U3J1araeT ero, yMeer NPUMEHATh [10JyUYCHHbIC 3HAHUS Ha [IPAKTUKE, HO JIOILyCKAeT B OTBETE
WJIM B PEUIEHUH 331349 HEKOTOPBIE HETOYHOCTH.

Ouenka Xopo1o 5 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, IpaMOTHO
U IO CYLIECTBY M3JIAraeT €ro, yMeeT NPUMEHTh NOJIyYEHHbIE 3HaHHUS Ha IPAKTHKE, HO JOIYCKAeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.

OueHka ynOBIETBOPUTENbHO 4 Oajla - BBICTABIISETCS CTYIEHTY, NOKa3aBLIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHs JOrMYECKON M0CIe0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3ienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE ISl AajbHeimero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.



OueHka ylOBJIETBOPUTENBHO 3 Oajula - BBICTABISETCS CTYICHTY, IOKa3aBIIEMYy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX NOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBATEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ci1abo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMH IS TalbHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAHIAPTHON CUTYaIHH.

OneHKa HEyIOBIETBOPUTEIBHO 2 0ajlia - BHICTABISICTCS CTY/ICHTY, KOTOPBIH HE 3HAeT OOJIBbIIEH YacTH
OCHOBHOTO COJep)XaHUsl y4eOHOW MpOrpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHPOBKaX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0aim - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiie omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

HuddepenumnpoBanHplii 3a4€T MPOBOOUTCS B ycTHOW ¢opme mo Owieram. B kaxmom Ouiete
NPEACTaBICHO JBa TeopeTHueckux Bompoca. Ilpm mnposenenum 3auéra  oOydaromiemycs
npenocrasisierca 30 MUHYT Ha moArotoBky. Ompoc oOydaromierocsi He JOJDKEH NPEeBBIAaTh OAHOTO
aCTPOHOMMYECKOTO Yaca.



