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: BBenenue B TeopHio CTpyH
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadeapa Teopuu PyHIaMEHTAILHBIX B3aUMOJICHCTBUI U KBAHTOBOW I'paBUTAINH

Kypc: 1
KBaJIMpUKALS: MarucTp

Cemectp, hopMbl IpOMEXKYTOUHOH arTecTauuu: 1 (ocennuil) - JuddepennupoBannslii 3a4eT

AynuTOpHBIX 4acoB: 45 BCETO, B TOM YHCIIE:
Jekuuu: 15 gac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 90 gac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocrtaBui: N.B. baxMaToB, Hay4YHBIN COTPYIHUK

[Iporpamma obcyxieHa Ha 3acefanu kKadenpa Teopur GpyHIaMEHTATBHBIX B3aMMOJICHCTBHM U KBAHTOBOW TPaBUTAIIMN
25.03.2025



AHHOTANMA

Teopust cTpyH sIBISieTCSl Pe3yJbTaTOM NPUMEHEHHUS KBAaHTOBOW TEOPUHM [UIS OMUCAHUS PENSTUBHUCTCKHX
(byHIaMEeHTaIbHBIX OAHOMEpPHBIX 00bekTOB. Ha e€ ocHOBe BO3MOXKHO KBAHTOBOE OIMCAHWE I'PaBUTAIMH, A
TaKKe MOCTPOCHHUE €ANHONW TeOpHH BceX (yHIaMEHTANbHBIX B3aUMOACHCTBUI M mojei marepun. HecmoTps
Ha TUIIOTETUYECKUI XapaKkTep TeOpHH, e€ BHYTPEHHSS CTPYKTypa O4eHb KECTKast M BMECTe ¢ TeM Ooraras, u
€CTECTBEHHBIM 00pa3oM BKJIIOUAeT OOBEKTHI Ooublieil pasMepHocTH (Opanbl). PasButne MeTomoB Teopuu
cTpyH 3a nocieguue 30 jer o0oraTwiio pa3iIWdHbIE pa3/iesibl TEOPETHYEeCKOW (PM3MKU BBICOKHX IHEPTH,
MaTeMaTHu4eckor (PU3MKHM, YUCTONW MaTeMaTHKH, a B TOCJEIHHE TOAbl M Apyrue oOIacTH TEOpEeTUYECKOH
¢buznKH.

IIpennaraemelii Kypc SBIsieTCS BBEACHHEM B TeOpHI0 O0O030HHBIX CTpyH. IlompoOHO paccmarpuBaroTcs
¢dopmanuzmel HamOy-T'oto u IlonsikoBa 1mi1st peisITUBHCTCKOM CTpPYyHBI M UMX KBaHTOBaHue. [ljig onmcanus
B3aUMOJICHCTBYIOIIMX CTPYH OyleT MOCTpoeHa Teopus Bo3MmylueHHH. OOCyxkIaeTcs HU3KOIHEPreTHYecKoe
MpHUONIMKEHHOE OnMcaHue 0030HHON CTPYHBI: O030HHBINM CEKTOP CyNEeprpaBUTALINH.

1. leau u 3apauun

eap AUCUMNIMHBI
- H3y4YeHUE OCHOBHBIX TIOJIOKEHHUH, METO/IOB ¥l BHYTPEHHEH CTPYKTYPHI TEOPUH CTPYH.

33]13‘[1/[ JAUCHUIIINHBI

- O3HAKOMJIEHUE CTYIEHTOB C OCHOBAMU TEOPUU CTPYH, €€ COBPEMEHHBIMU NPUIIOKEHUIMU U MECTOM B
¢usnyeckoil kaptuHe mupa. lIpemnomnaraercs, 9ro, MNpOCHylIaB 3TOT Kypc, CTYACHTBI CMOTYT
UCIIONIB30BaTh METO/IBI M U/IeM TEOPUHU CTPYH B CBOEH Hay4HO-HCCIIEI0BATEIBLCKOM padoTe.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
nmpoeCCHOHANBPHOW ~ JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HaHUS B 00JacTH (U3NKO-MATEMATHIECKUX HAyK

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

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPHUMEHSTh NpU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacrapieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHON JIeTENLHOCTH, CIIOCOOCH
Ha HAyYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 UmeeT npeacTaBIeHHE O COBPEMEHHOM COCTOSTHUU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoOHaTbHON e TEIHHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
HCCIICIOBaHUH B o0jacTh cBoeil mpodecCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

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

OIIK-3.2 CnocobOeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HaHWS B
pa3IuyHBIX 001aCTIX HAyKH (TEXHUKN)




OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJbTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKH B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocoObeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIEA0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3YyJIbTaThI

IIK-1.1 CnocobeH HaxXomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAHHN B
paMKax TeMaTW4eCKOW OONacTH CBOEH MPOQECCUOHATHLHOM
IEITEILHOCTH

I[IK-1.2 CnocobeH BbIBHTaTh THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOAETH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAYeCTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIn)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMUILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCHUIIMHBI 00y4alOIINeCs JOIKHbBI

3HATb.

- OCHOBHBIC ITIOHATHA 110 TEMC JUCHUIIIINHEI.

YMETb:

- IIOJIb30BAaTbLCs Pa3BUTBIMU B paMKaX AUCHHUINIMHBI METOAAMH UCCIICAOBAHUA, pCIIATh 3aa4u 110 TEMEC

IUCHHIUINHEL.
BJIAJIETh:

- MaTeMaTH4YCCKHMM W HOHSITHHHBIM arnmnaparomMm v MCTOAaMHU HCCHG,I[OBaHHﬁ, COCTaBJIAIOIINMMHA

coJiepKaHue AUCHIUTITUHBL.

4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHSATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 Krnaccuyeckas pensTuBUCTCKas CTpyHa 4 7 25
2 KBanToBanue 0030HHOM CTPYHBI 4 7 25
3 Merton ®anneesa-ITonosa 3 ] 20
penapamMeTpu3aloHHbIE TyXU
4 B3aumoneicTByromue CTpyHsl 4 8 20
Hroro yacos 15 30 90
Iloaroroska k sk3aMeHy 0 gac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 1 (Ocennuii)




1. Knaccuyeckast pensiTUBUCTCKAsI CTPyHA

TouedyHass pendATHBHCTCKas 4YacTHL@, CBA3M, METpUKAa Ha MHpOBOM JuHUM. be3zmaccoas
pENATUBUCTCKAsl CTpyHa, jaelicTBue HamOy-T'oTto, cummeTpun W ypaBHEHUs JBWKeHUs. JlelcTBHe
[lonsikoBa, cuMMeTpUHU U ypaBHEHUs ABMKeHHs. CBsi3u 1 Bb1IO0p KanuOpoBku. Jleiictue Ilomskosa B
KoH(OpMHOW KaTMOpPOBKE M OCTaTouHas KaJIMOpOBOYHAsh cBOOOAa. ['aMMIbTOHOB dopMmanus3m Juis
ctpynbl. Teopema Hérep, coxpansromuecs: Toku A cTpyHbl. UMmynbe 1 MOMEHT. OCHMIIISITOPHBIC
pasnoxenus.  [eneparopet  Bupacopo, anrebpa  Burra. @ynknus — ['amunsroHa  wu
JIOpeHLI-MHBapuaHTHas 3QQeKTUBHAsE Macca CTPyHbI. [IpuMepsl KJIacCHYeCKUX PEeLICHUN.

2. KBanToBanue 0030HHOW CTPYHBI

Kanonnueckoe kBaHTOBaHME 0030HHOW CTpyHBI. Jlyxu. Anredpa Bupacopo, IeHTpallbHBINA 3apsi.
Ces3u B kBaHTOBOM Teopuu. KoHcTanTa HOpMaibHOTrO ynopsimodenus aias L 0 u Bkmajg B Maccy.
KBanTOoBaHue B KanuOpoOBKe CBETOBOTO KoHyca. Pemienue cBsi3el, ramMuiabTOHMAH. Perymspuzanms
(n3era, sxcrioHeHUManbHas ). Oneparop maccel. CIEKTp Macc AJ1sl CTPYHBI C TPAaHUYHBIMU YCIOBUSMU
NN B KanuOpoBKe CBETOBOrO KOHyca. TaxwoH. Heckonbko HUBIMIMX COCTOSHHMA, KJIACCUPUKAIHS
Burnepa. Cnexktp 3aMKHYTOH CTpyHbI, JInHeapu3zoBanHass OTO B kanuOpoBKE CBETOBOTO KOHYcCA.
CriekTp OTKPHITOH CTPYHBI C TpaHU4HbIME ycnousiMu DD. D-Opanbt u metkn Yana-Ilarona.

3. Metox ®anneesa-IlonoBa u penmapaMeTpU3allMOHHbBIE TyXH

KopapuantHoe KBaHTOBaHME METOJOM KOHTHHYaJbHOro umHTerpana. Merox dPanneesa-Ilonosa nis
0030HHON cCTpyHBI. Pemapamerpu3aunonHele ayxu b, c: KBaHTOBaHue, anreOpa Bwupacopo,
KpUTHUYECKAsl Pa3MEPHOCTh KaK YCIIOBHE COKpAILLEHUs LIEHTPaJbHBIX 3apAaoB. LleHTpanbHbIi 3apsi
b,c-cucrembl B koH(QOpMHOU Teopuu moss. BelineBckas aHOManusl U NEHTPaIbHBINA 3apsn. CrexTp
CTpPYHBI B (popMann3Me KOHTHHYaIbHOTO MHTETpasa.

4. B3auMoIeHCTBYOIINE CTPYHBI

COOTBETCTBHE «COCTOSIHHE-OIIEpaTop» B KOH(OPMHOI Teopuu mois. BepimuHHBIE OIEpaTopsl.
B3anmopeiictyronmme crpyHsl. CrtpyHHas S-marpuma. CymMma 1O TOINOJOTHSAM M CTpPyHHas
KOHCTaHTa CBsI3U. JIpeBeCHbIC aMIUIMTYIbI 3aMKHYTBHIX CTpyH. Amiumtyaa Bupacopo-Illanmpo.
Ammuntyna Benenmano. HwuskosHepretuueckune dddextuBHble JeiictBus. lleprypbaruBHOE
pasznoxenue 1o alpha’. IlepeHopMupoBKa Moiell 1 KOHCTAHT CBSI3M B JCHCTBUH Ha MHPOBOM JTHCTE.
Bera-pynkius B 1-nemieBom npubinkeHnu. BO30HHBIN CeKTOp CyneprpaBUTAIIHH.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaATEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueGHast aymuTopus, A0CKa, IPH HEOOXOAMMOCTH MEAUAIPOEKTOP, IKPAH.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. Blumenhagen R., Lust D., Theisen S., Basic concepts of string theory. — Springer Verlag Berlin
Heidelberg, 2013.
2. Polchinski J. String Theory. — Cambridge University Press, 2005.
3. Green M.B., Schwarz J.H., Witten E., Superstring theory — Cambridge University Press, 2015.

JlononHuTEIbHAS IUTEPATypa
1. Tong D., String theory, 2012. — http://www.damtp.cam.ac.uk/user/tong/string.html
2. Johnson C.V. D-branes. — Cambridge University Press, 2006.
3. Becker K., Becker M., Schwarz J.H., String theory and M-theory. — Cambridge University Press,
2007.



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

He HUCIOJIb3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

[IpencraBnenue marepuala Ha JOCKe W/WJIH PU TIOMOIIX MEARANpPoeKTopa. Bo3MOXXHO NCTIONB30BaHUE
[1O nnst cMMBONBEHBIX W/WJIM YUCIICHHBIX BRIYUCIICHUH, a Takke Zoom, Skype Jutst TUCTaHITMOHHBIX
3aHATHH.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAETh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT AOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETb NPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3a1a4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

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

— BeJICHUS KOHCITCKTa 3aHATHH;

— HaMPsDKEHHOW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

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

BaxxHo 10OWTHCS TMOHMMaHMsI U3y4yaeMoOro mMarepualna, a He MEXaHHYeCKOro ero 3armoMmuHaHus. [lpu
3aTPYNHEHWW W3YYCHHsI OTACIBHBIX TEM, BOIIPOCOB CIENyeT OOpamarhCsd 3a KOHCYJIBTAIUSMHU K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHS 33a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHI.



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 Teopuu QyHIaMEHTAIBHBIX B3aUMOACHCTBUI 1 KBaHTOBOH I'paBUTALIMH
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

PaszpatGoTunk: N.B. baxMaToB, Hay4HBIN COTPYIHUK



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-2 Nmeer nipeacraBieHrne 00 aKTyalbHBIX
npoOiieMax HayKu M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBaHUH B o0jacTh cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHUEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBbIKAMHU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 001acTH npodeccnoHambLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HAaHWS B
pa3IMyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B ob0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

[MK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAIKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HAyyHON 3ajadye W HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pPE3YIbTATC N3YUCHUA JUCIIUITIIMHBL <(BBC,[[€HI/IC B TCOPHUIO CTPYH» 06y‘lal-0H.IHﬁCfI JOJIKCH:

3HAThb:

- OCHOBHBIC ITOHATHA I10 TEMC JUCIHUITIIIMHEI.

yMeTh:

- I[IOJIB30BATbCA PA3BUTBIMU B PaAMKaX JUCHUINIMHBI MCTOAAMU UCCICAOBAHUA, PCUIATh 3aa4H 110 TCMC

IUCIUTUIAHEL.
BJIAJETh:




- MareMaTH4YeCKUM W MOHATHUHBIM amnmaparoMm U METoAaMu HCCHBHOBaHHﬁ, COCTaBJIAIOIINMHU
COACPIKAHUC NUCHUILIIMHBI.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylleMy KOHTPOJII0
[Ipumepsl 3agaHNUH KOHTPOJIBHON PaOOTHI:

3angava: momyuuth neiictBue llonmskoBa it OO30HHOW CTPYHBI MYTEM (HUKCAMH KAJIMOPOBKU B
neiicreun HamOy-T'oro.

3agava: BBIYMCIUTD aMIUIMTYy PAacCEsHHUs CTPYHBI B 0€3MacCOBOM COCTOSHHM C JaHHBIM TEH30pOM
MOJISIPU3ALINY, U ABYX TAXUOHOB.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

1. OcumnnaropHsle pa3aokeHus At 0030HHOM cTpyHBI [lonskoBa, KJlacCHUecKue peneHusl.
2. Kanonnveckoe kBaHtoBanue U Anredpa Bupacopo. LleHTpanbHblii 3apsi.
3. Crniektp coctostHui 6030HHOM cTpyHBI. OnepaTtop Macchl.

4. I'paanunbie ycnoBusa dupuxie u cnektp crpyHbl. @akropsl Yana-Ilatona, kBaHTOBaHHE OTKPBITOM
cTpynsl Ha D-Opane.

5. LlenTpanbHslii 3apsij b,c-cucreMbl B KOHQOPMHON TEOPUH OIS

6. @ukcanus KoHPOpMHOH KanmnOpoBku. OcTaroyHast KamnOpoBOUHas cCBOOOIA.

7. ApeBecHbIE aMIUIMTYAbI OTKPBITHIX CTPYH. AMIIIUTYa Benenunano.

8. Teopema Hétep, coxpaHsromyecs: TOKH ISl CTPYHBI.

9. Huzkosneprernueckue 3¢ GeKTUBHBIE 1eHCTBHSI. BO30HHBIN CEKTOp CyneprpaBUTAaLUH.
10. KBanToBaHue B KaJIMOPOBKE CBETOBOTO KOHYCA.

11. Tloka3arp, 9TO KOHLBI OTKPBITOM CTPYHBI C T'pPaHMYHBIMH ycinoBUsAMH HeiimMaHa IBHXKYTCS CO
CKOPOCTBIO CBETA.

12. ITomy4nTh KOMMYTalMOHHBIE COOTHOIICHHUS anredpsl Bupacopo.

13. IlpoBeputh YTO pemnapaMeTpU3aLMOHHBIC TyXH b, C SBIAIOTCS NEPBUYHBIMH KOH()OPMHBIMU
MTOJIAMH.

14. Haiitn ypaBHEeHHUe 1oJIs AJ1s AMjIaToHA B 00O30HHOM CEKTOpe cyneprpaBuranuu tumna II.

15. IomyuuTs BIpaxkeHHe s aMIUIATYAbl Bupacopo-1llanupo 1 paccesHrs TaXMOHOB 3aMKHYTOM
CTPYHBI.

[Mpumeps! OUIETOB:

buner 1.
1. CummeTtpun neiicteuit Ham0y-I'oto u [Tonsikosa.
2. IpeBecHbIe aMIUIUTYIBI 3aMKHYTHIX CTpYH. AMIuintyaa Bupacopo-Ianupo.

buner 2.

1. KBanToBanue B KaTuOpOBKe CBETOBOTO KOHYCA.

2. Iloka3aTh, YTO KOHIIBI OTKPBITOM CTPYHBI C TpaHMYHBIMH ycloBUsIMH HelimMana nBmXyTCS co
CKOPOCTBIO CBETA.

Kputepun onennBanus

Onenka "ommuno" (10 Gasos) BBICTABJISIETCS  CTYAEHTY, IIOKa3aBUIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUECKH
MPUMEHATh UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.



Onenka "ortnuuno" (9 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (8 0ayioB) BBICTABJISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMMU.

Onenka "xopomo" (7 0anoB) BBICTAaBISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT Marepuai, rPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTh MOJy4YEeHHbIC 3HAHWS Ha MPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.

Onenka "xopomio" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIU OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
M0 CYWIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTHh MOMyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 OamioB) BBICTABISIETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HaeT Marepual,
IPaMOTHO M MO CYIIECTBY H3JIaraeT €ro, yMeeT HMPUMEHATh NOJy4YEeHHbIC 3HAHHUs Ha IMPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUUYECTBO HETOUHOCTEH.

Onenka "ynosneTBopuTedabHO" (4 Oana) BBICTABISIETCA CTYIEHTY, IOKa3aBHIEMY (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuaa, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3zieibl yueOHOW HmporpamMMbl, HEOOXOJUMBIE IS JalbHEHIero ooyueHus, 1
MOJKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.

Onenka "ynoBnerBoputensHO" (3 Gajuia) BBICTABISETCS CTYACHTY, ITOKa3aBIIeMy (parMEeHTapHBI,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynrpoBKax 0a30BBIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00ydeHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeynoBieTBOpUTENbHO" (2 Oamia) BBICTABIISICTCS CTYACHTY, KOTOPBIA HE 3HaeT OoJbLIei
YacTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT rpyOble OmMOKU B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.

Onenka "HeynoBierBoputenbHO" (1 6amn) BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeilmue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3aj1ay.

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

JuddepennmpoBanHbIii 324€T MPOBOIUTCS B YCTHOH Popme 1o Oumeram.
B xaxxom Ouiiete npeicTaBiIeHo Ba TEOPETUUECKHUX BOIIPOCa.

ITpu mpoenennn auddepHenpoBaHHOro 3auéra oOyuaromemycs: npenocrasinsercd 30 MUHYT Ha
MTOJITOTOBKY.

OHpOC 06yan01ueroca HC JOJIKCH NPCBLIIIATh OAHOTO aCTPOHOMHUYCCKOIO Jaca.



