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AHHOTANMA

Teopusi CTpyH SIBIISIETCSI PE3yNbTATOM NPUMEHEHHS KBAaHTOBOW TEOPHU MJISl ONMHCAHUS PEISITUBUCTCKUX
(byHIaMEeHTaIbHBIX OAHOMEpPHBIX 00bekTOB. Ha e€ ocHOBe BO3MOXKHO KBAHTOBOE OIMCAHWE I'PaBUTAIMH, A
TaK)Ke MOCTPOCHUE €AMHON TEOpHH BceX (DyHIaMEHTaJbHBIX B3aMMOJICHCTBUN U mosel marepuu. Hecmotps
Ha TUIIOTETHYECKUH XapaKTep TeOpuH, €€ BHYTPEHHSSA CTPYKTypa O4eHb KECTKasi U BMECTe ¢ TeM Ooraras, 1
€CTECTBCHHBIM O0OpPa30M BKIIOYaeT OOBEKTHI Oojbluedl pasmepHocTd (OpaHbl). PasBurme MeTomoB Teopuu
cTpyH 3a nocieguue 30 jer oOoraTwiio pas3iM4HbIE pa3zieibl TEOPETHYECKOW (PU3MKM BBICOKMX SHEPruil,
MaTeMaTHu4eckord (PU3MKH, YMCTOW MaTeMaTHKW, a B IMOCJIECAHHUE TOAbl U APYrHe OOJIACTH TEOPETUYECKOMN
¢buznKH.

[IpennaraeMelii Kypc SIBIsS€TCS BBEICHHEM B TeOpHI0 0030HHBIX cTpyH. I[logpoOGHO paccmarpuBaroTcs
¢dopmanuzmel HamOy-T'oro u IlonsikoBa a1t pesITUBMCTCKOM CTPYHBI M WX KBaHTOBaHue. [l omucanus
B3aMMOJICHCTBYIOIIMX CTPYH OyAeT MocTpoeHa TeopHst Bo3MylleHuil. OOCyKIaeTcsi HU3KOIHEPreTHUeCcKoe
MpHUONIMKEHHOE OnMcaHue 0030HHON CTPYHBI: O030HHBINM CEKTOP CyNEeprpaBUTALINH.

1. leau u 3apauun

eap AUCUMNIMHBI
N3ydenre 0CHOBHBIX MOJIOXKEHHI, METOZOB U BHYTPEHHEU CTPYKTYpPHI TEOPHH CTPYH.

33]13‘[1/[ JAUCHUIIINHBI

O3HaKOMJIEHUE CTYJEHTOB C OCHOBAMHU TEOPUU CTPYH, €€ COBPEMEHHBIMU NPUWIOKEHUSIMU U MECTOM B
¢usnyeckoil kaptuHe wmwupa. llpenmonaraercsi, 4YTO, HPOCIYIIAB 3TOT KYypC, CTYAEHTBI 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 3HaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATeNhbHOCTH  (PyHITaMEHTabHBIC
Hay4HbIC 3HaHUS B 00JacTH (U3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTH
mpoheCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NornMaeT MeXIUCIUTLITMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKH ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
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 NmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoOHaTbHON e TEIHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICIOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccMOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH 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 ChoocobOeH HCIIOIb30BAaTh HCCIIENOBATEILCKUE
METO/bl TNPU PEIICHUH HOBBIX 3a]a4, IPUMEHSsS 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 CrnocobeH TpUMEHSTh 3HaHWST B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIAThH
nHpopMaIrioo 00 akTyalbHBIX pe3yJbTaTax HCCIIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCCHOHATLHON
IEITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAENH ISl ONUCAaHHUA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OIICHUBATh KAYeCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

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

3HATb.

OCHOBHBIC ITOHATHUA 110 TEME AUCIUIIINHBI.

YMETb:

IIOJIB30BATHCA PAa3BUTBIMU B paMKaX AUCHUIUIMHBI METOAAMH HUCCICAOBAHUS, PCIIAThL 3aJa4u 110 TCMC

IUCHHIUINHEL.
BJIAJIETh:

MaTEMATHYCCKUM M MOHSITUHHBIM afnraparoMm "u  METOAAMU HCCJ'IG,I[OBaHHﬁ, COCTaBJIAOIIINMH

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 11 11

2 KBanToBanue 0030HHOM CTPYHBI 4 11 11

3 Merton ®anneesa-ITonosa 3 1 1

penapamMeTpu3aloHHbIE TyXU
4 B3aumopeiicTBytomue CTpyHbl 4 12 12
Hroro yacos 15 45 45

[ToaroroBka k sK3aMeHy

30 ygac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.en.

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

Cemectp: 1 (Ocennuii)




1. Knaccuyeckast pensiTUBUCTCKAsI CTPyHA

TouedyHasd penATHBHCTCKAas 4YacTUIA, CBiI3M, METpPUKAa Ha MHPOBOM JIMHHH. be3maccoBas
pENATUBUCTCKAsl CTpyHa, aelictBue HamOy-I'oto, cuMMeTpun W ypaBHeHUs jaBmkeHus. [leiicTBue
[lonsikoBa, cuMMeTpUU U ypaBHEHUs ABMKeHUs. CBsi3u 1 BbIOOP KanuOpoBku. [eiictBue [lomsikoa B
KoH(OpMHOW KamuMOpOBKEe W OCTAaTOYHAs KajauOpoBOYHasi cBoOOnma. ['aMHIBTOHOB (hopMalu3M st
ctpysbl. Teopema Hérep, coxpansromuecs: TOKU AJisi cTpyHbl. Mmynbe 1 MOMEHT. OCUMIIIATOPHBIE
pasnoxenusi.  [eneparoper  Bupacopo, anrebpa  Burra. ®ynkums — [amuneroHa
JIOpeHLI-MHBapuaHTHas 3QQeKTUBHAsE Macca CTPyHbI. [IpuMepsl KJIacCHYeCKUX PEeLICHUN.

2. KBanToBanue 0030HHOW CTPYHBI

Kanonnyeckoe kBaHTOBaHHE 0030HHOU CTpyHBI. Jyxu. AnreOpa Bupacopo, LeHTpaiIbHBIN 3apsl.
Ces3u B kBaHTOBOM Teopuu. KoHcTanTta HOpManbHOro ymnopsimodenus s L 0 m Bkimag B Maccy.
KBanToBanue B KanuOpoBKe CBETOBOTO KOHyca. PemieHue cBsi3eil, ramMuiabTOHHAH. Perymspuzarus
(n3era, sxcrioHeHnManbHas). Oneparop macchel. CIIeKTp Macc AJsl CTPYHBI ¢ TPAHUYHBIMU yCJIOBUAMU
NN B KanuOpoOBKe CBETOBOIO KOHyca. TaxuoH. HeckoibKo HU3IIMX COCTOSHHM, KIacCHUpUKAIHS
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

KoBapuanTtHOe KBaHTOBaHME METOJIOM KOHTHHYyallbHOro uHTerpana. Meron ®anneesa-Ilonosa s
0030HHOH CTpyHBI. PemapamerpuzaunonHble ayxu b, c: KBaHTOBaHue, anreOpa Bwupacopo,
KpUTHUYECKasl Pa3MEPHOCTb KaK YCJIIOBUE COKpAILlEHUs LIEHTPaJbHBIX 3apsiioB. LleHTpanpHbIN 3apsin
b,c-cucrembl B koH(pOpPMHOI Teopuu moisi. BeiieBckas aHoManust M HEHTpaJIbHBINA 3apsn. CrekTp
CTpPYHBI B (popMann3Me KOHTHHYaIbHOTO MHTETpasa.

4. B3auMoIeHCTBYOIINE CTPYHBI

COOTBETCTBHE «COCTOSIHHUE-OIIEPaTop» B KOH(POPMHOH TEOpUH TONsA. BepuimHHBIE OIEpaTophl.
Bsanmopeiictyronme crpyHsl. CrpyHHas S-marpuna. CymMma 1O TONOJOTMAM M CTpyHHas
KOHCTaHTa CBsi3W. [IpeBeCHbIC aMIUTMTYIbl 3aMKHYTBHIX CTpyH. Amiumtyaa Bupacopo-Illammpo.
Ammuntyna Benenmano. HwuskosHepretuueckune dddextuBHble JeiictBus. lleprypbaruBHOE
pasznoxenue 1o alpha’. IlepeHopMupoBKa mosield 1 KOHCTAHT CBSI3H B JICHCTBUM Ha MHPOBOM JIUCTE.
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. — http://www.damtp.cam.ac.uk/user/tong/string.html, 2012.
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, M3y4arollMid IJUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJEeTh OOILIMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare MU3y4YCHUSA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATH,
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 MarepHuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3amoMmuHaHus. [lpu
3aTPYIMHEHUN W3YYCHHsI OTACIBHBIX TEM, BOIPOCOB CIEAYyeT OOpamarhCcsd 3a KOHCYJIBTAIUSIMHU K
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad 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

DusTex-KiIacTep aKaJaeMUIecKoi u HayuyHoU Kapbepsl (Teopus ¢pyHIaMeHTa bHBIX
B3aMMOJICHICTBHI U KBAaHTOBAs TPAaBUTALINSA)

Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH artectanuu: 1 (oceHHUH) - DK3aMeH

Pa3zpatGoTunk: N.B. baxmaroB, 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 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
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 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npodecCuoHanbHON e TENHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
muTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH 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 CnocobOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPH PEIICHUH HOBBIX 3a]ad, MPUMEHSsS 3HAHWS 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 CrnocobeH mNpuMeHSTh 3HaHUS B o0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
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

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTh cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAU€CTBO pa3paboTaHHON
MOJENN

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

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

3HAThb:

OCHOBHBIC ITOHATHA 110 TCMC JUCIHHUITIIINHEIL.

yMeTh:

MOJIb30BATHCA PA3BUTBIMU B pAMKAX JUCHUIIIMHBI MCTOAAMU HUCCIICAOBAHUA, pCHIATh 3a/la4u 110 TCMC

IUCIUTUIAHEL.
BJIAJETh:




MaTEeMaTHYeCKUM M TOHSITHWHBIM afnraparoMm W METOdaMH PICCJICI[OBZIHPHZ, COCTaBJIAOIIMMU
COACPIKAHUC NUCHUILIIMHBI.

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

3agava: momyunth neiictBue llomskoBa it OO30HHOW CTPYHBI MYTEM (UKCAIUH 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

[TepeueHb KOHTPOIBHBIX BOIPOCOB:

1. OcumnnaropHsle pa3aokeHus A 0030HHOM cTpyHBI [lonsikoBa, KJIacCHUecKue peneHusl.
2. Kanonnveckoe kBaHtoBanue U Anredpa Bupacopo. LleHTpanbHbiii 3apsi.

3. Crniextp coctostHui 6030HHOU cTpyHBI. OnepaTtop Macchl.

4. T'pannunbie ycioBus Jupuxie u crnekrp ctpyHsl. @aktopsl Yana-IlaTona, KBaHTOBaHHE OTKPBITOM
cTpynsl Ha D-Opane.

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

[IpuMepsl KOHTPOJIBHBIX 3alaHUIH:

1. HOKa3aTB, YTO KOHIIBI OTKpLITOﬁ CTPYHbI C T'paHUYHBIMHU YCJIIOBUSAMU Heiimana JABUIKYTCA CO
CKOpPOCTBIO CBETA.

2. IomyunTh KOMMYTAaLMOHHBIE COOTHOILIEHHUS anredpsl Bupacopo.
3. IIpoBepuTh YTO pernapaMeTpH3aLUOHHBIC TyXH b, C ABJISIOTCS MEPBUYHBIMUA KOHPOPMHBIMH HOJISIMHU.
4. Haiitu ypaBHEeHwUe OIS JUIs TUJIaTOHAa B 0030HHOM ceKTope cyneprpaButaryu tuna I1.

5. Ilonyuutpk BeIpakeHHe s aMIuuTyasl Bupacopo-Illanupo miis paccesHusi TaXMOHOB 3aMKHYTOM
CTPYHBI.

[Ipumepsl 3K3aMEHALMOHHBIX OUJIETOB:

burer 1.

1. Cummertpun neiicteuit Ham6y-I'oto u [lonskosa.

2. JIpeBecHbIE aMIUIUTYbl 3aMKHYTBIX CTpYH. AMIunTyaa Bupacopo-Ianupo.
burer 2.

1. ®uxcanus koHPOpMHOHK KanOpoBKu. OcTarouHasi KaTnOpoBOUHasi CBOOOAA.
2. [IpeBecHbIE aMIUIUTYbI OTKPBITBIX CTPYH. AMIIIUTYa Benennano.

burer 3.

1. Teopema Hérep, coxpaHstonirecss TOKH JUIsl CTPYHBI.

2. Huzkosnepreruyeckue 3hekTuBHbIC AelcTBUS. BO30OHHBIN CEKTOp CyneprpaBUTALHH.
burer 4.

1. KBanToBaHue B KaanOpOBKE CBETOBOTO KOHYCA.

2. lenTpanbHblii 3apsg b,c-cucreMbl B KOHQOPMHON TEOPHH TOJISL.

burer 5.

1. BeiineBckast aHoMalIns U HEHTPAJIBHBIN 3apsI.

2. CrpyHHas S-marpuia. CyMMa 1o TONOJOTHUAM U CTPYHHAasi KOHCTaHTa CBS3H.

Kputepun oniennBanus
Onenka "ommuno" (10 GayioB) BBICTABIISIETCSl  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMS Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JJaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.



Onenka "ortnmuuno" (9 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, ITOKa3aBIIEMYy BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMMU.

Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHuall, IPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJyYCHHBIC 3HAHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.

Onenka "xopomo" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYLIECTBY M3JaraeT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHWS HAa MPAKTHUKE, HO JOIYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 0ayuioB) BBICTaBISETCS CTYACHTY, €CIIM OH B OCHOBHOM 3HAET MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHSTh IOJyYeHHbIE 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUUYECTBO HETOUHOCTEH.

Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IMOKa3zaBlIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCTIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO MarepHaia, HO MPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3ieibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero o0y4deHus, u
MOJKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.

Onenka "ynosierBoputenbHo" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEeI0BAaTeIbBHOCTH B H3JIOKEHMHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOAUMBIMHE JUTS JaJIbHEHIIEro o0y4eHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCTH OCHOBHOTO COZEPXKaHMS Y4eOHOM HporpaMMmbl TUCHUIUIMHBI, JOIMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MPHUHIUIIOB M HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.

Omnenka "HeynosierBoputenbHO" (1 0amn) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimune ommOKy B (HOPMYIUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTUYECKHX
3aj1ay.

5. MeTonuueckune MaTepuasbl, onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

OK3aMeH MpOBOOUTCS B ycTHOW Qopme mo Owuineram. B kaxxgom Ouiere mnpencTaBieHO [Ba
TeopeTuueckux Bompoca. Ilpu nmpoBeneHnu sk3amena obydaroniemycs npenocrasisercs 30 MUHYT Ha
noaroroBky. Onpoc 00ydaromerocs: He JOJKEeH MPEBbIIaTh OHOTO ACTPOHOMHYECKOTO yaca.



