degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: JlononHuTeNbHBIE pa3Aesbl KBAHTOBOW TEOPUH MO
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenapa GpyHIaMEHTAIbHBIX B3aUMOIEHCTBUI 1 KOCMOJIOTHH

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin: A.T". TTanun, kauj. Gu3.-mMar. HayK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl GyHIaMEHTAIBHBIX B3auMoaencTBuil u kocmoinoruu 09.08.2023



AHHOTANMA

JlaHHBII Kypc MOCBAIIEH H3YYCHHIO TMPOLEAYpbl YCTPaHEHHs YIbTPa(UOIETOBBIX pACXOJUMOCTEH B
KBaHTOBOM TE€OpUU MOJsI, HA3bIBAEMOW NEPEHOPMHUPOBKON. ByIyT M3ydeHbI METOIbI BBIUHCIEHHS METIEBBIX
MHTErpajioB, CIIOCOOBI pEryaspu3allii BO3HHUKAIOUIMX YIBTPA(pHOICTOBBIX PACXOAUMOCTEH, BO3MOXKHBIC
[IEPEHOPMHUPOBOYHBIE NPEANUCAHNS I UX YCTpaHEHHs. MBI pacCMOTPUM PEHOPMAIN3ALMOHHYIO TPYIILy —
CIoco0 mepecyMMHUpOBaTh OOJbIINE JOTapH(PMUIecKUe MOMPAaBKU IS YITyUIIEHHUS] CXOAUMOCTH Psijia TEOPUH
BO3MYLICHUH, a TaKXe PAacCMOTPHUM HEKOTOpbIE OOIIMe TOXKIECTBA, BO3ZHUKAIOIIME BHE PAaMOK TEOPHUHU

BO3MYILEHUH.
1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- HU3YUCHHUC NOMNOJHHUTCIBHBIX IJIaB KBaHTOBOM TCOpHUUN MOJIsI, KOTOPBIC IMO3BOJISAIOT C(i)OpMI/IpOBaTL
bomee HII/IpOKI/Iﬁ B3I Ha JOCTUTHYTBIC B IIOCICAHHUE TOAbl YCINCXHW U IIOHATH HNEPCHCKTUBLI
z[aaneﬁmero Pa3BUTHA 3TOTO HAYYHOT'O HAIIPABJICHU.

33]13‘[1/[ JAUCHUIIINHBI

- OCBOCHHME METOJOB BbIUMCIEHUS (GYHKIWHA [puHA KBAaHTOBBIX TIONEH;

OCBOCHUC TCOpUU

NEPCHOPMHUPOBOK; OCBOCHUC PCHOPMIPYHIIOBBIX MCTOAOB; 3HAKOMCTBO C aHAJIMTUYCCKUMHU METOAAMU

KBaHTOBOU TEOPUU IOJIA.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00sacTu
(u3HMKO-MaTeMaTHIECKUX HAYyK

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIICNOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
poeCcCHOHANBHOM e TENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 UmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoel
npodecCuoHaTbHON e TENHHOCTH

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

OIIK-3.2 CnocobOeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUN HOBBIX 3a]ad, NPUMEHSs 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-5 CriocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBocit
podeCcCHOHAILHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.1 Cnocoben paboraTb B KOJJIEKTHBE, TOJEPAHTHO
BOCIIPUHUMAs COILMAJIBHBIE, ITHUYECKHE,
KOH()ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs

[IK-1 CnocoGen craBuTh, HhOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

IIK-1.1 CnocobeH HaxomuTh, aHATM3UPOBATh W 0000IIATH
nHpOpMaIKIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHUN B
pamMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:
— I[IPUHIHUIIBL
HUCCJICIOBAaHUS KBAHTOBBIX IOJICH.

YMETb:

NCPCHOPMUPOBKU  KBAHTOBBIX HOJ'IGﬁ,

AHAJIUTUYCCKHUEC MCTOABI

PEHOPMIDYIIILY,



—  BBUICNATH  I[I€PEHOPMUpPYEMbIE  B3aUMOJEHCTBMsI,  BBIUMCIATH  MHTerpannl  PeiiHMmaHa,
MEPEHOPMHUPOBATH MPOCTEUIINE TEOPUHU, BBIYUCISATH PEHOPMIPYIIIOBBIE KOI(PHHUIIHUECHTHI.

BIAJIETh:
— HaBBIKAMH OCBOCHHUS OOJIBIIOr0 00beMa HH(OpMAIMH, HABBIKAMHU CAMOCTOSITEILHON paOOTHI.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
@®yHkMM [puHAa B KBAaHTOBOM TEOpUU
1 TIOJIA. Merton MIPOU3BOISIINX 1 1
(YHKLIMOHAJIOB.
VnsrpaduoneroBsle pacxonumocTu
) METIEBBIX MHTETPajioB. MerTonst 3 3
peryssipu3anuu. Perynsapuzauus
[Taynmu-Bunnapca.
Pasmepnas perymspuzauus. COMHOPHI U
Marpunpl  Jlupaka B IIPOCTpaHCTBE
3 MIPOU3BOJIBHON pazMepHOCTH. [Ipumepsl 3 3
BBIYMCIICHUI (heltHMaHOBCKUX
HWHTETPaJIoB.

BBenenve B Teopuio MEPEHOPMHUPOBOK.
CranmapTtHasi cxema IEPEHOPMHUPOBKH.
4 CxeMa  BBIYMTAHMM Ha  MacCOBOH 3 3
MOBEPXHOCTH B CKASIPHOH  Teopuu
(omHOMETIIEBOE IPUOIMKEHNUE).

BIIXII-cxema MIEPEHOPMUPOBOK.
5 Benenue B MIEPEHOPMHUPOBKY 3 3
MHOTOIETIIEBBIX JUATPAMM.

Merton oJIcyeTa cTeneHen
pacxogumocteil. llepeHopMupyeMble U
HenepeHopMupyemble Teopud. Cxema

6 MUHUMAaJIbHBIX BBIYNTAHHM. 3 3
OcoOeHHOCTH  CXeMBl ~MHHHMAJbHBIX
BBIYUTAHUMN.
[IepenopmupoBka B KBaHTOBOU

7 3IIEKTPOANHAMHUKE. KanubGpoBouHast 3 3
WHBapUaHTHOCTb U  IE€PEHOPMHUPOBKHU.
ToxnectBa Yopaa
PenopmanuzanuonHas rpymnmna.

] Penopmrpynmosoe YpaBHEHHE. 3 3
Brruncnenune PEHOPMIPYTIIIOBBIX
k03 purmeHToB.
[Ipumenenuss peHopmrpynnsl. AHanu3

9 ACHUMIITOTUYECKOTO IMOBEACHHS (QYyHKIUI 3 3
I'puna. Teopema BaiinGepra. Bemymiue
sorapu(Msl.
OddexTuBHBIE Macca ¥ KOHCTAHTa CBS3H.

10 Pa3HOBUAHOCTH BBICOKOIHEPIETUUECKOTO 3 3

M HU3KOIHEPTeTHYCCKOTO  TOBEACHUS.
AcuMnrornyeckas cBo0oa.




CnextpanbHble MpeAcTaBIeHUs QYyHKIUN
11 I'puna. OnTrueckas TeopeMa. 2 2
IIpencraBnenue Yennena-Jlemana.

Hroro yacos 30 30
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. ®ynkuuu ['puHa B KBaHTOBOM TeopHH mojsl. MeTon npou3BoAsInX (yHKIIMOHAIOB.

@ynkuuu [puHa B kBaHTOBOM Teopuu nois. Juarpammsl @elinmana. Tumbel auarpamm. Meron
MPOU3BOIAMINX (YHKLIMOHAJIOB JUIs ONy4YeHHs cBA3HbIX (pyHkumii [puna. [louemy BaxkHbI QyHKINN
I'puna.

2.  VYabTpaduoNeTOBBIE  PACXOJMMOCTH TETJIEBBIX HHTErpajoB. MeEToasl  peryispu3anuy.
Perynspuzanus ITaynu-Buinapca.

JleMOHCTpaIysi METOZ0B BbIUUCIEHHS NE€TJIEBbIX UHTEIPAJIOB HAa IIPUMEpPE OJHOIETIEBOIO BKJIaja B
4x-Toueunyro (ynknuro [puHa B cKajnspHOM Teopuu cC camozeicTBueM. Meton (peiHMaHOBCKHX
[apaMeTpoB, ITOBOPOT Buxka.

[lpyunna mosiBNEHUS YIBTPApHOIETOBBIX PACXOJMMOCTEH B METIEBBIX HHTErpagax. MeTousl
perynapuzannu. Perynspuzanus [laynu-Bumtapca.

3. Pasmepnas perymsapuzanus. CrnuHopel W Marpuubl Jupaka B IpPOCTpPaHCTBE MPOU3BOJIBHOM
pasmepHocTd. [IpumMephl BEIYUCICHNH (EHHMaHOBCKHX HHTETPAJIOB.

Pasmepnas perymspuzanus. HaxoxaeHne OZHONETIEBBIX BKIAZOB B 2X M 4X TodeyHble (YHKLIUHU
I'puna B ckamapuoit Teopuu. CrnuHOpBHl W Marpuilsl Jlupaka B TPOCTPAHCTBE MPOU3BOILHOM
pasmepHoctu. OOume GopMyIbl I HAX0XKACHUS PEHHMAaHOBCKUX HHTEIPAJIOB.

4. BBezieHre B TEOPUIO IEpeHOPMUPOBOK. CTaHJapTHAS cXeMa IepeHOPMUPOBKHU. CxeMa BBIYUTaHUH
Ha MacCOBOH IMOBEPXHOCTH B CKAJIIPHON TEOpUH (OAHOETIEBOE MPUOIIKEHNE).

Beenenue B Teopuro nepeHopMupoBoK. CraHaapTHas cxeMa NepeHOpMHUpoBKU. CxeMa BbIYMTaHUM
Ha MacCOBOM MOBEPXHOCTHU B CKAJIIPHON TeOpUH (OTHOIETIICBOE MPUOIMKEHUE).

5. BIIXII-cxema nepeHOpMHUPOBOK. BBenieHNE B TEpEHOPMUPOBKY MHOTOINIETIEBBIX THATPAMM.

BIIXI-cxema mnepeHOPMHPOBOK. BBeaeHHEe B NEPEHOPMUPOBKY MHOIONETIEBBIX JAHArPaMM.
PexypcuBHas npouenypa IoCTpOeHus JlarpaH)KuaHa KOHTPUJICHOB.

6. Merton nozcueta creneneit pacxonumocteil. [lepeHopMupyeMbie 1 HEMEPEHOPMUPYEMbIE TEOPHH.
CxeMa MUHUMAaJbHBIX BEIYUTaHUNA. OCOOEHHOCTH CXeMbl MUHUMAJIbHBIX BBIYUTAHUH.

Merton nozacyera crenenel pacxonuMmocteil. [lepeHopMupyemble 1 HENEPEHOPMUPYEMBIE TEOPHUU.
Knaccudukanuss HenmepHOpMupyeMbIx Teopuil. CxemMa MHUHHMMAJIbHBIX BblYMTaHMNA. OcoOEHHOCTH
CXEMbl MUHUMAJIbHBIX BEIYUUTaHUH.

7. TlepeHopMupoBKa B KBaHTOBOW JlieKTpoauHamuke. KanmOpoBouHass WHBapHaHTHOCTH U
repeHopMHUpOBKH. ToxknecTsa Yopra




[lepenopMupoBKka B KBaHTOBOM  anekTpoauHamuke. KamuOpoBouHasi WHBApUAHTHOCTb H
nepeHopmupoBku. ToxxnectBa Yopaa. Beison Toxknects Yopaa B KOJI. CrnenctBus ToxxaectB Yopaa.
JHokazarenscTBo nepeHopmupyemoctu KO/ Bo Bcex mopsaKax T€OpUN BO3MYILECHHUI.

8. Penopmanm3zanmonnas rpymmna. PeHopMrpynmoBoe ypaBHeHHE. BpIlUuucieHHEe pEHOPMIPYIIIOBBIX
k03 purueHToB.

CBoOoma B BbIOOpE MNEPEHOPMUPOBOYHOIO MpeANHCcaHui. PeHopMmanu3alnuoHHAas Tpynma u
MEPEeHOPMHUPYEMOCTh TeOpuHu. PeHopMrpymioBoe ypaBHeHHe. PeHopMrpynnoBbie KO3 (GHUIHEHTH B
ONHONETICBOM  MNPHUOMIDKEHMHM B  CKaJspHOW Teopuu. BblumcieHne  peHOPMIPYIIOBBIX
k03()(hUIIMEHTOB BO BCEX MOPsIAKax TEOpUH Bo3MyeHNH. YpaBHeHne Kanana-CumaHuunka.

9. IlpuMeHeHUsT pEHOPMIPYIIBL. AHAIM3 aCUMITOTHYECKoro rnosereHus Gynkuuii [puna. Teopema
Baiin6epra. Benymue norapudmei.

[TpumeHeHusT peHOPMIpYNIbl. AHaIH3 aCHMITOTHYECKOro mnoBeneHus ¢yHkuui [puna. Teopema
BaiinGepra. CymMmmupoBaHue BeAylux JorapudMoB Ha mpumepe 2x-toueuHol (yHkumu [puHa B
CKaJISIPHOW TEOPHUH.

10. a(b(beKTI/IBHLIe MacCa MW KOHCTAaHTa CBA3H. PaSHOBI/I,I[HOCTI/I BBICOKOOHCPICTUICCKOTO U
HU3KOOHCPIETHUICCKOI'O IOBECACHUS. AcuMITTOTHYECKAS CBO6OI[a.

Meron nozncyera creneHen pacxonuMmocteil. [lepeHopMupyeMble U HETEPEHOPMUPYEMBIE TEOPHUU.

Knaccuduxamus HenepHopMHpyeMbIX Teopuil. CxemMa MHUHHMalIbHBIX BhIYMTaHHNA. OcoOeHHOCTH
CXEMbl MUHUMAJIbHBIX BEIYUTAHUH.

11. Cnekrpanbuble mnpenactasieHust (ynkuuid Ipuna. Onrtuueckas teopema. [IpencraBnenue
Yennena-Jlemana.

[MomHOTa THIKLOEpPTOBA MPOCTpaHCTBA. BhIBOA onTHYEcKol TeopeMbl. [lomydeHue mpencTaBieHUs
UYennena-Jlemana ns nponararopa.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIeCTBICHHS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

VuebHas ayquTopHsi, OCHAIEHHAs! KOMITBIOTEPOM U MYJIBTUMEIMHHBIM 000py10BaHUEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. BBenienue B kBaHTOBYIO Teopuro mofisi [ Teker] : [yueOnuk st By3oB] / M. Ileckun, J1. Ulpenep ;
nep. ¢ anmn. nox ped. A.A. benasuHa, A. B. bepkoBa .— M. ; MkeBck : PerynspHas n xaoTndeckas
nuHamuka, 2001 .— 784 c.
2. Benenne B Teopuio KBaHTOBaHHBIX moiiel [Teker] : [yue6. mocobue ans By3os] / H. H. Boromo6os,
J. B. Illupkos .— 3-e u3x., nepepadb. — M. : Hayka, 1976 .— 480 c.

JlononHuTeNbHAS TUTEPATypa
1. ITepenopmupoBka [ Tekct|, BBeieHUE B TEOPHUIO IIEPEHOPMUPOBOK, PEHOPMAIIN3AIIMOHHON TPYIITBI U
oreparopHbIx paznokenuid//x. Komnmuns , -M., Mup, 1988
2. KeanroBast Teopus nons [Teker]. B 2 1. T. 1/K. Uukcon, XK.-b. 3106ep , -M., Mup, 1984
3. PenstuBuctckas kBantoBas Teopus [Texct] : B 2 1. T. 1 : [yue0. mocobue nms By30B].
PenstuBuctckas kBanroBast Mexanuka / Jx. JI. beepken, C. [I. penn ; nep. ¢ aarn. b. O. Kepbukoga ;
nox pen. B. b. bepectenkoro .— M. : Hayka, 1978 .— 296 c.

4. KaimmGpoBouHkle Teopuu B (hu3mke dnemMeHTapHbIX yactuil [ Tekcer] = Gauge theory of elementary
particle physics/Ta-neit Uenr, JIuar-¢onr Jlu , -M., Mup, 1987



7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)

http://inspirehep.net/
http://xxx.lanl.gov/

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha 3aHATHSX HCIONB3YIOTCS MYJIBTUMEANHHBIC TEXHOIOTUH, BKIFOYAst JEMOHCTPAIHMIO Ipe3eHTanuii. B
HpoLECcCe CaMOCTOSTENILHOM pabO0Thl 00YYaIOIINXCSI JKENIATeIbHO UCIIONb30BaHHE CATOB
http://xxx.lanl.gov/.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OTHOW CTOPOHBI, OBIAACTh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT HOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATHA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCUICHUS PA3JIMYHBIX 3a1a4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHNS KOHCITCKTa 3aHATHH;

— HaMPsDKEHHOW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHL;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], IMPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeajaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

[Mokazarenem BiajeHUsS MaTEpUAIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JTVCIIATLIAHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3y4yaeMOro mMarepualna, a He MEXaHHYeCcKOro ero 3amomuHaHus. [lpu
3aTPYINHEHWN W3YYCHHUS OTICNBHBIX TEM, BOMPOCOB, CIEAYeT OO0pamarbcs 3a KOHCYIBTAIUSIMU
MpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 337ad B COOTBETCTBUH C
TEMATUKON 3aHSITHIA.



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 QpyHIaMEHTATbHBIX B3aUMOACHCTBUIA U KOCMOJIOTHH
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: A.T". ITanuH, kang. Huz.-Mar. HayK



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-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OIECHUBATH
OIBIT M PE3yJIbTaThl HAYYHBIX HCCICNOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

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 Umeet npeacrapieHUe 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npo¢ecCHOHANBHON e TeNbHOCTH

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-3.2 CnocobOeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METObl NP PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-5 CriocoOeH 1 roTOB K MOBBIILICHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBocit
podeCcCHOHAILHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.1 Cnocoben paboraTb B KOJJIEKTHBE, TOJEPAHTHO
BOCIIPUHUMAs COIMANIBHBIE, ITHUYECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAyYHbIE TPOOIEMBI, [TOTyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
pamMKax TeMaTHYeCKOW 00yacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YabTATC U3YUCHUA NUCHUIIIIAHBI <(I[OHOJ'IHI/ITCJ'IBHBIG pas3aciinl KBaHTOBOM TCOPHUH ITOJIS» O6y‘laIOH_II/II\/’IC$I

JOJIKCH:

3HATb:

HPUHLIUIIBI
HCCJIEI0OBaHUS KBAHTOBBIX MOJEH.
yMeTh:

BBIICIIATH NEPCHOPMUPYCMBIC

IIEPEHOPMUPOBKY KBAaHTOBBIX IOJIEH,

B3aHMOI[CI>iCTBHH,

PEHOPMIPYIIY, AHAJIUTUYECKHUE METOIbl

BBIYUCIATE  uHTerpainel  DellHMaHa,

MePEeHOPMHUPOBATh NPOCTEHIINE TEOPHUH, BEIYUCIIATH PEHOPMIPYIIIOBBIE KOA(D(UITHESHTHI.

BJIAA€Th:

— HaBBIKAMH OCBOCHHUS OOJBIIOT0 00beMa HH(OPMAIIHH, HABBIKAMHU CAMOCTOSITEIILHON paOOTHI.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

1. IlocunTarh yCIOBHYIO CTEIIEHb PACXOJUMOCTH JUIsl TEOPUH C JAHHBIM JIArPaHKUAHOM.

2. Beraucnauts (pyHKINOHA SHEPTUH AJIS TaHHOHW TEOPUH, OTBETUTH HA BOIPOC O (PU3NYHOCTU TEOPHH.

3. HapucoBars nuarpaMMbl
HHTErpajaMm.

®deitamaHa,

OTBEYAIOIINE YCIOBHO-PACXOISAIINMCS OIHOMIETIEBBIM

4. OTBETHTDH Ha BOIPOC O IEPEHOPMUPYEMOCTH TEOPUU

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu

o0yuyarommxcst
[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.



PaccMOTpUM  TEOpHIO CKaJIPHOTO MOJIS CO B3aUMOACHCTBHEM (U-B-KyOe B IIECTUMEPHOM
MpOoCTpaHCTBe-BpeMeHH. 1. MOXKeT i Takasi Teopus NpeTeHA0BaTh Ha POIb (HHU3NYECKON?

2. HailTu ycCJIOBHYIO CTENEHb pacXOAUMOCTH M HAapUCOBaThb BCE OJHOIETIEBbIE PACXOISIIUECS
ouarpaMMbl.  SIBisiercss M 3Ta Teopus nepeHopmupyemor? Ecim  Her, TO Kak ciengyer
MOIU(PHUIIMPOBATH JIATPaHKUaH, YTOOBI CIeNaTh ee TAKOBON?

3. IlepeHOpMHPOBATH TEOPHIO B OAHOTETICBOM MPUOIMKEHUH.

4. BBIYMCIUTH pEHOPMIPYNIOBBIE KO3 (GHUINEHTHI B OAHONETICBOM MPUOIMKESHUH.

5. Halitm moBeleHNEe TPEXTOUEUHOW aMIyTUPOBAaHHOW (yHKIMH [puHa mpu OONBIIMX EBKIHMIOBBIX
BHEIIHMUX UMITYJIbCAX B OIHOTETIIEBOM MPUOIMKEHUH.

burer 3.

PaccMoTpuM Te€OpHIO CKAIIPHOTO U CIMHOPHOTO MOJIEH B YETBIPEXMEPHOM MPOCTPAHCTBE-BPEMEHH.

1. HaiiTu yclIOBHYIO CTEl€Hb PAcXOIUMMOCTH M HApUCOBaTh BCE OJHOIETIEBBIE PACXOASILIUECS
auarpaMMel. SIBisieTcs 1M 3Ta Teopus nepeHopMupyeMoit? Ecim HeT, To Kak MOXKHO MOAU(DUIIUPOBAThH
JlarpaH)kuaH, 4ToObI CJeJIaTh €€ TAKOBOH?

2. IlepeHOpMHPOBATH TEOPHIO B OAHONETICBOM MTPUOIMKEHUH.

3. BeruncnuTh peHOpMIpynoBbie KOAQPUIUEHTH! B OHONETIEBOM IPUOINKEHHH.

4. Haiitu noBefieHre BEpITMHHABIX (YHKINH [prHA TpH OONBITNX €BKIUIOBBIX UMITYJIbCAX.

buner 4.

PaccMoTpuM TEOpHIO KOMIIJIEKCHOIO CKAJSIPHOTO W 3JEKTPOMAarHUTHOTO IIOJEH B YEThIPEXMEPHOM
MIPOCTPAHCTBE-BPEMEHH.

1. ITocTponTs AuarpaMMHYyI0 T€XHHKY. HaliTW yCIOBHYIO CTENEHb pacXOIMMOCTH U HApUCOBATH BCE
OJIHOIIETJIEBbIE PACXOASIIUECS TUarpaMMsbl. SBIs€TCs JIM 3Ta TEOPUs IIEPEHOPMUPYEMON?

2. BriBecTr TOXKIecTBa Yop/a AJis ATONH TEOPUH.

3. IlepeHOpMHUpPOBaTH TEOPUI0 W JOKa3aTh CIPABEIVIMBOCTH TOXAECTB YOpAa B OJHONETIEBOM
npubmxenun. IlokaszaTb, 4TO CKaylsipHAs >JIEKTPOAMHAMUKA IIEPEHOPMHpYEMa BO BCEX MOPSAIKAax
TEOPHUH BO3MYILICHHUM.

4. Bbancnuth peHOpMIpynmnoBbie K03 (GUIUEHTHI B OHONETIEBOM IPUOIMKEHUH.

buner 5.

PaccmoTrpum Teopuro N ckanspHbIX TOJEH ¢ larpaHkuaHoM, oonanarommm O(N)-MHBapHaTHOCTEHIO.

1. HaliTh yCIOBHYIO CTENEHb pPAacXOAUMOCTH W HApPUCOBATh BCE OIHOIETIIEBBIE PACXOIALIUECS
TuarpaMMBl. SIBIgeTCs JIU 3Ta TEOPUs IEPEHOPMHUPYEMOH?

2. IlepeHOpMHpPOBaTh 3Ty TEOPHUIO BO BCEX IOPSAAKaX TEOPUU BO3MYLICHHUN 110 KOHCTAHTE CBS3H,
cumutasi, uro N MHOTO OoJbIe 1.

3. BeIUMCINTE peHOPMIPYHIOBbie KO3((UIMEHTHl BO BCEX MOPSAAKAX TEOPUU BO3MYIICHUI
10 KOHCTaHTE CBSA3M, cuuTasi, 40 N MHOro Oosbie 1.

4. HccrnenoBaTh NMOBEICHHE YETHIPEXTOUEUHOM aMIyTUpoBaHHOH (yHkiuu [prHa mpu Oonbimx
€BKJIMI0BBIX BHELIHUX UMITYJIbCAaX.

Kpurepun onennBanus

Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEeOHOHM MpOorpaMMbl AMCHUIUIMHBI, MPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3aj]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka OTIMYHO § ©OauioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.



OtmeHka Xopoto 7 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH TBEPJO 3HACT MaTepHall, TPaMOTHO H IO
CYLIECTBY M3JIaraeT €ro, ymMeeT IPHMEHATh IOJIYyYCHHbIC 3HAHMS HA INPAKTHKE, HO HEIO0CTATOYHO
IpaMOTHO 0OOCHOBBIBAET MOYYCHHBIE PE3YJIBTATHI.

Ouenka xopomo 6 6ajuioB - BEICTABISIETCS CTYJCHTY, €CJIM OH TBEP/O 3HACT MaTepHal, IPaMOTHO U MO
CYILECTBY M3JIaraeT ero, yMeeT NMPHUMEHSTh MOJyYCHHBIC 3HAHHUS Ha MPAKTUKE, HO JIOIYCKAET B OTBETE
WY B PEILICHUH 33/1a4 HEKOTOPbIe HETOYHOCTH.

OteHka XOpoIo 5 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT Marepuall, IpaMOTHO
U 110 CYIIECTBY M3JIaraeT ero, yMeeT NPUMEHSTh IOJydeHHbIe 3HAHUS HA IPAKTHKE, HO JOIyCKaeT B
OTBETE WJIM B PEIICHUH 3334 JOCTATOYHO OOJIBIIOE KOIMYECTBO HETOYHOCTEH.

OreHka ynOBIETBOPUTEIBHO 4 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIN,
Pa3pO3HEHHBIH XapaKTep 3HaHWIl, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKON MMOCIIENOBATEIbHOCTH B U3JIOKEHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH IPOrpaMMbl, HEOOXOAUMBIE Ul JajbHEHIIero o0y4eHus, 1
MOKET MMPUMEHSTH TIOJTyYSHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIHH.

OreHKka yIOBIETBOPUTEIBHO 3 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (GopMynupoBKax 0a30BbIX MOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPAMMHOIO Marepuania, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHO porpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBICTBOPUTEIHHO 2 0ajia - BBICTABISCTCS CTYICHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTh
OCHOBHOTO COZAEP)KaHUsl Y4eOHOW NpOrpaMMbl JHUCHMIUIMHBL, JONYCKAaeT TIpyOble OMMOKH B
(OopMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh MOTYYCHHbBIC 3HAHUS TP PEIICHHN
THIIOBBIX 33]1a4.

OueHka HEyIOBIETBOPUTENBHO | Oaii - BBICTABISACTCS CTYICHTY, KOTOPHIH HE 3HA€T OCHOBHOIO
cozepKaHusi yd4eOHOW MPOrpaMMBbl TUCHUILIUHEL, JIOMyCcKaeT rpydeiiniie ommoku B (GOPMYIHPOBKAX
0a30BBIX TMOHATHH IUCHHUIUIMHBI U BOOOIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

5. MeTonuueckne MaTepuaIbl, ONpPeIesONINe MPoueIyPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1K) oNbITA AESITEILHOCTH

DK3aMeH NPOBOJSTCS B MUCHMEHHOH (ycTHOM) dopme mo Omiiertam. B kaxxaom Owiiere mpencTaBieHo
4eThIpe TEOPEeTHYECKHX Bompoca. [Ipu mpoBeneHnn sk3ameHa oOydaromiemycs npemocrtasisercs 30
MHHYT Ha MOAroToBKY. Ompoc oOydaromerocsi He JIOJDKEH IPEBBINIATh OJHOIO aCTPOHOMHYECKOTO
Jaca.



