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)

10 TUCHHILJIMHE: JlononHuTenpHbIE pa3aeiibl KBAHTOBON TEOPUH I1OJIS
110 HANPABJICHUIO: SnepHble pU3MKa U TEXHOJIOTHH
NpopuJIb NOArOTOBKHU: SAnepnas puznka, YTC n KoMIbloTepHbIe METOBI B (prznke

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

- OCBOCHHME METOZIOB BbIYMCICHUS (yHKIMKA [pUHA KBAaHTOBBIX IIOJNIEH; OCBOEHHE TEOPUHU
MIEPEHOPMHUPOBOK; OCBOCHHE PEHOPMIPYIIOBBIX METOMOB; 3HAKOMCTBO C AHATMTUYECKUMHU METOAaMH
KBaHTOBOU TEOPUU IOJIA.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-1.1 NmeeT npeacTaBieHrne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-1.2 CnocobeH coctaBiATh OOWMi TuIaH paboTHI MO
3aJJaHHOW TeMe, TMpeJlaraTb METOAbl HCCIEIOBaHMUSA U
OIIK-1 Criocoben ¢opmynupoBaTh 1enu 1 CH0COObI 00paboTku pe3yJIbTaToB, MIPOBOJIUTH
3aa4l UCCIIEOBAHUS, BEIOUPATh KPUTEPUU UCCIIEJOBAaHMS IO COINIACOBAHHOMY C PYKOBOJIUTEJIEM IIaHY,
OLIEHKH, BBISBJIATH IPUOPUTETHI PELICHUS 33134 |[IPEACTABIATH MOTyUYECHHBIE PE3yIbTaThI

OIIK-1.3 BnameeT CHCTEMAaTHYECKHMMHU 3HAHMSIMH IO
HATPaBJICHUIO JCSITEIbHOCTH; YIIIyOJICHHBIMUA 3HAHUSIMH T10
BBIOPAaHHOW  HANpaBIEHHOCTH IOJATOTOBKH, 0a30BBIMHU
HaBBIKAMHU MPOBEACHUSI HAYYHO- HCCIIEIOBATENILCKUX PaboOT
10 IPEAJIOKEHHON TeME

OIIK-2.2 Cmocoben 00001maTe ¥ KPUTHYECKH OIEHUBATh
ONBIT W PpEe3yNabTaThl HAyYHBIX HCCIEIOBaHUI B o00nacTu
OIIK-2 CriocoOeH npuMEeHSTh COBPEMEHHEIE npo(eCCHOHANBHON NEATEILHOCTH

METO/Ibl UCCIICI0BAHUS, OLICHUBATh U OIIK-2.3 Cnoco0OeH apryMeHTUpOBaHO BBIOMpATh CIIOCOO
HPEJICTABIIATH PE3YIIBTATHI BBITOIHECHHOM MPOBCACHUA HAyYHOI'0 MCCICAOBAHMS, IPUMCHATh 3HAHUS B
paboThI obnmactu NMpo¢)eCCHOHANBHONW AEATEIbHOCTH Ml PELICHUs

MOCTAaBJICHHON 3agaud, (OpPMYIMPOBaHHUS BBIBOAOB U
OLIEHKH IIOJTy4YEHHBIX pe3y/IbTaToB

K-1.2 Ymeer co37aBaTh TEOpEeTUYECKUE u
[TK-1 CriocoGeH K CO3aHMIO TEOPETUUECKUX M |MATEMATHIECKUE MOJACIU B OOIacTH sAAEpHOM (GHM3HMKA H
MaTeMaTH4YeCKUX MOJIesIeil B 00acTH sAepHON | TeXHOJIOTHI

(U3UKK ¥ TEXHOIOT Ui [IK-1.3 Bnageer HaBblKamMu palbOTBI C COBPEMEHHBIMHU
pacueTHBIMU [IPOIPaMMHBIMU CPEICTBAMU

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIIMHBI 00Yy4alOIINeCs JOIKHbBI
3HAThb!

— IPUHUUIBI [EPEHOPMHUPOBKU KBAaHTOBBIX IOJIEH, PEHOPMIPYIIY, AaHAJIUTUYECKHUE METO.bI
HCCJIEI0BaHUS KBAHTOBBIX MOJEH.



YMETb:

—  BBUIENATh  I[IEPEHOPMUpPYEMBIE  B3aUMOAEHCTBUS,  BBIUMCIATH  uHTerpansl  DeliHMaHa,
MEPEHOPMHUPOBATH MPOCTEUIIINE TEOPUHU, BBIYUCISATH PEHOPMIPYIIIOBBIE KOI(PHHUIIHUECHTHI.

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

4. Coep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
@®yHkuu IprHa B KBAaHTOBOW TEOPHH
1 TIOJIA. Merton MIPOU3BOIAIINX 1 1
(YHKLIMOHAJIOB.
VnsrpaduoneroBsie pacxonumocTu
) METIEBBIX WHTETPaJIOB. Mertons 3 3
peryssipu3anuu. Perynsapuzauus
[Taynu-Bunnapca.
Pasmepnas perymspusauus. COMHOPH U
Marpunpl Jlupaka B NpOCTpaHCTBE
3 MIPOU3BOJIBHON pa3MepHOCTH. IIpumepsl 3 3
BBIYMCIICHUI (heitHMaHOBCKUX
HWHTErPaJioB.

BBenenve B Teopuio MEPEHOPMHUPOBOK.
CranmapTHasi cxema IEPEHOPMHUPOBKH.
4 CxeMa  BBIYMTAHMH Ha  MAacCOBOH 3 3
MOBEPXHOCTH B CKASIPHOH  Teopuu
(omHOMETIIEBOE IPUOIHMKEHNUE).

BIIXII-cxema MIEPEHOPMUPOBOK.
5 Benenue B MEPEHOPMHUPOBKY 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 UIEKTPOIMHAMUKE. KanubGpoBouHast 3 3
WHBapUaHTHOCTb U IIEPEHOPMHUPOBKHU.
ToxnectBa Yopaa
Penopmanmuzanmonnas rpymnmna.

] Penopmrpynmosoe YpaBHEHHE. 3 3
Brruncnenne PEHOPMIPYTIOBBIX
k03 purmeHToB.
[Ipumenenuss peHopmrpynnsl. AHanu3

9 ACHUMIITOTUYECKOTO TMOBeneHUs (yHKUIUI 3 3

I'puna. Teopema BaiinGepra. Bemymiue
sorapu(Msl.




OddekTuBHBIC Macca ¥ KOHCTAHTA CBSI3H.
10 Pa3HOBUAHOCTH BBICOKOAHEPIETUYECKOTO 3 3
U HU3KO3HEPIreTHMYECKOI0  IIOBEICHUS.
Acumnrorndeckasi cBodoza.
CriexkTpanbpHble TpeACTaBIeHUs GYHKINI
11 I'puna. Ontuyeckas TeopeMa. 2 2
[Ipencranenue Yennena-Jlemana.
Wroro yacos 30 30
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.
4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. @ynkuuu [prHa B KBaHTOBOM TeopHH Moisi. MeTo Mpou3BOSsIINX (DyHKIIMOHAIIOB.

@®yukiuu [puHa B kBaHTOBOW Teopuu mois. Juarpammer ®delinmana. Tumbel nuarpamMM. Meton
MPOM3BOAAIINX (PYHKIIMOHAIOB JUIS TOMyYeHUs CBA3HbIX QyHKIMiA ['puna. [louemy BakHbI QyHKIIUH
I'puna.

2. VYuprpaduoneToBble  PACXOJMMOCTH IETIEBBIX HWHTErpajioB. MeToasl  peryispU3aluH.
Perynspuzanus [aynu-Bumiapcea.

JleMoHCcTpanus METOAOB BBIYMCICHUS NETIEBBIX NHTErPAJIOB HAa MPUMEPE OJHOIMETIEBOrO BKIIaaa B
4x-Toueunyro (yHknuio ['pruHa B CKalsIpHON Teopuu ¢ camopeicTBHeM. Meto QeliHMaHOBCKHUX
apameTpoB, TOBOPOT Buka.

[IpyunHa mnOSBIECHUS YABTPAPHOIETOBBIX PACXOAMMOCTEH B IHETIEBBIX HMHTErpanax. MeToabl
perynspusauuu. Perymspusanus Ilaynu-Bunnapcea.

3. Pasmepnas perymapuzauusa. CnuHOpsl W MaTpuubl J(upaka B NPOCTPaHCTBE MPOU3BOIBHOM
pasmepHoctu. [Ipumeps! BerurcieHni (eHHMaHOBCKUX HHTEIPAJIOB.

Pasmepnast perymspuzanms. HaxoxieHne oqHONETIEBBIX BKJIAZOB B 2X U 4X TOo4YeuHbIE (DYHKIIMU
I'puna B ckamsipHOi Teopuu. CrnmHOpPBI M MaTpuilbl Jlupaka B MPOCTPAHCTBE IPOU3BOJIBHOM
pasmeproctu. O0mme hopMyIbl ISl HAX0XKACHUST PEHHMAaHOBCKHX HHTETPAJIOB.

4. Beegenune B TeOpHIO IEPEHOPMHUPOBOK. CTaHAapTHAs cXxemMa NepeHOpMUPOBKU. Cxema BBIYUTaHHIMA
Ha MacCOBOM MOBEPXHOCTHU B CKAJIIPHON T€OpUH (OTHOIETICBOE MPUOIMKEHUE).

BBenenue B Teoputo nepeHopMupoBoK. CTaHIapTHas cxema MepeHOPMHUpPOBKH. CxeMa BBIYUTAHHMA
Ha MacCOBOH MOBEPXHOCTH B CKAJIIPHON TeOpUH (OAHOIETIEBOE MPUOIIKEHNE).

5. BIIXII-cxema nepeHOpMUPOBOK. BBeieHNE B IEPEHOPMUPOBKY MHOIOIIETIEBBIX IHAarpaMM.

BIIXII-cxema nEepeHOPMHUPOBOK. BBeleHHE B IEPEHOPMHUPOBKY MHOIOIIETIEBBIX JIHATPAMM.
PexypcuBHas nponenypa mocTpOeHUA JarpaH>kMaHa KOHTPYICHOB.

6. Meton nozacuera creneHel pacxonuMocteil. IlepeHopMupyeMble 1 HENEPEHOPMHUPYEMBIE TEOPHUU.
Cxema MUHUMAIBHBIX BRIYUTAaHUNA. OCOOCHHOCTH CXEMbl MUHUMAJIbHBIX BHIYUTAHUI.

Meron nozncyera creneHen pacxonuMmocteil. [lepeHopMupyeMble U HETEPEHOPMUPYEMBIE TEOPHUU.

Knaccuduxanus HenepHopMHpyeMbIX Teopuil. CxemMa MHUHHMAaNIbHBIX BeIMMTaHMNA. OcoOeHHOCTH
CXEMbl MUHUMAJIbHBIX BEIYUTAHUH.




7. TlepeHopMHpOBKa B KBaHTOBOHW JJeKTpoAnHaMuke. KamnOpoBodHass WHBApUAHTHOCTh W
nepeHopMHUpOBKH. ToxknecTsa Yopra

[lepenopMupoBKa B  KBAaHTOBOH  d3JeKTpoguHaMuke. KamuOpoBO4YHas WHBAapUAaHTHOCTh U
niepeHopmupoBku. Toxxnectsa Yopna. BeiBox Toxxknects Yopna B KOJI. CnexctBus Toxaects Yopaa.
JHoxazarenbcTBO nepeHopmupyemoct KO/I Bo Bcex mopsikax Teopun BOZMYIIEHUN.

8. Penopmanm3zanuonsas rpymnmna. PeHopMmrpynmnoBoe ypaBHEHHE. BbluucieHne peHOpMIPYHIIOBBIX
k03¢ pruLmeHTOB.

CBoboma B BbIOOpE NEPEHOPMHUPOBOYHOTO MpeANHCcaHus. PeHopMmanu3aluMoOHHAs Tpynmna |
HePEeHOPMHUPYEMOCTh TeoprH. PeHopMrpynmnoBoe ypaBHeHHe. PeHopMrpynmnoBsie Ko3(QUIeHTs B
OJHONETICBOM MNPUOIMKEHWH B  CKASIpHON  Teopuu. BolumcieHne  peHOPMIPYNIIOBBIX
K03 QHULIHEHTOB BO BCEX MOPAAKAX TEOpUU Bo3MylleHui. YpaBHenue Kanana-Cumanumka.

9. IlpuMeHeHHsT PEHOPMTPYIIBL. AHAN3 aCUMIITOTHYeCcKOro nopefenus ¢ynknuii [puHa. Teopema
Baiin6epra. Benymue norapudmel.

[MpumMeHeHMsT PEeHOPMTPYIIBL. AHAIN3 acUMITOTHYECKOTO moBeneHust (yHknuid ['puna. Teopema
Baiin6epra. CymMmMupoBaHue BeIyLIMX JOrapupMoB Ha MpuMepe 2X-TouedHOH ¢yHkuuu [puHa B
CKQJIIPHOM TEOPHH.

10. DddektuBHBIE Macca W KOHCTaHTa CBSI3U. Pa3HOBHIHOCTH BBICOKOIHEPTETHYECKOTO U
HU3KO3HEPTreTUYECKOTO MOBEICHUS. ACUMIITOTHYECKast CBOOOIA.

MeTOZ[ moacdycTa CTCIICHEH paCXO,Z[HMOCTeﬁ. HepeHopMpreMLIe 1 HCIICPCHOPMUPYCMBIC TCOPHUU.

Knaccudukanuss HenmepHOpMupyembix Teopuil. Cxema MUHHMAaJbHBIX BBIYATAHUH. OCOOEHHOCTH
CXEMbl MUHUMAJIbHBIX BEIYUUTaHUH.

11. CnekrpansHble mnpenactaBieHus ¢ynknuid [puna. Onrtudeckas teopema. [IpencraBieHue
UYennena-Jlemana.

[lomHoTa runpbeproBa mpocTpaHcTBa. BeiBox omnTuueckoil TeopeMsl. llomydeHue mpenctaBieHUS
Yemiena-Jlemana s mpormararopa.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BATEILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIIEHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas 1uTeparypa
1. BeeneHnue B kBaHTOBYIO Teopuro mous [Tekcr] : [yueOnuk mis By3oB] / M. [leckun, /1. llpenep ;
nep. ¢ anmn. mof pen. A.A. benasuna, A. B. bepkoBa .— M. ; MxeBck : PerynsipHas u xaoTudeckas
nuHamuka, 2001 .— 784 c.
2. Brenenue B Teoputo kKBaHTOBaHHKIX ToJieH [TekcT] : [yue6. mocobue s By3oB] / H. H. boromto6os,
M. B. Ilupkos .— 3-¢ u31., nepepad. — M. : Hayka, 1976 .— 480 c.

JomnonHurensHas aureparypa
1. Ilepenopmuposka [ TekcT], BBeneHUE B TEOPUIO IIEPEHOPMHUPOBOK, PEHOPMAIN3ALIOHHON TPYIIIBI U
orneparopHbix paznoxkenuid//x. Komnuns , -M., Mup, 1988
2. KsanToBas teopus nonst [Texct]. B 2 1. T. 1/K. Unukcon, XK.-b. 3106ep , -M., Mup, 1984
3. PensituBuctckas kBantosas teopust [Texct] : B2 T. T. 1 : [yue6. mocobue asist By30B].
PensruBucrckas kBanroBast mexanuka / k. JI. beepken, C. 1. dpenn ; nep. ¢ aur. b. O. KepOukosa ;
noxn pen. B. b. bepectenxoro .— M. : Hayxka, 1978 .— 296 c.



4. KanubpoBouHble Teopuu B Qusmke ieMeHTapHbIX yactull [ Texct] = Gauge theory of elementary
particle physics/Ta-neit Yenr, JIunr-¢onr Jlu , -M., Mup, 1987

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

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

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX IPH OCYLIeCTBJICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha 3ansATHAX MCHIONB3yIOTCA MYJIBTUMEINMHBIE TEXHOJIOTHH, BKIIKOYAsl IEMOHCTPALIMIO Ipe3eHTauil. B
MPOLIECCE CAMOCTOITEIBLHON pabOThl O0YHaIOIINXCS JKEeJIATeIbHO UCTIOIb30BaHUE CAHTOB
http://xxx.lanl.gov/.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CryneHT, M3y4arollui JUCHUIUIMHY, JOJDKEH, C OJHOW CTOPOHBI, OBJIAJIETh OOIIMM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbIL, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B PE3YyabTaTC HU3YUCHUA AUCHUIIMHBI CTYACHT NOJIUKCH 3HATb OCHOBHBLIC ONPCACIICHUA W IOHATHA,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI1 pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy yd4eOHOro Marepuala, TOATOTOBKY OTBETOB Ha BONPOCHI, MpPEIHA3HAYCHHBIX IS
CaMOCTOSITEILHOTO U3YUCHUS;

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

— MOJITOTOBKY K BBIMOJIHEHUIO 33JJaHUI TEKYLIEH U IPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BrnajieHHUss MaTepUaIoM CIIY)XHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMaMm
JUCIUTLIAHEL

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

Bo3MoxxeH mpOMEKYTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: SnepHble pU3MKA U TEXHOJIOTHH

npopuJib NOArOTOBKHU: Snepuas duzuka, YTC 1 KOMITBIOTEpHBIE METOJIBI B (PU3UKE
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 Cnocoben hopMynupoBarh eI U
3aj1a4M MCCIICAOBAHNUS, BEIOUPATh KPUTEPUH
OLICHKH, BBISBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.1 NmeeT npeacTaBieHre 0 COBPEMEHHOM COCTOSTHUU
HCCIICAOBAaHUM B pPaMKax TeMaTU4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-1.2 Cnocoben cocraBiATh oOWIMil TiaH paboTHI MO
3aJJaHHOW TeMe, TMpelaraTb METOAbl HCCIEIOBaHMUSA U
CH0COObI 00paboTku PE3YyNBTaTOB, MPOBOAMTD
HCCIIEOBAaHMS IO COITIACOBAHHOMY C PYKOBOJIUTEJIEM IIaHY,
MPE/ICTABIISATH OTYYCHHBIC PE3YIbTaThI

OIIK-1.3 BnaazmeeT CHCTEMAaTHYECKHMMHU 3HAHMSIMH IO
HATPaBJICHUIO JCSITEIbHOCTH; YIIIyOJICHHBIMUA 3HAHUSIMH T10
BBIOPaHHOW  HAmpaBIEHHOCTH IOJATOTOBKH, 0a30BBIMU
HABBIKAMHU MPOBEACHUSI HAYYHO- HCCIIEIOBATENILCKUX PaboT
10 IPEAJIOKEHHON TeME

OIIK-2 CriocobeH npuMeHSTh COBPEMEHHbBIE
METO/Ibl HCCIJICIOBAHUS, OLIEHUBATh U
MPECTABISATH PE3YIBTAThl BHIIOJTHEHHOM
paboThI

OIIK-2.2 Cmocoben 00001maTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PEe3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-2.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS] HAYYHOTO MCCIICIOBAHMS, IIPUMEHSTh 3HAHUS B
obyiactTi MPOo(eCCUOHANBHON NEeATENFHOCTH JJISl PEIICHUS

[IK-1 Crioco0eH K cO3AaHUI0 TEOPETUIECKUX U
MareMaTH4ecKuX Mojielieli B 001acTy sIepHOi
(U3UKH U TEXHOJIOTUH

MOCTAaBJICHHON 3agaud, (OpPMYIMPOBaHHUS BBIBOAOB U
OLICHKH MOJyYEHHbIX Pe3yJIbTaTOB
K-1.2 Ymeer co37aBaTh TEOpEeTUYECKUE u

MaTeMaTU4YeCKHe MOJEN B OOJACTH SNEPHOUW (U3MKH U
TEeXHOJIOTHH

[IK-1.3 Bnageer HaBblkKamMu palOOTBI C COBPEMEHHBIMHU
pacueTHBIMU [IPOrPaMMHBIMU CPEICTBAMU

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare u3ydeHus AUCHUTUIMHBL «J]OTONHUTENBLHBIC Pa3/iesibl KBAHTOBOW TEOPUH TIOJS» OOyJarolHics

JIOJDKEH

3HATh:
—  TIPUHLUIIBI
UCCIIeJOBaHHS KBAaHTOBBIX TOJIEH.
yMeThb:

—  BBUIENATH  [IEPEHOPMUpPYEMBIE

NEPCHOPMUPOBKHU  KBAHTOBBIX HOHefI,

B3aUMOJICHCTBHS,

PCHOPMIPYIILY, QAHAJIUTHUYCCKHUC MCTO/AbL

BBIUMCIATE  UHTEerpainel  DeliHMaHa,

NEepCHOPMHUPOBATH HpOCTeﬁH.IHe TCOpPHUH, BBIYUCIIATH PCHOPMI'PYIIIIOBBIC KOB(i)(bI/ILII/IeHTBI.

BJIaJd€Th:

— HaBBEIKAMU OCBOEHUS OOJILIIOr0 00beMa I/IH(I)OpMaLII/II/I, HaBBIKAMH CaMOCTOSITCIIbHON pa6OTI:I.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

1. Ilocuurars YCIOBHYIO CTCIICHb PACXOAUMOCTU IJId TCOPUHN C JAHHBIM JIarpaHKUAHOM.

2. Beruncimrhb (bYHKI_II/IOHaJ'I OHCPIUuun AJid ,I[aHHOﬁ TCOpHHU, OTBCTUTH HA BOIIPOC O (l)I/ISI/I‘lHOCTI/I TCOpHUU.

3. HapucoBars anarpammbl
UHTErpajaMm.

®deitHMaHa,

OTBCHAKOINHEC YCJIOBHO-PACXOAAIIUMCI OAHOIICTIICBBIM

4. OTBEeTUTD Ha BOMPOC O MEPEHOPMHUPYEMOCTH TEOPUHU

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /IJ1 IPOBeJAeHHs POME:KYTOUHOI aTTecTaluu

o0yuaruuxcst

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIIECTOB:



buner 1.

PaccMOTpUM  TEOpHIO CKAIAPHOTO TMIOJsl CO B3auMOAEHCTBHEM (PHU-B-KyOe B IIECTUMEPHOM
MpoCTpaHCTBe-BpeMeHH. 1. MOXKeT i Takasi Teopus NpeTEeHA0BaTh Ha POIb (GU3NYECKON?

2. HaiiT yCIOBHYIO CTENEHb DACXOJMMOCTH M HApUCOBaTh BCE OIHOICTIEBBIC PACXOASIINECS
aMarpaMMbl.  SIBisieTcs M 9Ta  Teopus nepeHopmupyemoit? Eciam  HeTr, TO Kak clemyer
MOIU(PHUIIMPOBATH JIATPaHKUaH, YTOOBI CIeNaTh ee TAKOBON?

3. IlepeHOpMHPOBATH TEOPHIO B OAHONETICBOM MTPUOIMKEHUH.
4. BBIYMCIUTH pEHOPMIPYNIOBBIE KO3 GHUINEHTHI B OAHONETICBOM MPUOIMKESHUH.

5. HaliTu moBeneHNe TPEXTOUEUHOW aMIyTUPOBAaHHOW (yHKIMW [puHA mpu OONBIIMX EBKIHIOBBIX
BHEIIHHUX UMITYJIbCAX B OJHOIETIIEBOM MPUOIMKEHUH.

buer 3.
PaccMoTpuM TEOpHIO CKAIPHOTO W CHUHOPHOTO TOJIEH B YETHIPEXMEPHOM MPOCTPAHCTBE-BPEMEHH.

1. HaiiTu ycCIOBHYIO CTENEHb pacXOAMMOCTH M HapHUCOBAaTh BCE OIHOIETIEBBIE PACXOALINECS
IyarpaMMel. SIBIsieTCs 1M 3Ta TeopHs nepeHopMupyemoii? Eciau HeT, To Kak MOXHO MOAU(HULIPOBATH
JlarpaHXkuaH, 4ToObI CJIeJIaTh €€ TAKOBOH?

2. IlepeHOpMHPOBATH TEOPHIO B OAHONETICBOM MTPUOIKEHUH.
3. BerunciuTh peHOpMIrpynoBbie KOAQPUIMEHTH! B OHONETIEBOM IPUOINKEHHH.
4. Haiitu noBefieHre BEpITMHABIX (YHKINH [prHA pH OONBITNX €BKIUIOBBIX UMITYJIbCAX.

buner 4.

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

1. ITocTpouTs aUarpaMMHYyI0 TEXHHKY. HaliTH yCIOBHYIO CTENEHb PacXOAMMOCTH M HapHCOBaTh BCE
OJIHOIIETJIEBbIE PACXOASIIMECS TUarpaMMsbl. SIBIs€TCs JI 3Ta TEOpUs IIEpEHOPMUPYEMO?

2. BriBecTr TOXKIEeCTBa Yop/a A ATONH TEOPUH.

3. IlepeHOpMUpPOBaTH TEOPUI0 M J0Ka3aThb CIPABEIMBOCTh TOXKJIECTB YOpAa B OIHONETIEBOM
npubmxenun. [lokazarb, 4TO cKamgpHas SIEKTPOAMHAMHMKA HNEPEHOPMHpYEMa BO BCEX IOPSAKAX
TEOPHUH BO3MYILICHHM.

4. Bbancnuth peHOpMIpynmnoBbie K03 (GUIMEHTHI B OHONETIEBOM IPUOIMKEHUH.

buner 5.

PaccmoTrpum Teopuro N ckanspHbIX TOJEH ¢ larpaH:kuaHoM, oonanarommm O(N)-MHBapHaTHOCTEHIO.

1. HaliTu yCIOBHYIO CTENEHb pACXOJUMOCTH W HApHUCOBaThb BCE OJHONETIEBBIE PACXOASIIHECS
TuarpaMMel. SIBIeTCS JIM 3Ta TEOPUS IEPEHOPMHUPYEMOH?

2. IlepeHOpMHpPOBaTh 3Ty TEOPHUIO BO BCEX MOPALKAX TEOPUU BO3MYILIEHUHM IO KOHCTAHTE CBSA3H,
cumutasi, uto N MHOTO OoJbIe 1.

3. BeIUuCINTE peHOPMIpYNIOBbie KO3((UIMEHTH BO BCEX MOPSAAKAX TEOPUU BO3MYIICHUI
10 KOHCTaHTE CBA3H, cuuTasi, 40 N MHOrO Oosbiue 1.

4. HccrnenoBaTh MOBEICHHE YETHIPEXTOUEUHOM amMIyTUpoBaHHON (yHKuuu [prHa npu Oompmmx
€BKJIMIOBBIX BHELIHUX UMITYJIbCAaX.

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW IPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBAaHHE
HPUHATHIX PELLICHAMN.

Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.

Onenka OmIMYHO 8§ Oa/uIOB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU 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.



