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
JlaHHBI Kypc TIOCBALICH W3YyYEHHWIO TMPOLEAYPHl YCTpaHEHHS YIbTPA(QHONETOBBIX pPACXOAUMOCTEH B
KBAaHTOBOUM TEOpPUU MOJIs, HA3bIBAEMOW MEPEHOPMHUPOBKON. ByayT m3ydeHbl METOABl BBIYMCICHUS TETIEBBIX
WHTETPAJIOB, CHOCOObI PETYNApU3AIKA BO3ZHUKAIOIINX YIBTPA(QHOIETOBBIX PACXOAUMOCTEH, BO3MOXKHBIC
MEPEHOPMUPOBOYHbBIC NPEMUCAHUS ISl UX YCTpaHEHUs. MBI pacCMOTpUM PEHOPMATIM3AIMOHHYIO TPYIITY —
Crocob mepecyMMHUpOBATh OOJNBIITHE JIoTapupMUUIECKUE TIOTTPABKH ISl YAYUIIEHHUS] CXOAUMOCTH Psifia TEOPUH
BO3MYIICHHN, a TaKXe PACCMOTPUM HEKOTOpHIE OOIIME TOXIECTBA, BO3HUKAMIINE BHE PaMOK TEOPHH

BO3MYILEHUH.
1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- HU3YUYCHUC JOINOJIHUTCIIbHBIX TJIaB KBaHTOBOM TCOpUHN TI0JIA, KOTOPBIC ITO3BOJIAIOT C(i)OpMI/IpOBaTL
bomee HII/IpOKI/Iﬁ B3I Ha JOCTUTHYTBIE B IIOCJICAHUE TOAbI YCIICXU W IIOHATH IMEPCIICKTHUBLI
z[aaneﬁmero Pa3BUTHA 3TOTO HAYYHOT'O HAIIPABJICHU.

33]13‘[1/[ JAUCHUIIINHBI

- OCBOGHHME METOJIOB BbIUMCICHUs (yHKIM [prHA KBAaHTOBBIX IMOJEH;

OCBOCHUC TCOpPUU

MNEPCHOPMHUPOBOK; OCBOCHHUC PCHOPMIPYHIIOBBIX METOAOB; 3HAKOMCTBO C aHAJIUTUYCCKUMU 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 00600mars ¥ KpPUTHYECKH OIICHUBATH
OIBIT M PE3yJbTaThl HAYYHBIX HCCIIECJOBAHUII 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 NUmeeT npeacTaBiIeHUE O COBPEMEHHOM COCTOSTHUHU
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 WHCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPH PEIICHUH HOBBIX 3a]a4, MPUMEHSsS 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 COIIMAJIBHEIE, ITHHYECKHUE,
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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCCHOHATLHON
IEITEILHOCTH

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

3HAThb:
— [IPUHIHUIIBI
HUCCJICIOBAaHUS KBAHTOBBIX IOJICH.

YMETb:

NEPCHOPMUPOBKHU KBAHTOBBIX HOHefI,

AHAJIMTHYCCKUE MCTOAbI

PEHOPMIPYIIITY,




—  BBUIENATh  I[IEPECHOPMHUpPYEMBIE  B3aUMOJAEHCTBHS,  BBIUMCIATH  uHTerpansl  DeliHMaHa,
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
@yHkuu IprHa B KBaHTOBOW TEOPHH
1 TIOJIA. Merton MIPOU3BOIAIINX 1 1
(YHKLIMOHAJIOB.
VnsrpaduoneroBsle pacxonumocTu
) METIEBBIX WHTETPaJIoB. Mertonsl 3 3
peryssipu3anuu. Perynsapuzauus
[Taynmu-Bunnapca.
Pasmepnas perymspuzauus. COMHOPH U
Marpunpl  Jlupaka B NpOCTpaHCTBE
3 MIPOU3BOJIBHON pa3MepHOCTH. IIpumepst 3 3
BBIYMCIICHUI (heltHMaHOBCKUX
HWHTETPaJIoB.

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

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

Merton rozcyeTa CTECIICHEN
pacxogumocTteil. IlepeHopMmHpyeMble H
HenepeHopMupyemble Teopud. Cxema

6 MUHUMAaJIbHBIX BBIYNTAHHM. 3 3
OcoOeHHOCTH  CXeMBl ~MMHHUMAJIBbHBIX
BBIYUTAHUMN.
[IepenopmupoBka B KBaHTOBOM

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

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

9 ACHUMIITOTUYECKOTO TMOBeneHUs (yHKUIUI 3 3
I'puna. Teopema BaiinGepra. Bemymiue
sorapu(Msl.
OddexTuBHBIE Macca ¥ KOHCTAHTA CBS3H.

10 Pa3HOBUAHOCTH BBICOKOIHEPIETUUECKOTO 3 3

M HU3KODHEPreTHYCCKOTO  TOBECHUS.
AcuMnrornyeckas cBo0oa.




CnextpaibHble MpeAcTaBIeHUs (YyHKIMHA
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 mnois. duarpammbl @eiiamana. Tunsl guarpamm. Metog
MPOU3BOIAMINX (PYHKLMOHAJIOB IS TOTy4eHHs! CBsI3HbIX GyHKuuil ['puna. [louemy BaxHbI GyHKINU
I'puna.

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

JleMOHCTpalysl METOZ0B BbIUMCIIEHHS ME€TIIEBBIX MHTEIPAIOB Ha IIpUMEPE OJHOIETIEBOIO BKJazna B
4x-Toueunyro (QyHkuuio I'puHa B ckaysipHOH Teopuu ¢ camopeicTBHeM. Merton (pelHMaHOBCKHUX
[apaMeTpoB, ITOBOPOT Buxka.

[lpyunHa mosBICHUS YIBTPApHOIETOBBIX PACXOAMMOCTEH B IMETIEBBIX HHTErpasax. MeTomsl
perynapuzannu. Perynspuzanus [laynu-Bumtapca.

3. Pasmepnas perymapuzanus. CrnuHOopel W Marpunbl Jupaka B NpOCTpaHCTBE HPOHU3BOJILHON
pasmepHocTd. [IpumMephl BEIYUCICHNH (EHHMaHOBCKHX HHTETPAJIOB.

Pasmepnas perymspuzanus. HaxoxaeHne OZHONETIEBBIX BKIAZOB B 2X M 4X TodeyHble (YHKLIUHU
I'puna B ckangpuoil Teopuu. CrnmHOpsl M Marpuilel Jlupaka B TMPOCTPAHCTBE MPOU3BOJIILHOMN
pasmepHoctu. OOume GopMyIbl I HAX0XKACHUS PEHHMAaHOBCKUX HHTEIPAJIOB.

4. BBezieHHe B TEOPUIO IEpeHOPMHUPOBOK. CTaHIapTHAsE cXeMa epeHOPMHUPOBKU. CXemMa BEIYUTaHHHA
Ha MacCOBOH IMOBEPXHOCTH B CKAJIIPHON TEOpUH (OAHOETIEBOE MPUOIIKEHNE).

Beenenue B Teopuro nepeHopMupoBok. CTaHiapTHasi cxema IepeHOPMUPOBKU. CXema BBIYMTAHUMN
Ha MacCOBOM MOBEPXHOCTHU B CKAJIIPHON TeOpUH (OTHOIETIICBOE MPUOIMKEHUE).

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

BIIXI-cxema mnepeHOPMUPOBOK. BBeneHne B MNEPEHOPMHUPOBKY MHOTOMETICBBIX IHATPaAMM.
PexypcuBHas npouenypa IoCTpOeHus JlarpaH)KuaHa KOHTPUJICHOB.

6. Meton nojicuera crenenelt pacxonumocteil. [lepeHopMupyeMbie 1 HENIEPEHOPMHUPYEMbIE TEOPHUU.
CxeMa MUHUMAaJbHBIX BEIYUTaHUNA. OCOOEHHOCTH CXeMbl MUHUMAJIbHBIX BBIYUTAHUH.

Merton nozacyera crenenel pacxonuMmocteil. [lepeHopMupyemble 1 HENEPEHOPMUPYEMBIE TEOPHUU.
Knaccudurkanuss HenmepHOpMupyeMmbIX Teopuil. Cxema MUHHMAaJbHBIX BBIYATAHUH. OCOOEHHOCTH
CXEMbl MUHUMAJIbHBIX BEIYUUTaHUH.

7. TlepeHopMHpOBKa B KBaHTOBOHW JJeKTpoArHaMuke. KammOpoBodHass WHBApUAHTHOCTh W
repeHopMHUpOBKH. ToxknecTsa Yopra




[lepenopMupoBKa B  KBaHTOBOH  3JeKTpoauHaMuke. KannOpoBouHas WHBAapUAaHTHOCTh U
nepeHopmupoBku. ToxxnectBa Yopna. Beion Toxnects Yopna B KOJI. CnenctBus Toxaects Yopaa.
JHokazarenscTBo nepeHopmupyemoctu KO/ Bo Bcex mopsaKax T€OpUN BO3MYILECHHUI.

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

CBoOoma B BBHIOOpPE NEPEHOPMHPOBOYHOIO TNpeanucaHus. PeHopmanu3alMOHHAs Trpynna Hu
MEPEeHOPMHUPYEMOCTh TeOpuHu. PeHopMrpymnmoBoe ypaBHeHHe. PeHopMrpynmnoBbie KO3 GHUIMEHTH! B
ONHOTETICBOM  MNPHOMIKEHMH B  CKJIAPHOW  Teopuu. BbluncieHHe  peHOPMIPYMIIOBBIX
k03()(hUIIMEHTOB BO BCEX MOPsIAKax TEOpUH Bo3MyeHNH. YpaBHeHne Kanana-CumaHuunka.

9. [IpuMeHeHnsT peHOPMTPYIIIBL. AHAIH3 aCUMIITOTHYECKOTo ToBeneHus GyHkmid [prna. Teopema
Baiin6epra. Benymue norapudmei.

[TpumeHeHHsT peHOPMIPYNIBL. AHAIM3 acHMITOTHYECKOro moBeneHus ¢ynkumii [puna. Teopema
Baiin6epra. CymMmMupoBaHue BeIyIIMX JOrapupMoOB Ha MpuMepe 2X-TodedHol ¢yHkuumu [puHa B
CKaJISIPHOW TEOPHUH.

10. 3(1)(1)CKTI/IBHLIC MacCa HW KOHCTaHTa CBA3H. Pa3HOBI/I,I[HOCTI/I BBICOKOOHCPICTUYCCKOTIO U
HU3KOOHCPIETHUICCKOI'O IOBECACHUS. AcuMITTOTHYECKAS CBO6OI[a.

Meron nozncyera creneHen pacxonuMmocteil. [lepeHopMupyeMble U HETEPEHOPMUPYEMBIE TEOPHUU.

Knaccuduxanus HenepHopMHpyeMbIX Teopuil. CxemMa MUHHMMAaNIbHBIX BhIMMTAaHMNA. 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 OJHOW CTOPOHBI, OBNAJEeTh OOILIMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare MU3y4YCHUSA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHL,
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 MarepHuayia, IOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeajaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

[Mokazarenem BiajeHHs MarepHajoM CIYXHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MMOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYNHCHUN W3Y4YEHUS OTIEIbHBIX TEM, BOIPOCOB, CIEAyeT oOpamiarhCs 3a KOHCYJIbTAIHSIMHU
MpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad 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
kBaTuuKkanus: 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 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBAHUII B 00JacTh
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 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-3.2 CnoocobOeH WHCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl NPHU PEIICHUN HOBBIX 3a]ad, NPUMEHSsS 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 COILIMAJIBHEIE, ITHHYECKHE,
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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTH U 0000IIATH
nHpopMaIrio 00 akTyaJlbHBIX pe3yJabTaTax HCCIIeOBaHUN B
paMKax TeMaTW4eCKOW OOJaCTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC U3YUCHUA NUCHUIIIAHBI «I[OHOJ'IHI/ITGJ'IBHLIC pas3aciibl KBaHTOBOM TCOPpHUU IO 06y‘laIOH.IHI>iCH

JOJIKCH:

3HATb:

IPUHIUIIBL
HCCJIEI0OBaHUS KBAHTOBBIX MOJEH.
yMeTh:

BBIICIATH NEPpCHOPMUPYCMBIC

[IEPEHOPMHUPOBKM KBAaHTOBBIX IIOJICH,

B3 aPIMOILefICTBHH,

PEHOPMIPYIIY, AHAJIUTUYECKHUE METO.bI

BBIYHCIIATH HUHTCrpaJibl CDGfIHMaHa,

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 CKaJAPHOTO TMOJsl CO B3auMOAEHCTBHEM (PHU-B-KyOe B IIECTUMEPHOM
MpOoCTpaHCTBe-BpeMeHH. 1. MOXKeT i Takasi Teopus NpeTeHA0BaTh Ha POIb (HHU3NYECKON?

2. HaiiTu yCIOBHYIO CTENEHb DACXOJMMOCTH M HApUCOBaTh BCE OIHOICTIEBBIC PACXOASIINECS
aMarpaMMbl.  SIBisieTcs M 9Ta  Teopus nepeHopMmupyemoit? Eciam  HeT, TO Kak = clemyer
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.

buer 3.
PaccMoTpuM TeOpHIO CKAIPHOTO W CHMHOPHOTO TOJIEH B YETHIPEXMEPHOM MPOCTPAHCTBE-BPEMEHH.

1. HaiiTu ycCIOBHYIO CTENEHb pacXOAMMOCTHM M HapHUCOBAaTh BCE OIHOIETIEBBIE PACXOALINECS
IyarpaMMel. SIBIsieTCs 1M 3Ta TeopHs nepeHopMupyemoii? Eciu HeT, To Kak MOXHO MOAU(HULINPOBATH
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. ITocTpouTs nUarpaMMHYyI0 TEXHHKY. HaliTH yCIOBHYIO CTENEHBb PacXOAMMOCTH M HapHCOBaTh BCE
OJIHOIIETJIEBbIE PACXOASIIUECS TUarpaMMsbl. SBIs€TCs JIM 3Ta TEOPUs IIEPEHOPMUPYEMON?

2. BriBecTr TOXKIecTBa Yop/a AJis ATONH TEOPUH.

3. IlepeHOopMUpOBaTH TEOPUI0 M J0Ka3aThb CIPABEIMBOCTh TOXKJIECTB YOpAa B OJHONETIEBOM
npubmxenun. [lokazarb, 4TO cKamgpHas SIEKTPOAMHAMHMKA HNEPEHOPMHpYEMa BO BCEX IMOpPSAKaX
TEOPHUH BO3MYILICHHUM.

4. Bbancnuth peHOpMIpynmnoBbie K03 (GUIUEHTHI B OHONETIEBOM IPUOIMKEHUH.

buner 5.
PaccmoTrpum Teopuro N ckanspHbIX TOJEH ¢ larpaHkuaHoM, oonanarommm O(N)-MHBapHaTHOCTEHIO.
1. HaliTu yCIOBHYIO CTENEHb pAaCXOJUMOCTH W HApHUCOBaThb BCE OJHONETIEBBIE PACXOASIIHECS
TuarpaMMBl. SIBIgeTCs JIU 3Ta TEOPUs IEPEHOPMHUPYEMOH?
2. IlepeHOpMHpPOBaTh 3Ty TEOPHUIO BO BCEX IMOPAIKAX TEOPUU BO3MYLIEHUM IO 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 TNMOBEACHHE YETHIPEXTOUEUHOM amMIyTUpoBaHHON (yHKuuu [prHa npu Oonmpmmx
€BKJIMI0BBIX BHELIHUX UMITYJIbCAaX.

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha NPAaKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka OmIMYHO 8§ Oa/uIOB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE MPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIbHOE 00OCHOBAHHE MPUHATBHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.



OHGHKa XOpouIo 7 0alI0B - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, yMeCcT NPUMCHATH IIOJIYUCHHBIC 3HAHWA Ha IMPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThL.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.

OHGHKa XOpo1Io 5 0aIoB - BEICTABISAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MaTCpuall, rpaMOTHO
" IO CYHICCTBY H3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IIPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OneHka ymoBIETBOPUTENbHO 4 Oaiya - BBICTABISIETCS CTYIEHTY, MOKa3aBIIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieiibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEeHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

OreHka yIOBICTBOPUTEIbHO 3 Oamia - BBICTABISIETCS CTYICHTY, MOKa3aBIIEeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B M3JIOKEHUH IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JieiaMH y4eOHOH MpOorpaMmbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus u
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1rieHKa HEYIOBIECTBOPUTENBHO 2 0aluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(bOpMyITHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh ITOJyYCHHBIC 3HAHHS TP PEIICHUN
THIIOBBIX 33]1a4.

OueHka HEYIOBIETBOPUTENbHO 1 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)KaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHHS THIOBBIX MPAKTHYECKHX
3a/ad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

DK3aMeH TPOBOJATCS B MUCHMEHHOH (yCTHOM) (opme mo OuieraMm. B kaxoM OuiieTe mpecTaBieHO
4eThIpe TEOpeTHYeCKuX Bompoca. [Ipu mpoBexeHun sk3amena oOyuaromemycs npenocrasisercs 30
MHHYT Ha TOAroToBKy. Ompoc o0yd4aromierocss He JOJDKEH IMPEBBIMIATh OJHOTO AaCTPOHOMHYECKOTO
Jaca.



